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Is the manuscript scientifically sound in its presentform?
Yes

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
Yes

Do you have any ethical concerns with this paper?
Yes

Have you any concerns aboutstatistical analysesin this paper?
No
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Acceptwith minorrevision (pleaselistin comments)
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Comments to the Author(s)

An importanttopic in the context of the Brazilian NDC and its targets related to land use.
Appropriate timing. The paper needs a few improvements and a more detailed list can be found
in the attached file (see Appendix A).

Review form: Reviewer 2

Is the manuscript scientifically sound in its presentform?
No

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
No

Is it clear how to access all supporting data?
No

Do you have any ethical concerns with this paper?
No

Recommendation?
Major revision is needed (please make suggestions in comments)

Comments to the Author(s)

The authors make the important point that pasture productivity could beimproved in Brazil,
which would hopefully decrease agricultural pressure on intact forest.1 agree thatthisis an
important message but the manuscript will need substantial revisions (detailed below) to be
suitable for publication in Royal Society Open Science and accessible to a broad audience. I also
made detailed edits on the manuscript (see Appendix B).

1. The authors never explain early on wtimproving pasture productivity entails and this
isimportant to understandinglater portions of the manuscript. I think they mean fertilizing the
pastures, moving cattle more frequently, and better animal management generally, but the
specific practices need to be clearly described. A related important pointis thatthe authors seem
to use pasturerestoration and recovery interchangeably, which is misleading. It seems thatthey
are talking aboutimproving cattle productivity (the term I suggest they use), rather than
improving habitat quality in pastures. Thereis an extensive literature on silvopastoral systems
(e.g., Murgueitioet al.,, 2011; Calle etal.,2013; Calle, 2020), which aims to do both, and I strongly
recommend that the authors consider this literature and what mightbe achievable in Brazil.
Regardless the authors need to clarify their use of terminology. What they are describingis not
“restoration” (Gann etal.,2019).

2. The writing was hard to follow at multiple places in thearticle for a number of reasons.
Theauthors repeata few generalities many times (e.g. increasing pasture productivity is thenew
frontier), but then jam multiple technical terms into a single sentence without much background
for the general reader. I have noted many cases of this in the paper. The authors alternate
between some short paragraphs (just one sentence) and then very long sentences with multiple



clauses. Inote several thatI found unclear. More generally, there are many run on sentences,
missing words, and English grammar errors that made the paper hard to follow. Once the other
revisions are completed, the paper should bereviewed by a native English speaker.

3. Theauthors refer almost exclusively to Brazil and references from Brazil in this paper.1
realize that Brazil is a large and complex country, but for an internationaljournal the authors
should consider how the Brazilian experience compares to other systems and countries. For
example, there is an extensive literature on sustainable cattleranching in Colombia. The authors
alsoassume thatvarious lawsand organizations in Brazil (e.g. Embrapa, Safra Plan, ABC) are
known to readers. Certainly, somereaders of this article will know those terms, but for a general
journal this knowledge shouldnotbe assumed and acronyms should alwaysbe spelled out. The
authors assume a lot of knowledge about Brazilianagricultural credit.

4. Asnoted below, multiple figures are lacking sufficiently descriptive captions.

A few more specific comments in addition to the many directly on the manuscript.

Title. It's not clear to the reader what the degraded pastures in Brazil are the new frontier for.
They could be the new frontier for soybean growth given that the title is vague. Thetitle needs to
better communicate the main message of the paper.

Figure 1. A much more detailed caption is needed so the figure can beread and understood
separately fromthe paper. This is true of several figures (e.g. Fig. 3 and 6 also).

Figure 3. The line for the y-axis is missing and a more descriptive caption is needed.

Figure 4.1s too small to be legible.
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productiverehabilitation of tropical cattle ranchinglands. Forest Ecology and Management, 261,
1654-1663.10.1016/j.foreco.2010.09.027

Decisionletter (RS0OS-201854.R0)

We hopeyou are keeping well at this difficultand unusual time. We continue to value your
supportof the journal in these challenging circumstances. If Royal Society Open Science can assist
you atall, please don'thesitate to let us know atthe email address below.

Dear Dr Feltran-Barbieri

The Editors assigned to your paper RSOS-201854 "Degraded Pastures in Brazil: the new frontier"
havenow received comments from reviewers and would like you to revise the paperin
accordance with thereviewer comments and any comments from the Editors. Please note this
decision does not guarantee eventual acceptance.

We invite you to respond to the comments supplied below and revise your manuscript. Below
the referees” and Editors” comments (where applicable) we provide additional requirements.
Final acceptance of your manuscriptis dependent on these requirements being met. We provide
guidance below to help you prepare your revision.



We do not generally allow multiple rounds of revision so we urge you to make every effort to
fully address all of the comments at this stage. If deemed necessary by the Editors, your
manuscript will be sentback to one or more of the original reviewers for assessment. If the
original reviewers arenotavailable, we may invite new reviewers.

Please submityourrevised manuscriptand required files (see below) nolater than 21 days from
today's (8th of March 2021. Note: the ScholarOne system will ‘lock” if submission of the revision is
attempted 21 or more days after the deadline. If you do not think you will be able to meet this
deadline please contact the editorial office immediately.

Pleasenotearticle processing charges apply to papers accepted for publicationin Royal Society
Open Science (https:/ /royalsocietypublishing.org/rsos /charges). Charges will also apply to
papers transferred to the journal from other Royal Society Publishingjournals, as well as papers
submitted as partof our collaboration with the Royal Society of Chemistry

(https:/ /royalsocietypublishing.org/rsos/chemistry). Fee waivers are available but mustbe
requested when you submit your revision (https:/ /royalsocietypublishing.org/rsos/ waivers).

Thank you for submitting your manuscript to Royal Society Open Science and welook forward
to receiving your revision. If you have any questions atall, please donothesitate to get in touch.

Bestregards,

Lianne Parkhouse

Editorial Coordinator

Royal Society Open Science
openscience@royalsociety.org

on behalf of Dr Agnieszka Latawiec (Subject Editor)
openscience@royalsociety.org

Associate Editor Comments to Author (Dr Agnieszka Latawiec):

Dear Authors

Pleaseincorporate the suggestions of both reviewers, with a special attention to the comments of
the second reviewer.

Kind Regards
Agnieszka Latawiec

Reviewer comments to Author:

Reviewer:1

Comments to the Author(s)

Animportanttopicin the context of the Brazilian NDCand its targets related to land use.
Appropriate timing. The paper needs a few improvements and a more detailed listcan be found
in the attached file.

Reviewer:2

Comments to the Author(s)

The authors make the important point that pasture productivity could beimproved in Brazil,
which would hopefully decrease agricultural pressure on intact forest. I agree thatthis is an
important message but the manuscript will need substantial revisions (detailed below) to be
suitable for publication in Royal Society Open Science and accessible to a broad audience. I also
made detailed edits on the manuscript.



1. Theauthors never explain early on whatimproving pasture productivity entailsand this is
important to understandinglater portions of the manuscript. I think they mean fertilizing the
pastures, moving cattle more frequently, and better animal management generally, but the
specific practices need to be clearly described. A related important pointis that the authors seem
to use pasturerestoration and recovery interchangeably, which is misleading. It seems thatthey
are talking aboutimproving cattle productivity (the term I suggest they use), rather than
improving habitat quality in pastures. Thereis an extensiveliterature on silvopastoral systems
(e.g., Murgueitioet al.,, 2011; Calleetal., 2013; Calle, 2020), which aims to do both, and I strongly
recommend that the authors consider this literature and what might be achievable in Brazil.
Regardless the authors need to clarify their use of terminology. Whatthey are describingis not
“restoration” (Gannetal., 2019).

2. Thewriting was hard to follow at multiple places in the article for a number of reasons. The
authors repeata few generalities many times (e.g. increasing pasture productivity is the new
frontier), but then jam multiple technical terms into a single sentence without much background
for the general reader. I havenoted many cases of this in the paper. The authors alternate
between some short paragraphs (just one sentence) and then very long sentences with multiple
clauses. Inote several thatI found unclear. More generally, there are many run on sentences,
missing words, and English grammar errors that made the paper hard to follow. Once the other
revisions are completed, the paper should be reviewed by a native English speaker.

