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TACKLING	DEFORESTATION	AT	SUBNATIONAL	SCALES	IN	THE	BRAZILIAN	AMAZON:	

DIVERSE	MUNICIPALITIES,	AGENTS,	AND	THE	STRUGGLE	FOR	COLLECTIVE	ACTION	IN	A	

MOVING	FRONTIER	

The	Brazilian	Amazon	is	a	mosaic	of	social-cultural	and	environmental	realities,	urban	and	

rural.	Home	 to	28	million	people	 living	across	hundreds	of	municipalities,	 the	region	has	

been	the	stage	for	conflicting	narratives	and	demands	over	conservation	and	development.	

How	do	agents	across	diverse	municipalities	respond	to	national	anti-deforestation	policies	

in	 the	 Amazon?	 This	 dissertation	 examined	 the	 development	 of	 the	 Brazilian	 forest	

legislation,	 the	 trajectory	 of	 colonization,	 territorial	 occupation,	 and	 development	 of	

Amazonian	 municipalities,	 and	 the	 implications	 of	 one	 emblematic	 national	 anti-

deforestation	policy	targeting	municipalities	along	the	region’s	expanding	frontier:	the	List	

of	 Priority	 Municipalities	 (LPM).	 The	 LPM	 policy	 has	 imposed	 tough	 sanctions	 on	

municipalities	 considered	 hotspots	 of	 deforestation,	 being	 considered	 innovative	 for	

requiring	 both	 individual	 and	 collective	 actions	 to	 curtail	 deforestation.	 This	 research	

adopted	 a	 social-ecological	 systems’	 perspective,	 drawing	upon	 the	 Institutional	Analysis	

and	Development	framework	to	guide	systematic	data	collection,	integration,	and	analysis.	

Mixed	 methods	 were	 combined	 to	 analyze	 archival	 documents,	 geospatial	 and	 official	

secondary	datasets	compiled	for	530	municipalities	in	the	Amazon	biome,	and	in-depth	case	

studies	and	interviews	with	diverse	stakeholders.	That	provided	complementary	evidence	

to	 the	multi-spatial	and	 temporal	analysis	of	 three	questions.	First,	 the	dissertation	drew	

upon	archival	research	and	past	forest	regulations	to	ask	how	narratives	and	values	about	

forests	have	evolved.	Second,	it	compiled	official	secondary	data	at	the	municipal	level	and	

used	 logistic	 regression	models	 to	 inquiry	about	 the	 factors	and	 local	attributes	affecting	
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compliance	with	the	LPM	policy.	Third,	the	research	combined	multivariate	analysis	and	in-

depth	case	studies	to	examine	interactions	both	between	the	geographical	context	of	listed	

municipalities	 and	 within	 the	 region’s	 moving	 frontier,	 as	 well	 as	 to	 analyze	 factors	

underlying	 collaboration	 among	 local	 agents.	 Findings	 show	 that	 forest	 legislation	 and	

narratives	about	the	value	of	forests	have	expanded	in	scope,	resulting	in	more	stringent	and	

comprehensive	 regulations.	 However,	 interest	 groups	 have	 recurrently	 contested	 the	

societal	 value	 of	 forests,	 undermining	 forest	 regulations	 that	 threaten	 sectoral	 activities.	

Further,	 results	 revealed	 that	historical-geographical	 factors	defined	municipal	attributes	

and	 conditions	 across	 the	 moving	 frontier	 that	 have	 either	 facilitated	 or	 hindered	 local	

responses	 to	 LPM	 sanctions.	 The	 location	of	municipalities	 in	 areas	undergoing	different	

phases	of	occupation	and	transformation	significantly	affected	the	ability	of	local	agents	and	

municipal	governments	to	comply	with	policy	criteria	applied	similarly	across	the	region.	

The	 analysis	 highlights	 the	 importance	 of	 strengthening	 law	 enforcement	 and	municipal	

environmental	 governance,	 and	 the	 relevance	 of	 inter-institutional	 cooperation	 among	

governments,	 markets,	 and	 civil	 organizations.	 The	 study	 shows	 both	 challenges	 and	

opportunities	 for	 balancing	 regional	 development	 and	 forest	 conservation	 through	

collaboration	among	diverse	groups	of	agents	and	levels	of	governance.
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Combatendo	 o	 Desmatamento	 em	 Escalas	 Subnacionais	 na	 Amazônia	 Brasileira:	
Diversidade	 de	 Municípios	 e	 Agentes	 e	 a	 Batalha	 por	 Ações	 Coletivas	 em	 uma	
Fronteira	Móvel	

A	Amazônia	brasileira	é	um	mosaico	de	realidades	socioculturais	e	ambientais,	urbanas	e	
rurais.	Com	28	milhões	de	habitantes	em	centenas	de	municípios,	a	região	tem	sido	palco	de	
narrativas	e	demandas	conflitantes	sobre	conservação	e	desenvolvimento.	Como	os	agentes	
em	diversos	municípios	respondem	às	políticas	nacionais	antidesmatamento	na	Amazônia?	
Esta	dissertação	examinou	o	desenvolvimento	da	legislação	florestal	brasileira,	a	trajetória	
de	 colonização,	 ocupação	 territorial	 e	 desenvolvimento	 dos	municípios	 amazônicos	 e	 as	
implicações	 de	 uma	 emblemática	 política	 nacional	 antidesmatamento	 aplicada	 nos	
municípios	ao	longo	da	fronteira	em	expansão	da	região:	a	Lista	de	Municípios	Prioritários	
(LPM).	 A	 política	 da	 LPM	 impôs	 duras	 sanções	 aos	 municípios	 considerados	 hotspot	 de	
desmatamento,	 inovando	 ao	 exigir	 ações	 tanto	 individuais	 como	 coletivas	 para	 conter	 a	
perda	 de	 florestas.	 Esta	 pesquisa	 adotou	 uma	 perspectiva	 de	 sistemas	 socioecológicos	 e	
utilizou	 um	 arcabouço	 teórico-metodológico	 de	 Análise	 e	 Desenvolvimento	 Institucional	
para	 guiar	 a	 coleta,	 integração	 e	 análise	 sistemática	 de	 dados.	 Métodos	 mistos	 foram	
combinados	 para	 analisar	 documentos	 de	 arquivo	 e	 conjuntos	 de	 dados	 geoespaciais	 e	
secundários	 oficiais	 para	 530	 municípios	 no	 bioma	 amazônico,	 bem	 como	 informações	
coletadas	em	estudos	de	caso	aprofundados	e	entrevistas	com	diversas	partes	interessadas	
locais.	Isso	forneceu	evidências	complementares	para	a	análise	multiespacial	e	temporal	de	
três	 questões.	 Em	 primeiro	 lugar,	 a	 dissertação	 baseou-se	 em	 pesquisas	 de	 arquivos	 e	
legislações	 florestais	 para	 investigar	 como	 as	 narrativas	 e	 os	 valores	 sobre	 as	 florestas	
evoluíram.	Em	segundo	lugar,	baseada	na	compilação	de	dados	secundários	oficiais	a	nível	
municipal	 e	 em	modelos	 de	 regressão	 logística,	 esta	 dissertação	 analisou	 quais	 fatores	 e	
atributos	locais	afetam	o	cumprimento	da	política	da	LPM	pelos	municípios.	Finalmente,	esta	
dissertação	 combinou	 uma	 análise	 multivariada	 e	 estudos	 de	 caso	 aprofundados	 para	
examinar	as	interações	entre	o	contexto	geográfico	dos	municípios	listados	e	o	avanço	da	
fronteira	 de	 desmatamento	 na	 região,	 bem	 como	 para	 analisar	 os	 fatores	 subjacentes	 à	
colaboração	entre	diversos	agentes	locais.	Os	resultados	mostraram	que	a	legislação	florestal	
e	 as	 narrativas	 sobre	 o	 valor	 das	 florestas	 expandiram	 em	 escopo,	 resultando	 em	
regulamentações	 mais	 rigorosas	 e	 abrangentes	 ao	 longo	 do	 tempo.	 No	 entanto,	 grupos	
setoriais	 têm	 contestado	 recorrentemente	 o	 valor	 social	 das	 florestas,	 minando	
regulamentações	florestais	que	afetam	suas	atividades.	Os	resultados	também	revelam	que	
fatores	 histórico-geográficos	 definiram	 atributos	 e	 condições	 municipais	 ao	 longo	 da	
fronteira	móvel	de	desmatamento	na	 região	que	podem	 tanto	 facilitar	 como	dificultar	 as	
respostas	locais	às	sanções	impostas	pela	política	da	LPM.	A	localização	dos	municípios	em	
áreas	 em	 diferentes	 fases	 de	 ocupação,	 transformação	 e	 desenvolvimento	 afeta	
significativamente	a	capacidade	dos	agentes	locais	e	dos	governos	municipais	de	cumprir	os	
critérios	 da	 política	 aplicados	 de	 forma	 homogênea	 na	 região.	 As	 análises	 destacam	 a	
importância	do	fortalecimento	da	aplicação	da	lei	e	da	governança	ambiental	municipal,	bem	
como	a	relevância	da	cooperação	interinstitucional	entre	governos,	mercados	e	organizações	
civis.	O	estudo	revela	desafios	e	oportunidades	para	equilibrar	o	desenvolvimento	regional	
e	a	conservação	florestal	por	meio	da	colaboração	entre	diversos	grupos	de	agentes	e	níveis	
de	governança.	 	
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Introduction	

Statement	of	the	Problem	

This	dissertation	reflects	on	how	governments	and	governance	arrangements	have	

tackled	the	management	of	natural	resources,	notably	the	protection	of	forestlands.	Forests	

cover	some	31%	of	the	world’s	land	area,	regulating	hydrological	cycles,	mitigating	climate	

change,	 conserving	 biodiversity,	 and	 providing	 a	 wide	 array	 of	 economic	 goods	 and	

ecosystem	services	upon	which	people	depend	for	their	livelihoods,	food	security,	and	well-

being.	However,	alternative	land	uses	continue	to	replace	forestlands	at	alarming	rates	(FAO	

and	UNEP,	2020).	Inclusive	partnerships	and	cooperation	among	diverse	agents,	from	local	

to	national	and	international	levels,	are	recognized	as	essential	to	revert	forest	loss	and	meet	

the	 United	 Nations	 Sustainable	 Development	 Goals	 (Katila	 et	 al.,	 2019).	 These	 are	 also	

recognized	as	the	main	challenges	in	regions	where	deforestation	is	expanding	and	where	

heterogeneous	groups	of	actors	with	conflicting	interests,	worldviews,	and	unequal	power	

intersect.	

This	dissertation	examines	that	puzzle	by	focusing	on	the	Brazilian	Amazon,	which	

corresponds	 to	 some	 65%	 of	 the	 Amazon	 rainforest,	 the	 world’s	 largest	 tropical	 forest.	

Harboring	some	of	the	most	biodiverse	ecosystems,	tropical	forests	have	been	threatened	by	

pressing	 developmental	 demands	 and	 accelerated	 transformation	 that	 challenge	

governments,	decision-makers,	and	stakeholders	to	balance	social-economic	progress	and	

environmental	 sustainability.	 In	 that	 regard,	 the	 Brazilian	 Amazon	 has	 long	 attracted	

attention	 by	 the	 accelerated	 pace	with	which	 its	 forests	 have	 been	 replaced	 and	 natural	

resources	 degraded,	 threatening	 its	 indigenous	 peoples	 and	 traditional	 groups,	 social-

cultural	attributes,	and	environmental	assets.	



	

	 2	

In	Brazil,	notably	since	the	1970s,	regional-wide	and	centralized	government	projects	

and	market	incentives	have	gone	hand-in-hand	in	driving	population	growth,	planned	and	

unplanned	 rural	 settlements,	 urbanization,	 infrastructure	 development,	 and	 agricultural	

expansion	in	Amazonia.	Those	macro-scale	forces	have	been	confronted	by	a	diverse	set	of	

social	groups	and	agents	struggling	for	identity,	power,	and	land	and	resources’	access	(Lima	

and	 Pozzobon,	 2005;	 Schönenberg,	 2019).	 Such	 an	 interplay	 has	 shaped	 the	 Brazilian	

Amazon	–	a	region	of	continental	proportions	(4-5	million	sq.	km)	characterized	by	varied	

ecosystems	overlapping	nine	states	and	hundreds	of	municipalities	(530	to	772,	depending	

on	the	territorial	cut-out)	home	to	28	million	people	–	as	a	complex	mosaic	of	juxtaposed	

social	 and	 environmental	 realities,	 local	 and	 global	 economies,	 rural	 and	 urban,	 in	 rapid	

transformation	(Becker,	2005;	Brondízio,	2013,	2006).	

Land-use	 changes	 have	 been	 a	 salient	 driver	 of	 the	 region’s	 accelerated	

transformations,	including	alarming	forest	loss	and	degradation	rates.	The	Amazon	biome	

has	 lost	roughly	20%	of	 its	original	 forest	coverage	by	2020,	according	to	Brazil’s	official	

monitoring	 system	 (PRODES).	 Further,	 a	 larger	 area	 of	 the	 remaining	 forest	 coverage	 is	

estimated	to	be	degraded	by	logging	activities	and	recurrent	anthropogenic	fires	(Asner	et	

al.,	2005;	Bullock	et	al.,	2020;	Foley	et	al.,	2007;	Matricardi	et	al.,	2020;	Souza	et	al.,	2013).	If	

current	 deforestation	 and	 forest	 degradation	 trends	 are	 not	 reverted,	 climate	 change	 is	

projected	 to	 drive	 the	 biome	 towards	 an	 ecological	 tipping	 point	 that	 will	 drastically	

transform	 parts	 of	 the	 humid	 forest	 into	 a	 drier,	 savanna-like	 ecosystem	 with	 social-

ecological	consequences	from	local	to	global	scales	(Lovejoy	and	Nobre,	2018;	Nobre	and	

Borma,	2009).	
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Government	 regulations	 and	 strategies	 to	 curb	 deforestation	 in	 the	 Amazon	 have	

often	been	designed	at	the	federal	level	and	implemented	at	the	regional	scale,	framed	either	

at	 the	 geopolitical	 unit	 called	 the	 Legal	 Amazon	 or	 the	 Amazon	 biome’s	 ecological	 zone.	

These	 initiatives,	 however,	 have	 been	 continuously	 contested	 or	 opposed	 by	 sectoral	

political-economic	interests	based	on	conflicting	narratives	regarding	the	value	of	natural	

resources	 and	 the	 social-ecological	 importance	 of	 forests	 in	 general,	 and	 the	 Amazon	 in	

particular.	“Those	who	understand	and	love	the	Amazon	forest	call	it	the	Green	Heaven.	Those	

who	misunderstand	and	despise	it,	know	it	by	the	name	of	the	Green	Hell.”	Schultes’	(1979)	

remark	 40yrs	 ago	 remains	 sadly	 true.	 The	 false	 conservation-development	 dichotomy	

continues	 to	 polarize	 decision-makers	 and	 debates,	 hampering	 initiatives	 to	 conciliate	

diverse	forms	of	knowledge	and	perspectives	towards	Amazon’s	sustainable	development	

(Putz,	2004).	

Despite	that,	in	specific	periods	and	under	certain	conditions,	national	policies	and	

programs	 have	 reached	 relative	 success	 in	 tackling	 forest	 loss.	 A	 national	 action	 plan	

coordinating	a	suite	of	regulations	and	initiatives	for	the	Amazon	resulted	in	the	remarkable	

reduction	of	deforestation	rates	in	the	2004-2012	period	(Arima	et	al.,	2014;	Boucher	et	al.,	

2014;	Mello	and	Artaxo,	2017;	West	and	Fearnside,	2021).	However,	rules	and	 initiatives	

inducing	positive	outcomes	in	one	place	may	fail	when	local	settings	differ	(Ostrom,	2005;	

Ostrom	 and	 Cox,	 2010).	 Region-wide	 policies	 and	 programs	 face	 the	 challenge	 of	 being	

relevant	across	different	ecosystems	(Marques	et	al.,	2019),	diverse	agents	and	institutions	

mediating	land-use	decisions	impacting	forestlands	(Gibson	et	al.,	2000;	Godar	et	al.,	2014),	

and	the	varying	capacity	of	context-specific	conditions	to	respond	to	external	forces	such	as	

national	 policies	 (Schönenberg	 et	 al.,	 2015).	 Accordingly,	 the	 control	 of	 forest	 loss	 in	
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particular	 areas	 of	 the	Brazilian	Amazon	 has	 been	 contrasted	with	 new	patterns	 of	 land	

clearings	 and	 the	 surge	 of	 deforestation	 rates	 across	 a	 frontier	 in	 continuous	 expansion	

(Kalamandeen	et	al.,	2018;	Rosa	et	al.,	2012).	

How	then,	amidst	contrasting	narratives	and	conflicting	demands	over	development	

and	 forest	conservation,	do	 local	agents	 in	diverse	context-specific	realities	respond	both	

individually	and	collectively	to	national	policies	tackling	deforestation	in	the	Amazon?	This	

dissertation	addressed	this	puzzle	by	combining	a	long	and	mid-term	historical	perspective	

on	 the	 development	 of	 forest	 legislation	 in	 Brazil	 and	 the	 evolution	 of	 the	 Amazonian	

frontier,	as	well	as	an	in-depth	analysis	of	one	emblematic	program	tackling	deforestation	at	

the	local	scale:	the	List	of	Priority	Municipalities	(LPM)	policy.	The	LPM	policy	has	imposed	

tough	sanctions	on	municipalities	classified	as	hotspots	of	deforestation,	and	the	municipal-

scale	approach	has	been	considered	innovative	for	requiring	both	individual	and	collective	

actions	to	curtail	forest	loss	in	the	Amazon.	

This	 research	 adopted	 a	 social-ecological	 systems’	 perspective,	 drawing	 upon	 the	

Institutional	 Analysis	 and	 Development	 framework	 (IAD)	 to	 guide	 systematic	 data	

collection,	 integration,	 and	 analysis	 (Ostrom,	 2005,	 1990).	 The	 dissertation	 combined	

qualitative	and	quantitative	methods	to	provide	complementary	evidence	to	three	questions.	

