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Abstract

The Amazon remains a climate cornerstone, ye
carbon projects in mitigating tboset paedsyr ¢
panel for the BrazilianoAmazon alsyi hacebhdn:
i ndicator s, munici pal geometries, and t he
REDD+ projects. Spati al structure is charac
Spati al Associati on (LI SA) ; envirasmwsest &Id
hierarchi cal clustering. To explain where p
bi-asduced |l ogi stic regressions with standar
deforestation) and stock (remaini ngr doarewsdd c
forest clusters and along I|livestock/ agricul

geography consistent wi t h preventive and r
deforestation shasrntents shat iomtliycaddnys si gni f

onet andleavidat i on increase raises the oldds of
1.5) in the Firtmomeddlor ewh ¢p atotseermmpsr @y ecackt esn
recent cl edreidngf oirs &entdrislcuss I mplications
transpar exnttocgkr elsesrug e( as an interpretive, n c
Il i mitations alongside extensions using spat
guaesxiperi ment al checks for 1 mpacts.

Keywo€Cdskmomrdi t sDéAmaezs8mit aiomabl e finance
1. |l ntroducti on

The Brazilian Amazon is simultaneously a cart
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frontier afser apmiadigkeand®Recurrent policy ~cycl
produced alternating phases of control and
scal able mechani sms that can finance conse.]
projects promise exactly that: pay to avoid
persistent debates about additionality, | e
empirical qguestion i nsufficiently answered:

deforestation risk and remaining forest stoc
emi ssions reductions?

This paper tackl es t ha-t egaalewttiiomm dryviirntnengern

project registries at the scale of Brazilia
ar e (sddasdraingdt iWwheyt er, p ruestiinwge )a nat-li enal , paueli cv
explicit spatial diagdestdeteredndi kenpri ok
siting |l ogi c I tsel f, i ntewpr-susaokg Cbpsces ¢
conservation targeting and additionahot y. W
forestr sbwstkl y predriedwced tli @i ti,n vbiitahs a bi mw
forests vs frontiers). We discuss implicati
voluntary mar ket credibility.

The dat e ngstompltaB@Gke smuni ci pality geomebwviees Wi

shares and | NPE/ PRODES indicators of total a
to Verrads Verified Carbon Standard (VCS) re

reductions. Because proj ectevperneasse necset iinsats pan
(Firth | ogistic regression) alongside a st a
OLS on emission reductions from REDD+ proj ec
treat It as noi se, we quantify gl obal and |
summari ze muldsge vamyviat @n easmsdiss twa d hhiPeCrAar c hi c a |

predictors ar e st asnidzaer dci oznepda r aebnialbiltiynng ef f ect

This problem matters because <climate financ
additionalityodiseplawbebkeygbveheance i s thin
acute (H2&nggl] et al ., 2023; Coel ho & De To
drivers (Bu&ahl &n,Fe20Xk®),i conservation targ
(Duchell e et al ., 2014; Griscom et al ., 202
l ogic itself, us-winge ad dtaa-enetn@ae de Baiamat i on v
spati al odyioa gorgo sbteiyoosnd ear |l i er case studies.

OQur empirical strategy testssttowk @leaispecdi
(targeting risk): municipalities with highel
project siting, where additionality is ©plau
cover shoul d Il ncrease siting odds by enl ar

i nvestigate t hese hypot heses by anal yzing
standardi zed predictors for recent def orest
MLE/ Firth |l ogistic models of project presen
mar gi no because reported eewmils niudrc ormedu dthiad n
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siting and project design.

Despite decades of research, evdsemeesondive
find reall avoided def or e sCtoauttii diro (eg | oala.l, el
prodj evtel evidence: Si monet et al ., 2019; n é
2019) , while others fd{agdbasebi ne Bnakzatian
(West et al ., 2020; West etwiadle.,, s2p0azt3)a.l | Wh aet
of whether projects track recent clearing (f
spati al dependence is account ed-sftmrc.k Thairg ema
and practically (faildarcad i aagd sxctareregtch e marige M
The results are clear on H1: recent defor est
significantly explains si tditrhg a dreas st hlad g ifismc
i mplies morreecpli ojesctlsdmi t ed support once re
Spati al di agnostics indicate a -ibntmeodgrailt ygefoq
areas and acloonnvge rlsiivoens tforcoknt i er s, a pattern v
monitoring costs, andreeortftedatriedn.ct Beosusae
siting choices, we treat any associations L
descriptive context only and refrain from in
This paper contributes on three fronts. Sub
t hat REDD+ i s preferentially sited where r
addit toon elnitteyd targeting narrative rather th
combi nevenasel ogit with explicit spati al di
interpret placement wunder spatial dependencc¢
i mpl ement a prioritization exercise, the es
through a simpl-esetoakdl eabl ¢ hptesnayre nform f
MRYV. We also note | imitations -braesleedvamunifcoirp a
mat ching may understate presence in some tr
could affect standard errors; both are trac

econometrics.