3. Theauthors refer almostexclusively to Brazil and references from Brazil in this paper.Irealize
thatBrazil is a large and complex country, but for an international journal the authors should
consider how the Brazilianexperience compares to other systems and countries. For example,
there is an extensiveliterature on sustainable cattle ranching in Colombia. Theauthors also
assume thatvarious laws and organizations in Brazil (e.g. Embrapa, Safra Plan, ABC) are known
to readers. Certainly, some readers of this article will know those terms, but for a general journal
this knowledge should notbe assumed and acronyms should alwaysbe spelled out. The authors
assumea lot of knowledge about Brazilianagricultural credit.

4. As noted below, multiple figures are lacking sufficiently descriptive captions.

A few more specific comments in addition to the many directly on the manuscript.

Title. It's not clear to the reader what the degraded pastures in Brazil are the new frontier for.
They could be the new frontier for soybean growth given thatthe title is vague. Thetitle needs to
better communicate the main message of the paper.

Figure 1. A much more detailed caption is needed so the figure can beread and understood
separately fromthe paper. This is true of several figures (e.g. Fig. 3 and 6 also).

Figure 3. The line for the y-axis is missing and a more descriptive caption is needed.

Figure 4.Is too small to be legible.
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Murgueitio, E., Calle, Z., Uribe, F., Calle, A. & Solorio, B. (2011) Native trees and shrubs for the
productiverehabilitation of tropical cattle ranching lands. Forest Ecology and Management, 261,
1654-1663.10.1016/j.foreco.2010.09.027

===PREPARING YOURMANUSCRIPT===



Yourrevised paper should include the changesrequested by the referees and Editors of your
manuscript. You should provide two versions of this manuscriptand both versions mustbe
provided in an editable format:

one version identifyingall the changes thathave been made (for instance, in coloured highlight,
in bold text, or tracked changes);

a 'clean' version of the new manuscript thatincorporates the changes made, but does not
highlight them. This version will be used for typesetting if your manuscriptis accepted.

Please ensure thatany equations included in the paper are editable textand notembedded
images.

Please ensure that you include an acknowledgements' section before your reference
list/bibliography. This should acknowledge anyone who assisted with your work, but does not
qualify as an author per the guidelines athttps:/ /royalsociety.org/journals/ ethics-

policies /openness/.

Whilenotessential, it will speed up the preparation of your manuscript proofif accepted if you
format your references /bibliography in Vancouver style (please see

https:/ /royalsociety.org/journals/authors /author-guidelines/ #formatting). You should include
DOIs for as many of the references as possible.

If you have been asked to revise the written English in your submission as a condition of
publication, you mustdo so, and you are expected to provide evidence that you havereceived
language editing support. Thejournal would prefer that you use a professional language editing
serviceand providea certificate of editing, but a signed letter from a colleague whois a native
speaker of English is acceptable. Note thejournal has arranged a number of discounts for authors
using professional language editing services

(https:/ /royalsociety.org/journals/authors /benefits/language-editing/).

===PREPARING YOURREVISION IN SCHOLARONE===

To revise your manuscript, loginto https:/ /mc.manuscriptcentral.com/rsosand enter your
Author Centre - this may be accessed by clicking on "Author" in the dark toolbar at the top of the
page (just below the journal name). You will find your manuscriptlisted under "Manuscripts
with Decisions". Under"Actions", click on "Create a Revision".

Attach your point-by-pointresponse toreferees and Editors atStep 1 'View and respond to
decision letter'. This documentshould be uploaded in an editable file type (.doc or .docx are
preferred). This is essential.

Please ensure thatyou include a summary of your paperatStep 2 'Type, Title, & Abstract'. This
should beno more than 100 words to explain to a non-scientific audience the key findings of your
research. This will beincluded in a weekly highlights email circulated by the Royal Society press
office to national UK, international, and scientific news outlets to promote your work.

At Step 3 'File upload' you should include the following files:

-- Yourrevised manuscriptin editable file format (.doc, .docx, or .tex preferred). Youshould
upload two versions:

1) One version identifying all the changes thathave been made (for instance, in coloured
highlight, in bold text, or tracked changes);

2) A 'clean' version of the new manuscript thatincorporates the changes made, but does not
highlight them.

-- Anindividual file of each figure (EPS or print-quality PDF preferred [either format should be
produced directly from original creation package], or original software format).



-- Aneditablefile of each table (.doc, .docx, .xIs, .xIsx, or.csv).

-- An editablefile of all figure and table captions.

Note: you may upload the figure, table, and caption files in a single Zip folder.

-- Any electronic supplementary material (ESM).

-- If you are requesting a discretionary waiver for the article processing charge, the waiver form
must be included at this step.

-- If you are providing image files for potential cover images, please upload these at this step, and
inform the editorial office you have done so. You musthold the copyright to any image provided.
-- A copy of your point-by-pointresponse to referees and Editors. This will expedite the
preparation of your proof.

At Step 6 'Details & comments', you should review and respond to the queries on the electronic
submission form. In particular, we would ask that you do the following;:

-- Ensurethatyour data access statement meets the requirements at

https:/ /royalsociety.org/journals/authors /author-guidelines/ #data. You should ensure that
you cite the datasetin your referencelist. If you have deposited data etc in the Dryad repository,
pleaseincludeboth the 'For publication' link and 'For review' link at this stage.

-- If you are requesting an article processing charge waiver, you mustselect the relevant waiver
option (if requesting a discretionary waiver, the form should have been uploaded atStep 3 'File
upload' above).

-- If you have uploaded ESMfiles, please ensure you follow the guidanceat

https:/ /royalsociety.org/journals/ authors /author-guidelines/ #supplementary-material to
includea suitable titleand informative caption. An example of appropriate titling and captioning
may be found at https:/ /figshare.com/ articles/ Table_S2_from_Is_there_a_trade-
off_between_peak_performance_and_performance_breadth_across_temperatures_for_aerobic_sc
ope_in_teleost_fishes /3843624.

At Step 7 'Review & submit', you must view the PDF proof of the manuscriptbefore you will be
able to submit therevision. Note: if any parts of the electronic submission form havenotbeen
completed, these will be noted by red message boxes.

Author's Responseto Decision Letter for (RS0OS-201854.R0)

See Appendix C.

RSOS-201854.R1 (Revision)

Review form: Reviewer 1

Is the manuscript scientifically sound in its presentform?
Yes

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
Yes



Do you have any ethical concerns with this paper?
Yes

Have you any concerns about statistical analysesin this paper?
No

Recommendation?
Acceptwith minorrevision (pleaselistin comments)

Comments to the Author(s)
Minor specific comments.

Pg 6/521ine51 - indicate where we can find the “controllers” variables in SM.
Pg10/52lines40-52 - itlooks thata call to figure2 is missing, as authorsare talking aboutit.
Pg10/52lines54-60- indicate where to find the results presented. Also, in this paragraph, the
authors startby presenting planted pasture but presentan argumentaboutnatural pasture to
corroborate the initial statement, which seems inconsistent or at least notclear.
Pg11/52lines31-37 - suggestauthorsindicate Table 1 here.

Pg11/52lines39 - FCS or FCC as indicated in Table1?

Pg12/52lines41-54- The messageis notclear and itis floating here with poor connection with
the previous paragraph.

Pg15/52lines40-44-1f I understood correctly, the authors mention the volume of credit
available, butI missed how much was effectively used to finance livestock activities.

Pg17/52line20 - A typo “meet” when the correct would be “meat”.

SM - TableSM1 - variable “ degpast” description seems to be incorrect.

Review form: Reviewer 2

Is the manuscript scientifically sound in its presentform?
Yes

Are the interpretations and conclusions justified by the results?
Yes

Is the language acceptable?
No

Do you have any ethical concerns with this paper?
No

Have you any concerns aboutstatistical analysesin this paper?
No



Recommendation?
Major revision is needed (please make suggestions in comments)

Comments to the Author(s)

AsI noted in the lastversion, I think the authors make an important point that pasture
productivity could be improved in Brazil, which would hopefully decrease agricultural pressure
onintactforest.  appreciate thattheauthors did a major reorganization of the paper so that there
are fewer short paragraphs and the text flows better. They also expanded their description of
different approaches to improve pasture productivity.