First,	the	dissertation	drew	upon	archival	research	and	past	and	current	forest	regulations	

to	ask	how	narratives	and	values	about	 forests	have	evolved.	 Second,	 it	 compiled	official	

secondary	data	at	the	municipal	scale	and	used	statistical	models	to	inquiry	about	the	factors	

and	attributes	of	municipalities	affecting	the	likelihood	of	compliance	with	the	LPM	policy.	

Third,	 this	 research	 applied	 ordination	 and	 clustering	 statistical	 methods	 to	 integrate	

socioeconomic	 and	 geospatial	 data	 for	 the	 region-wide	 analysis.	 Additionally,	 fieldwork	
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interviews	in	four	in-depth	case	studies	supported	the	analysis	of	interactions	between	listed	

municipalities’	geographical	context	and	the	region’s	moving	deforestation	frontier,	as	well	

as	 the	examination	of	 the	 factors	underlying	 collaboration	among	multiple	 agents	on	 the	

ground.	Results	and	analysis	provided	evidence	to	understand	the	mixed	responses	to	the	

LPM	policy	that	emerged	from	processes	and	patterns	of	interaction	among	groups	of	agents	

in	context-specific	realities	and	across	a	geographic	gradient	that	considers	the	deforestation	

frontier	expansion.	

Land-use	changes	go	in	tandem	with	political	incentives	and	discourses	(Capobianco,	

2019;	 Pailler,	 2018;	 Rodrigues-Filho	 et	 al.,	 2015).	 Currently,	 narratives	 against	 forest	

protection	by	President	Jair	Bolsonaro	and	the	Minister	of	Environment	in	Brazil,	Ricardo	

Salles,	have	been	followed	by	the	dismantling	of	programs	and	anti-deforestation	policies,	a	

synergic	process	fueling	the	rampant	surges	in	forest	clearings	and	fires	that	jeopardize	the	

Amazon	(Abessa	et	al.,	2019;	West	and	Fearnside,	2021).	Understanding	how	narratives	on	

forests’	values	are	evoked	and	imprinted	in	institutions	affecting	land-use	decisions	is	highly	

relevant	 to	 identifying	 and	overcoming	myths	 and	 false-dichotomies	 permeating	debates	

and	undermining	solutions	over	pressing	demands	for	conservation	and	development	in	the	

Amazon	and	elsewhere.	

Environmental	policies	implemented	over	a	region	of	continental	proportions	such	

as	 the	 Amazon	 have	 a	 history	 of	 producing	mixed	 outcomes.	 Thus,	 the	 analysis	 of	 such	

policies	offers	valuable	lessons	on	the	factors	affecting	local	responses	and	the	emergence	of	

cooperation	among	diverse	agents	towards	overcoming	common	dilemmas.	Contrasting	the	

reasons	 underlying	 the	 alternative	 responses	 to	 the	 LPM	 policy	 adds	 an	 essential	

contribution	to	assessing	how	and	in	what	conditions	groups	of	agents	–	from	small	and	large	
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farmers	 to	 governments,	 markets,	 and	 civil	 organizations	 –	 mediate	 individually	 and	

collectively	national	policies	related	to	forest	protection.	That	is	relevant	because	collective	

arrangements	 underpinning	 successful	 outcomes	 in	 context-specific	 realities	 have	 been	

replicated	as	blueprints	to	tackle	deforestation	in	the	Amazon	as	a	whole	(Carvalho,	2011;	

Guimarães	et	al.,	2011;	Zwick	and	Calderon,	2016).	

	

Deforestation	drivers	and	dynamics	in	the	Brazilian	Amazon	

A	burgeoning	literature	has	examined	the	forces	driving	land-use	changes	resulting	

in	 deforestation	 since	 Brazil	 started	 monitoring	 the	 Amazon	 in	 1988.	 Infrastructure	

development	(Alves,	2002;	Barber	et	al.,	2014;	Laurance	et	al.,	2001;	Nepstad	et	al.,	2000),	

agrarian	 colonization	 programs	 involving	 the	 attraction	 of	 migrants	 to	 land	 reform	

settlements	(Fearnside,	2008,	1985;	Ludewigs	et	al.,	2009),	agricultural	expansion	(Barona	

et	al.,	2010;	Hecht,	1993;	Moran,	1993;	Walker	et	al.,	2000),	land	grabbing	and	conflicts	over	

land	tenure	(Alston	et	al.,	2000;	Brito	et	al.,	2019),	household	lifecycle	(Deadman	et	al.,	2004;	

Perz,	 2001;	 VanWey	 et	 al.,	 2007;	Walker	 et	 al.,	 2002),	 and	 farm	 lots’	 turnover	 (Campari,	

2005),	 among	 other	 forces	 prompted	 by	 government	 programs	 and	 market	 incentives,	

represent	some	of	the	multiple	factors	interacting	locally	and	across	distant	places	in	driving	

land	use	and	cover	changes	in	the	Amazon	(Galaz	et	al.,	2018;	Nepstad	et	al.,	2006).	

Arguably,	those	factors	intermingle	and	operate	under	different	spatial	and	temporal	

scales,	challenging	policymakers	and	stakeholders	negotiating	mechanisms	to	regulate	land	

use	and	cover	changes	and	curb	deforestation.	Brondizio	and	Moran	(2012),	analyzing	the	

deforestation	trajectory	across	nested	scales	from	the	property-	to	the	state-level,	revealed	
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how	distinct	patterns	of	deforestation	emerge	in	response	to	particular	drivers	depending	

on	the	spatial	and	temporal	analytical	scales.	

Accordingly,	 curbing	deforestation	 is	 a	 challenging	 task,	which	 requires	 strategies	

going	 beyond	 traditional,	 centralized	 command-and-control	 monitoring	 and	 surveillance	

mechanisms	(Nepstad	et	al.,	2014).	Anti-deforestation	initiatives	also	benefit	from	market-

oriented	 and	 demand-led	 strategies	 that	 involve	 collaboration	 among	 governments,	 civil	

society	 organizations,	 and	 stakeholders	 (Carvalho	 et	 al.,	 2019;	 Lambin	 et	 al.,	 2014).	

Roundtables,	moratoria,	certification	schemes,	and	payment	for	environmental	services,	for	

example,	 have	 expanded	 the	 scope	 of	 traditional	 public	 policy	 interventions,	 reaching	 a	

broader	set	of	activities	and	agents	involved	with	the	supply-chain	of	critical	commodities	

associated	with	land-uses	affecting	forestlands	(Lambin	et	al.,	2018).	

In	 that	 regard,	 a	 suite	 of	 initiatives	 have	 coordinated	 government	 programs,	

strengthened	 environmental	 regulations,	 improved	 monitoring	 systems,	 powered	

environmental	 funds,	 and	 synergistically	 interacted	 with	 market-driven	 mechanisms	

involving	public-private	partnerships	in	Brazil	(Arima	et	al.,	2014;	Boucher	et	al.,	2013;	Gibbs	

et	 al.,	 2016,	 2015;	 Nepstad	 et	 al.,	 2014).	 Among	 this	 set	 of	 initiatives,	 official	 systems	

monitoring	deforestation	in	the	Amazon	since	1988	have	been	considered	“the	envy	of	the	

world”	(Kintisch,	2007)	and	instrumental	for	policymaking	in	Brazil.	Both	the	PRODES	and	

DETER	monitoring	programs	(Shimabukuro	et	al.,	2016)	have	supported	stakeholders	and	

decision-makers	in	implementing	some	of	the	principal	command-and-control	regulations	

(Figure	 1),	 contributing	 substantially	 to	 lowering	 the	 rates	 of	 forest	 loss	 in	 the	 region	

(Assunção	et	al.,	2014;	Rajão	et	al.,	2017).	
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Figure	1. Deforestation	dynamics	in	the	Brazilian	Amazon	and	some	of	the	Brazilian	government’s	
forest	policies	following	peaks	of	deforestation	rates	detected	in	the	period	–	including	the	List	of	
Priority	Municipalities	framed	in	this	dissertation.	

In	1996,	for	instance,	a	federal	decree1	increased	from	50%	to	80%	the	protected	area	

mandatory	within	private	landholdings	(a.k.a.	Reserva	Legal	or	Legal	Forest	Reserve)	as	a	

response	 to	 the	 highest	 peak	 in	 forest	 loss	 ever	 detected	 in	 the	 Amazon	 –	 following	 the	

economic	stability	and	stagnation	of	inflation	resulting	from	a	new	monetary	plan	in	1994.	

Likewise,	the	escalating	rates	of	forest	loss	detected	early	in	the	2000s	were	responded	to	

by	the	government	with	the	Action	Plan	for	the	Prevention	and	Control	of	Deforestation	in	

the	Legal	Amazon	(PPCDAm).	Launched	in	2004,	the	PPCDAm	was	conceived	as	a	broader	

inter-ministerial	environmental	program	coordinating	strategies	 to	combat	deforestation.	

PPCDAm	has	 been	 considered	 a	 cornerstone	 program	 supporting	 the	massive	 decline	 in	

	

1		 Medida	Provisória	1,511/1996	
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forest	loss	rates	observed	in	the	Amazon	recently	(Capobianco,	2019;	Maia	et	al.,	2011;	Mello	

and	Artaxo,	2017;	West	and	Fearnside,	2021).	

In	 the	 last	 15	 years,	 average	 yearly	 deforestation	 rates	 in	 the	 2006-2019	 period	

(8,137	sq.	km	yr-1)	declined	58.5%	compared	to	the	average	rates	detected	in	the	1996-2005	

reference	period	(19,625	sq.	km	yr-1)	in	the	Amazon.	However,	such	progress	is	far	from	the	

federal	government’s	voluntary	goals	of	reducing	deforestation	rates	by	80%	in	20201.	More,	

deforestation	rates	have	spiked	since	the	2012	Forest	Code	was	enacted,	which	represented	

one	of	a	series	of	setbacks	that	have	loosened	forest	regulations	and	eroded	environmental	

governance	 in	 the	 Amazon	 specifically,	 and	 in	 Brazil	more	 broadly	 (Abessa	 et	 al.,	 2019;	

Azevedo	 et	 al.,	 2017;	 Brancalion	 et	 al.,	 2016;	 Soares-Filho	 et	 al.,	 2014).	Not	 surprisingly,	

preliminary	data	have	shown	the	Amazon	 lost	13,000+	sq.	km	of	 forests	 in	2019-2020,	a	

figure	more	than	three	times	higher	than	the	3,925	sq.	km	with	which	Brazil	had	committed.	

	

Coordinated	strategies	to	tackle	deforestation	at	the	regional	scale:	the	PPCDAm	

The	List	of	Priority	Municipalities	policy	examined	 in	 this	dissertation	 is	part	of	 a	

broader	program	implemented	by	the	Brazilian	government	to	tackle	deforestation	in	the	

Amazon:	the	Action	Plan	for	the	Prevention	and	Control	of	Deforestation	in	the	Legal	Amazon	

(PPCDAm).	 Launched	 in	 2004,	 the	 PPCDAm	 is	 the	 primary	 product	 of	 a	 working	 group	

commissioned	by	the	federal	government	in	2003	to	design	and	coordinate	strategic	actions	

to	 halt	 the	 escalating	 rates	 of	 forest	 loss	 detected	 in	 the	 biome	 early	 in	 the	 21st	 century	

(Brasil,	2003).	The	Inter-Ministerial	Permanent	Working	Group	head	by	the	Minister	Chief	

	

1		 Federal	Decree	7,390/2010	(National	Plan	on	Climate	Change)	
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of	 Staff	 of	 the	 Presidency	 of	 the	 Republic,	 the	 second-highest-ranking	 member	 of	 the	

Executive	 Office	 of	 Brazil,	 included	 representatives	 from	 13	 ministries	 and	 placed	 the	

environmental	agenda	into	the	highest-ranks	of	the	Brazilian	government	(Maia	et	al.,	2011;	

Pires,	2014,	p.	212).	

To	 a	 large	 extent,	 the	 PPCDAm	 benefited	 from	 and	 consolidated	 the	 early	 work	

developed	by	the	Ministry	of	Environment	(MMA),	which	had	organized	previous	seminars	

and	 working	 groups	 involving	 government	 agencies	 and	 ministries,	 the	 scientific	

community,	and	organizations	and	representatives	from	civil	society	to	study	and	discuss	

strategies	to	tackle	deforestation	in	the	Amazon	(Brasil,	2004).	The	conclusions	arising	from	

such	 activities	 were	 clear	 in	 pointing	 out	 the	 limitations	 of	 previous	 sectoral	 anti-

deforestation	 initiatives	planned	and	 implemented	by	 the	Ministry	of	Environment	alone	

(Capobianco,	 2019)	 given	 the	 complex	 interconnections	 among	 expanding	 agricultural	

activities,	conflicting	public	policies	and	fiscal	incentives,	limited	capacity	of	monitoring	and	

enforcement,	and	context-specific	realities	across	the	Amazon	(Brasil,	2004).	

In	this	regard,	the	PPCDAm	consolidated	a	roadmap	for	coordinated	strategic	actions	

revolving	 around	 seven	 fundamental	 principles:	 (i)	 valorization	 of	 forest	 assets	 for	

conservation	 and	 sustainable	 uses,	 (ii)	 restoration	 of	 degraded	 areas	 towards	 increasing	

productivity	and	reducing	pressure	upon	native	 forests,	 (iii)	 resolving	 land	 tenure	 issues	

underlying	land	conflicts,	land	speculation,	and	land	grabbing,	(iv)	improvement	of	existing	

remote-sensing	monitoring	systems,	(v)	institutional	support	of	initiatives	associated	with	

the	 sustainable	 use	 of	 natural	 resources	 and	 agricultural	 intensification,	 (vi)	 co-share	 of	

responsibilities	and	decentralization	of	public	policies	among	governmental	levels,	and	(vii)	

active	engagement	of	civil	society	with	public	policies	for	the	region	(Brasil,	2004).	
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Strategic	 actions	were	defined	 in	 three	 coordinated	 axes.	 The	 first	 axis	 addressed	

territorial	 planning	 and	 land	 tenure	 issues,	 the	 latter	 a	 matter	 largely	 unresolved	 and	

pointed	out	as	a	critical	factor	driving	land	grabbing	and	land	conflicts	associated	with	illegal	

activities	resulting	in	deforestation.	The	second	axis	addressed	monitoring	and	enforcement	

strategies	to	identify	activities	preceding	deforestation	and	guide	police	actions.	Finally,	the	

third	axis	approached	mechanisms	fostering	the	implementation	and	support	of	sustainable,	

productive	activities	in	the	region,	particularly	in	agriculture.	

Actions	 in	 the	 first	 axis	 combined	 with	 previous	 efforts1	 towards	 increasing	 the	

demarcation	 of	 protected	 areas	 and	 indigenous	 lands	 in	 strategic	 regions,	 successfully	

deterring	 land	 speculation	 and	 expansion	 of	 agricultural	 frontiers	 over	 public	 and	

undesignated	 lands	 historically	 occupied	 by	 traditional	 groups	 and	 indigenous	 peoples	

(Barber	et	al.,	2014;	Soares-Filho	et	al.,	2010).	Further,	the	federal	government	assigned	a	

new	class	of	protection	to	areas	under	the	influence	of	big	infrastructure	projects	planned	

for	the	region,	temporarily	limiting	activities	resulting	in	forest	clearings	and	degradation2.	

Additionally,	landholders	were	required	to	update	their	lands’	registry3,	and	the	government	

	

1		 The	Pilot	Program	to	Conserve	the	Brazilian	Rainforest	(PPG7)	launched	in	1992	was	a	
multilateral	initiative	involving	the	Brazilian	government,	civil	society,	and	the	international	
community	that	resulted	in	45+million	hectares	of	protected	areas	and	indigenous	lands	in	the	
Amazon	(World	Bank,	2005).	

2		 The	Areas	under	Provisory	Administrative	Limitation	(ALAP,	the	Portuguese	acronym)	
encompassed	the	surroundings	of	the	BR-163	in	Pará	(Brasil	2005)	and	BR-319	in	Amazonas	
(Brasil	2006),	two	major	road	infrastructure	projects	in	the	region.	

3		 The	Ministry	of	Agrarian	Development	(MDA)	and	the	National	Institute	for	Colonization	and	
Agrarian	Reform	(INCRA)	requested	landowners	the	re-cadaster	of	rural	landholdings	and	
registry	of	new	landholdings	in	the	same	administrative	jurisdiction	of	the	local	INCRA’s	office,	
an	attempt	to	minimize	the	action	of	land	grabbers	and	public	officials	involved	in	illegal	land	
titling.	
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planned	 the	 ambitious	 target	 of	 registering	 all	 landholdings	 located	 in	 areas	 considered	

hotspots	 of	 deforestation	 by	 2006	 (Brasil,	 2004,	 p.	 38).	 Finally,	 the	 federal	 government	

launched	 the	 Terra	 Legal	 program	 in	 2009	 to	 promote	 land	 tenure	 regularization	 in	

Amazonia	(Lipscomb	and	Prabakaran,	2020;	West	and	Fearnside,	2021).	

Regarding	 monitoring	 and	 enforcement	 actions	 planned	 in	 axis	 two,	 the	 MMA	

supported	the	DETER	monitoring	project’s	development	and	implementation.	The	DETER	

system	enhanced	existing	monitoring	capacity	by	detecting	small-scale	disturbances	in	the	

forest	canopy	and	supplying	governmental	agencies	with	almost	real-time	alerts	on	forest	

degradation	processes	that	precede	deforestation	(Diniz	et	al.,	2015).	Advances	in	the	official	

monitoring	program	also	 addressed	demands	 for	 a	 system	capable	of	 overseeing	a	more	

comprehensive	 range	 of	 deforestation	 patterns	 and	 strategies	 resulting	 from	 behavioral	

changes	 of	 local	 agents	 attempting	 to	 avoid	 detection	 (Assunção	 et	 al.,	 2014;	Rosa	 et	 al.,	

2012).	 These	 innovations	 significantly	 improved	 planning	 and	 field	 operations	 by	 police	

forces	in	field-based	offices	in	the	Amazon	hinterlands.	