We invoke a management perspective strictly
rul e. T hset opcrke slsaeumrse structures testable predi
coefficients; it does not determine allocati
come from routine monitoring, the same | ens

comparative assessments of siting strategies

The remainder pboeee ti®naist Haotldsowtshe st udy wi
Amazon deforestation, conservati @detarpgetdat
construction, spati al har moni z 3tpirers,enasd splad
di agnostics and4rcelpuosrttesr i qigt-v nNSgeld Bl @ saunldt sdi wicu s
endogeneity concerrnespogurerdo urnedd bncgd nrnadjee cSep o i
i mplications, robustness, and avenues to add

11 http://emsd. macroth



| SSN1 6746 8 2

H Environment al Management and Sust
\\Macrothmk
A Institute™ 205 Vel . No.

ll1Literature Revi ew

As the world's | argest tropical r-2a0 Oh f ir lelsit g r
tons odecquwirvbaingNt year 45 o0d migd dnmaak 58 NGO i t one

pl anet's most i mportant carbon reservoirs (
mil |l ion k m2 across nine countries and cont
biodiversity (EI'l wanger et al . 2020) . Howev
900, 000 km) of its original forest cover,

ranching, and infrastructure development, w
economi c driver s, including demand for soy
(Lapol a et al . 2023) . The implications ext
causes substantial warming up to 100 kil omet
of gl obal net carbon emissions annually, a
America (Butt et al. 2023).

Current projectasmaisalungdee n druisedsid giswd i clantaez otnh
forests wi || be exposed t o compounding di s
irreversible ecosystem transitions that woul
source of atmospheric carbon, thereby accel e
achievement of international climate targets
Amazon deforestation has an economic compo
governance. Across three decades of researc
responsible for ~68% of the phenomenon, with
(Busch &G aHdrornet t2i017; Hangagl i et al ., 2023).
the | iterature underscores that deforestatio
(H&ngagl i et al ., 2023; Coel ho & De Tol edo,
governance forces.

A clear tempor al arc underpins th26®&4)o,uttchen
PPCDAmM policy package plus satellite enforc
(20081 2) , before policy cut s erodedoe8fort :
Benevides & Al meSiida,a 20 1R0;d rG arureesi,a 2019) . Ev
enf orcement i ntensity to | ower deforestatio

budgets-S{Conar & odri gues, 2019) .

Even after decades of deforestation, cattl e
change (Oliveira Junior et al., 2024). Soybe
driver: mechanized agriculture expands wher
pasture displacement: soy occupies cleared p
(Jaki mow et al ., 020623)c.i alGl gbaElU/ da mpa i idfei eeds
pressure against this moving agricul-fueal fr
regul ation) could alter incentives but face

Ot her economi c activities present spatial |
clearing and | arger infrastructure mul tipld]
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additional forest | osses (Herredlaega&l Mandi
i | ldebgoatlh degrades and changes foredtisnbéor (
management can shift species composition andc

2019; Freitas et al ., 2021; Gi atti et al ., 2
Despite these trends, monitoring and deterre
annual mappi ng, c-0 mpil mene al ed thinysemae acd @jsesa tf |
enabled targeted enforcement an@saccaowendt albielr
i mproves precision and speed, yet actors ad
enforcement indispensabl e SDilwvam&r R&dAdMIi guiess
Mar ket i nstrument s -acaormptlreanen b utcommandnot S
Amazon Fund (a public fund managed by the
created to raise and chawrmredalmbiunmtsearbn &t ii mnvels t
Amazon)defmerest athann sapmmyt ment s, Payment
Services (PES), carbon credit projects, and
monitoring is credible and political suppor

Effectiveness hinges on coverage (avoiding |

REDD+ (Reducing Emissions from Deforestatio

emerged as <critical mechani sms for climate
representing one of the most significant for
(2014) demonstrate that REDD+ initiatives
i mportant changes i n i nstitutional capacit
mobilizati on, bringing unprecedented visibil
and forest degradati on