There are however, someissues thatstill need to be resolved.

1. The paper could make the same pointin a lot less words.It's a longarticleand could
easily be 20 % shorter withoutlosing any key points.
2. The paperneeds a careful editing. There are several grammatical errors, typos, or

incorrect word choices on each page.I did a more thorough editinglast time but that was beyond
the responsibility of a reviewer.

3. Thetitle could be more informative. It says that degraded pastures are the new frontier
but the reader doesn’tknow what they are the frontier for. I thinka more accurate title would be
“Improving pasture productivity in Brazil canhave major economic and ecological benefits”.

4. AsI noted in the lastversion, what the authors describeis not “restoration” per se.
“Restoring” those habitats would mean removing them from pastureland and restoring” native
ecosystemtypes. In the revised version, they use the word “restore” and “restoration” morein
the abstract than thelast version. The terminology they usein the text of the papersuch as
“improving pasture productivity”, “restoring pasture productivity”, or “recovering pastures” is
fine. But theyneed to fix the terminology in the abstract where they use the term “restor*”
incorrectly multiple times .

A few of the many minor edits

p-3line12 - Should be“a” depreciation.

p- 3line26 “would permit to rip off” needs to be rewritten. Maybe “would allow”.
p-3line28in “the” Paris.

p- 3line49 “has performed”

p- 31line 60 “recur” does not make sense here.

There were so many grammatical errors thatI stopped correcting themafter p. 3.

p- 91ine52. There is no need to repeat the sentence about TE in Brazil being 81 % since that
number is in the prior paragraph.

p- 9 final para. This entire paragraphsays thatif productivity of pastureis low then it can be
improved. That goes withoutsaying. The paragraphcould be deleted.

p-11line31. Estimated as the “ difference” between...

p-111line40.Should be9.1 M heads... Need to carefully review throughout that decimal points
are used before 10ths digits, notcommas (which Irealizeis whatis done on in most Latin
American countries).

p- 14line19 “Elinor” Ostrom.

Decisionletter (RS0OS-201854.R1)

We hope you are keeping well at this difficultand unusualtime. We continue to value your
supportof the journal in these challenging circumstances. If Royal Society Open Science can assist
you atall, please don'thesitate tolet us know atthe email address below.

Dear Dr Feltran-Barbieri,



It is a pleasure to accept your manuscriptentitled "Degraded Pastures in Brazil: the new fron tier"
inits currentform for publication in Royal Society Open Science. The comments of the
reviewer(s) who reviewed your manuscriptareincluded at the foot of this letter.

Please ensure that you send to the editorial office an editable version of your accepted
manuscript, and individual files for each figure and table included in your manuscript. You can
send thesein a zip folderif more convenient. Failure to provide these files may delay the
processing of your proof. You may disregard this requestif you havealready provided these files
to the editorial office.

You can expect to receive a proof of yourarticlein the near future. Please contact the editorial
office (openscience@royalsociety.org) and the production office
(openscience_proofs@royalsociety.org) to let us know if you arelikely to be away from e-mail
contact-- if you are going to be away, please nominate a co-author (if available) to manage the
proofing process, and ensure they are copied into your email to the journal.

Due to rapid publicationand an extremely tight schedule, if comments are not received, your
paper may experiencea delay in publication.

Please see the Royal Society Publishing guidance on how you may share your accepted author
manuscriptathttps:/ /royalsociety.org/journals/ ethics-policies /media-embargo/ . After
publication, some additional ways to effectively promote your article can also be found here
https:/ /royalsociety.org/blog/2020/07/ promoting-your-latest-paper-and-tracking-your-
results/.

Thank you for your fine contribution. On behalf of the Editors of Royal Society Open Science, we
look forward to your continued contributions to the Journal.

Kind regards,
Anita Kristiansen
Editorial Coordinator

Royal Society Open Science
openscience@royalsociety.org

on behalf of Dr Agnieszka Latawiec (Associate Editor) and Agnieszka Latawiec (Subject Editor)
openscience@royalsociety.org

Reviewer comments to Author:

Reviewer: 1

Comments to the Author(s)

Minor specific comments.

Pg 6/52line51 - indicate where we can find the “ controllers” variables in SM.
Pg10/52lines40-52 - itlooks thata call to figure2 is missing, as authorsare talking aboutit.
Pg10/52lines54-60 - indicate where to find the results presented. Also, in this paragraph, the
authors startby presenting planted pasture but presentan argumentaboutnatural pasture to

corroborate the initial statement, which seems inconsistent or atleastnotclear.

Pg11/52lines31-37 - suggestauthorsindicate Table 1 here.



Pg12/52lines41-54 - The messageis notclear and itis floating here with poor connection with
the previous paragraph.

Pg11/52lines39 - FCSor FCC asindicated in Table1?

Pg15/52lines40-44-1f I understood correctly, the authors mention the volume of credit
available, butI missed how much was effectively used to financelivestock activities.

Pg17/521ine20 - A typo “meet” when the correct would be “meat”.

SM - Table SM1 - variable “degpast” description seems to be incorrect.

Reviewer:2

Comments to the Author(s)

As 1 notedin the last version, I think the authors make an important point that pasture
productivity could be improved in Brazil, which would hopefully decrease agricultural pressure
onintactforest. I appreciate thattheauthors did a major reorganization of the paper so that there
are fewer short paragraphs and the text flows better. They also expanded their description of
different approaches to improve pasture productivity.

There are however, someissues thatstill need to be resolved.

1. The paper could make the same pointin a lot less words. It's a long articleand could easily be
20% shorter withoutlosing any key points.

2. The paper needs a careful editing. There are several grammatical errors, typos, or incorrect
word choices on each page.I did a more thorough editinglast time but that was beyond the
responsibility of a reviewer.

3. Thetitle could be more informative. It says that degraded pastures are the new frontier but the
reader doesn’tknow what they are the frontier for. I think a more accurate title would be
“Improving pasture productivity in Brazil canhave major economic and ecological benefits”.

4. AsI noted in the last version, what the authors describe is not “restoration” per se. “Restoring”
those habitats would mean removing them from pastureland and restoring” native ecosystem
types. In the revised version, they use the word “restore” and “restoration” morein the abstract
than thelastversion. The terminology they usein the text of the papersuch as “improving
pasture productivity”, “restoring pasture productivity”, or “recovering pastures” is fine. But
they need to fix the terminology in the abstract where they use the term “restor*” incorrectly
multiple times .

A few of the many minor edits

p-3line12 - Should be “a” depreciation.

p- 3line26 “would permit to rip off” needs to be rewritten. Maybe “would allow”.

p-3line28in “the” Paris.

p- 3line49 “has performed”

p- 31line 60 “recur” does notmake sense here.

There were so many grammatical errors thatl stopped correcting themafter p. 3.

p- 91ine52. There is no need to repeat the sentence about TE in Brazil being 81 % since that
number is in the prior paragraph.

p- 9 final para. This entire paragraphsays thatif productivity of pastureis low then it can be
improved. That goes withoutsaying. The paragraphcould be deleted.

p-11line31. Estimated as the “difference” between...

p-11line40.Should be9.1 M heads... Need to carefully review throughout that decimal points
are used before 10ths digits, notcommas (which Irealizeis whatis done on in most Latin
American countries).

p-14line19 “Elinor” Ostrom.
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Appendix A RSOS-201854

Royal Society Open Science peer-review - RS0S-201854

Summary

The authors elaborate very well an important theme for changing the course of GHG emissions in
Brazil, focused on land use in particular, in pastures. Showing with a robust analysis and consistent
data from the Brazilian government, the importance of degraded and underutilized areas that
should be part of the priorities of government policies and actions at different levels, federal, state
and municipal, in the indicated areas that concentrate most of these pastures degraded.

General comments

1. Clear objetives, Well designed and sound analysis with Spatial component.

2. Veryimportant topic connected to the main problem of Brazilian GHG emissions, Land use
(almost 70% of Brazilian emissions), pastures and cows contribute significantly to it.