The	third	axis	concerning	the	promotion	of	sustainable	development	activities,	one	of	

paramount	importance	to	curtail	and	revert	deforestation	trends	in	the	region,	remains	the	

most	challenging	and	poorly	addressed	component	of	the	PPCDAm.	Government	secretariats	

and	 extension	 agencies	 in	 Amazonian	 municipalities	 are	 often	 ill-equipped	 and	 face	

budgetary	 and	 personnel	 restrictions	 that	 limit	 the	 development	 and	 implementation	 of	

region-wide	programs	and	projects	on-the-ground.	The	scenario	is	aggravated	by	the	limited	

number	of	researchers	working	in	the	region	(Maia	et	al.	2011),	and	more	recently	by	the	

attacks	of	the	federal	government	against	civil	society	organizations,	which	has	undermined	
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the	critical	job	of	NGOs	and	grassroots	organizations	that	have	long	filled	the	gaps	left	by	the	

government	in	the	Amazon	(Maia	et	al.,	2011;	West	and	Fearnside,	2021).	

	

Prioritizing	coordinated	actions	at	the	municipality	scale:	the	LPM	policy	

As	part	of	 the	suite	of	policies	and	 interventions	 implemented	under	 the	PPCDAm	

umbrella,	the	List	of	Priority	Municipalities	(LPM)	has	been	deemed	a	critical	policy	towards	

lowering	 deforestation	 in	 the	 Amazon.	 Despite	 the	 steady	 decline	 in	 forest	 loss	 rates1	

following	the	PPCDAm	onset	(Figure	1),	alerts	that	deforestation	was	bouncing	back	urged	

the	MMA	to	take	additional	actions	(Maia	et	al.,	2011).	A	new	federal	decree	was	edited	in	

December	 20072,	 laying	 down	 the	 foundations	 for	 the	 LPM	 policy.	 Following	 a	

recommendation	made	still	in	2003	by	the	Inter-Ministerial	Working	Group	that	designed	

the	PPCDAm,	which	found	that	some	50	municipalities	concentrated	more	than	half	of	the	

total	area	cleared	in	the	Legal	Amazon	(Brasil,	2004,	p.	9),	the	LPM	policy	defined	criteria	to	

identify	and	prioritize	municipalities	considered	hotspots	of	deforestation	in	the	region.	The	

LPM	policy	represented	an	innovative	strategy	among	the	usual	region-wide	mechanisms	to	

combat	deforestation,	narrowing	the	focus	of	command-and-control	actions	from	the	entire	

Amazon	to	a	handful	of	municipalities.	

Besides	 guiding	 monitoring	 actions,	 the	 LPM	 policy	 also	 defined	 sanctions	 that	

collectively	affected	a	broader	set	of	agents	in	listed	municipalities.	Authorizations	for	new	

forest	clearings	were	suspended	locally,	and	federal	credit	loans	became	contingent	on	the	

	

1		 A	58%	reduction	in	deforestation	rates	in	the	2004-2007	period.	
2		 Federal	Decree	6,321/2007	
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geocode	and	registry	of	rural	properties	in	a	public	cadaster.	Finally,	the	LPM	imprinted	a	

negative	environmental	label	upon	listed	municipalities,	which	restrained	local	businesses	

from	accessing	regional	markets	and	damaged	municipal	economies.	The	LPM	policy,	rather	

than	 targeting	 sanctions	 only	 at	 individual	 actors	 engaged	 in	 illegal	 deforestation,	

engendered	a	set	of	mechanisms	impacting	entire	municipalities.	

Likewise,	the	removal	criteria	set	by	the	LPM	policy	followed	a	similar	rationale	and	

required	a	collective-resolution	approach.	Policy	compliance	was	contingent	on	controlling	

deforestation	rates	and	the	register	of	landholdings	privately-owned,	and	both	criteria	were	

assessed	at	the	municipality	scale.	Getting	the	municipality	off	the	LPM	required	controlling	

yearly	forest	loss	below	40	sq.	km	and	the	geocode	and	registry	in	a	public	cadaster	of	at	

least	80%	of	the	municipal	 territory	outside	 indigenous	 lands	and	protected	areas.	These	

requirements	fostered	the	vertical	decentralization	on	the	combat	of	deforestation	from	the	

federal	to	state	and	municipal	levels,	besides	triggering	horizontal	co-responsibility	at	the	

local	scale,	requiring	both	individual	and	collective	actions	among	stakeholders	(Mello	and	

Artaxo,	2017).	

In	the	2008-2018	period,	62	municipalities	(out	of	530	in	the	Amazon	biome)	were	

included	 in	 the	LPM.	Overall,	 listed	municipalities	 concentrated	36-57%	of	 the	 total	 area	

cleared	in	the	Legal	Amazon	annually	–	as	discussed	in	Chapter	2.	Government	reports	and	

scholarly	 literature	have	been	enthusiastic	 in	pointing	out	 the	successful	outcomes	of	 the	

LPM	policy	in	reducing	forest	loss	rates.	At	the	regional	scale,	Assunção	and	Rocha	(2019),	

Arima	et	al.	(2014),	Cisneros,	Zhou,	and	Börner	(2015),	and	Sills	et	al.	(2015)	showed	that	

deforestation	decreased	more	in	listed	municipalities	than	in	non-listed	ones,	estimating	the	

LPM	policy	prevented	between	600-11,000	sq.	km	of	forest	loss	in	the	2008-2012	period.	At	
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the	local	level,	Viana	et	al.	(2016),	Neves	(2015),	and	Piketty	et	al.	(2015)	showed	how	the	

LPM	policy	gave	rise	to	unique	collective	arrangements	among	local	and	third-party	agents,	

both	from	the	public	and	private	sectors,	towards	meeting	the	LPM	removal	criteria.	Nepstad	

(2017)	attributed	the	emergence	of	such	innovative	arrangements	to	the	local	pride	among	

pioneer	stakeholders.	

Despite	that,	only	22	municipalities	successfully	managed	to	comply	with	the	removal	

criteria	and	get	off	the	list	to	date.	"Why?"	is	the	guiding	question	to	which	this	dissertation	

attempts	to	contribute.	

	
What	is	already	known	about	the	LPM	policy?		

At	 the	 regional	 scale,	 scholars	 have	 employed	 cross-sectional	 and	 longitudinal	

analyses	 to	 investigate	 and	 confirm	 the	 positive	 role	 the	 LPM	 policy	 played	 in	 reducing	

deforestation	among	listed	municipalities	(Arima	et	al.,	2014;	Assunção	and	Rocha,	2019;	

Cisneros	 et	 al.,	 2015;	 Sills	 et	 al.,	 2015).	 However,	 the	 channels	 by	which	 this	 result	was	

achieved	 remain	 less	 clear,	 as	well	 as	why	 so	many	municipalities	have	not	been	able	 to	

comply	with	the	policy	requirements.	

Assunção	and	Rocha	(2019)	revealed	that	deforestation	rates	declined	in	response	to	

increased	monitoring	and	law	enforcement	mechanisms	in	listed	municipalities.	Indeed,	the	

monitoring	and	enforcement	efforts	centered	upon	fewer	municipalities	strengthened	police	

operations.	 In	 the	 context	 of	 the	 LPM	policy,	 the	 “arco-de-fogo”	 (“arc	 of	 fire”)	 operations	

joined	both	the	national	force	and	federal	and	local	police	agents	to	leverage	field	operations	

and	the	enforcement	capacity	in	listed	municipalities.	
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Additionally,	 a	 new	 federal	 decree	 edited	 in	 20081	 improved	 monitoring	 and	

enforcement	 mechanisms	 by	 requiring	 environmental	 agencies	 to	 publicly	 disclose	

information	on	the	geographic	location	and	ownership	of	lands	presenting	environmental	

embargoes.	 Linked	 to	 the	 geocoded	 information	of	 rural	properties	 required	by	 the	LPM	

policy,	the	list	of	embargoes	equipped	both	stakeholders	and	markets	with	an	online	tool	to	

verify	 landholdings’	 environmental	 status	 from	which	 the	 crops,	 cattle,	 wood,	 and	 other	

products	they	trade	come.	

Similarly,	 Arima	 et	 al.	 (2014)	 attributed	 the	 decline	 of	 forest	 clearings	 in	 listed	

municipalities	to	enforcement	mechanisms,	minimizing	the	potential	effect	resulting	from	

economic	 factors	 –	 notably	 the	 great	 recession	 of	 2008.	 The	 authors	 showed	 that	

deforestation	in	listed	municipalities	after	the	policy	implementation	declined	despite	the	

continuous	increase	in	agricultural	cash-crop	plantations	and	cattle	herd	–	primary	drivers	

of	land	use	and	cover	changes	in	Amazonia.	Likewise,	Assunção	and	Rocha	(2019)	found	that	

economic	 factors	 such	 as	 the	 price	 of	 commodities,	 local	 agricultural	 production,	 and	

agricultural	credit	loans	in	listed	municipalities	did	not	affect	the	LPM	policy	outcomes.	

Cisneros,	Zhou,	and	Börner	(2015),	on	the	other	hand,	found	that	these	mechanisms	

had	 only	 a	 marginal	 role	 in	 explaining	 why	 listed	 municipalities	 experienced	 higher	

reductions	 in	deforestation	rates	 than	 those	not	 targeted	by	 the	LPM	policy.	The	authors	

suggested	that	potential	channels	explaining	the	success	of	this	policy	are	context-specific.	

They	argue	that	local	stakeholders’	ability	to	organize	themselves	towards	complying	with	

the	LPM	removal	criteria	may	be	a	critical	factor	for	the	policy’s	mixed	outcomes.	

	

1		 Decree	6,686/2008	
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Complementary	to	aggregate	analyses	conducted	at	the	regional	scale,	case	studies	

revealed	the	effects	the	LPM	policy	had	at	the	municipal	scale.	In	that	regard,	much	attention	

was	devoted	to	Paragominas,	the	first	municipality	removed	from	the	LPM	in	2010.	Known	

for	 its	 history	 linked	 to	 violent	 land	 conflicts	 and	 illegal	 logging	 and	 deforestation,	

Paragominas	became	an	 emblematic	 case	by	 the	 innovative	 strategies	 and	 arrangements	

devised	locally	to	meet	the	LPM	policy	criteria.	Viana	et	al.	(2016;	2012)	showed	how	the	

mayor,	supported	by	the	local	rural	elite	and	two	external	NGOs,	led	a	“novel	multi-partner	

governance	arrangement”	 to	accomplish	 the	municipal	 tasks	and	get	Paragominas	off	 the	

LPM.	 Besides	 the	mayor’s	 leadership	 and	 the	 effective	 coordination	with	 the	 rural	 elite,	

which	supported	the	 legitimacy	to	convey	among	 local	 farmers	the	unpopular	strategy	to	

register	 their	 landholdings	 in	 a	 public	 cadaster,	 the	 authors	 highlighted	 the	 critical	 role	

played	by	external	agents	participating	in	the	local	arrangements.	

In	 that	 regard,	 two	 NGOs	 were	 instrumental	 in	 providing	 technical	 support	 and	

expertise	to	monitor	deforestation	and	proceed	with	landholdings’	geocoding	and	registry.	

The	authors	also	stressed	the	financial	aid	from	private	investors	supporting	local	projects	

and	the	work	carried	out	by	the	NGOs.	Finally,	the	institutional	support	received	from	the	

federal	and	state	governments	legitimated	the	local	arrangements	and	commitments	devised	

locally,	 building	 trust	 among	 local	 actors	 on	 the	 strategies	 they	 have	 crafted	 and	 the	

pathways	they	were	pursuing.	

The	 previous	 studies	 regarding	 the	 LPM	 policy	 also	 mentioned	 the	 paramount	

importance	of	two	factors	explaining	the	observed	outcomes.	First,	the	definition	of	a	specific	

jurisdictional	 territory	 for	monitoring	and	enforcement	actions.	 Second,	 the	 coordination	

among	 initiatives	 and	 regulations	 that	 synergistically	 impacted	 local	 agents	 and	 listed	



	

	 18	

municipalities.	In	terms	of	monitoring	and	enforcement,	the	LPM	policy’s	focus	on	particular	

jurisdictions	 contrasted	 with	 previous	 actions	 centered	 on	 individual	 hotspots	 of	

deforestation	dispersed	across	the	region.	The	jurisdictional	approach	allowed	the	“arco-de-

fogo”	 police	 operations,	 for	 instance,	 to	 broaden	 enforcement	 actions	 beyond	 the	 foci	 of	

illegal	 clearings.	 That	 impacted	 a	 wide	 range	 of	 local	 agents,	 properties,	 and	 facilities	

participating	in	the	supply	chain	of	wood,	charcoal,	beef,	and	other	products	associated	with	

forest	loss	and	degradation	in	listed	municipalities.	

Such	impacts	escalated	once	parallel	initiatives	relying	upon	the	LPM	policy	and	its	

jurisdictional	approach	limited	credit	access,	restrained	business,	and	shrank	markets	for	

local	 agents	 in	 listed	municipalities	 (Massoca	 et	 al.,	 2017;	 Sills	 et	 al.,	 2015).	 In	 2008,	 for	

example,	the	Central	Bank	of	Brazil	edited	a	decree	conditioning	federal	credit	concessions	

for	agriculture	on	the	geocoding	of	rural	properties,	which	Fearnside	(2017)	suggested	as	a	

determinant	factor	driving	medium	and	large	landholders	to	curtail	deforestation.	In	2009,	

the	Federal	Public	Prosecutor’s	Office	in	the	state	of	Pará	(MPF/PA)	started	suing	ranchers	

and	 meatpacking	 companies.	 MPF/PA	 also	 threatened	 beef	 and	 leather	 retailers	 with	

prosecution	 for	 purchasing	 goods	 produced	 on	 illegally	 deforested	 land.	 As	 a	 result,	

supermarkets	and	slaughterhouses	stopped	businesses	with	ranchers	and	other	agents	from	

listed	municipalities	(Mengardo,	2018;	Ministério	Publico	Federal,	2016,	2010).	

In	synthesis,	the	literature	evidenced	that	these	cumulative	problems	impacted	local	

economies,	 increased	unemployment	rates,	and	in	some	municipalities	resulted	in	violent	

outcries	 in	 listed	municipalities	 (Marconato	 and	 Queiroz,	 2012;	 Viana,	 2017;	 Zwick	 and	

Calderon,	2016).	
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What	is	still	unknown	about	the	LPM	policy?	

Despite	the	LPM	policy’s	relative	success	in	reducing	regional	deforestation,	previous	

analyses	beg	a	further	examination	of	at	least	four	intertwined	points.	First,	the	LPM	policy	

interaction	with	the	intraregional	diversity	of	Amazonian	municipalities,	i.e.,	municipalities	

of	different	socioeconomic	and	demographic	profiles	and	age	experiencing	different	stages	

of	 the	 moving	 deforestation	 frontier.	 Second,	 the	 role	 of	 local	 conditions	 and	 attributes	

influencing	the	LPM	policy	outcomes,	such	as	the	heterogeneity	of	agents,	agrarian	structure,	

dominant	 land-uses,	and	proportion	of	protected	areas	and	 indigenous	 lands.	Third,	 local	

leadership	and	 institutions’	role	 in	promoting	collective	actions	towards	compliance	with	

the	 LPM	 policy.	 Finally,	 the	 mid-term	 impact	 of	 knowledge	 exchange	 and	 learning	

accumulation	on	the	incentives	fostering	collective	responses	to	the	LPM	policy.	

Regarding	 the	 first	 and	 second	 points,	 affirming	 that	 listed	 municipalities	 “have	

experienced	 distinctly	 larger	 reductions	 in	 deforestation	 than	 comparable	 non-listed	

districts”	(Cisneros	et	al.,	2015)	reveals	little	about	the	interaction	and	mixed	results	of	the	

LPM	policy	across	municipalities	located	within	different	frontier	contexts.	In	other	words,	

municipalities	 have	 experienced	 the	 boom-and-bust	 cycles	 associated	 with	 the	 frontier	

expansion	 at	 different	 times,	 depending	 on	 their	 geographic	 position	 across	 the	moving	

frontier	in	the	Amazon.	

Municipalities	across	the	Southern	and	Eastern	state	of	Pará	(Northeastern	Amazon),	

for	 instance,	have	been	 impacted	by	the	moving	frontier	since	the	1960s.	Since	2006,	 the	

state	 has	 concentrated	 the	 highest	 deforestation	 rates	 in	 the	 region,	 and	 most	 listed	

municipalities	to	date	(i.e.,	19	out	of	62).	In	Pará,	the	expanding	frontier	has	shaped	listed	

municipalities	whose	 territories	 range	 from	 4,500-160,000	 sq.	 km;	 the	 number	 of	 farms	
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spans	from	500-7,000+;	population	size	varies	from	8,000-230,000;	the	per	capita	GDP	may	

differ	at	a	4-fold	scale.	These	figures	exemplify	the	heterogeneity	of	biophysical,	agrarian,	

demographic,	 and	 economic	 attributes	 of	 municipalities	 impacted	 by	 the	 LPM	 policy,	

suggesting	 that	 local	 governments	 and	 agents’	 challenges	 to	 get	 off	 the	 LPM	 may	 vary	

substantially.	Under	such	diverse	conditions,	factors	and	local	attributes	directly	affecting	

compliance	with	the	LPM	policy,	such	as	the	number	of	farms	and	diversity	of	farmers,	the	

territorial	area	necessary	to	geocode	and	register,	the	remaining	extension	of	forest	coverage	

available	to	clear	or	requiring	protection,	historical	deforestation	rates,	municipal	budget,	

among	other	aspects,	may	have	a	significant	influence	upon	policy	outcomes.	