The Amazon Fund, established in 2008 as the
this importance by channkdsed fowrmdi rbgl. 3r dom |
Ger many t o rewar d Brazil for def orestation
evaluations have shown that REDD+ projects <c
with studies indicating that voluntary REDD
forest degradation by 58% in their first f
(Griscom et al . 2022) . These projects are
contains approximately 60% of the world's r
contri-Batwhesf 191 obal carbon emissions (Sunder
Despite their i mportance, REDD+ projects [
regarding their effectiveness and ensanhdonmer
pr oglreavne | eval uations: mat c h e dp rpoijxeeclt arneadl uycstei

deforestation anf€outigfadeti arld . ( Gwr20Z2R2e)v.el An o
DI D/ mabDching study finds roughly 50% | ower

et al ., 2019),onamadl aasyasbmeéenc of a nation
meani ngftobvertrkess reductions duri-pgogrmgprhem
f a-0 et (Roopsind et al .-, e 2e0l1 99 y ntlhme tciocn torcansttr,
voluntary ©projects suggest infl ated baselin
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counterfactuals (West et al ., 2020) , and sub
construction i s o¢fctreendiunsntgabwiet,horuits ktiingghtoewe r:
& Haya, 2024) . The mixed findings challenge
mar kets and suggests that many REDD+ project
reductions t hat resul ted from bregpdkeaer finat

interventions.

I n addition, the soci al di mensions of REDDH+
criticism, particularly regarding indigenous
i ndigenous rights organizations has highligh
i mpl ement Free, Prior and I nformed Consent

onl yt mined of households in project areas had
REDD+ initiatives affecting their territori
Project, one of t he first voluntary REDD+
exemplifies these challenges, as it was wunab
despite international attention and carbon f
Critics argue that REDD+ governance structur
Il i mited meaningful participati-makionfg tpracddeasd
(May eil)al Fu2® her mor e, studies reveal t hat

conflicts within communities, particul arly

while failing to strengthen | ocal I nstituti
2022) . Sunderlin et al . (2014) i denti fy tha

projects cannot effechavedy rewdanmnd!| isylst pms f
identification of rights holders and respor

Additionall vy, funding does not systemati ca
deforestation rates, and many government al 0
projects (B°rner et al. 2019) while facing ¢
2014) .

Some of t he REDD+ -opvme@jde cansd awvroel umrtiav gt e The
mardbased mechanisms that transform forest (
commodity by creating tradeable carbon cred,]

grounded in Payment for Ecosystem Services
conservation based ondobbpofbuergbnwecesbnomic
not converting forests to agriculture (Silve
process "commodi fies"” emi ssi on reductions
soeinvironment al context and transforming [
certification mechanisms |ike Verra's Veri fi
This study examines the spatial di stributic
t hrough a mansaigeck all eps es Spreei fically, we
preferentially sited ithemunideifpalkistiaés oni ph
clearing, firelalert Il ntensity, frontier ac
forest stock (remaining cover, Dbiomass, conn
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soybean expansion, cattle ranching, and infr
an allocation rule nor to infer project | mp:
hypot heses about siting under scarcity and
consevrtvaatgieaan n-gsantdi t eamat ur es. Il n |l i ne with
projyepobrted outcomes, we do not test an in

treating those quantities as descriptive con

A growing strand of wor k uses spati al st a
interventions. Rodrigues et al . (2025) exem
LI SA to map statistically significant def or e

expadsevodence that can directly prioritize
di al ogue wi t h broader A Abaazsoend edvi iadgennocset,i c & h ¢
metaamal ytic drivers of-Galllean,i ng0 -Byslicdo &eé fFea

on risk (H&nggl:] et al ., 2023) , and frontier
while also speaking to | eakage risks along
and -t omgdevedkebpmest ati on | inkageslqQ®¥8d ates &

2. Met hod

This study integrates multiple geospatial da
and spati al di stribution of REDD+ projects a
and l and cover data were obtained-2028mn, t he
providing annualmedleas giefsiod auttii mms fatr 2B | and
| BGE technical manual . Deforestation data

Deforestation Monitoring Program) dat abase

Space Research (I NPE), of fering official arn
Muni ci pal boundary geometries were obtained

Statistics (IBGE) 2024 official cartographic
the Verified Carbon Standard (VCS) regi stry
verified emission reduction commitments.