3. In Material and Methods, to be clearer for the reader, could explicitly indicate that variables
and more detailed information can be found in SM, for instance a map with the 8 regions
and the list of municipalities included in each one, and the variables used for the models.

4. There is room for English improvements and typo review (there are some Portuguese words
like in page 12 line 28.)

5. Itisrecommended to change the currency to USS, as this is a global Journal, and readers
would understand better the values in a global currency.

6. The figures do not have a clear indication throughout the text, to simplify the reader the
time to consult them. The same apply for the Supplement Material.

7. Forthe benefit of readers, it is important to clarify what ABC program is in the supplement
material, in order to highlight the importance of this program in view of the needs of a low
carbon economy.

8. As livestock has a major contribution to Brazilian emissions, it would be advisable to include
information on the gains from the results of this work and the indicative measures
proposed. Thus, the work can gain a good alignment with low carbon economy discussion.

Specific comments

Page 3 lines 16-21: the complementarity message is not very clear, as it explains only the extensive
side of it. Could be clearer.

Page 3 lines 60-62: Would recommend a source for the 100-120M ha of degraded pasture.

Page 4 lines 3-7: Message is not clear, could add information and elaborate a little bit more on
degraded pastures, as it could also be associated with abundance of low-price lands in the amazon
against the high costs to recover the pasture, and the recovery “opportunity” is not so clear from the
rancher perspective.

Page 4 line 52: typo “etal”.
Page 5 line 5: substitute “complexity” with “complex”

Page 7 line 27: where it is: “all 5,563 the municipalities” change to “all the 5,563 municipalities”
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Page 7 line 27-28: Would be useful for the reader to have a map showing the 8 regions and the list
of municipalities in each one to have a clear picture of the scenario and replicability of the analysis.

Page 7 line 36 and 38: | suggest changing the “Forest Code” for the “Law of Protection of Native
Vegetation” (LPVN) it is more appropriate.

Page 8 line 51: The reader would benefit from an indication of the reasons why “an effort of this
magnitude is doubtful to be possible”, recommend to elaborate in a concise way.

Page 9: the map should be bigger, as the legend is almost impossible to read. In addition, the SM
should have the list of municipalities included in each region. This map could be presented in
Material and Methods, leaving here only the table.

Page 10 Figure 3: It is not easy to follow the colours for “Amazon” and “Eastern Atlantic Forest”, as it
looks like it is not in order, and slightly different in graph and legend.

Page 10 lines 39-46: the message is not clear, could be more specific and clearer about the laws the
authors refer to. Everything described is defined in the same legislation or in different ones. Itis a
good point but need clarity.

Page 12 lines 23-30: How much does this represent of the total credit for the period?

Page 12 lines 33-34: Would be good to have numbers (%) here, demonstrating how much it has
grown.

Page 13 lines 24-34: | recommend the authors presenting the size of the ABC program (in dollars)
and the portion of it destined to pasture recovery, so that it is clear the amount contracted in the
priority municipalities for pasture recovery, including its size in relation to traditional credits, to
showcase that a program important as this to take the necessary path towards a low carbon
economy / agriculture, it is still well below the volume of traditional credit.

Page 13 lines 37-50: The message is clear to move budget to ABC, but what do the authors
recommend to make this really happen?

Page 14 Figure 6: | assume the amount represented is related to pasture recovery, if so, what is the
size of these programs and their main objectives (suggestion: a table or short text in Supplement
Material about the programs).

Page 14 lines 44-50: | suggest including a concrete example to reinforce the point.

Page 15 line 28: Message is not clear as a final statement of results and discussion.

Supplement Material

SM 1.1 Second paragraph: “The census did not provide microdata - producer-level responses.” Would
recommend to clarify the reason for not having property level data. It is related to legislation restrictions
like the Centra Bank data?

SM 1.3 table: degpast and plantpast have the same description, is it correct?

SM 1.3 table: labor, aterarea and aterper have 5,662 and 5,663 municipalities, is it correct? According to
IBGE, Brazil has 5,570 municipalities.

SM 2.1: please indicate the plataform/program and version used to run the analysis. (Stata?)

Page 2 of 2



Appendix B

R. Soc. open sci. article template

ROYAL SOCIETY
OPEN SCIENCE

R. Soc. open sci.
doi:10.1098/not yet assigned

Degraded Pastures in Brazil: the new frontier

Rafael Feltran-Barbieri*+ & José Gustavo Féres™*
7 World Resources Institute Brazil, Rua Claudio Soares 72 sala 1510, Sao Paulo SP, Brazil,05422-030

Institute for Applied Economic Research (IPEA), Avenida Presidente Vargas 730, 17° Andar, Rio de Janeiro
RJ, Brazil,20071-900

¢ Brazilian School of Economics and Finance (EPGE-FGV) , Praia de Botafogo 190, 11° Andar, Rio de
Janeiro RJ 22250-900

Keywords: Degraded Pasturelands, Livestock Efficiency, Rural Credit, Brazil

Abstract

Degraded pasture \restorationl is athe major liability in Brazilian agriculture but could be t—helg
main asset. Here we show the technical inefficiency of livestock activity in Brazil is around 19%
in which degraded pastures being-are the main factor of diseconomy of scale. On the other |
hand, the recovery of 12 million hectares of degraded pastures could generate an additional
production of 16.9 million bovines. There is a large regional concentration of degraded
pastures, which would facilitate the targeting of Technical Assistance and Rural Extension
(ATER) and Rural Credit efforts to foster pasture recovery, as these two factors have a
significant impact in reducing inefficiency. 1% of Brazilian municipalities concentrate 25% of
degraded pastures that could generate almost 30% of the total inerementincrease of the
additional herd via pasture recovery. At the municipality level, even if most of the degraded
pastures were allocated to forest recovery in order to comply with the Forest Code, an increase
of 9 M of cattle would be possible due to the recovery of degraded pastures that would exceed
the minimum necessary to comply with the environmental law. Redirecting investment credits,
especially for resources with controlled interest ratel. Better management of dBegraded l
pasturelands isare the new frontier that could boost livestock activities and avoid deforestation
in Brazil.

1. Introduction

Brazil produces 16% of the world's beef and accounts for 20% of the global beef markets [1],
having traded in 2019 about US $ 7.6 billion FOB (Free on Board) [2], half of which to China and
Hong Kong. One third of the Brazilian Agribusiness GDP, or about US $ 81 billion, and a quarter
of the Gross Value of Agriculture, around US $ 15 billion, are-is generated by cattle livestbck,
which employs 3 million people in rural areas in Brazil [3,4].

*Author for correspondence (rafael.barbieri@wri.org).
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Despite this large-size economy, Brazilian beef has performing far below its biophysical
potential, producing an average of 0.87 AU/ha where biocapacity exceeds 2.94 AU/ha [5]. There
is normally a great variation between the different regions of the country, but even with
enormous regional heterogeneity and a high degree of specialization of production - e.g.
breeding, recreating, fattening and semi-confinement - national averages are instructive toas
revealing- the large share of very-extensive and inefficient systems.

Unlike crops as soybeans and sugarcane - in which the incorporation of technology is a condition
of competitiveness - in livestock production the production factors are more interchangeable,
usually allowing additional allocation of land at the expense of additional capital. It helps to
explain the coexistence of ultra-extensive farms in the Amazon and the high-tech semi-
confinement systems in the Center-South of Brazil. High liquidity - a cow may always be sold,
wherever its age or weight - is a counterpoint to low profitability, and land speculation as a value
store activity is an alternative to low return of productive capital, which reinforces the incentive
to expand agricultural frontiers [6].

From the rancher rationality to the logic of the supply chain, extensive and intensive livestock
systems may be complementary rather than substitutes. As the large slaughterhouse
conglomerates increase their purchasinge power over the territory, ultra-extensive systems
become more integrated, suppling the fattening farms and pushing the formation of new herds
that can foster the beef chain.