The	 third	 point	 refers	 to	 the	 challenges	 for	 the	 emergence	 of	 cooperation	 and	

collective	commitments	among	local	agents.	Because	the	LPM	policy	sets	its	removal	criteria	

at	the	municipality	scale,	actions	taken	individually	by	local	stakeholders	and	landowners	

are	 insufficient	 to	 overcome	 their	 collective	 dilemma.	 The	 persistence	 of	 uncoordinated	

efforts	 plays	 against	 both	 the	 individual	 and	 collective	 interests	 of	 local	 agents	 in	 listed	

municipalities.	Solutions	require	landholders	to	reduce	and	coordinate	forest	clearings	and	

commit	 to	 providing	 sensitive	 information	 about	 their	 properties.	 Moreover,	 decision-

makers	and	governmental	agencies	must	collaborate	to	support	monitoring	activities	and	

provide	the	technology	and	information	for	the	registry	of	landholdings	–	a	task	eventually	

requiring	 the	 expertise	 and	 support	 from	 third-party	 actors.	 Finally,	 all	 such	 activities	

demand	financial	resources.	

In	that	regard,	incentives	for	cooperation	depend	on	trust	among	local	agents,	which	

builds	and	depends	upon	the	repetitive	interaction	among	individual	agents,	social	groups,	

third-party	 organizations,	 and	 local	 governments.	 Cooperation	 also	 depends	 on	 existing	
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leadership	 and	 social	 organization,	 access	 to	 information,	 and	 participation	 in	 decision-

making	arenas	crafting	local	agreements	and	commitments	to	tackle	the	LPM	policy	(Ostrom,	

1990).	Such	conditions	are	expected	to	vary	across	the	deforestation	frontier	where	different	

sets	of	agents,	whether	small	and	large	farmers,	loggers,	gold	miners,	indigenous	peoples	and	

traditional	 groups,	 urban	 and	 rural,	 have	 struggled	 for	 land,	 identity,	 resources’	 access,	

power,	support,	and	economic	profit	(Becker,	2005).	

Finally,	 the	 existing	 studies	 have	 examined	 the	 outcomes	 emerging	 from	 the	 LPM	

policy	during	a	relatively	short	period,	mostly	before	2012.	In	this	regard,	current	analyses	

have	 overlooked	 the	 effect	 of	 learning	 and	 knowledge	 exchange	 among	 local	 agents	 and	

municipalities,	 as	well	 as	 of	 changes	 in	 legislation,	 novel	 government	 programs,	 political	

shifts,	and	economic	shocks,	among	others,	 in	modifying	 incentives	 triggered	by	 the	LPM	

policy	for	both	individual	and	collective	actions.	

After	ten	years,	has	the	LPM	policy	passed	the	test	of	time?	
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Research	Questions	

Three	specific	questions	guided	the	development	of	the	research	presented	in	each	of	

the	dissertation	chapters.	

The	first	chapter	considers	how	forest	legislation	has	developed	since	colonial	times	

in	Brazil,	examining	how	they	encapsulate	evolving	narratives	on	trees	and	forests’	values,	

specifically,	to	protect	forestlands,	natural	resources,	and	the	environment.	

The	second	chapter	asks	what	factors	and	attributes	of	listed	municipalities,	such	as	

infrastructure,	 agrarian	 structure,	 dominant	 land-uses,	 law	 enforcement,	 and	 municipal	

environmental	governance,	affect	the	likelihood	of	compliance	with	the	LPM	policy.	

Finally,	 the	 third	 chapter	 answers	 a	 two-fold	 goal	 question.	At	 the	Amazon	biome	

scale,	 the	 study	 asks	 how	 listed	 municipalities	 relate	 to	 historical	 patterns	 of	 human	

occupation,	rural	settlement,	development,	and	deforestation	imprinted	in	the	region	as	the	

frontier	advances.	At	the	municipal	scale,	the	study	asks	how	local	conditions,	information	

and	 experience	 exchange,	 and	 the	 interaction	 between	 the	 LPM	 policy	 and	 other	 anti-

deforestation	initiatives	have	facilitated	or	inhibited	both	individual	and	collective	actions	

to	remove	diverse	municipalities	from	the	LPM	over	time.	
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Research	Design	

From	 inquiring	 to	 designing,	 analyzing,	 and	 discussing,	 this	 dissertation	 applies	 a	

social-ecological	 systems’	 perspective	 that	 recognizes	 the	 interdependence	 and	 mutual	

adaptation	between	elements	of	both	the	social	and	ecological	dimensions	intertwined	in	the	

study.	In	that	regard,	social	dimensions	related	to	forest	regulations	encapsulate	narratives	

on	 the	values	of	 trees,	 forests,	and	the	environment.	Likewise,	 these	dimensions	underlie	

individual	and	collective	arrangements	and	decision-making	affecting	 land	use	and	cover	

changes.	This	dissertation	considers	these	social	dimensions	as	intertwined	with,	dependent	

on,	and	materialized	within	the	biophysical	environment	of	which	they	are	part.	Arguably,	

interactions	 in	 coupled	 human-environment	 systems	 take	 place	 across	 interconnected	

spatial	 scales	 over	 time.	 The	 dissertation	 thus	 adopts	 a	 historical	 perspective	 to	

contextualize	and	 illuminate	 the	development	of	 forest	 legislation	and	 the	narratives	and	

values	 they	 have	 encapsulated	 in	 Brazil,	 and	 the	 outcomes	 arising	 from	 different	

municipalities	in	response	to	the	LPM	policy.	

	

The	conceptual	framework	

The	task	of	integrating	and	analyzing	that	diversity	of	intertwined	dimensions	across	

overlapping	spatial-temporal	scales	has	become	increasingly	relevant	for	decision-makers	

tackling	today’s	complex	social-environmental	problems	such	as	tropical	deforestation.	In	

that	 regard,	 conceptual	 frameworks	have	been	developed	 to	 equip	analysts	 from	diverse	

disciplines	 with	 shared	 analytical	 structures,	 thus	 providing	 a	 roadmap	 for	 integrating	

theories,	models,	methodologies,	data,	and	knowledge.	The	use	of	shared	frameworks	allows	

interdisciplinary	comparison,	generalization,	and	reasoning	about	the	solution	of	intricate	
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puzzles.	A	conceptual	framework	integrates,	organizes,	and	connects	the	working	parts	and	

information	that	translates	and	summarizes	how	one	makes	sense	of	the	world.	A	framework	

thus	 coordinates	 these	 elements	 in	 a	 coherent	 way	 that	 guides	 analysts	 in	 inquiring,	

understanding,	 and	 investigating	 a	 given	 social-ecological	 system	 (McGinnis	 and	Ostrom,	

2014;	Ostrom,	2005).	

Conceptual	frameworks	continuously	developed	in	the	Ostrom	Workshop	at	Indiana	

University	 Bloomington	 include	 the	 original	 Institutional	 Analysis	 and	 Development	

framework	 (IAD)	 by	 Ostrom	 (1990),	 the	 subsequent	 Social-Ecological	 Systems	 (SES)	

framework	 (McGinnis	 and	 Ostrom,	 2014),	 and	 more	 recently,	 the	 combined	 IAD-SES	

framework	(Cole	et	al.,	2019).	These	frameworks	differ	in	the	emphasis	placed	on	either	the	

social	or	ecological	components	of	analysis	and	how	working	parts	and	elements	 interact	

and	 organize.	 These	 frameworks	 have	 been	 extensively	 applied	 to	 examine	 how	 agents	

constrained	by	formal	and	 informal	 institutions	behave	and	 interact	 to	make	decisions	 in	

particular	social-ecological	systems	(Binder	et	al.,	2013).		

This	 dissertation	 builds	 upon	 the	 IAD	 framework	 (Figure	 2)	 to	 guide	 the	 careful	

consideration	 about:	 (i)	 the	 historical	 context-specific	 conditions	 (i.e.,	 biophysical,	

institutional,	 social,	 economic,	 and	 political	 settings)	 in	which	 forest	 legislation	 in	 Brazil	

developed,	 and	 individual	 and	 collective	 arrangements	 in	 listed	 municipalities	 emerged	

(‘contextual	factors’);	(ii)	the	individual	and	collective	actions,	patterns	of	interaction,	and	

outcomes	 emerging	 from	 the	 set	 of	 agents	 participating	 in	 interlinked	 decision-making	

processes	 across	 a	 network	 of	 adjacent	 action	 situations;	 these	 can	 be	 the	 house	 of	

representatives	where	forest	legislation	are	discussed	and	voted	or	in	farmers’	unions,	city	

halls,	 and	 local	 meetings	 deciding	 the	 municipal	 strategy	 to	 curtail	 deforestation	 and	
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geocode	farms	to	get	off	the	LPM	(‘action	situations,’	‘interactions,’	and	‘evaluative	criteria’);	

and	(iii)	the	outcomes	emerging	from	such	decisions	that,	over	time,	affect	and	modify	the	

original	 conditions	 of	 the	 social-ecological	 system	 through	 changes	 in	 forest	 regulations,	

innovation	 and	 replication	 of	 institutional	 arrangements,	 alternative	 land	 uses,	 and	

adaptative	behavior	(‘outcomes’).	

	

Figure	2. The	Ostrom’s	Institutional	Analysis	and	Development	(IAD)	framework.	

In	applying	the	Ostrom’s	IAD	framework,	this	dissertation	pays	careful	consideration	

to:	(i)	how	existing	conditions	(i.e.,	governance	regimes,	dominant	narratives	and	values,	and	

historical	patterns	of	human	occupation	and	 rural	 settlement,	development,	 and	primary	

land	uses)	have	shaped	(ii)	policy	design	and	implementation	(i.e.,	forest	legislation,	the	LPM	

policy,	and	monitoring	and	sanctioning	actions)	that	 interacted	to	produce	particular	(iii)	

outcomes	(i.e.,	new	regulations,	changing	narratives	and	values,	land	use	and	cover	changes,	

frontier	 expansion,	 law	 compliance,	 and	 local	 cooperation).	The	analysis	 considered	how	

such	processes	unfolded	both	over	 time	 (i.e.,	 since	 the	 colonial	period	 for	 the	analysis	of	

forest	regulations,	and	from	entering	to	getting	off	the	list	for	the	LPM	policy	analysis)	and	
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across	nested	and	interdependent	spatial	scales	of	analysis	(i.e.,	from	the	local	to	regional	

scale)	(Figure	3).	

	

Figure	3. A	representation	of	the	spatial-temporal	interactions	and	interdependence	from	the	local	
to	 the	 regional	 level	 of	 analysis	 as	 organized	 in	 the	 conceptual	 framework	 supporting	 this	
dissertation.	

Study	area	

Despite	 its	 general	 use,	 the	 term	Brazilian	 Amazon	may	 refer	 to	 slightly	 different	

geographic	areas.	The	Legal	Amazon	is	a	geopolitical	area	defined	initially	in	19531	to	guide	

the	federal	government	in	promoting	regional	economic	development	and	integration	into	

the	national	and	international	markets.	The	Legal	Amazon	encompasses	772	municipalities	

across	nine	states	and	covers	5+	million	sq.	km,	or	59%	of	the	national	territory2,	including	

	

1		 Law	1,806/1953	
2		 Complementary	Law	124/2007	
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ecosystems	 of	 the	 Amazon,	 Cerrado,	 and	 Pantanal	 biomes.	 The	 Amazon	 biome	 is	 an	

ecological	zone	sharing	vegetation	and	geoclimatic	attributes	whose	limits	were	defined	by	

the	Brazilian	Institute	of	Geography	and	Statistics	(IBGE,	the	Portuguese	acronym)	in	2004.	

The	 biome	 fits	 almost	 entirely	 within	 the	 Legal	 Amazon,	 except	 by	 a	 small	 area	 in	 its	

northeastern	portion.	The	biome	covers	4+	million	sq.	km	or	49%	of	the	national	territory.	

The	municipalities	considered	part	of	the	Amazon	biome,	as	for	the	LPM	policy	examined	in	

this	study,	total	530	from	nine	states1.	

As	 the	 analytical	 focus	 of	 this	 dissertation,	 the	 LPM	 policy	 was	 designed	 and	

implemented	in	December	2007	focusing	on	municipalities	located	in	the	Amazon	biome2.	

Despite	that,	the	MMA	listed	the	municipality	of	Grajaú	(Maranhão	state)	in	2011	–	although	

Grajaú	is	not	part	of	the	biome	according	to	the	MMA.	

One	common	feature	across	definitions	of	the	Brazilian	Amazon	is	the	area	known	as	

the	“arc	of	deforestation.”	Land	use	and	cover	changes	in	the	Amazon,	rather	than	evenly	

spread,	spatially	cluster	in	the	area	spanning	from	East	to	West	along	the	basin’s	southern	

rim.	The	“arc	of	deforestation”	accounts	for	75%	of	the	total	area	deforested	in	the	Amazon	

(Alves,	 2001;	 Brasil,	 2004).	 There,	 deforestation	 and	 forest	 degradation	 overlap	 with	 a	

moving	 frontier	 that	 has	 gone	 in	 tandem	 with	 the	 expansion	 of	 both	 legal	 and	 illegal	

transportation	 axes	 connecting	 remote	 areas	 to	 markets;	 land	 reform	 programs;	 land	

grabbing	and	land	conflicts;	large	infrastructure	(energy	and	mining)	projects;	the	advance	

	

1		 MMA	Ordinance	96/2008	
2		 Federal	Decree	6,321/2007	
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of	 agricultural	 commodities	 (notably	 ranching	 and	 annual	 crops).	 Accordingly,	

municipalities	targeted	by	the	LPM	policy	are	primarily	in	that	region	(Figure	4).	

	
Figure	4. The	municipalities	included	in	the	Ministry	of	Environment	List	of	Priority	Municipalities	
in	 the	2008-2018	period	 cluster	 in	 the	 “arc	 of	 deforestation”	 expanding	 across	 the	 southern	 and	
eastern	rims	of	the	Amazon	biome.	

Alternative	models	of	territorial	occupation	and	economic	growth	have	intermingled	

and	synergistically	underpinned	the	social	and	ecological	changes	unfolding	in	the	Amazon	

at	 least	 since	 the	 1940s,	 marking	 the	 region	 in	 distinct	 and	 observable	 ways	 by	 the	

predominant	use	of	the	territory	and	productive	systems	(Becker,	2001).	Throughout	the	

“arc	of	deforestation,”	ranching	and	croplands	are	pervasive	and	support	a	market-oriented	

economic	model	implemented	in	the	region,	both	feeding	domestic	and	international	supply-

chains.	On	the	other	hand,	extractive	economies	supplying	 local	 to	regional	markets	have	

endogenously	 emerged	 to	 support	 the	 local	 development	 and	 economic	 growth	 of	 areas	
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relatively	disconnected	from	the	“arc	of	deforestation”	in	Central	and	Western	Amazonia.	

In	 the	Eastern	and	Meridional	parts	of	 the	Amazon,	where	 the	 cattle	 and	 soybean	

fronts	 consolidated	 across	 the	 “arc	 of	 deforestation”	 (Becker,	 2001,	 p.	 156),	 exogenous-

driven,	export-oriented	economic	models	of	development	and	territorial	organization	have	

driven	 land	use	and	cover	changes.	 Initially	 implemented	by	 the	 federal	government	and	

more	recently	driven	by	market	 forces,	 that	model	has	revolved	around	the	subjection	of	

marginal	 lands	 to	 urban	 centers	 and	 development	 poles	 through	 the	 expansion	 of	

infrastructure	networks,	the	emancipation	of	municipalities,	and	the	attraction	of	external	

workforce	 to	 support	 the	 production	 of	 commodities.	 Under	 such	 a	 rationale,	 local	

productive	areas	in	the	hinterlands	connect	to	regional	urban	centers	working	as	regional	

hubs	that	integrate	these	areas	to	both	domestic	and	international	markets	and	centers	of	

decision	and	power.	

On	the	other	hand,	in	the	Central	and	Western	Amazon	regions,	although	also	affected	

by	 exogenous	 economic	 models	 revolving	 around	 the	 intensive	 extraction	 of	 natural	

resources,	municipalities	 have	 experienced	 alternative	 patterns	 of	 territorial	 occupation,	

economic	 development,	 and	 socio-political	 organization.	 In	 these	 areas,	 economic	

development	and	territorial	organization	developed	based	on	an	endogenous	process	rooted	

in	 local	 socio-political	 organization	 and	 heterogeneous	 economic	 basis	 centered	 on	

extractive	 products.	 This	 model	 has	 underpinned	 the	 emancipation	 of	 municipalities	

featuring	 extensive	 territories	 and	 isolated	 urban	 centers	 dependent	 on	 their	 local	

workforce	and	extractive	products	(Becker,	2001).	
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Data	collection	and	analysis	

The	 studies	 carried	 out	 in	 this	 dissertation	 used	 a	 mixed-methods	 approach	

combining	 both	 secondary	 and	 primary	 data	 collection.	 This	 section	 presents	 a	 general	

description	of	data	collection	and	analysis	–	which	is	further	developed	in	each	of	the	three	

chapters	of	this	dissertation.	Historical	data	on	forest	legislation	in	Brazil	–	from	where	the	

narratives	 on	 the	 values	 of	 trees,	 forests,	 and	 the	 environment	 were	 assessed	 –	 were	

compiled	 from	 books,	 legal	 documents,	 archival	 research,	 scholarly	 literature,	 and	

magazines	 and	 media	 outlet	 covering	 the	 topic.	 Longitudinal	 data	 on	 the	 agrarian,	

demographic,	economic,	and	biophysical	attributes	of	531	Amazonian	municipalities	were	

collected	 from	 official	 data	 sources	 online	 and	 from	 official	 and	 unofficial	 documents	

identified	during	 fieldwork.	The	dataset	 includes	25	variables	and	comprehends	a	period	

ranging	from	1980	to	2019	in	some	cases.	Multi-temporal	geospatial	data	on	land	use	and	

cover	changes	covering	the	1985-2019	period	were	downloaded	from	official	databases	and	

other	reputable	geodata	sources.	

Primary	data	collection	came	from	case	studies,	primarily	in-depth	semi-structured	

interviews	with	various	agents	during	two	field	trips	to	Brazil	totaling	seven	months.	The	

interviews	with	government	officials,	practitioners,	and	multiple	stakeholders	(small-	and	

large-scale	 farmers,	 businesspeople,	 residents)	 in	 listed	 municipalities	 provided	 the	

perspective	 from	 diverse	 local	 agents	 on	 the	 impacts,	 sanctions,	 incentives,	 and	

arrangements	triggered	following	the	implementation	of	the	LPM	policy	both	regionally	and	

locally.	Chapter	3	presents	a	full	list	of	the	interview	sample.	