2.GQeospatial Analysi s

All datasets were harmonized to the munici pe
percentages <calculated as the proportion of
PRODES variables were standardized foll owir
Tot al Deforestation (%), Recent Deforestati
met hodol ogi cal consistency. Spati al dat a [
GeoPandas l i brary wi t h coordinate referenc
(WGS84) .
Spati al autocorrelation patterns were asses:
tendencies in environment al vari abl es. The ¢
o B B r .
OB B ‘ B r (1)
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where n is the nomhdraref odbpeatrivalt i omistisa,t | oc
the sampl & mepnesamids spatial weights. Spati

Queen contorgdueirt yne(ifghrbsotr s shar i ngt avredari cciezsato
ap p lBiove dp).

Local spati al autocorrelation was =evaluated

(LI SA), calculating |l ocal Moran's | for weach
0 2B 0 o o (2)

Whervy -B o d . LI SA analysis i denti fies four

Hi ¢4 gh (HH) cl uster s-Liomwdi(ddt)i rcd ulsdtesmotre,prle
and -Howh (HL)-Hiogh L(@OIwH) outliers representing
significance was assessed through cdndstion
0. 05.

A clustering framewor k was i mpl ement ed us:ii
municipalities with similar environment al p
standardi zacomen mnuehn mgl izzati on. Di mensional it
Principal Component Anal ysi s (PCA) to addr

efficiency.

To perform Hierarchical Clustering, War d' s
PCAransformed dat-al umitarmsemngf wsgbhanes:

VaE Y ss , ‘
Y oho ey S S ( 3)
where | A and | B| ‘dflemetpe eslemst €ed usit zes camd r

number was determined using-ctlthuestelrbocw mmeotfh c
reducti on.

REDD+ project | ocati ons wer e geocoded to r
environment al cluster classifications. Pr oj
annual emi ssion reductions calcul ated as 't he
size scaling for visualization employed | oge

range of emission reduction values.

Cluster val i dity wa s assessed t hrough mu | t
wit-th mster sum of squares, and spati al aut oc
structure of clustering solutions was eval ua
whet her similar environment al conditions exh

2. Regressions

Asnaddi ttiessntalt o i dentify the environment al a
REDD+ project pl acement in Brazilian Amazon

11 http://emsd. macroth



| SSN1 6746 8 2

A\ Macrothlnk Environmental Management and Sust

Institute™ 205 VBl . No.
regression t o addr ess t he rar e events pr o
municipalities out of 774 tot al observatio
correction-rpdaoavciede smakiiamam | i keli hood esti ma
binary outcomes with smal/ sample sizes (Fi
coded as 1 i f a municipality contained at | e
The model incorporated additional environme

classification and PRODES deforest-baased mo
vari able selection to prevent overfitting g

form of our | ogistic regression model <can be
0YOOO p T z0@® | z0&€ B 1 & - ( 4)
whedo &000 prepresents the probability that n
projieatr,e standaodiezednufzci pal covariates. C
pressure measures (recent and total def or es
Map Bi omauss el asnhdar e s (forest, savanna, pastur
| ongitude of the municipaidtreeadt coindralas. adde
retained when nationally available and infor
sb > 0.1), with Dbasic collinearityevsecnrteseni

setdliinmgi ting the finadévagetabl @ mes paanttceeo®mtes
positive cases).

Munici pal aggregation is warranted because
| amde governancat agdr REBDiaam l-yniwthi het a mdgean ¢
attenuated by-i evnprlioggntngc swcarlieates (shares/ d

spatrahd controls, and conducting spatially
Additionally, we comgiiddrl eanctomdr ndeoepesn demtu &
(l-ogansformed to handle the preponderance o
examination of both factors influencing REI
emi ssions reduction magnitude.

Al | continuous predictors were standardized
coefficient interpretation and comparison.
del etion. Mo d el convergence was ensured thro

iterations) and reduced step sizes for the F

Mo d el di agnostics included assessment of S
comparison of coefficient stability betweer
(McFadden) was calcul ated to assess model fii
reported for ordinary | east squares model s.