It is precisely this integration under the perspective of a new market tide which pushes livestock
forward. More pasturelands mean more deforestation. In the last 35 years 45 Mha - a 1.8-fold
UK area - of new pastures were grewn-created in Brazil [7]. During this time, a huge area of 64
Mha where deforested and immediately replaced by new pastures, while 18 M ha of pre-existing
pastures have been replaced by agriculture, forestry and dams ﬂ7ﬂ

Consequently, 70% of the current pastures in the Amazon came from deforestation since 1985 -
or 37 M ha, while in the Cerrado and Altantic Forest, a third of current pastures originated from
deforestation in the last 35 years. This vertiginous pastureland expansion at the expenses of
deforestation occurred mainly until the early 2000s, slowing down to less than 20% in 2012,
stabilizing the area of pastures in-aton 180 Mha all over the country [7].

In the last decade carcass weight increased by only 10% (0.74% p.y.) and a slight advance in the
stocking rate from 0.85 to 0.87 AU / ha was observed. Meanwhile corn productivity grew by 5.3%
p.y. and soybean 3.9% p.y., leaving levels already competitive in relation to the neighbours of
\Mercosul \and even the USA [4].

Deforestation has raised-increased since 2012 and surged up last year by 30%. 3.4 Mha were
deforested in the last 7 years, 94% of which was due new pasturelands. [7] 99% of the 1Mha
deforested in Amazon last year was illegal [8].

The negative fiscal, legal, environmental and social effects of the frontier expansion due to illegal
deforestation have been proved to be inefficient, perverse and unacceptable by the ews-Brazilian
agribusiness sector. Recently, the Brazilian Coalition on Climate, Forest and Agriculture, a multi-
sectorial agreement with 250 institutions, including the Brazilian Agribusiness Association
(ABAG), Brazilian Beef Exporters Association (ABIEC) and the three3 major private Banks - with
more than US 700 Bn in assets - haves announced a proposal for stop deforestation, including
tracing production chain and cutting investments ien producers and industries directly or
indirectly responsible for illegal deforestation [9].
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These pressures put the livestock growth model based on extensive practices in check, and o|pen
a new opportunity in a new frontier: the degraded lands. Brazil has between 100 and 120 Mha
of degraded pastures - equivalent to all the EU's pasturelands area.

\Low investments, overgrazing or land abandonment as a result of the-ewnthis extensive gratin

system are the main causes of increases of land degradation in Brazil [10,11“. On the other hand, {Commented [Rev6]: Could include the two paragraphs on

the recovery of degraded pastures is the main strategy that the producer has at his-their \deforestation here to reduce the number of many short paragraphs.
fingertips to start this trajectory, being the first and main beneficiary of the production gain and
legal security, from which the benefits can reverberate for the entire chain .

This article seeks te—centribute-to elucidate the impacts of degraded pastures in Brazilian
livestock production, how the recovery of these pastures could leverage the activity, and what
mechanisms could be used or improved to trigger this productive revolution. The ml&hain
objectives are

(1)  Estimate the technical efficiency of livestock in Brazil, and, for the first time, identify
marginal impact - the stocking rate - of planted, native and degraded pasturelands in
all Biomes,

(2)  Estimate the potential increasementefin cattle that would be achieved by recovel’ing
degraded pasturelands, and

(3)  Identify priority sites and policies that should be the start points te-of a new livestock
system.

Differently from any etherprevious study, which used GIS tools to identify and measure imt)act
of recovery of the degraded pasturelands [12, 13, 14, 15), we focused on producer-perspective,
using data from the latest Agricultural Census [4]. The recognition of the of degraded pastures
by the ewm-Brazilian rural producers is a crucial step to encourage any pasturelands reco‘l'ery
initiative. Further, in contrast with the biophysical potential as usually referenced as the
threshold of potential cattle increment, we used the regional stocking rate of non-degraded
pasturelands locally estimated by Spatial Error Model Regressions (SEM), applied by biome at
the municipality level. This approachit provides more realistic threshold and reflects the average
ofstocking rate already achieved by local ranchers, measured in marginal effects.

Commented [Rev7]: | stopped detailed editing here but the rest
of the paper needs to be carefully proofread by a native English
speaker.

2. Material and ‘Methods‘

2.1 Degraded pasturelands

Degraded pasturelands are native or planted pastures with a sharp decrease in carrying |
capacity, productivity and biomass production. Degradation may result from inadequate
soil/plant/herd management, mostly common throughout overgrazing, insufficient weed and
pest controls and lack of fertilization [11].

According to Kwon tal (2015)[15] there are about 1.1 Gha of degraded pasturelands ever
across the world. In Brazil, the most comprehensive and exhaustive satellite imagery and
geoprocessing analysis on pasturelands, the Atlas of Brazilian Pasturelands, had-identified i
2017 that there were 95 Mha of degraded pasturelands - from a total of 190 Mha - with 40
Mha in severe level of degradation [5].
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However, ranchers recognize only 12 Mha of pastures in poor condition on their properties, as
stated in the last Agricultural Census conducted in 2017, which covered all the 5 million farms
around the country [4].

Discrepancy between geoprocessing analysis and the recognition of the degraded conditions of
their own pasturelands by the farmers is expected, and may have several causes, from the
perspectives to interests [16], a complexity discussion not addressed here. For the purpose of
this study is important to highlight the recognition of the degraded pastures by the ranchers is
a crucial step to changing the adoption of more efficient and productive technologies [15].

The technical or empirical framework used by the ranchers reflect their beliefwes, and
knowledge and itis closer to the local experiences and practices. Focusing on what was
declared in the census instead what was identified by GIS experts underestimates the area that
could be recoveredy and so how large are the opportunities to the Brazilian livestock sector. On
the other hand, preserving the decision processes in the allocation of production factors is in
line with rancher perspective, providing subsidies for policies. \

2.2 Technical Efficiency

Producers may be \characterized as efficient if they have produced as much as possible with the
inputs they have employe‘d or whether they have produced the output at minimum cost.

In our empirical application, we calculate efficiency by adopting the concept of technical
efficiency [17,18]. Technical efficiency measures the distance of observed production to the
potential maximum production. It may be interpreted as the additional output the farm could
produce while using the current amount of inputs or, conversely, the potential reduction in input
use that could be attained while producing the current output quantity. Formally, the concept
may be expressed by the formula

TE=%<1 (1)

<RI

where TE denotes technical efficiency, y represents the observed output and y the potential
(maximum) output. As y tends to the potential output y, TE increases and the firm becomes
more efficient. Low TE values mean that the observed production is far below the potential
level, indicating an inefficient firm.

There are several approaches to estimating technical efficiency. We adopt the Stochastic Frontier
Analysis, which proposes an econometric-based approach. In order to derive an econometric
model, we first observe that potential output ¥ may be represented by the production function
f(x, B), where x is a vector of input quantities and f is a vector of parameters to be estimated.
Equation (1) may be rewritten as

y=JyTE = f(x, B)TE (2)

The production model is usually linear inthelteg-efwhen the variables are on a logarithmic
scale (in our application, we adopt a Cobb-Douglas functional form), so the empirical model for
farm i may be expressed as

In(y;) = = Inf(x;, B) + In(TE;) = Inf (x;, B) — w; 3)
where u; > 0 is a measure of technical inefficiency since u; = —InTE; = 1 — TE;. We observe
that
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TE; = —u; (4)

Our production function is specified as a Cobb-Douglas and our input vector x includes capital,
labour and land. Pasturelands are disaggregated in three components: degraded, natural and
planted pasturelands. Such decomposition allows us to assess how technical efficiency is
associated withte each type of pastureland. In particular, we may evaluate how restoration (i)f
degraded pastureland may reduce technical inefficiency.

2.3 Stocking rates

The additional herd due to the recovery of degraded pasturelands is a function of area and
productivity. As described in 2.1 the degraded pasture area was defined as declared by farmers.
For the potential productivity, differently from previews studies that account for the
biophysical potential - which threshold is defined by the potential of carrying capacity due to
soil/biomass/herd relations [12,19]- we adopted as threshold the current stocking rate of non-
degraded pasturelands.