In	 addition	 to	 the	 state	 capital	 (Belém),	 fieldwork	 was	 conducted	 in	 four	

municipalities	affected	by	the	LPM	policy	in	the	state	of	Pará,	Eastern	Amazon.	Paragominas,	
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Tailândia,	 Moju,	 and	 Portel	 were	 listed	 in	 the	 LPM	 in	 2008,	 2009,	 2011,	 and	 2017,	

respectively.	While	Paragominas	and	Tailândia	were	removed	 from	the	LPM	in	2010	and	

2013,	respectively,	Moju	and	Portel	remain,	which	offered	the	opportunity	to	contrast	the	

LPM	policy’s	effect	over	time.	The	four	municipalities	in	northeastern	Pará	are	located	across	

a	geographic	gradient	displaying	diverse	municipal	realities	along	the	moving	frontier	that	

has	 expanded	 since	 the	 1960s.	 From	 Paragominas	 to	 Portel,	 the	 historical	 patterns	 of	

territorial	 occupation	 are	 markedly	 contrasting.	 The	 municipalities	 vary	 on	 whether	

interconnected	 by	 roadways	 or	 rivers,	 populated	 by	 migrants	 or	 traditional	 riverine	

populations,	 economic-dependent	 on	 agricultural	 commodities	 or	 traditional	 forest-	 and	

river-based	extractive	activities,	and	so	 forth.	These	 four	 in-depth	case	studies	ultimately	

depict	 different	 municipal	 conditions,	 offering	 the	 opportunity	 to	 study	 the	 influence	 of	

context-specific	factors	on	the	outcomes	of	the	LPM	policy	in	the	region.	

For	 the	 historical	 analysis	 discussed	 in	 chapter	 1,	 the	 dataset	 included	 the	

compilation	and	organization	of	the	government	policies	and	forest	legislation	developed	in	

Brazil	 since	 the	 colonial	 period	 (16th	 century).	 Content	 analysis	 of	 legal	 documents	 and	

historical	 records	 reported	 in	 books	 and	 the	 scholarly	 literature	 focused	 on	 identifying	

narratives	and	values	encapsulated	in	regulations	and	initiatives	concerning	the	use,	access,	

and	protection	of	forests	and	natural	resources	over	different	periods	of	Brazilian	history.	

Additionally,	 this	dissertation	combined	both	statistical	models	and	the	systematic	

coding	of	fieldwork	interviews	to	examine	the	interactions	and	responses	emerging	from	the	

LPM	policy.	In	that	regard,	binary	logistic	regressions	were	used	to	investigate	which	factors	

and	attributes	of	listed	municipalities	explained	the	LPM	policy’s	outcomes	at	the	regional	

scale.	Multivariate	data	analyses	–	ordination	and	clustering	techniques	–	were	employed	to	
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reveal	 how	 the	 regional	 history	 of	 territorial	 occupation	 and	 development	 shaped	 the	

intraregional	diversity	of	municipalities	in	the	Amazon,	reflecting	the	local	conditions	that	

mediate	 the	 incentives	 for	 responses	 to	 the	LPM	policy.	Together,	 regional-level	data,	 in-

depth	 case	 studies,	 and	 interview	 data	 were	 used	 to	 understand	 how	 the	 LPM	 policy	

unfolded	at	the	municipal	scale.	

	

The	dissertation	roadmap	

As	discussed	earlier,	the	dissertation	organizes	into	three	chapters.	The	first	chapter,	

entitled	“The	value	of	a	tree	and	its	relationship	to	forest	protection	in	Brazil:	trees,	forests,	and	

the	 environment	 in	 Brazilian	 legislation,”	 adopts	 a	 historical	 perspective	 to	 review	 and	

analyze	 forest	 legislation	 development	 in	 Brazil.	 The	 chapter	 assessed	 the	 evolution	 of	

diverse	narratives	on	the	values	of	forests	and	natural	resources	that	were	encapsulated	in	

Brazilian	regulations.	By	examining	hand-in-hand	the	development	of	narratives,	values,	and	

legislation	over	different	contexts	of	the	Brazilian	history	since	the	colonial	period	in	the	16th	

century,	Chapter	1	identifies	the	targets	of	forest	legislation	(i.e.,	timber	species,	ecosystems,	

biomes),	the	context-specific	conditions	underlying	changes	in	legislation,	and	the	general	

national	and	international	settings	shaping	the	advances	and	setbacks	of	forest	legislation,	

past	 and	 present.	 Chapter	 1	 thus	 contextualizes	 the	 conditions	 in	 which	 environmental	

policies	such	as	the	PPCDAm	more	broadly	and	the	LPM	policy	examined	in	this	study,	more	

specifically,	were	implemented	and	have	been	recently	contested.	

The	second	and	third	chapters	focus	on	analyzing	the	municipalities	affected	by	the	

LPM	policy	at	both	regional	and	case	study	levels.	However,	they	do	it	in	slightly	different	

ways.	 The	 second	 chapter,	 entitled	 “Municipal	 conditions,	 law	 enforcement,	 and	 local	
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governance	 determine	 municipal	 compliance	 with	 the	 LPM	 policy,”	 takes	 a	 regional	

perspective	to	examine	how	listed	municipalities'	factors	and	attributes	affect	the	likelihood	

of	compliance	with	the	LPM	policy.	Since	the	regional	history	of	territorial	occupation	and	

development	 shapes	 the	 conditions	 and	 attributes	 of	 listed	 municipalities,	 Chapter	 2	

compiled	 a	 set	 of	 indicators	 reflecting	 aspects	 of	 the	 local	 infrastructure	 (roadways),	

agrarian	 structure	 (number	 of	 farms,	 land	 distribution	 inequality),	 land	 use	 and	 cover	

changes	 (cattle	 density,	 croplands,	 forest	 coverage),	 environmental	 governance	

(environment’s	 municipal	 system	 implementation),	 and	 law	 enforcement	 (number	 of	

environmental	fines	and	embargoes).	The	broader	literature	recognizes	these	variables	as	

critical	elements	affecting	deforestation	dynamics	in	the	Amazon.	In	this	regard,	Chapter	2	

uses	 binary	 logistic	 regression	 models	 to	 hypothesis-test	 the	 critical	 factors	 affecting	

compliance	with	the	LPM	policy.	

Finally,	 the	 third	 chapter	 entitled	 “National	 policies	 encounter	 municipal	 realities:	

coordination	 among	 initiatives,	 enforcement,	 and	 institutional	 support	 favors	 stakeholders’	

cooperation	to	control	Amazonian	deforestation”	combines	spatial-temporal	analysis,	census	

data,	and	in-depth	fieldwork	to	examine	the	LPM	policy	at	both	regional	and	local	scales.	The	

chapter	 shows	 that	 listed	 municipalities	 are	 part	 of	 a	 predicable	 historical-geographic	

context	associated	with	the	deforestation	frontier	expansion.	At	the	municipal	level,	the	LPM	

impact	relates	to	how	local	agents	perceived	sanctions	and	incentives	to	collaborate,	which	

depended	on	the	salience	of	law	enforcement	mechanisms	and	additional	regulations	and	

market	 stimulus	 in	 place.	 The	 chapter	 discusses	 how	 dynamic	 macro-political	 and	

institutional	 settings	 have	 facilitated	 or	 inhibited	 local	 actions	 towards	 compliance	

requirements,	 thus	 producing	 mixed	 outcomes	 across	 municipalities.	 The	 study	 adds	
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complexity	 to	 previous	 analyses.	 It	 reveals	 the	 implications	 of	 implementing	 regional	

policies	 across	 municipalities	 diverging	 in	 sociodemographic,	 economic,	 and	 political	

configurations	 and	 their	 geographic	 position	 in	 the	 deforestation	 frontier,	 where	

deforestation	may	be	expanding	or	contracting.	Finally,	it	concludes	by	discussing	the	role	of	

inter-institutional	collaboration	and	of	coordination	among	command-and-control	policies,	

market-oriented	initiatives,	and	local	collective	actions	in	triggering	incentives	for	land-use	

and	governance	innovations.	
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CHAPER	1.	The	value	of	a	tree	and	its	relationship	to	forest	protection	in	Brazil:	

trees,	forests,	and	the	environment	in	Brazilian	legislation		

	
1. Introduction	

“The	interest	in	the	Amazon	is	not	on	the	indigenous	nor	the	fucking	trees;	it	is	on	the	

ores.”1	 The	 depreciating	 reference	 to	 trees	 says	 as	 much	 about	 the	 Brazilian	 President	

Bolsonaro	 and	 the	 government’s	 narratives	narrowly	 centered	on	 the	 region’s	 utilitarian	

value	 as	 it	 says	 about	 the	 scant	 attention	 forests	 and	 indigenous	 peoples	 have	 deserved	

during	his	mandate.	

Bolsonaro’s	 government	 has	 ingrained	 anti-environmental	 narratives	 based	 on	

unidimensional	 utilitarian	 values	 of	 forests	 and	 natural	 resources	 among	 the	 highest	

government’s	ranks.	These	attitudes	have	accelerated	and	deepened	the	already	escalating	

erosion	of	environmental	protection	in	Brazil,	notably	in	the	Amazon.	Ironically,	this	process	

started	with	enacting	the	new	but	much-criticized	2012	Forest	Code	in	Brazil	(Azevedo	et	

al.,	2017;	Brancalion	et	al.,	2016).	Progressively,	government	moves	have	weakened	forest	

regulations,	de-funded	environmental	agencies,	halted	the	demarcation	of	indigenous	lands	

and	 protected	 areas,	 and	 limited	 civil	 society	 participation	 in	 environmental-related	

decision-making	(Begotti	and	Peres,	2019;	Ferrante	and	Fearnside,	2019;	Tollefson,	2016).	

Predictably,	Amazonia	has	endured	a	113%	surge	in	deforestation	rates	in	2019	(9,762	sq.	

	

1		 Jair	Bolsonaro’s	statement	to	a	group	of	gold	miners	on	October	1st,	2019,	suggesting	foreign	
non-profit	organizations	and	international	governments’	actual	interests	in	the	Amazon	are	on	
the	ores,	not	on	the	protection	of	indigenous	groups	and	the	rainforest.	
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km)	compared	to	2012	(4,571	sq.	km),	while	anthropogenic	fires	have	ravaged	the	Brazilian	

biomes	as	never	before,	alarming	stakeholders	both	nationally	and	internationally.	

The	country’s	recent	political	turn	has	undermined	Brazil’s	role	as	a	protagonist	in	

advancing	the	global	environmental	agenda.	Internationally,	Brazil	had	been	recognized	as	

a	 significant	 player	 heading	 initiatives	 and	 ambitious	 voluntary	 commitments	 to	 halt	

deforestation	and	reduce	carbon	emissions	under	the	Paris	Agreement	(Brasil,	2015).	At	the	

national	 level,	 the	 country	had	 implemented	a	 suite	of	 regulations	and	programs	 to	 curb	

forest	loss	(West	and	Fearnside,	2021),	demarcated	a	vast	mosaic	of	indigenous	lands	and	

protected	 areas	 (Vieira	 et	 al.,	 2019),	 developed	 cutting-edge	 land	 use	 and	 cover	 change	

monitoring	systems	(Shimabukuro	et	al.,	2016),	and	successfully	reduced	deforestation	rates	

with	positive	implications	for	its	balance	of	greenhouse	gas	emissions	and	climate	change	

mitigation	targets	(West	et	al.,	2019).	In	2012,	Brazil	celebrated	the	smallest	forest	loss	area	

ever	detected	in	the	Legal	Amazon	since	its	official	monitoring	system	started	operating	in	

1988.	

This	chapter	asks	how	Brazil’s	forest	legislation	has	developed	across	changing	socio-

economic	and	political	contexts,	since	the	16th	century,	through	the	colonial	and	monarchic	

periods,	and	from	the	first	republic	in	the	late	19th	century	to	date.	In	doing	so,	the	study	

draws	 upon	 elements	 of	 the	 IPBES1	 conceptual	 framework,	 which	 defined	 a	 set	 of	

intertwined	and	inclusive	values	associate	with	nature	and	its	contribution	to	people	and	the	

good	quality	of	life	(Díaz	et	al.,	2018;	Pascual	et	al.,	2017).	In	this	regard,	this	study	examined	

	

1		 The	Intergovernmental	Platform	on	Biodiversity	and	Ecosystem	Services	
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how	 forest	 legislation	 has	 incorporated	 diverse	 values	 Brazilians	 have	 assigned	 to	 and	

recognized	on	forest	resources	in	particular,	and	the	environment	more	broadly.	

This	chapter	proceeds	by	introducing	the	methods	employed	for	data	collection	and	

analysis,	 followed	 by	 the	 review	 and	 examination	 of	 forest	 legislation	 developed	 over	

different	Brazilian	historical	periods.	The	paper	builds	upon	that	analysis	to	summarize	and	

discuss	 the	 advances	 and	 setbacks	 in	 forest	 legislation	 in	 Brazil,	 including	 an	 evolving	

assemblage	of	 narratives	 and	values	 associated	with	 trees,	 forests,	 and	 the	 environment.	

Finally,	the	chapter	contextualizes	and	discusses	the	narratives	and	values	underlying	the	

recent	 setbacks	 and	 political	 decisions	 that	 have	 eroded	 environmental	 governance	 and	

hindered	the	conciliation	between	alternative	land-uses	and	forest	protection	in	Brazil.	

	

2. The	analytical	approach	

This	 study	drew	upon	 archival	 research	 to	 assess	 the	Brazilian	 legislation,	 official	

reports,	scholarly	literature,	and	other	media	materials	related	to	the	topic,	most	of	which	

available	 in	 the	 Portuguese	 language	 and	 only	 understood	 by	 a	 limited	 number	 of	 non-

Brazilian	researchers.	Specifically,	this	study	looked	at	the	six	Brazilian	constitutions	(1891,	

1934,	1937,	1946,	1967,	 and	1988)	and	 the	 three	 federal	Forest	Codes	 (1934,	1965,	 and	

2012),	 as	 well	 as	 other	 national	 and	 subnational	 forest	 legislation,	 to	 investigate	 the	

development	 and	 track	 the	 changes	of	 regulations	on	 the	management	 and	protection	of	

forests,	in	particular,	and	the	environment	more	broadly.	

In	that	regard,	this	study	paid	particular	attention	to	the	target	of	forest	legislation,	

i.e.,	whether	 legislation	 and	 regulations	were	 intended	 to	 protect	 individual	 trees,	 forest	

stands,	 or	 entire	 landscapes	and	biomes.	Additionally,	 the	 study	 looked	at	 the	 terms	and	
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wording	employed	in	the	legislation,	official	documents,	and	the	media	in	general	to	grasp	

the	values	and	narratives	engendering	the	design	and	implementation	of	forest	norms	and	

regulations	during	specific	periods	of	Brazilian	history.	

The	study	adopted	elements	of	the	IPBES	conceptual	framework	(Díaz	et	al.,	2018;	

Pascual	et	al.,	2017),	which	builds	upon	three	types	of	values	ascribed	to	the	outcomes	from	

nature-human	 relationships.	 In	 this	 regard,	 values	ascribed	 to	 such	 interactions	 relate	 to	

how	humans	perceive	nature’s	contribution	(benefic	or	detrimental)	to	people	(NCP),	also	

referred	 to	as	 the	vast	array	of	ecosystem	services	provisioned	by	nature.	 In	 this	 regard,	

decision-makers	may	value	the	protection	of	trees	or	forests	for	their	potential	to	achieve	or	

satisfy	 human	 preferences	 (‘instrumental	 value’),	 for	 instance,	 through	 the	 provision	 of	

timber	(‘material	contribution’	to	people)	or	climate	mitigation	(‘regulating	contribution’).	

They	may	also	be	willing	to	protect	trees	and	forests	for	the	inherent	value	(‘intrinsic	value’)	

these	elements	hold	and	deserve	as	living	organisms.	Further,	people	may	want	to	protect	

forests	because	of	their	relationship	with	the	surrounding	environment	(‘relational	values’),	

which	may	have	symbolic,	spiritual,	or	ethical	meanings	(‘non-material	contribution’).	The	

study	 draws	 on	 these	 categories	 to	 highlight	 changes	 in	 the	 ways	 trees	 and	 forests	 are	

perceived	and	valued	in	regulations	and	legislations	through	time.	

	

3. From	protecting	individual	trees	to	safeguarding	entire	biomes:	forest	legislation	
development	in	Brazil	

3.1 The	royal	protection	of	trees	and	forest	assets	in	the	Colonial	Period	

When	the	Portuguese	arrived	in	America	early	in	the	16th	century,	forest	resources	

were	 goods	 of	 primary	 need	 in	 Europe.	 Timber	 was	 widely	 employed	 and	 significantly	



	

	 39	

valued	as	fuel	in	calefaction	and	cooking	in	urban	and	rural	areas	and	the	construction	of	

ships,	 vehicles,	 housing,	 and	 tools.	 Non-timber	 products	 were	 used	 as	 sealers	 and	

preservatives	in	shipyards,	as	much	as	dyes	and	tannins	were	employed	in	textile	facilities	

and	tanneries	and	potash	in	soap	and	glass	industries.	Cork,	gums,	resins,	oils,	pigments,	and	

other	natural	compounds,	as	well	as	fruits	and	medicines,	also	played	central	roles	 in	the	

economy	and	people’s	livelihoods	during	pre-industrial	times	(Castro,	2002,	p.	120).	Had	not	

found	metals,	spices	(especiarias),	and	goods	as	valuable	as	those	traded	across	the	Indian	

routes,	 forest	 resources	 became	 the	 primary	 asset	 exploited	 by	 Portugal	 in	 its	 American	

colony.	