3. Results

The LI SA analysis reveals pronounced spati al
Mor an' s | values ranging from 0.611 to O0.89
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| aamde patterns across the Amazon. Agricul tu
spati al organi zati on, wi t h soybean cultivat
exhibitingHiglheacl| uditgh s concentrated in the
corresponding to the established agricul tur
vegetation variabl es show compl ementary pat
floodable forests -Higb. éB8ystdrsppagdogi RHaghtl
northern Amazon, representing the intact for
the strongest spati al auHioghhrclebatenonn ¢l edr |
t he CAmaadao transition zone i n t he sout
bi ogeographical bouwdaeritesaekbaoriesluence | a
REDD+ ©project di stribution demonstrates St
clusters, with most -lpcwjelct st drox aft @d avg 1t ihc unl
Hi ¢4 gh c¢cl usters for forest var i abpreess erivredi
forest areas with mini mal agricul tural pres
(1'=0.638) reveals several REDD+ pr ediigdt s p
deforestation clusters, particularly in cent
coincidence between REDD+ projects and act.i
intervention in critical areas. The absence
transition zo-Hegh (shuvuanheasHi gapresents a no
significant conversion pressur e but |l ack i
potentially displacing deforestation pressu
|l andscapes.

The hierarchical clustering exer cipsree ssehrovwesd t
areas in the Amazon, encompassing 175 munic
conservation. These areas maintain 72.9% f
remnants, indicating mini mal hi storical di s
S 0me hi storical deforestation (20. 4%) , t he
deforestation pressure (1.6% and | imited ag
13.8% of the territory. Thi s cluster repr e
strategi es, wher e REDD+ projects can focus
supporting s-bhastadnabbaeaombesst The high foresi
pressure make thetsermrearsbaomdeat orfaoge laomdy bi
initiatives.

Cluster 5 represents an intensive agricult
ci-tegqunt) comprises 285 municipalities exper.i
with 72.5% total hi storical deforestation at
the epicenter of Amazon agricultural conver
become the dominant | and use foll owing fores
municipalities stildl mai ntain 29.6% forest
REDD+ interventions to prevent further conv
deforestation rates combined with substanti:
priority for wurgent conservation action, w h

11 http://emsd. macroth
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strong economic incentives for continued agr
) Variable Distribution Across Clusters (Mean = Std) )
10 e 2,4% 10 5.9% T o i:?“— $ l; % |:\b ﬁ
Joetea el | HOMNEE
Figu€Cludter Characteristics

Cluster 6 encompasses 56 municipalities exp
particularly soybean <cultivation (25.1%), C
(39. 8%) . These areas maintain substanti al f
(28. 2%) , i ndicating ongoing competition b e
conservation. The significant soybean prese
mar kets and high economic pressure for conti
cluster face the challenge of competing wit
demonstrating that forest conservation can p
agricultural expansi on.
Cluster 8 encompasses -flBrle sttu ntircd rpsail tiitdmre sz d me
35. 9% savanna formation and moderate agricul
These areas represent agricultural expansi o
natur al savanna ecosystems and remaining f
hi storical def orestation (4.3%) and mini mal
are experiencing gradual agricultural i ntens
Cluster 3 represents specialized aquatic e
extensive wetland coverage (29. 7 %) and fl oo
significant forest remnants (29. 7 %) and mod e
relatively stable but vulnerable ecosystems.
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provides critical habitat for biodiversity
on fish, a-az2, and other fl oodplain resour ce
natur al protection provi ded by fl-badedg c
management of aquatic resources and prevent.i
The remaining clusters represent smaller, S
municipalities) is distinguished by signifi
wi t h moder at e deforestation -perssstrreialreipmt
Cluster 7 (1.5% of municipalities) i's domin
|l i kely representing highland or naturally o
Cluster 2 (1.1% of municipalities) features
representing specialized riverine or coast al
ecol ogi cal heterogeneity of the Amazon and
specific ecosystem types and their associate
The majority of REDD+ projects are concentr a
intensive |ivestock conversion frontiers (CI
conservation contexts. Projeptreskbovatdedores
wi t h mi ni mal anthropic pressur e, wher e REL
conservation and suppor thagedexesdnnmgi esust@
projects i n Cluster 5 are positioned in ar
pressur e, wher e 72. 5% historical def orest s
chall enging conditions for forest conservalf
REDD+ encompassek poelhehbwve strategrieskin
reactive interventions in active deforestat.i

Hierarchical Clusters with REDD+ Projects

REDD+ Projects
(Annual Emissions Reduction)

@ 2,925tC0:

532,746 1COe
1,259,616 tCO.e

FiguMap 2Wi t h Hi erarchi cal Clusters and
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The presence of REDD+ projects in wetland z
corridors (Cluster 6) highlights the divers
initiatives. Projects in wetland systems <can
traditional extractive ecroinokni esns ereypateisemt d
with mubenegfet seso However, projects posi ti on
competition wi t h hi ghly profitabl e agricul
economically viable alternatives to forest c

Table 1 shows the results of the regressior

probabilities of a municipality holding a RI
on annual emi ssion reductions per project. :
identified recent deforestation percentage ¢
pl acement . However, given the rar e event n
interpreted with causaopl @duéi ao. phitretnt i @akn
regression, recommended for rare events, co

primary significant predictor.