Non-degraded pastures may be both native or planted pasturelands with different stocking
rates, due to natural and management attributes. The estimated stocking rate for each one
provides the current threshold that degraded pastureland could lachieve wherever would be
the biophysical potentialL following the assumption of non-disruptive transformation limited to
the actual inputs allocation, aligned with technical efficiency approach.

lAgain, the non-disruptive intensification considered here (1) is limited to the 12 M ha
recognized by the producers and (2) supposes the increase is limited to average stocking rates
currently observed and under the widespread technology.

h‘hese two hypotheses allow h,ls to interpret our results as conservative estimates, since there
would be room for the recovery of larger areas of degraded pastures and productivity gains due
to technological advances. This |reinf0rces\ the technical and economic viability of non-
disruptive recovery actions and indicates that the implementation of these actions would not
threaten to trigger the supposed rebound effect caused by the extraordinary intensification
(the one that could potentially be reached by biophysical limits).

Stocking rate may be understood as the marginal impact of one additional unit of pastureland
area, and therefore estimated as a regression coefficient. Estimations based standard
regression models as OLS will suffer from a misspecification and the results of the model will
be biased or inconsistent if the regressors, residuals or the dependent variable are spatially
dependent, as described by Fisher & Wang 2011 [20]

Pastures are explicitly spatial variables, and testimonies of local landscape management. In
order to estimate stocking rates we applied the Spatial Error Model which adequately treatsl
spatial dependence in the error term that arises from unobservable latent variables that are
spatially correlated. Formally, the SEM may be expressed by the formula

Y=XB+c¢
e =pWe+u (5)

where Y denotes the dependent variable, X the matrix of independent variables,  the
corresponding parameter vectors of X, € error term, p the spatial scalar disturbance, W the
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spatial-weighting matrix and u the random error. The pWe is the autoregressive component
in error term.

Assuming |p| <1, e = —-—pW)u (6)
The equation (5) may be described as

Y=XB+({I—pW) tu (7)

W is t the row-standardised spatial weight matrix W-built from an inverse of distance
matrix between all sample municipalities (km).

r 1 1 1
0 2 L
5% dyj-1  dyj
1 1 1
- 0 -
dp dpj-1 daj
W= : : : : (8)
1 1 1
e 0
di—11  di-12 di-1,j
1 1 1
L X 0
L dis diz dij—1 L

where d; ; = distance between municipality i and municipality j

Given this final specification we grouped all 5,563 the municipalities into 8 regions according to
predominate biome, considering the predominant biome was the one with the largest share of
the municipality area. For each region we ran a specific Spatial Error Model Regression with Y
been the cattle herd, and X a matrix with degraded, native and planted area and controls.

3 Additional Herd scenarios were built: (LIS) Low Intensification Scenario- if all degraded
pasturelands were recovery to achieve the same stocking rate estimated to native pasturelands,
(HIS) High Intensification Scenario - if all the degraded pasturelands were recoveredy to
achieve the same stocking rate estimated forte planted pasturelands, and (FCS) Forest Code
Compliance - degraded pastures are allocated for forest restoration in order to reach the
minimum area necessary to cover the deficit of Legal Reserves as mandated by Forest Code
Law. Surplus degraded pastures, if any, were allocated to be recover to achieve the same
stocking rate estimated to planted pasturelands.

3. Results and Discussion

3.1 Efficiency, Stocking Rates and Additional herd on degraded pastures

Frontier model of stochastic production based on Cobb-Douglas production function shows
that Brazilian livestock currently has an average technical efficiency of 0.81 (Figure 1), which -
TFhis-means that, on average, current production corresponds to 81% of the potential level of
production given the factors currently employed. Incomes could increase 19% without
additional inputs, including land.
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Among the factors of production analysed, land (native, planted and degraded pastures), capital
(tractors and agricultural machinery and equipment), labor fempleyedpersens}-and techni¢al,
and biophysical controls, the degraded pasture showed the lowest marginal productivity (;
0.041), making it being-the main factor of diseconomy of scale in livestock production. The
analysis also shows that although there are levels of efficiency that vary between the 27 States,
degraded pasture reduces the average yield of livestock activity in the municipality, regardless
of the region, and isare associated with municipalities with higher levels of technical
inefficiency.

150
1

(Livestock farms in Municipalities)
100
1

50
1

Density

e |-
T I T T
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Technical Efficiency  via E[exp(-u)|e]

0

Figure 1 - Technical Efficiency of Livestock in Brazil

A-eellection-ofSeveral studies carried out in Brazil at the farm level indicates that the recovit’y
of pastures could increase productivity between 2 to 10 times, depending basieally~on the leyvel
of initial degradation and the recovery techniques used, which would lead to an increase of up
to 8 times the producer's incomes and up to 3 times its net profit [19]. From a scale
perspective, other studies have shown that the country could increase its total livestock
production by up to 150%, without needing any additional area, using only the intensification
of the 100 Mha of pastures already available [11,12,13,14].

However, an effort of this magnitude is doubtful to be possible. Focusing on the 12 million
hectares of degraded pastures already recognized by producers; may be a more plausible
strategy, especially because the main barrier - the perception of the problem by the ranchers
themselves - would already be overcome.
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Our results indicate that planted pasture, in all regions, represents the highest marginal impact
intheto -increase the stocking rate of herd—higheststeekingrate—, which is the double or even
the triple of stocking rate found for native pasturelands. It corroborates studies carried out in
the field or on experimental farms which have reported that native pastures have carrying
capacity ranging from 0.2 to 0.5/heads/ha due to the low digestible biomass production, low
palatability or high biodiversity, which imposes more time for selecting feed and larger areas
for foraging [11].

Stocking Rates Estimated (B)

e Planted Pasture Native Pasture Degraded Pasture
Amazon or " et
.7 X -1.
Center-Southern Cerrado EHS o:? **3*0
" 0.33 0.16 -0.01
Caatinga wxx ok ns
N 119 0.53 -1.55
Southern Altantic Forest o o P
0.88 0.83 131
Pampa Hkk *Ek ns
Pantanal na na na
114 0.92 -0.85
Eastern Atlantic Forest ex ex rx
0.84 0.07 0.15

Matopiba Cerrado Kk ns ns

Figure 2 - Regions and stocking rates estimated by SEM models. Stocking rates are measured as additional head
per additional hectare of planted, native and degraded pasturelands. *** is significant at 1%, ** at 5% and *** at
10%.

Results indicate that an increase in the area of planted pastures is associated with a higher
stocking rate when compared to variations in other types of pasture, reinforcing the knowledge
built over the last decades, especially by \Embrap\a. It is important to note that a marginal
increase in the degraded pasture area has a negative impact on the average stocking rate in the
main growth regions of the Brazilian herd. This result reinforces the need to recovery degraded
pastures in order to promote greater intensification of livestock, thus reducing the pressure for
deforestation, and is in line with efficiency outputs.

The recovery of degraded pastures would increase the cattle herd to 16.9 million heads in the
High Intensification Scenario —equivalent to the current size of Indonesia’s herd. Contributions
of Center-Southern Cerrado, Amazon and Southern Atlantic Forest (EAF) would range
respectively from 36 to 44%, 27% to 41% and 9% to 13%.

Most impressive is even under the FCS, which prioritizes the allocation of degraded pastures
for forest restoration, the increase of the herd in the surplus areas could reach 9,1 M heads.
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Figure 3 Additional herd by region in the 3 Scenarios.

This does not necessarily mean that it would be possible to cover all Legal Reserve deficits
and still produce more cattle with the degraded pastures. There are 831 municipalities |
where the degraded pasture area is insufficient to cover the deficit, even if fully allocated for
forest restoration, and, in these cases, no additional herd would be counted.

Brazilian legislation establishes that Legal Reserves deficits registered in one region can be
compensated in other regions. However, there are well-delimited restrictions, especially
within the Biome and the administrative divisions of States. On the other hand, the Brazilian
legislation is clear in stating that land use planning is mainly attributed to municipalities, so
that the approach of focusing on the municipal level does not exhaust the possibilities of
allocating pastureland for production or forest restoration forestation but sounds well
suited for the level of discussion defended here

Natural areas and restored forests play crucial roles for the economy and competitiveness
supplying the inputs for which there are neither economically or technically viable large-
scale substitutes, such as rainwater irrigation, soil and water conservation, pollinator
shelters and climate stability [21, 22]. In addition to this economy, which is exclusive to l&he
standing forest - and which encompasses ecosystem \services for agriculture as a whole -
other conventional explorations like cattle raising in native pasturelands may currently play

a greater role in the generation of direct income and jobs [4], and therefore has greater Commented [Rev15]: Sentence is way too long and hard to
. . . . .1 . . follow. Need to reword to make this point clearer and more succinct.
appeal, especially in countries with great social inequality such as Brazil.