The	 control	 over	 vast	 forestlands	 in	 the	 colonies	 supported	 the	 continuous	

geopolitical	expansion	of	Portugal	in	the	16th	century,	besides	minimizing	the	threat	of	wood	

scarcity	that	had	prompted	the	implementation	of	the	first	norms	regulating	the	access	and	

harvest	 of	 trees	 in	 Europe	 (Devy-Vareta,	 1986).	 However,	 signs	 and	 reports	 of	 timber	

depletion	 by	 predatory	 practices	 compelled	 Portugal	 to	 implement	 the	 first	 set	 of	 forest	

regulations	in	its	colonies	still	in	the	16th	century	(Castro,	2002).	In	1548,	the	Regiment	of	

the	Governor-General	set	the	royal	monopoly	over	the	Brazilwood	tree	(pau-brasil).	In	1605,	

the	 Brazilwood	 Regiment	 reinforced	 existing	 norms,	 prescribing	 rules	 for	 the	 access,	

harvest,	 and	 management	 of	 the	 species.	 Regiments	 on	 the	 Brazilwood	 trade	 sought	 to	

secure	 the	profits	 from	its	exploitation	by	privateers	and	sustain	 the	 long-term	supply	of	

Brazilwood	dye,	a	strategic	asset	replacing	dyes	imported	from	India	and	Southeast	Asia	in	

the	growing	European	textile	industry	in	the	period	(Castro,	2002;	Siqueira,	2009).	

As	knowledge	on	the	tropical	species	diversity	cumulated,	revealing	timber	varieties	

strategic	 for	 the	maritime	and	sugarcane	 industries	underpinning	 the	Portuguese	politics	
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and	economics,	other	tree	populations	became	gradually	relevant	and	deserving	protection	

(Hutter,	1986;	Morton,	1978).	In	that	regard,	as	reports	on	the	destruction	of	forests	in	Brazil	

abounded,	initiatives	to	protect	timber	stocks	gradually	expanded.	Population	growth	and	

the	emergence	of	villages	went	hand-in-hand	with	the	expansion	of	sugarcane	plantations,	a	

synergistic	process	replacing	forestlands	and	depleting	forest	resources	to	meet	the	growing	

demand	 for	 agricultural	 lands,	 food	 production,	 and	 timber	 supply.	 In	 1660,	 Portugal	

declared	 the	 royal	 monopoly	 over	 tree	 species	 classified	 as	 timber-under-the-law	 or	

“madeiras-de-lei”	(Castro,	2002,	p.	124).	And	at	the	end	of	the	18th	century,	Portugal	declared	

the	60	km	stripe	along	the	continent	shoreline	as	“Royal	Forests”	(Castro,	2002,	p.	1).		

	

3.2 Despite	increasing	concerns,	little	action	to	curb	predatory	forest	use	in	the	post-

colonial	period	

The	reliance	on	predatory	practices	became	diametrically	opposite	to	liberal	ideas	of	

modernity	envisioned	for	Brazil	as	an	empire	independent	from	Portugal	 in	1822.	Rather	

than	the	price	of	the	progress,	natural	resources’	predatory	use	became	seen	as	retrograding,	

undermining	the	vital	resources	–	soils,	water,	and	wood	–	upon	which	Brazil’s	economy	was	

grounded	(Pádua,	2002).	As	José	Bonifácio	de	Andrada	e	Silva	stated	in	1825,	

“[our]	lands	are	sterile,	and	those	few	lands	we	have	rotated	are	poorly	

cultivated	because	done	so	by	forced	and	indolent	arms.	[...]	Our	precious	forests	

are	 disappearing	 victims	 of	 the	 fire	 and	 the	 destructive	 ax	 of	 ignorance	 and	
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selfishness.	Our	hills	and	slopes	erode	day-by-day;	overtime,	the	abundant	rains	

that	nourish	the	vegetation	and	replenish	our	springs	and	rivers	will	lack	[...].”1		

Those	narratives	 resonated	with	pioneering	 initiatives	 to	protect	water	 reservoirs	

and	restore	the	Tijuca	Forest	in	Rio	de	Janeiro	in	the	1860s,	then	the	empire’s	capital.	As	the	

most	 important	 and	populous	urban	 center	 in	Brazil,	 Rio’s	 increasing	 expansion	went	 in	

tandem	with	environmental	problems	related	to	water	shortages	caused,	among	others,	by	

the	destruction	of	water	springs	following	the	replacement	of	forests	by	agricultural	lands	

(Globo,	2011;	Kapa,	2015).	

Nonetheless,	the	institutional	rupture	and	political	transition	taking	place	during	the	

imperial	period	of	Brazilian	history	did	not	make	conducive	 to	 implementing	regulations	

contrary	to	the	political-economic	rural	oligarchy	that	had	supported	Brazil’s	independence.	

Thus,	 the	colonial	rationale	on	the	control,	use,	and	appropriation	of	 the	territory	and	 its	

natural	 resources	persisted	despite	 the	reverberation	of	 liberal	 ideas	among	 intellectuals	

and	 political	 ranks	 claiming	 for	 the	 adoption	 of	 modern	 agricultural	 practices	 (e.g.,	

mechanization,	fire	ban)	and	institutions	(e.g.,	end	of	slavery,	private	property).	

	
3.3 The	 birth	 of	 local	 timber	 industries	 and	 Brazilian	 forest	 laws	 in	 the	 republican	

period	

	

1		 “Nossas	terras	estão	ermas,	e	as	poucas	que	temos	roteado	são	mal	cultivadas,	porque	o	são	por	
braços	indolentes	e	forçados.	[...]	Nossas	preciosas	matas	vão	desaparecendo,	vítimas	do	fogo	e	do	
machado	destruidor	da	ignorância	e	do	egoísmo.	Nossos	montes	e	encostas	vão-se	escalvando	
diariamente,	e	com	o	andar	do	tempo	faltarão	as	chuvas	fecundantes	que	favoreçam	a	vegetação	e	
alimentem	nossas	fontes	e	rios	[...].”,	José	Bonifácio	de	Andrada	e	Silva,	1825,	p.	38	(Pádua,	2000).	
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The	fall	of	the	monarchic	period	in	Brazil	at	the	end	of	the	19th	century	paved	the	way	

toward	a	more	substantial	institutional	rupture	during	the	republican	period	that	followed.	

Inspired	by	the	US	political	governance	model,	the	first	Brazilian	Constitution	in	1891	drew	

upon	the	idea	of	federated	states	to	decentralize	territorial	governance	(Rajão	et	al.,	2018).	

The	 rights	 over	 vacant	 lands	were	 transferred	 from	 the	 emperor	 to	 the	 state	 authorities	

(Brasil,	 1891	Art.64).	 The	 first	 Republican	 period	 (1891-1930)	 consolidated	 the	 political	

power	of	agricultural	oligarchies	from	the	Southeastern	states	of	São	Paulo	and	Minas	Gerais	

–	the	“coffee	with	milk	politics”	(política	do	café-com-leite).	

Slavery	 abolition	 in	 1888	 and	 the	 influx	 of	 European	 immigrants	 as	 farm	 wage	

workers	 into	 Southern	 states	 imprinted	 drastic	 transformation	 in	 rural	 areas	 and	

accelerated	 urban	 growth	 (Santos	 and	 Hallewell,	 2002,	 p.	 62).	 Forest	 clearings	 in	 the	

Southern	hinterlands	went	in	tandem	with	the	immigrants’	arrival	in	regions	predominantly	

covered	 by	 Araucaria	 pine	 forests	 (Cabral	 and	 Cesco,	 2008).	 Further,	 infrastructure	 and	

railroads	 expansion	 (e.g.,	 the	 São	 Paulo	 –	 Rio	 Grande	 railway)	 connecting	 the	 Southern	

region	to	São	Paulo	and	Rio	de	Janeiro	–	the	main	urban	centers	of	that	time	–	prompted	the	

multiplication	of	sawmills	and	increased	pressure	over	forestlands	early	in	the	20th	century	

(Carvalho	and	Nodari,	2008).	

Araucaria	forests	represented	the	“heartwood”	of	the	forest	activity	early	in	the	20th	

century	(Silva,	2005).	Concerns	over	the	status	and	protection	of	such	forests,	in	that	regard,	

gained	traction	in	the	political	agenda	pushed	by	the	states’	interest	in	protecting	the	forest	

assets	in	their	jurisdictions.	The	state	of	Paraná,	for	instance,	enacted	a	Forest	Code	in	1907	

(Gubert	Filho,	2010),	the	first	of	its	kind	in	Brazil.	Paraná’s	Forest	Code	sought	to	protect	and	

rationalize	the	management	of	natural	forests,	besides	fostering	tree	plantations	using	the	
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recently	 introduced	 eucalyptus-species	 in	 Brazil.	 Those	were	 crucial	 strategies	 to	 secure	

timber	 stocks	 in	 a	 period	 of	 growing	 urban	 infrastructure,	 expanding	 transportation	

development	(Cabral	and	Cesco,	2008;	Rajão	et	al.,	2018),	and	increasing	demands	created	

by	 the	 1st	World	War	 (Gubert	 Filho,	 2010).	 The	 Paraná’s	 Forest	 Code	was	 pioneering	 in	

recognizing	 the	 role	 of	 riparian	 forests	 (“protective	 forests”)	 for	 water	 quality	 and	 soil	

conservation	in	agricultural	lands	and	preventing	floods	in	urban	centers.	

Similar	initiatives	emerged	in	Rio	Grande	do	Sul	and	even	in	relatively	remote	states	

experiencing	the	first	rubber	boom	in	Amazonia.	In	the	state	of	Acre,	fearing	the	“disastrous”	

consequences	related	 to	 “climate	change”	and	 “rainfall	pattern	changes”	caused	by	 forest	

destruction,	“forest	reserves”	were	planned	to	safeguard	forest	coverage	and	guarantee	the	

“fluvial	navigation”	and	“hydrological	regime”	(Brasil,	1911).	Indeed,	the	creation	of	forest	

reserves	was	considered	a	crucial	step	towards	the	“defense	and	conservation	of	forests,”	as	

stated	by	Gonzaga	de	Campos.	Commissioned	by	the	Ministry	of	Agriculture,	Industry,	and	

Commerce,	de	Campos	drew	the	first	official	map	of	Brazil’s	vegetation	in	1911	(Campos,	

1912,	p.	3).	

	

3.4 Forests	as	part	of	the	national	patrimony:	the	1934	Forest	Code	

In	 1930,	 a	 coup	 d’état	 replaced	 the	 political	 power	 centered	 in	 the	 agricultural	

oligarchy	 of	 São	 Paulo	 and	Minas	Gerais	 from	 the	 previous	 decades,	 reconcentrating	 the	

political	and	regulatory	authority	at	the	federal	level.	Strong	nationalist	narratives	revolving	

around	the	country’s	modernization	and	 industrialization	opposed	previous	 liberal	 ideals	

that	decentralized	government	decision-making	towards	federated	states	following	Brazil’s	

independence.	In	this	regard,	the	federal	control	and	decision-making	over	natural	resources	
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were	 expected	 to	 prevent	 environmental	 degradation	 associated	 with	 a	 deregulated	

economic	environment	and	the	prevalence	of	private	interests	over	collective	ones	(Rajão	et	

al.,	2018).	

Nature	became	depicted	in	the	official	narrative	and	legislation	as	part	of	the	national	

patrimony	 and	 the	 country’s	 identity,	 a	 “monument”	 (Brasil,	 1937	 Art.134)	 deserving	

protection	and	proper	regulation	(Silva,	2005).	Accordingly,	a	suite	of	national	policies	such	

as	the	1934	Code	of	Water,	the	1938	Fishing	Code,	and	the	1940	Mining	Code	(Freiria,	2015)	

was	enacted	to	regulate	the	use	and	protection	of	natural	resources.	Forests	and	vegetation,	

in	that	regard,	were	declared	as	public	goods	by	the	1934	Forest	Code	(Brasil,	1934,	chap.	I).	

Arguably,	 some	 scholars	 identify	 the	 period	 as	 the	 origin	 of	 the	 Brazilian	 environmental	

policy	(Moura,	2016).	

The	 1934	 Forest	 Code	 defined	 rules	 and	 sanctions	 associated	 with	 forest	

management	and	native	vegetation,	safeguarding	resources	whose	role	was	vital	 for	both	

urban	and	rural	livelihoods	and	the	industrial	and	agricultural	economic	activities.	The	law	

prohibited	agricultural	and	forestry	practices	potentially	harmful	to	native	forests	and	other	

vegetation	 types	 without	 official	 authorization.	 Embracing	 conservationist	 concerns,	 the	

Forest	 Code	 restrained	 prescribed	 burnings	 in	 agriculture,	 non-sustainable	 methods	 in	

forestry	activities,	and	the	harvesting	of	protected	species	(Brasil,	1934	Art.	22,	29).	

Additionally,	 government	 agencies	 and	 councils	 were	 implemented	 to	 manage	

activities	and	initiatives	related	to	forestlands.	The	Federal	Council	of	Forests	(Brasil,	1934	

Art.	 101)	 sought	 to	 oversee	 and	 promote	 forests’	 use	 and	 protection	 (Silva,	 2017).	 The	

National	Institute	of	Pinho	(INP)	–	pinho	referring	to	the	Araucaria	pinewood	–	targeted	the	
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management	 and	 fostering	 of	 timber	 activities	 in	 the	 Southern	 region	 (Radin	 and	 Salini,	

2015).	

The	advances	 imprinted	 in	 the	1934	Forest	Code	emerged	 from	a	 clear	utilitarian	

perspective	of	 forestlands	 for	agricultural	and	 forestry	activities,	both	 in	rural	and	urban	

settings	 (Freiria,	 2015,	 p.	 161).	 The	 Forest	 Code	 protected	 the	 forests	 to	 the	 extent	 that	

decision-makers	and	stakeholders	recognized	 their	 instrumental	values	and	material	and	

regulating	contributions	in	preventing	soil	erosion,	landslides,	and	flooding	events	affecting	

urban	centers	and	rural	livelihoods	and	economy.	

It	stands	out	the	framing	employed	in	the	1934	Forest	Code	to	categorize	forests	in	

Brazil.	“Protective	forests”	(florestas	protetoras)	in	riparian	and	other	sensitive	areas	aimed	

at	 preventing	 soil	 erosion	 and	 rivers’	 siltation,	 thus	 protecting	 agricultural	 interests	 and	

preventing	 flood-related	 problems	 in	 urban	 centers.	 “Model	 forests”	 (florestas	 modelo)	

referred	to	planted	tree	stands	whose	desirable	attributes	of	uniformity,	homogeneity,	and	

productivity	mirrored	 the	natural	qualities	of	native	Araucaria	stands	appreciated	by	 the	

timber	industry.	“Yield	forests”	(florestas	de	rendimento)	represented	all	forms	of	vegetation	

covering	 the	most	 extensive	 area	 of	 the	 national	 territory	 that,	 yet	 away	 from	 the	main	

economic	and	political	centers	in	Southern	Brazil	and	along	the	Atlantic	coast,	could	become	

of	 potential	 use	 (Brasil,	 1934	 Art.	 7).	 Finally,	 the	 “remaining	 forests”	 (florestas	

remanescentes)	were	equivalent	 to	 strictly	protected	areas	 for	 “public	 enjoyment”	 and	 to	

safeguard	 “precious”	 species	 of	 native	 flora	 and	 fauna,	 a	 remarkable	 recognition	 of	 both	

intrinsic	and	relational	values	of	animals,	trees,	forests,	and	nature	already	in	the	1930s.	

Despite	 those	 advances,	 the	 Forest	 Code	 was	 singularly	 permissive,	 granting	

landowners	the	right	to	clear-cut	75%	of	forestlands	in	their	properties	(Brasil,	1934	Art.	
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23).	 Also,	 those	 willing	 to	 explore	 “heterogeneous”	 forests	 were	 granted	 permission	 to	

replace	 them	 with	 tree	 plantations	 as	 an	 opportunity	 to	 homogenize	 the	 floristic	

composition	and	increase	its	(economic)	value	(Brasil,	1934	Art.	50,	51).	Last	but	not	least,	

the	 legislation	 released	 steelwork	 and	 transportation	 companies	 from	 replanting	 trees	 if	

exploiting	the	“still	extensive	virgin	forests”	(Brasil,	1934	Art.	26).	

Although	the	legislation	had	laid	down	the	guidelines	for	the	policing	and	sanctioning	

of	infractions	related	to	the	use	and	protection	of	forests,	its	enforcement	became	unfeasible	

in	a	context	in	which	the	agricultural	and	industrial	elites	controlled	the	forests	and	natural	

resources	 in	 lands	 inherited	 from	 the	 colonial	 period	 (Rajão	 et	 al.,	 2018,	 p.	 19).	 Besides,	

stricter	forest	policing	would	restrain	one	of	the	primary	national	projects	in	the	1940s.	The	

“March	into	the	West”	program	(Marcha	para	o	Oeste)	sought	to	populate	and	develop	the	

Central-Western	 and	 Northern	 regions	 of	 Brazil	 by	 expanding	 roadways,	 emancipating	

towns,	 and	 providing	 incentives	 for	 people’s	 migration	 and	 agricultural	 activities.	 The	

conflicting	interests	opposing	the	new	forest	legislation	and	the	national	political	plan,	along	

with	 the	 incipient	 organizational	 structure	 and	 lack	 of	 political	 will	 to	 enforce	 the	

environmental	law,	left	a	trail	of	land	degradation	and	timber	exhaustion	in	the	expanding	

frontier	in	Southern	Brazil.	

	

3.5 The	1965	Forest	Code	and	the	territorial	expansion	into	the	“West”	

The	diffuse	 implementation	 and	 enforcement	 of	 the	 1934	Forest	 Code	 resulted	 in	

initiatives	to	discuss	and	revise	the	legislation,	one	of	the	recommendations	emerging	from	

the	 Latin-American	 Conference	 on	 Forestry	 and	 Forest	 Products	 held	 in	 1948	 in	 Brazil.	

Commissioned	 by	 the	 National	 Institute	 of	 Pinho,	 whose	 president	 was	 the	 executive	
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chairman	of	the	Conference,	a	 first	comparative	study	among	forest	policies	 in	Brazil	and	

Europe	 was	 concluded	 in	 1950.	 Notably,	 the	 report	 criticized	 the	 popular	 narrative	

embraced	by	the	agricultural	sector	that	disregarded	the	long-term	consequences	of	timber	

exhaustion	and	soil	degradation	(resulting	 in	 terras	cansadas	or	exhausted	soils),	and	 for	

whom	forests	represented	barriers	to	the	development	(Rajão	et	al.,	2018,	p.	22).	In	1961,	

the	federal	government	constituted	a	working	group	to	prepare	the	official	proposal	for	new	

forest	legislation	(Magnanini,	2010).	