Results indicate that a one standard devi at
increases the odds of REDD+ project presence

TablReglressi on Resul ts

Vari abl e (1) (2) (3)
Longitude 0.154(0.051(-0. 167
(0.66[/(0.88|(0.13
Latitude -0.831/-0.562/-0.081
(0.10[/(0.20|(0. 47
Total Defor|{-0.114-0.640-0.121
(0.95[(0.77|(0. 42
Recent Defo|/0.479|0.431|0.373
(0.00[(0.00/(0.00
Forest Remn2.551(2.032|0.147
(0.07[(0.09[(0. 43
Forest Forml1l.528|1.419|0.326
(0.23[(0.18[(0.03
Savanna For|0.803|1.200|0. 144
(0.62[(0.44[(0. 32
Pasture (%)|2.649|2.656|0.229
(0.16[(0.13|(0.14
Soybean (%)|0. 223 0.744-0.035
(0.85|](0.55|(0.686
Wetl and (%)|1.087|1.189|0. 111
(0.28|(0.10[/(0.2
Pseudo R 0.371
Penali-ftedel -75.63
Converged | 55
R? 0.109
Mo d el (1) is the standard | ogistic model , wl
and the probability that a municipality hos
| eogd d s coefficients, wher e t he odds rati o
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interpretable as the mul tRIEDIDI cRarta jveet ba hPaanegsee
onet andlevidati on increase in the predictor, |
pseRdo

val u
Mo d e
bi as
pena
cal c
i nte
Emi s
Coef
(app
t he

Thi s
expe
cons
t he
st at
i nfl
t han

For

emi s
0. 37
i ndi
achi
requ

Yet
Thr e
| owe
i's r
d e ma
admi
el ev
addi
comb
cont

Take
conc
rece

proj

e
I

O - +~wn o —

D

D
T 0O 0w x -~ -

S

reported as 0.3719, summarizes rel at.i
are much | ower than OLS R and shou
(2) i g edbeed&i t Dgi bt Be regressampl eest

and potenti al separation. The model Co
i-lziekdelliolppood (175.63) at convergence. A

I
S

[
i
0
0

ated as exp(coef f-stapdieav)yidaatnido nc osrhriefstp.o
ive margins where projects exist, an
n Reducti ons From REDD+ Projects +
I ent s caBl abset ice ad esas wistelhmi r espect t
i mately the proportional -SDhamgea eiars ee |
ari ate) .

< X O O

i nding suggests that REDD+ projects a
encing active deforestation pressur e,
vation objectives. Ot her environment al
pected directions (e.g., forest cover
tical significance iIin the rare event
nce, suggesting that REDD+ pl acement
urely spatial factor s.

emi ssions reduction magnitudtyaonsidonme ¢

S

ons reduction revealed two sighi€icant

32, p < 0.001) and f=orOeps3tz26dBn.ved Byle. plehra

a
\'
r

- - - -

=]

n
t
C

te that municipalities with higher re
e |l arger emissions reductions. This du
e both urgency (deforestation pressure

ver-abnérmaosei tipalities exhibit high re
mechani sms can depress siting probabi
muni cipal / state enforcement rai ses basc
ated to tenure corusntcrlae anrt sqr wdhiesp uvotveed
ation for I ndigenous terrj)amdiwesak ilndrr
stration increase | egal ri sks. Third i
es |l eakage and per manence ri sks, di
onality. These mechani sms-adjracecnansgrsal
e higher pastur e/-srogga shav ersa ggen,d 4d loiwgermnri
cting frictions and verifier risk.

toget her, the mapd gmeédmedel gi pai ¢ &t
trated along the southern arc of def «
clearing, consistent with H1 (targeti
tso relationship is weak once recent ¢
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rather than stock is the dominant correlate
reflects t he spati al di stributidaarcces$ sitbhirleia
institutional capacity, and monitoring | ogis
4. Discussion
The evidence speaks clearly to the two hypo:
risk) I's strongly supported: recent def ores
correlate of REDD+ siting acrassByboctohntMlaEs t
(remai nifngi tsitrog)k receives | imited support 0 |

We therefore charact earliizgen edi triantgh ea-s etgrkainmagsriin
Any positive associati oenmstbedoweern, raemcke nt e pdil
reductions i s presented as descriptive cont e
project |l evel and endogenous to si tmamgiand
inferences.