Deforestation and degradation of pastures are phenomena that have fed edbacked into the
process of advancing the frontier in Brazil [6,11, 23]. Differently, forest restoration and
pasture recovery have surged as the two pillars of the global food security strategy, which
intelligence lies in transforming degraded areas as the new frontier [24]. The simultaneous
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expansion of degraded areas for agricultural production and reforestation revitalizes the
rural economy and rehabilitates the landscape to provide the environmental services that
foster production itself, and it is not new for Brazil [25]. The recovery of degraded areas for
forest|restoration and livestock intensification are feasible in Brazil|

It is important to note that degraded pastures and deficits are \concentrated in specific
regions greatly facilitates the adoption of these strategies at thel regional level. The regional
concentration allows the focus of public and private investments to leverage the recovery of
pastures. To illustrate this point, consider that a policy to recover 10 M ha of degraded
pastures in livestock establishments was defined in 10 stages of 1 M ha, in which
municipalities are being incorporated according to the magnitude of the degraded pasture
area. The first million of the first recovery stage would be concentrated in only 15
municipalities, the second in 27 and the third million in another 41 municipalities, in such a
way that the recovery of 25% of degraded pastures could be directed at eentemplating-1%
of Brazilian municipalities.

"l.egemia
I Pasiagens
simtesestadus

Figure 4: Accumulated concentration of degraded pastures in cattle farms according to the municipalities. (A)
the 15 municipalities with the largest area of degraded pastures and which together hold 1 M ha of degraded
pastures potently increasing 1.4 M heads. (B) the 42 municipalities that together hold 2 M ha and would
increase 2.79 M heads, and (C) the 83 municipalities that together hold 3 M ha and would increase 4.02 M
heads.

It opens a new frontier in Brazil based on degraded pasturelands. Even for pastures in good
condition, current productivity is well below its potential, dampening the effect lof Jevons
ViiiL which provides for a greater risk of resource depletion just when it becomes more
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efficient. The race for extraordinary intensification and its possible rebound effect on new
deforestation are avoided\.

3.2 Rural Credit and Technical Assistancd

Our simulations }indicate that increasing the stocking rate through the recovery of degraded
pastures can bring simultaneous environmental and economic gains. The intensification of
livestock represents la great saving of land immobilized in the productive system, open a
new frontier.
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There are several drivers that act as barriers to the adoption of \degraded pasture recovery
practicesL among them most important are lack on insufficient Technical Assistance (ATER)
and Rural Credit [16, 26,27,28]. On fact, according the latest Agricultural Census only 1 in
10 cattle ranchers has intensive and frequent technical assistance. More than 77% of farms
do not have technical assistance. There are 131 million hectares of pasturelands without
professional orientation, a chronic problem that is not restricted to small productions, since
the percentage unattended by ATER does not differ statistically among the different groups
of production value, which raises the challenge far beyond the land issue [4].

Lack of investments is even-wersean even larger obstacle to pasture recovery. In the pask 12
years, the official rural financial credit system has resources equivalent to just R $ 12 / ha /
year in pastures iv. Even though a 5-year pasture renewal cycle is considered, adding all the
average investment credit values under the following headings: fertilization; soil correction
and protection; formation, reform and recovery of pastures, the sum would not reach the
lowest R $ 62 / ha / five-year period. A value 30 times lower than that recommended by
Embrapa. We could not expect a different reality in the productivity gains of the sector with
such low levels of investment [29].

It is true that these values must be analysed with caution, because the items of products by
activity (e.g. culture or goods and services) financed by Rural Credit are quite generic. E\}en
so, for the period from 2015 to 2019 (in which there is lconsistency in the disclosure of the
Rural Credit Data Matrix for the amount of area, investment and costs), we estimated at
constant values of 2019 equivalent a R $ 36.4 billion diluted in an area equivalent to 137.6
million hectares of pasture, or an average of R $ 264 / h\a / year [29]. Thisk is still 7 timels
less than what is necessary to reverse the unproductive situation of Brazilian livestock [11,
19].

The low level of rural credit contracted by livestock ranchers - although with considerable
growth in the last 5 years - is due to very well-known drivers. On the demand side, (1) high
liquidity of the activity, which allows anticipating revenuesL (2) less Millingness to bank
indebtedness, compared to farmers, behaviour historically evidenced by time series in
Agricultural Census and Central Bank, (3) lower levels of technical and financial planning,
also compared to agriculture, which implies less ability to compete with non-targeted
resources, especially provided by the \Safra Plan; From the supply point of view, (1) greater
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difficulty for the creditor fracing application of the resource - especially in breeding farms,
(2) lower levels of guarantee, especially in the North region, where there are serious
problems in land title andl tenure.

We evaluatedOur results show that livestock efficiency is positively associated with the |
increase in ATER and rural crediﬁ. On \average, municipalities with less access to the
resources of the Safra Plan and smaller areas with ATER services are those with lower
levels of technical efficiency{. Municipalities with higher amounts of credit and with a
greater proportion of areas with ATER have, on average, greater technical efficiency, as well
as less dispersion of the efficiency index. This result is not surprising, since greater access to
financial and technical resources should also improve the management quality of
agricultural establishments.
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Figure 5: Livestock efficiency positively associated with the increase in ATER and rural credit. |
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Rural Credit is also crucial. From 2013 to 2019, 13 different credit lines were granted,

equivalent to U$ 3.45 billion in credits for pasture, of which US 1.4 billion financed by lABC\. [Commented [Rev31]: Acronym not spelled out. ]
The 1600 municipalities in which ABC was responsible for at least 20% of the total credit

granted for pastures showed a level of technical efficiency statistically superior to the

others, regardless of the region and the area assisted by ATER itself [29].

One of the hypotheses for this superior efficiency is precisely the fact that the ABC is the
only one of the 13 lines that explicitly subject the concession of the resource to the reform
of pastures, while the others do not bring this requirement, and can simply afford the
production without innovation or even finance the formation of pastures over areas of
native vegetation, which, in one case or another, reinforces cultural inertia instead of
promoting reform. And ABC has not reached some priority cities. The 11 municipalities
estimated here that concentrate 10% of degraded pastures in Brazil take only 3.5% of the
credits contracted by ABC. The gap opens as the 40 municipalities that hold 25% of
degraded pastures take only 7.5% of the ABC while the 152 municipalities that concentrate
50% of the degraded pastures access 20% of the ABC.

The first step in improving the efficiency of the ABC Program is to direct the Program's

resources to priority municipalities. Respecting budgetary constraints and the levels of

subsidies, subsidies or spread differences, it would be via the displacement of resources

from the Rural Savings and Constitutional Funds that currently encourage financing ( commented [Rev32]: Unclear sentence. )
unrelated to specific programs. We estimate that, in the last 7 years, a total of US § 845 M
from Rural Savings (under subsidized interest rates) [and another U$ 116 M from
constitutional funds financed pastures and intensive s\oil management in livestock via non- [Commented [Rev33]: Run on sentence. ]
specific program, and that they could be directed to the ABC, thus ensuring greater

efficiency in the conversion of the resource to recover pastures and improve production

and revenue for the producer. Annually, it would costbe, on average, an additional U$ 137

M, which would represent an increase of 70% for ABC resources for pastures and

intensification of the soil for livestock.
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Figure 6: Sources and Credit Programs which have financed recovery of pasturelands in Brazil between 2013
and 2019. Values in US M.

It should also be noted that the rural credit subsidy, extended beyond the ABC Program,
should be justified as a counterpart in terms of positive environmental externalities. Clearly,
credit directed to the recovery of pastures meets this criterion, since it involves
productivity gains and reduced pressure for the incorporation of new lands. This argument
reinforces the need to redirect subsidized rural credit to finance the recovery of pastures, to
the detriment of financing the cost where environmental externalities are often absent and

credit acts as public financing of private margins with no social counterpart.l {Commented [Rev34]: I'm not sure what you’re trying to say

here.