Both	Congress	and	the	Ministry	of	Agriculture	welcomed	the	proposal	of	a	new	Forest	

Code.	 Congress	 representatives	 claimed	 stricter	 laws	 protecting	 natural	 resources,	

particularly	 in	 private	 properties,	 fearing	 that	 predatory	 practices	 would	 collapse	 the	

agricultural	 sector.	 In	 that	 regard,	 congressmen	 claimed	 for	 the	 shared	 responsibility	 of	

landowners	in	protecting	the	forestlands,	particularly	in	the	face	of	the	state’s	inability	to	

enforce	the	law	(Leme,	1965)	and	in	recognition	of	the	social	function	of	landholdings	(Rajão	

et	al.,	2018).	

A	new	Forest	Code	was	finally	enacted	in	1965	as	the	main	piece	regulating	the	use	

and	conversion	of	forests	and	other	vegetation	in	Brazil,	then	recognized	as	public	goods.	

The	new	Forest	Code	advanced	the	previous	legislation	by	setting	more	explicit	definitions	

for	the	concept	and	location	of	 ‘permanent	preservation	areas’	–	or	APPs	(the	Portuguese	

acronym)	–	formerly,	“protective	forests.”	The	new	legislation	restricted	land-use	to	20%	of	

the	landholdings,	except	in	the	Amazon	and	other	“primitive”	forests,	where	the	limit	was	

set	 at	 50%.	 It	 is	worth	noticing	 that	 the	Forest	Code	 followed	 resolutions	 and	 embraced	

international	 organizations’	 recommendations	 regarding	 better	 forest	 management	

practices.	 For	 instance,	 the	 legislation	 forbade	 “empirical”	 methods,	 allowing	 timber	
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harvesting	 in	 the	 Amazon	 contingent	 on	 adopting	 technical	 forest	 management	 plans.	

Additionally,	new	agencies	were	created	to	govern	and	manage	forest	resources	and	enforce	

environmental	 laws,	 both	 at	 the	 federal	 level	 –	 i.e.,	 the	 Brazilian	 Institute	 for	 Forestry	

Development1	(Brasil,	1967);	the	Special	Environmental	Secretariat	(Brasil,	1973)	–	and	the	

state	level	–	e.g.,	CETESB	in	São	Paulo,	and	FEEMA	in	Rio	de	Janeiro	(Moura,	2016,	p.	15).	

The	1965	Forest	Code	was	enacted	during	the	military	regime	that	seized	power	in	

Brazil	in	1964.	By	embodying	populist	narratives	revolving	around	national	sovereignty	and	

territorial	defense	against	external	agents	supposedly	threatening	the	geopolitical	and	social	

order,	 the	military	 period	 drew	 upon	 programs	 and	 incentives	 to	 connect	 and	 populate	

Brazil’s	 hinterlands	 to	develop	 the	 economy,	 alleviate	 social	 pressures,	 and	 “protect”	 the	

country.	Like	the	Marcha	para	o	Oeste	program	in	the	1940s,	the	military	regime	designed	a	

National	 Integration	 Plan	 (Plano	 de	 Integração	 Nacional)	 to	 expand	 infrastructure	 and	

populate	 the	Amazon	 (Brasil,	 1970).	 Again,	 the	 imaginary	 constructs	 of	 the	 rainforest	 as	

“green	hell,”	“impenetrable,”	demographically	“empty,”	and	home	for	“undeveloped	people”	

(Wenzel,	 2020)	 aligned	 to	 the	utilitarian	view	of	 the	 forests.	Accordingly,	 that	 supported	

initiatives	both	to	explore	the	“enormous	resources	of	natural	forests”	(Persson,	1974,	p.	32)	

and	 replace	 it	 with	 productive	 (agricultural)	 uses,	 a	 recurrent	 discourse	 among	 proud	

pioneers	that	settled	in	the	region.	

The	 rationale	 of	 government	 programs	 to	 connect	 and	 occupy	 the	 region	 raised	

strong	 criticism	concerning	 its	 social	 and	environmental	 impacts,	 notably	 forest	 loss	 and	

	

1		 Subordinated	to	the	Ministry	of	Agriculture,	the	Brazilian	Institute	for	Forestry	Development	
(IBDF)	replaced	the	INP.	
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degradation	and	land	conflicts	that	threatened	traditional	groups	and	indigenous	peoples	in	

the	 Amazon.	 Those	 side	 effects	 became	 gradually	 noticed	 abroad	 following	 the	 rise	 of	

international	debates	on	anthropogenic	activities’	impacts	on	the	environment	in	the	1970s.	

In	 1972,	 the	 United	 Nations	 held	 the	 first	 “Conference	 on	 the	 Human	 Environment”	 to	

coordinate	 sustainability	 and	 environment	 protection	 efforts.	 James	 Lovelock’s	 Gaya	

hypothesis	in	the	1970s	made	popular	the	postulation	of	the	Earth	as	an	interconnected	and	

interdependent	 system.	Among	 the	 scholarly	 community,	 such	 a	 debate	was	 followed	by	

collaborative	 initiatives	 among	 diverse	 scientific	 organizations	 towards	 developing	 an	

integrated	agenda	to	study	the	whole	earth	system’s	functioning	in	the	1980s	(Mooney	et	al.,	

2013).	

Towards	 the	 end	 of	 the	 military	 period	 in	 the	 mid-1980s,	 global	 environmental	

awareness	contrasted	with	Amazon’s	increasing	deforestation.	The	negative	repercussion	of	

the	 first	 orbital	 images	 revealing	 the	 extent	 of	 forest	 loss	 in	 the	 region,	 along	 with	 the	

escalating	 conflicts	 involving	 traditional	 groups	 and	 indigenous	 peoples	 –	 including	 the	

murder	of	Chico	Mendes	in	1988	–	repositioned	the	debates	on	the	Amazon	development	

and	conservation	at	the	international	level	(Capobianco,	2017,	p.	30).	

	

3.6 The	environment	shines	in	the	1988	constitution	

Amidst	the	transitioning	period	between	the	military	and	democratic	regimes	in	the	

1980s,	 the	 environmental	 agenda	 became	 a	 critical	 component	 for	 the	 constitutional	

assembly	discussing	the	1988	Federal	Constitution	as	concerns	over	forest	degradation	and	

indigenous	 peoples	 and	 traditional	 groups’	 rights	 violations	 escalated	 in	 Brazil.	 While	

previous	Constitutions	limited	to	setting	governments’	competence	to	rule	the	use	of	natural	
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resources	 (Table	 1),	 the	 1988	 Constitution	 defined	 environmental	 stewardship	 and	

protection	in	its	broader	meaning,	a	permanent	target	to	be	pursued	and	fostered	for	the	

public	sake	(Brasil,	1988,	chapter	VI).	

Table	1. The	emergence	and	meaning	of	forest-related	terms	in	Brazilian	constitutions.	

Constitution	 Forest-related	terms	 Goal	
1891	 -	 -	
1934	 Forests	 Defines	the	competence	among	government	levels	to	rule	

the	use	of	forests	1937	
1946	
1967	
1988	 Flora,	forests,	and	natural	

landscapes	
Defines	the	competence	to	preserve	the	flora,	forests,	and	
the	natural	patrimony	

Forests,	nature	conservation,	
natural	resources	defense,	
environment	protection	

Defines	the	competence	among	government	levels	to	
legislate	the	matter	

Natural	resources	and	
environment	

The	proper	use	of	natural	resources	and	environmental	
protection	are	an	intrinsic	part	of	the	rural	property’s	
social	role	

Forests	 Forestry	as	part	of	the	agricultural	political	planning	
Environment	 Assures	the	public	right	to	a	healthy	environment	
Ecosystems	 Defines	the	state’s	competence	to	protect	and	restore	

ecological	processes	and	to	foster	the	ecological	
management	of	species	

Flora	 Defines	the	competence	to	regulate	the	protection	of	flora	
–	condition	for	ecosystems’	function	maintenance	and	
species	extinction	prevention	

Amazon	Forest,	Atlantic	
Forest,	Pantanal,	Coastal	Zone	

Defined	as	national	patrimonies	subjected	to	land	uses	
that	preserve	the	environment		

Natural	ecosystems	 Limits	land	ownership	over	public	lands	considered	
necessary	to	protect	natural	ecosystems	

	

The	1988	Constitution	recognized	the	vast	array	of	native	forests	and	vegetation	as	

part	of	the	“environment,”	a	broader	concept	embracing	both	natural	resources	(e.g.,	water,	

soils,	minerals,	animals),	ecological	concepts	(e.g.,	species,	flora,	fauna,	ecosystems,	ecology)	

and	 related	 processes	 (e.g.,	 pollution,	 degradation,	 management,	 restoration,	 protection,	
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preservation,	conservation).	In	that	regard,	the	1988	Constitution	became	a	landmark	that	

paved	the	way	for	developing	a	suite	of	legislation	and	government	agencies.	

In	 addition	 to	 the	 1965	 Forest	 Code	 regulating	 land	 use	 and	 cover	 changes	 and	

protecting	 native	 vegetation	 in	 private	 landholdings,	 the	 1988	 Constitution	 secured	

indigenous	peoples’	rights	over	their	territories.	The	new	Constitution	also	set	the	directions	

underlying	the	expansion	of	the	institutional	framework	safeguarding	and	regulating	the	use	

of	natural	resources	in	conservation	units	(Brasil,	2000),	public	forests	(Brasil,	2006a),	and	

individual	 biomes	 (Brasil,	 2006b).	 The	 mosaic	 of	 indigenous	 lands	 and	 protected	 areas	

represents	the	“largest	national	terrestrial	protected	area	network	in	the	world”	(UNEP	et	

al.,	2016,	p.	32),	totaling	over	31%	of	the	national	territory	in	20181,	mainly	in	the	Amazon	

region.	 Likewise,	 environmental	 agencies	 such	 as	 IBAMA2	 (1989),	 the	 Ministry	 of	

Environment	(1992),	Brazilian	Forest	Service3	(2006),	and	ICMBio4	(2007)	gained	autonomy	

or	have	been	created	to	design,	implement,	and	enforce	forest	and	environmental	laws,	tasks	

historically	 subordinated	 to	 ministries	 and	 government	 agencies	 linked	 to	 agriculture,	

industry,	or	commerce	affairs.	

Those	 newly	 constituted	 agencies	 have	 contributed	 to	 the	 cumulation	 and	

broadening	of	government	and	society	knowledge	on	the	status	of	vegetation	cover	across	

	

1		 MMA	and	FUNAI	
2		 The	Brazilian	Institute	of	Environment	and	Renewable	Natural	Resources	is	responsible	for	

enforcing	environmental	legislation	and	sanctioning	environmental	crimes.	
3		 The	Brazilian	Forest	Service	(SBF)	is	responsible	for	managing	and	overseeing	public	forest	

concessions.	
4		 The	Chico	Mendes	Institute	for	Biodiversity	Conservation	is	responsible	for	managing	and	

overseeing	federal	protected	areas.	
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the	 country,	 supporting	 initiatives,	 policy	 instruments,	 and	 enforcement	 mechanisms	 to	

protect	and	regulate	the	use	of	native	forests	and	ecosystems	in	Brazil.	In	the	period,	Brazil	

has	defined	and	updated	vegetation	and	biome	limits	and	maps	and	developed	cutting-edge	

systems	to	monitor	land-cover	change	and	forest	loss	in	the	Amazon	(e.g.,	PRODES,	DETER,	

TerraClass)	and	beyond	(e.g.,	MapBiomas).	Brazil	has	also	taken	initiatives	to	identify	and	

protect	the	threatened	flora	beyond	the	listing	of	endangered	species	(CNCFlora1).	Further,	

Brazil	 amended	 the	 1965	 Forest	 Code	 in	 response	 to	 spiking	 deforestation	 rates	 (Brasil,	

1996),	 implemented	 a	 suite	 of	 coordinated	 programs	 and	 regulations	 that	 successfully	

reduced	deforestation	in	the	Amazon	to	its	lower	level	in	2012	(West	and	Fearnside,	2021),	

and	approved	the	National	Plan	on	Climate	Change	(Brasil,	2008)	committing	to	ambitious	

targets	to	decarbonize	its	energetic	and	agricultural	sectors	and	reduce	carbon	emissions	

resulting	from	deforestation	(Brasil,	2010).	

The	development	and	consolidation	of	such	an	institutional	framework	cemented	the	

country’s	 leadership	 in	 international	 arenas	 debating	 socioenvironmental	 governance.	

Brazil	hosted	two	of	the	most	important	global	environmental	forums	–	the	United	Nations	

Conference	 on	 Climate	 and	 Development	 in	 Rio	 de	 Janeiro	 in	 1992	 (Rio	 92)	 and	 2012	

(Rio+20)	 –	 and	 became	 a	major	 player	 in	 leading	 international	 efforts	 to	 advance	 global	

commitments	to	tackle	climate	change	under	the	Paris	Climate	Agreement.	

On	the	one	hand,	environmental	governance	achieved	remarkable	forest	protection	

outcomes	in	Brazil	early	in	the	21st	century.	On	the	other	hand,	those	outcomes	spilled	over	

economic	and	political	sectors	and	agents	whose	particular	interests	became	hindered	by	

	

1		 The	National	Center	for	the	Flora	Conservation	(2008).	
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stricter	laws	and	expanding	environmental	initiatives.	At	the	federal	level,	the	strengthening	

of	programs	carried	out	by	 the	Ministry	of	Environment	entered	 the	 collision	 route	with	

infrastructure	 programs	 and	 agribusiness	 sectors,	 resuming	 historical	 disputes	 opposing	

economic	growth	and	environmental	protection.	

In	 that	 context,	 the	 agricultural	 caucus	 (Frente	 Parlamentar	 da	 Agricultura)	 in	

Congress	increased	pressure	to	contest	and	revise	the	1965	Forest	Code,	seen	as	“outdated”	

legislation	 representing	 a	 barrier	 to	 agricultural	 development	 (Pires,	 2014,	 p.	 214).	

Following	 years	 of	 heated	 debates,	 the	 2012	 Forest	 Code	was	 enacted,	 amnestying	 rule-

breakers	 and	 loosening	 previous	 regulations	 protecting	 natural	 resources	within	 private	

properties	(Brancalion	et	al.,	2016;	Silva	et	al.,	2012;	Soares-Filho	et	al.,	2014).	

Ironically,	the	2012	Forest	Code’s	approval	represented	the	onset	of	additional	moves	

towards	 dismantling	 the	 regulatory	 framework	 consolidated	 in	 the	 previous	 decades	

protecting	natural	resources.	Initiatives	of	political	and	economic	groups	willing	to	reverse	

forest	legislation	have	gained	support	and	a	strong	ally	in	the	government	since	President	

Bolsonaro	took	office	in	January	2019.	His	discourses	against	civil	organizations	and	even	

government	 agencies	 overseeing	 environmental	 affairs	 have	 spilled	 over	 diverse	 fronts.	

Land	conflicts	and	violence	against	indigenous	and	social	leaders	have	soared	(Ferrante	and	

Fearnside,	 2019);	 protected	 areas	 have	 been	 invaded	 and	 are	 under	 threat	 of	 being	

downgraded,	downsized,	and	degazetted	(Silveira	et	al.,	2018);	government	environmental	

councils	 and	 forums	 on	 deforestation	 and	 climate	 change	 have	 been	 dismantled;	

environmental	 funds	 have	 been	 drained	 and	 international	 aid	 suspended	 (MPF,	 2020);	

official,	 scientific	 data	 on	 deforestation	 have	 been	 rejected,	 and	 government	 agencies	
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enforcing	 environmental	 laws	 as	 well	 as	 organizations	 and	 international	 partners	

supporting	sustainable	economies	in	the	Amazon	have	been	discredited		(Tollefson,	2019).	

	

4. History	shows	the	appreciation	of	the	human-nature	relationship	has	broadened	

This	study	found	the	development	of	the	institutional	framework	protecting	trees	and	

forests,	mainly,	and	the	environment	more	broadly,	have	been	noticeable	in	Brazilian	history	

(Table	 2	 –	 Annex).	 While	 the	 strict	 economic	 valuation	 of	 individual	 tree	 species	 (i.e.,	

instrumental	value)	underpinned	first	royal	 laws	and	regiments	protecting	forests	during	

the	colonial	times	(Freiria,	2015;	Siqueira,	2009,	p.	132),	today’s	national	forest	legislation	

safeguards	entire	biomes	also	for	its	wide	array	of	social-ecological	contributions	for	society,	

from	 sustaining	 local	 livelihoods	 to	 regulating	 climate	 (i.e.,	 instrumental	 and	 relational	

values).	A	more	comprehensive	appreciation	of	the	human-environment	relationship,	in	this	

regard,	 has	 resulted	 in	 norms	 that	 have	 gradually	 expanded	 in	 scope	 and	 become	more	

robust	in	regulating	the	use,	management,	and	protection	of	natural	resources	(Figure	1).	

In	 this	 regard,	 forest	 legislation	 has	 protected	 forests	 and	 natural	 resources	 by	

embracing	not	 just	unidimensional	market	values	associated	with	timber	and	non-timber	

products	 (i.e.,	 material	 contributions).	 Over	 time,	 a	 more	 inclusive	 valuation	 of	 the	

contributions	of	forests	in	regulating	rainfall	regimes,	replenishing	watersheds,	protecting	

and	restoring	soil	fertility	(i.e.,	regulation	contributions),	and	sustaining	people’s	livelihoods	

and	a	good	quality	of	life	(i.e.,	non-material	contributions)	have	emerged	and	got	imprinted	

in	the	Brazilian	forest	legislation.	