This paoneistesat witulsetHe tlemr @d die re -doma ld ynsee sSA m
and comparative reviews e ndpohmasniaztee dt hfer omd n terr

access, and governance cycles i nGalhlagpn ,ng2 @lk7
Hangagli et al ., 2023) . Recent work on South
translate into spatially concentrated cl eari
Our <cluster diagnostics mirror this history,
bot h Fpnr ewelr v ed cores (preventi ve conservat
conversion bebddsef éneaoc)i vadhati bemodal ity res
of policy slack and resurgence 1MY 8cdnredarwintgh
evidence that feder al enf orcement-SiilnMae n&i t
Rodrigues, 2019) . I n short, siting seems to
much forédanmn mémaicmsi on | ogic that aligns wit
Our results also inform, but do not resol v
overediting tied to inflated baselines in v
tensi on wi t h evaluations reporting positiywv
Rid4dlkrgeted siting increases the plausibilit
t hreat s; however, baseline construction and
cenovement bet ween recent clearing, forest C
with real avoided emissions or with baseline
-outside the scope of-itshitso ppgaemadaen ysauis snkg
i ndependent baseline audi ts and systemat i
s av afnonrae s t transitions and soy corridors whe
Juni or et al ., 2024) . Jurisdictional i nstru
assessments and Earth |l nnovation I nstitute
proqj ecvel i ncenscakse woahsbasin

Practicall-gfothel pnessouéd be scaled progr al
targeting grids) and then gated by mini mum
(monitoring and sanction capacity), tenur e
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safeguards (meaningf ul community participat
technical all ocation i-mt®s aurgeo vaereaancar eo@rtodr
those passing the institutional gate are tr
thresholds are not met, depl gyomentheshaulrda ngle

t hat can addr ess tenur e regul arizati on and
Comparative exsiathamaa Afiomfcraadsdst rgurceteunr e pl anni

2024) , wher e ouusceo mgrse susnudreeg oot epnaiach c en aod cu
tenure, supports this framing: institutional
The I imited support for H2 |l iketyamnedctteicons ¢
tenure/ security constthraati nsttse e ra npdr ovjeercitfsi etro waac
(and thus expected additionality) 1is noticesée
Under a-spotekodd e this 'S cmintsi gatinon wi h éo ri
budgets and institutional <capacity are scarc

Limitations suggest -bcaosnecdr emhat cehxitnegn sa roch s mu mNiac
can mas-bowndaiy hetergauemsidi ¢t aond maobtprint
resol uti on-f caontdpr pnoj ercatst er s woul d shar pen

dependence may bias wuncert ai-fnitlyt,ersepdathkiarlt H om

natur al next steps. Heterogeneity across pr
stock, moti vati ngc da fefriaadicéhntc ad p prro aameso.m Fi n
emi ssion outcoeepeciamést dlordegsiagns (e. g., Sy
event studi es; see Sills et al ., 2022) | ay el
Toget her , these steps would move the discus
credible and how dur adbwiet htohueti rr ectl rae anmteidn g nfpracc
t hatawarse&k siting is a necessary condition fo
These results inform, but do not settl e, or
Ris®akigned placement increases the plausibild:@
t hreat s; however, siting patterns alone can
canovement bet ween pressufrre,pofbedstemceseon
should be read as descriptive, not causal,
and desi g¢ietbhlbhadiotegi cally, the study offers
raeeent s i nference wi t h spati al autocorrel
PCAassisted clustering taseéentcomiea«tt sthied alrloy,
resul ts shanperk pgraeggedn eag under spati al de
benchmarks for future causal evaluations
Finally, whil e this paper does not prescri be
t hrough a s-smptck pbemrssurhat I S compati bl e v
practical use of t hat | ens shoul d be pair

accounting along cattle and soy corlrewelr s,
incentives aggnrRégatiemmttegrbaginMoving from wh
how credi ble and how durable their claimed I
del i vesr edleivmmaatte soci ally robust forest prot e
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Beach, Dune and Sand - LISA Analysis
Moran's | = 0.391 | Category: Other

REDD+ Projects
{Annual Emissions Reduction)
® 292510

532,746 (COze
1,259,646 tCOze

Floodable Forest - LISA Analysis
Moran's | = 0.789 | Category: Natural Vegetation

REDD+ Projects
{Annual Emissions Reduction) B
® 29251C0:e =

532,746 tCOze
1,259,646 tCOze

13 http://emsd. macroth



Macrothi“k Environmental Management

and

| SSN1 6/4%6 8 2

Institute ™ 205 Vel

N2o .