In the case of livestock, technologies to increase the productivity of pastures are generally
simple and are already widespread in many Brazilian regions, which greatly reduces the
risks of technological change driven by credit. Specifically for degraded pastures, the emel
recovery already show productivity leaps in the first year, generating working capital that
can sustain the producer during the grace period, in such a way that neither the grace
period nor the discharge terms would need to be adjusted.

Legal conditions for granting credit are essential to reinforce the application of the resource
in an efficient and healthy manner or to prevent dilution of the application in illegal
horizontal expansion. The positive effect of Resolution 3545 issued by the Central Bank in
2008 that conditioned subsidized credit in the Amazon to compliance with land tenure and
Forest Code, shows that the country is prepared for this [28].

But rural credit is not the only and not always the main source of financing for livestock.
Since 1970, the share of credit made available by the National Rural Credit System in total
livestock expenses has varied from 22 to 47% (95% confidence to average) [30, 31, 32, 33,
34]. Thus, bank loans with market interest rates and the use of ewsn-individual resourcesI are

R. Soc. open sci.



essential sources for financing activity in Brazil. We estimate that in 2017 this amount was
no less than U$ 18 Bn [29], which is the balance obtained when comparing the eostingand
investment expenses of livestock establishments in 2017 with funds contracted for
livestock via the Safra Plan that same year.

If rural credit should encourage llivestock ﬂo steer pasture recovery by recognizing the value
of externalities and justifying subsidies. P;private capital without subsidies can pull good
commercial practices that value producers and their products into the chain. The
enforceability in complying with legislation and valuing good practices - made, for example,
in complete product tracking - is the effective way to finance changes downstream in the
production process, promoting the capitalization of the producer increasing its
competitiveness

Livestocld producers that aspires to growing markets must invest in productivity, and the
reform of degraded pastures is the great asset of Brazil, its new frontier{.r‘nggnlyrbggagrsgit
represents a great saving of land immobilized in the productive system, but also because it
is able to leverage one of the great comparative advantages: grass-fed systems‘. Compared to
American and European grain fed or confinement systems, the Brazilian grass fed grazing
system has many advantages that have been valued in the international market (1) better
sanitary conditions - less risk of contamination by pathogens and development of diseases
for animals and humans, (2) less use of medicines, (3) greater animal comfort and (4) less
competition for access to chemical inputs and raw materials, including the grains that can

be used for human consumption instead of bovine feed [35].

4. Conclusions

The inefficiency of Brazilian livestock is very high, around 28%. The degraded pasturelands
present the main factor on diseconomy of scale and could becoame the new frontier. The
recovery of degraded pastures, starting with 12 M ha recognized by the own ranchers, is a huge
opportunity, with widespread technology and high impact to increase the productivity and
competitiveness of Brazilian livestock in the short term. Additionally, it would help the sector
to detach itself from the label of the largest vector of deforestation.

These degraded pastures are highly concentrated in a few regions, which would make
investment programs in recovery less susceptible to the transition costs inherent in the
capillarity of credit programs or even ATER, thus ensuring greater effectiveness in the
productive conversion of these pastures. 1% of Brazilian municipalities concentrate 34% of
degraded pastures

Rural Credit can have a significant impact oin reducing this inefficiency, as they are important
bottlenecks for this economic and productive gain. For example, 3 out of 4 hectares of rural
establishments with livestock do not have an ATER. On average, livestock farms invest 7 to 30
times less than necessary to recovery pastures. On the other hand, Rural Credit finances only
U$ 1 in every U$ 4 invested in livestock, and it is important to redirect the costing credit for
investment.
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The ABC Program, especially the subprogram “Recovery of Degraded Pastures” must be
broadly expanded, and one can begin by redirecting resources from Rural Savings with
controlled interest, and currently available to promote pastures without being linked to specific

programs.
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Appendix C

We are very grateful forthe valuable reviews, comments, and suggestions from the anonymous
reviewers. A complete and detailed responseis presentin the new manuscript, track changes version. In
this document we make only short responses.

Reviewer: 1
Commentstothe Author(s)

An importanttopicinthe context of the Brazilian NDCand its targets related toland use. Appropriate
timing. The paperneedsafew improvements and amore detailed list can be found in the attachedfile.
Thank you very much. Hope the changes have metyour main expectations

Reviewer: 2
Commentsto the Author(s)

The authors make the important point that pasture productivity could be improved in Brazil, which
would hopefully decrease agricultural pressure onintact forest. | agree that thisis an important message
but the manuscript will need substantial revisions (detailed below) to be suitable for publication in Royal
Society Open Science and accessibleto abroad audience. | also made detailed edits on the manuscript.
Thank you very much. We did substantial review

1. The authors neverexplain early on whatimproving pasture productivityentails and thisisimportant
to understandinglater portions of the manuscript. | think they mean fertilizing the pastures, moving
cattle more frequently, and better animal management generally, but the specific practices need to be
clearly described. Arelated important pointisthatthe authors seemto use pasture restorationand
recovery interchangeably, which is misleading. It seems that they are talking aboutimproving cattle
productivity (the term | suggest they use), ratherthanimproving habitat quality in pastures. There isan
extensive literature on silvopastoral systems (e.g., Murgueitio etal., 2011; Calle etal., 2013; Calle, 2020),
which aimsto do both, and | strongly recommend that the authors consider this literature and what
mightbe achievable in Brazil. Regardless the authors need to clarify their use of terminology. What they
are describingis not “restoration” (Gannetal., 2019).

Agreed. We have included 5paragraphs reviewing the literature on the subject, highlighting the
approach takeninthe manuscript

2. The writing was hard to follow at multiple placesinthe article foranumber of reasons. The authors
repeata few generalities many times (e.g. increasing pasture productivityis the new frontier), butthen
jam multipletechnicaltermsinto asingle sentence without much background for the general reader. |
have noted many cases of thisinthe paper. The authors alternate between some short paragraphs (just
one sentence) and thenverylong sentences with multiple clauses. I note severalthat | found unclear.
More generally, thereare many run on sentences, missing words, and English grammar errors that made



the paperhard to follow. Once the otherrevisions are completed, the papershould be reviewed by a
native English speaker.

Agreed. We restructured the text, detailing the concepts used, and tried to increase the linkage between
the messages

3. The authorsreferalmost exclusively to Brazil and references from Brazil in this paper. | realize that
Brazil isa large and complex country, butforan international journal the authors should consider how
the Brazilian experience compares to other systems and countries. For example, thereis an extensive
literature on sustainable cattle ranchingin Colombia. The authors also assume that various laws and
organizationsin Brazil (e.g. Embrapa, Safra Plan, ABC) are known to readers. Certainly, some readers of
this article will know those terms, but fora general journal this knowledge should not be assumed and

acronyms should always be spelled out. The authors assume alot of knowledge about Brazilian
agricultural credit.

Agreed. We included an introductory section contextualizing the problem of degraded areasin the
world food production, the recommendations pointed out by international organisations such as FAO,

OECD, IPCCand literature, and tried toinsert Brazil in this context, creating a new and separate section
forit.

We have included aspecificsection for the technical description of productivityand, throughout the
manuscript, we have dialogued with other world experiences.

We reduced the scenarios used from 3to 2, believingto give more clarity to the message, and gave

more focus to the differences between forest restoration and pasture recovery. With all this, we
practically doubled the bibliographical references

4. As noted below, multiple figures are lacking sufficiently descriptive captions.

A few more specificcommentsin addition tothe many directly on the manuscript.

Title. It’s not clearto the reader whatthe degraded pasturesin Brazil are the new frontierfor. They
could be the new frontierforsoybean growth given that the title isvague. The title needs to better
communicate the main message of the paper.

Figure 1. A much more detailed captionis needed so the figure can be read and understood separately
fromthe paper. Thisistrue of several figures (e.g. Fig. 3and 6 also).

Figure 3. The line forthe y-axisis missingand a more descriptive captionis needed.

Figure 4. Is too small to be legible.

Agreed. We redofiguresand eliminate some graphs. We included a detailed table of resultsand added
and uploaded all the data used.