Forest Formation - LISA Analysis
Moran's | = 0.664 | Category: Natural Vegetation

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 tC0e

532,746 1COze
1,259,646 1CO:ze

Forest Plantation - LISA Analysis
Moran's | = 0.366 | Category: Natural Vegetation

REDD+ Projects
{Annual Emissions Reduction)
@ 2,9251C0¢

532,746 1COze
1,259,646 1COze

Sust

13 http://emsd. macroth
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. No .

Forest Remnants - LISA Analysis
Maran's | = 0.834 | Category: Natural Vegetation

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tCOze

Grassland Formation - LISA Analysis
Moran's | = 0.611 | Category: Other

REDD+ Projects
(Annual Emissions Reduction)
® 2,925 tC0z

532,746 tCOze
1,259,646 1COze

Sust

13 http://emsd. macroth
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Herbaceous Sandbank Vegetation - LISA Analysis
Moran's | = 0.711 | Category: Other

REDD+ Projects
{Annual Emissions Reduction)
@ 2,9251C0¢

532,746 1COze
1,259,646 1COze

Hypersaline Tidal Flat - LISA Analysis
Moran's | = 0.479 | Category: Other

REDD+ Projects
(Annual Emissions Reduction) -
@ 2,925 IC0= -

532,746 tCOze
1,259,646 tC0ze

Sust

13 http://emsd. macroth
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Mangrove - LISA Analysis
Moran's | = 0.650 | Category: Natural Vegetation

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=
532,746 LCOze
1,259,646 tCOe

Mining - LISA Analysis
Moran's | = 0.285 | Category: Human Use

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=
532,746 LCOze

1,259,646 tC0ze

13 http://emsd. macroth
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Mosaic of Uses - LISA Analysis

Moran's | = 0.880 | Category: Other

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tCOze

Other Non-Vegetated Areas - LISA Analysis
Moran's | = 0.537 | Category: Other

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tC0ze

Sust

13 http://emsd. macroth
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Other Temporary Crops - LISA Analysis
Moran's | = 0.708 | Category: Agriculture

REDD+ Projects !
(Annual Emissions Reduction) A
@ 2,925 C0e =

532,746 tCOze
1,259,646 tCOze

Palm 0il - LISA Analysis
Moran's | = 0.584 | Category: Other

REDD+ Projects
(Annual Emissions Reduction) -
@ 2,925 IC0= -

532,746 tCOze
1,259,646 tC0ze

Sust

13 http://emsd. macroth
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Pasture - LISA Analysis
Moran's | = 0.825 | Category: Agriculture

REDD+ Projects
(Annual Emissions Reduction)

@ 2,925 tC0:e

532,746 tCOze
1,259,646 tCOze

Recent Deforestation - LISA Analysis
Moran's | = 0.638 | Category: Natural Vegetation

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tC0ze

Sust

13 http://emsd. macroth
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Rice - LISA Analysis
Moran's | = 0.392 | Category: Agriculture

REDD+ Projects
{Annual Emissions Reduction)
@ 2,9251C0¢

532,746 1COze
1,259,646 1COze

River, Lake and Ocean - LISA Analysis
Moran's | = 0.623 | Category: Water Bodies

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tC0ze

13 http://emsd. macroth
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Rocky Outcrop - LISA Analysis
Moran's | = 0.490 | Category: Other

REDD+ Projects
{Annual Emissions Reduction)
@ 2,9251C0¢

532,746 1COze
1,259,646 LCO:ze

Savanna Formation - LISA Analysis
Moran's | = 0.895 | Category: Natural Vegetation

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tC0ze

Sust

13 http://emsd. macroth
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Soybean - LISA Analysis
Moran's | = 0.731 | Category: Agriculture

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tCOze

Sugar Cane - LISA Analysis
Moran's | = 0.315 | Category: Agriculture

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 COze

532,746 tCOze
1,259,646 tC0ze

Sust

14 http://emsd. macroth
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Total Deforestation - LISA Analysis
Maran's | = 0.844 | Category: Natural Vegetation

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tCOze

Urban Area - LISA Analysis
Moran's | = 0.549 | Category: Human Use

REDD+ Projects
(Annual Emissions Reduction)
@ 2,925 IC0=

532,746 tCOze
1,259,646 tC0ze

Sust

14 http://emsd. macroth
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