	 	



	

	 55	

	

Fi
gu
re
	1
.  T
he
	d
ev
el
op
m
en
t	o
f	f
or
es
t	l
eg
is
la
tio
n	
in
	B
ra
zi
l	a
s	r
el
at
ed
	to
	it
s	t
ar
ge
ts
,	t
he
	d
om

in
an
t	v
al
ue
s	a
ss
oc
ia
te
d	
w
ith
	th
e	
hu
m
an
-n
at
ur
e	

re
la
tio
ns
hi
p,
	a
nd
	th
e	
do
m
in
an
t	 n
ar
ra
tiv
es
	a
ss
oc
ia
te
d	
w
ith
	a
dv
an
ce
s	a
nd
	se
tb
ac
ks
	in
	fo
re
st
	 re
gu
la
tio
ns
	in
	B
ra
zi
l.	



	

	 56	

To	a	large	extent,	the	broader	understanding	of	the	multiple	values	and	importance	

of	 forests	 and	 natural	 resources	 have	 emerged	 from	 vivid	 perceptions	 and	 repetitive	

experiences	from	the	disastrous	consequences	related	to	the	predatory	and	irrational	use	of	

forests	and	natural	resources	upon	agriculture	productivity,	the	forestry	sector,	and	people’s	

livelihoods	 and	wellbeing,	 both	 in	 rural	 areas	 and	 urban	 settings.	 Notes	 on	 the	 harmful	

effects	of	agricultural	fires	and	forest	clearings	on	soil	fertility	and	water	quality	and	supply,	

for	instance,	are	registered	in	both	colonial	and	today’s	narratives	and	have	since	then	been	

addressed	in	forest	legislation.	Likewise,	the	importance	ascribed	to	forests	in	self-sustaining	

and	 regulating	ecosystems	and	climate	has	been	 long	 recognized,	 as	Gonzaga	de	Campos	

remark	about	the	Amazon	rainforest	(“Hylaea	do	Amazonas”)	early	in	the	20th	century.	

“The	area	covered	with	extensive	 forests	 in	a	warm	and	moist	soil	 is	a	

great	 source	 of	 evaporation;	 it,	 therefore,	 produces	 enough	 water	 vapor	 to	

nearly	 saturate	 the	 atmosphere,	 while	 that	 evaporation	 cools	 down	 and	

condensate	the	gases	coming	with	the	hot	winds	entering	the	region.	Here	the	

effect	assumes	the	cause’s	role:	the	forest	is	the	cause	of	the	precipitation	that	

supports	its	nutrition	and	growth.”1	

As	the	passage	by	Gonzaga	de	Campos	demonstrates,	the	value	of	the	Amazon	forest	

in	recycling	and	producing	the	rainfall	that	sustains	the	rainforest	itself	and	the	flying	rivers	

	

1		 “A	propria	área	coberta	de	extensas	mattas,	em	um	solo	quente	e	humido,	é	uma	grande	fonte	de	
evaporação;	produz,	portanto,	vapor	de	agua	sufficiente	para	quasi	saturar	a	atmosphera,	ao	
mesmo	passo	que	a	evaporação	importa	em	um	resfriamento	capaz	de	condensar	os	vapores	de	
que	se	acham	carregados	os	ventos	quentes	que	lhe	chegam.	Aqui	o	effeito	assume	a	posição	de	
causa:	a	matta	é	causa	das	precipitações	que	servem	para	a	sua	propria	alimentação	e	
crescimento.”	(Campos,	1912,	pp.	11–12).	
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phenomenon	in	South	America	were	already	recognized	in	1912.	However,	the	mechanisms	

underlying	the	phenomenon	had	been	confirmed	and	described	by	science	in	the	1970s	only	

(Salati	et	al.,	1979).	In	this	regard,	the	struggle	to	properly	value	and	protect	the	region	in	

the	21st	 century	 is	 symptomatic	of	 the	resistance	and	 time	 to	consolidate	 those	values	 in	

legislation.		

	

5. Associations	 of	 forests	 with	 unproductive	 spaces	 persist	 and	 recurrently	
undermine	forest	protection	in	Brazil	

Despite	advances	in	the	design	of	more	comprehensive	and	robust	forest	regulations	

following	 the	 broader	 valuation	 of	 forests,	 this	 historical	 analysis	 shows	 that	 effective	

implementation	of	forest	legislation	has	been	at	best	diffuse	–	when	not	hindered	or	reversed	

by	opposing	interests.	Environmental	problems	resulting	from	forest	clearings	in	sensitive	

areas	(e.g.,	riparian	zones,	hilltops,	and	slopes),	illegal	logging,	the	mismanagement	of	soils	

and	water,	 and	 the	misuse	of	 fires	 in	 agriculture	have	 repeated	and	broadly	persisted	 in	

Brazil	for	a	long	time.	

Since	 cultural	 and	 institutional	 contexts	 mediate	 how	 society	 values	 forests,	

legislation	has	reflected	different	worldviews	and	values	on	the	human-nature	relationship	

across	 Brazilian	 government	 regimes.	 As	 such,	 individuals	 and	 groups	 of	 stakeholders	

crafting	 and	 implementing	 forest	 norms	 and	 rules	 in	 particular	 historical	 periods	 held	

diverse	values	and	specific	and	eventually	contrasting	goals,	interests,	and	priorities	related	

to	the	use	and	protection	of	trees,	forests,	and	nature.	

In	that	regard,	it	is	worth	noting	that	forests	have	long	been	associated	with	“empty”	

territories	and	an	unproductive	land-use	category.	As	journalist	Clóvis	de	Gusmão	wrote	in	
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his	“Notes	on	the	Amazonas	River”	in	1942,	forests	in	the	hinterlands	should	be	avoided	as	

places	where	 “the	 fever,	 the	 Indian,	 the	 wild	 beasts,	 and	 the	 unknown	wilds”	 were	 actual	

threatens	to	the	conquerors.	Similarly,	the	massive	government	incentives	and	propaganda	

to	 integrate,	 occupy,	 and	 populate	 the	 Amazon	 region	 in	 the	 1970s	 embodied	 the	

diametrically	opposite	and	excluding	perspectives	about	forests	and	development,	e.g.,	by	

associating	progress	and	richness	with	the	image	of	a	region	deprived	of	forests	(Figure	2).	

	

Figure	2. “Enough	of	legends!	Let’s	profit!”	
In	 the	 slogan	 prepared	 by	 the	 military	
government	 to	 attract	 people	 and	
investments	to	the	Amazon	in	1972,	note	as	
the	 rainforest	 is	 replaced	 by	 cattle,	
hydroelectric	turbines,	and	engineers.	

In	Brazil,	the	conversion	of	forests	by	agriculture	has	symbolized	the	productive	use	

of	the	territory,	a	perspective	embodied	by	colonial	agricultural	oligarchies	that	remains	true	

for	both	the	diverse	groups	of	farmers	and	the	dominant	agribusiness	sectors	represented	

in	Brazilian	Congress	today.	Such	a	myopic	perspective	has	gone	in	tandem	with	a	profound	
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disregard	 for	 the	 people,	 knowledge,	 traditions,	 practices,	 and	 worldviews	 held	 by	

indigenous	 peoples	 and	 traditional	 groups	 living	 in	 close	 relationships	 with	 forests	 and	

having	completely	different	conceptions	regarding	the	human-nature	relationship.	

The	 Brazilian	 journalist	 and	 poet	 Giuseppe	 Ghiaroni,	 in	 the	 first	 half	 of	 the	 20th	

century,	described	indigenous	groups	as	“extremely	ugly”	(referring	to	the	Ticuna	people),	

expressing	“themselves	as	the	most	primitive	men	–	only	by	sharp	sounds,	like	the	beasts”	

(referring	to	the	Aymorés	people).	Clóvis	de	Gusmão,	comparing	the	Amazonian	“caboclos”	

(i.e.	“a	more	or	less	direct	descendant	of	Indians	–	low,	a	drunkard	and	corrupt”)	lost	in	the	

“desolate	margins	of	the	[Amazonas]	river”	and	the	“sertanejos”	(i.e.,	“tougher,	a	great	meat	

eater,	tempered	by	the	hardships	of	the	northeastern	sun”),	stated	the	following:	

“As	a	matter	of	fact,	the	‘caboclo’	lives	all	day	in	the	hammock,	swinging,	

and	when	he	eats	his	‘farinha’	it	is	by	flinging	it	in	his	mouth.	The	easiness	of	his	

life	for	three	centuries	has	corrupted	him	almost	entirely.	Why	should	he	make	

any	great	effort	when	it	so	easy	to	toss	his	hook	into	the	water	and	there	he	has	

the	most	tasty	fish	one	can	imagine?	One	or	two	palm	trees	cut	down	and	there	

is	 the	 house…	 […]	 The	 ‘sertanejo’	 has	 more	 courage	 in	 the	 struggle	 for	 life.	

Whereas	the	caboclo	is	short,	dull,	paunchy	through	excess	of	liquid	foods,	the	

other	is	thin,	agile,	from	the	type	of	concentrated	foods	he	prefers.	His	language	

is	also	different.	[…]	The	first	[sertanejo]	is	a	great	pioneer	type.	He	has	to	his	

credit	 the	 conquest	 of	 unknown	 rivers,	 the	 settlement	 of	 Acre	 [northwestern	

Brazilian	Amazon].”	(pp.5-6).	

Although	such	remarks	were	written	some	80	years	ago,	they	convey	powerful	and	

disturbing	perceptions	that	remain	inculcated	in	Brazilian	society’s	narratives,	resonating	

notably	among	stakeholders	and	decision-makers	defining	national	programs	and	policies	
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regarding	the	use	and	protection	of	 forests	and	the	environment.	As	President	Bolsonaro	

stated	recently	about	indigenous	peoples	in	Brazil,	

“The	 ‘índio’	 [native	 individual]	has	 changed,	he	has	 evolved.	More	and	

more,	the	‘índio’	is	a	human	being	like	us.”1	

The	persistent	tension	between	narratives	that	oppose	forests	(and	its	peoples)	and	

alternative	 land-uses	 (and	 its	 agents)	 reveals	 the	 challenges	 to	 effectively	 design	 and	

implement	 regulations	 that	 conciliate	 contrasting	 –	 although	 not	 excluding	 –	 values	

associated	with	forests	and	nature.	While	dichotomous	perspectives	defining	forests	either	

as	green	hells	or	green	heavens	endure	(Schultes,	1979),	legislation	protecting	the	rational	

and	 sustainable	 use	 and	 protection	 of	 forests	 will	 remain	 contested	 as	 a	 set	 of	

“insurmountable	 environmental	 licensing	 protocols”2	 that	 hinders	 progress	 and	

development	 in	 Brazil,	 hampering	 the	 effective	 implementation	 of	 viable	 strategies	

addressing	 both	 the	 pressing	 social-economic	 demands	 and	 sustainable	 forms	 of	

development.	

	

	 	

	

1		 “O	índio	mudou,	ele	está	evoluído.	Cada	vez	mais	o	índio	é	um	ser	humano	igual	a	nós.”	(Jair	
Bolsonaro,	Jan	24th,	2020)	

2		 Jair	Bolsonaro’s	official	government	program	for	the	2018	presidential	campaign.	
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7. Annex	

Table	2. List	of	forest	norms	and	regulations	and	related	initiatives	to	forest	protection.	

Year	 Forest	legislation	 Correlated	initiatives	
1548	 • Regiment	of	the	Governor-General	 	
1605	 • Brazilwood	Regiment	 	
1660	 • Timber-under-the-law	(madeiras-de-lei)	 	
1700s	 • Royal	Forests	 	
1907	 • Forest	Code	(Paraná)	 	
1909	 	 • Alto	da	Serra	Biological	Reserve	
1910	 	 • Service	for	the	Protection	of	Indians	and	Location	

of	National	Workers	(Serviço	de	Proteção	ao	Índio	
e	Localização	de	Trabalhadores	Nacionais	–	
SPILTN)	

1912	 	 • “Mappa	Florestal”	 	
1921	 	 • Forest	Service	of	Brazil	
1927	 	 • Itatiaia	Biological	Reserve	
1934	 • 1934	Forest	Code	(Decree	

23.793/1934)	
	

• Code	of	Water	(Decree	24.643/1934)	
• Code	of	Animals	(Decree	24.645/1934)	
• Federal	Forest	Counsel	(Constitution,	Art.	101)	
• Phytogeography	of	Brazil1	

1935	 	 • 1st	Brazilian	Conference	of	Nature	Protection	
1937	 	 • Itatiaia	National	Park	(replaces	the	Biological	

Reserve	status)	
1938	 	 • Fishing	Code	(Decree	794/1938)	
1940	 	 • Mining	Code	(Decree	1.985/1940)	
1941	 	 • Pinho	National	Institute	(INP)	
1948	 	 • The	Latin-American	Conference	on	Forestry	and	

Forest	Products	in	Teresópolis,	RJ	(UN	FAO)	
1953	 	 • Economic	Valorization	Plan	for	the	Amazon	–	

SPVEA	
1963	 	 • Phytogeographic	Division	of	Brazil2	
1965	 • 1965	Forest	Code	(Law	4.771/1965)	 	
1966	 	 • Amazon	Development	Superintendence	–	SUDAM	

(replaces	SPVEA)	
1967	 	 • Brazilian	Institute	of	Forest	Development	–	IBDF	

• Law	of	Fauna	Protection	(Law	5.197/1967)	
• Mining	Code	
• Fishing	Code	
• National	Policy	of	Basic	Sanitation	
• National	Foundation	of	the	Indigenous	Peoples	–	
FUNAI	

	

1		 Oliveira	2008,	Alberto	José	de	Sampaio	(1881-1946):	contexto,	vida	e	obra	de	um	
conservacionista	brasileiro.	Master’s	Thesis	(PUC-SP)	

2		 Rizzini	1963,	Previous	Note	on	the	Phytogeographic	Division	of	Brazil.	Revista	Brasileira	de	
Geografia.	
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Year	 Forest	legislation	 Correlated	initiatives	
• Superintendence	of	Rubber	–	SudHevea	(Federal	
Law	5.227/1967)	

1968	 	 • Red	List	of	Threatened	Plants	
1970	 	 • National	Integration	Plan	–	PIN	(Decreto-Lei	

1106/	1970)	
1971	 	 • 1st	National	Development	Plan	(Law	5.727/1971)	

• Program	of	Land	Redistribution	and	Incentives	to	
Agriculture	in	the	North	and	Northeast	–	Proterra	

• National	Institute	of	Spatial	Research	–	INPE	
1972	 	 • Stockholm	Conference	
1973	 	 • Special	Secretary	of	the	Environment	–	SEMA	
1974	 	 • 2nd	National	Development	Plan	(Law	6.151/1974)	

• Amazon	Agricultural	and	Livestock	Pole	Programs	
–	Polamazonia	

1976	 	 • Regulamentation	of	the	SudHevea	(DecFed	
77.386-5/1976)	

1980	 	 • Red	List	of	Threatened	Plants	
1981	 	 • National	Policy	of	Environment	(Law	6.938/1981)	

• Environment’s	National	System	–	Sisnama	
1985	 	 • Ministry	of	Urban	Development	and	Environment	
1988	 	 • 1988	Federal	Constitution	(Art.	225	–	

Environment’s	Chapter)	
• Murder	of	Chico	Mendes	
• Defense	Program	for	the	Legal	Amazon	Ecosystem	
Complex	–	Program	Our	Nature	(Federal	Decree	
96.944/1988)	

• Brazilian	Vegetation	Map	(IBGE;	1st	edition)	
1989	 • Forest	Code	review	(Law	7.803/1989	

mandates	the	Legal	Reserve	registry	in	
the	land	title,	as	well	as	it	requires	the	
registry	of	areas	of	Cerrado	in	the	Legal	
Reserve)	

• Brazilian	Institute	of	the	Environment	and	
Renewable	Natural	Resources	–	IBAMA	
(congregates	Sudepe,	Sudhevea,	IBDF,	and	Sema)	

• National	Environmental	Fund	–	FNMA	
• 2nd	Rubber	Tappers	National	Meeting	(Rio	Branco,	
AC)	

• 1st	Forest	Peoples	Meeting	
• PRODES	monitoring	system	
• Fiscal	Incentives	suspended	for	projects	
associated	with	deforestation	(Federal	Decree	
97.637/1989)	

1991	 	 • National	Policy	of	the	Environment	–	PNMA	(Stage	
1,	1991-1999)	

1992	 	 • Rio-92	(Climate	Convention,	Biodiversity	
Convention,	Agenda	21)	

• PPG-7	Pilot	Program	
• Ministry	of	the	Environment	(MMA)		
• Red	List	of	Threatened	Plants	

1993	 	 • Brazilian	Vegetation	Map	(IBGE;	2nd	edition)	
1996	 • Forest	Code	review	(Medida	Provisória	

1.511/1996	increases	the	Legal	Reserve	
in	Amazonia)	

• Indigenous	Land	Law	(Federal	Decree	
1775/1996)	

• Brazilian	Biodiversity	Fund	–	FUNBIO	
1997	 	 • National	Water	Resources	Policy	(Law	

9.433/1997)	
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Year	 Forest	legislation	 Correlated	initiatives	
1998	 	 • Environmental	Crime	Law	(Law	9.605/1998)	
1999	 	 • National	Policy	for	Environmental	Education	(Law	

9.795/1999)	
2000	 	 • National	Policy	of	the	Environment	–	PNMA	(Stage	

2,	2000-2006)	
• Conservation	Units	Law	–	SNUC	(Law	
9.985/2000)	

• Forests’	National	Program	
2001	 	 • Amazon	Development	Agency	–	ADA	(replaces	

SUDAM)	
2002	 	 • Brazilian	Agenda	21	(planning	started	in	1997)	

• ARPA	Program	(Protected	Areas	in	the	Amazon)	
2004	 • Action	Plan	to	Prevent	and	Control	

Deforestation	in	the	Amazon	
• Brazilian	Vegetation	Map	(IBGE;	3rd	edition)	
• DETER	real-time	monitoring	system	

2005	 	 • Red	List	of	Threatened	Plants	
2006	 	 • National	Policy	of	the	Environment	–	PNMA	(Stage	

3,	2006-?)	
• Public	Forest	Management	Law	
• Atlantic	Forest	Law	
• Brazilian	Forest	Service	(SBF)	
• National	Fund	for	Forest	Development	

2007	 	 • Inter-Ministerial	Committee	on	Climate	Change	
(Federal	Decree	6.263/2007)	

• Chico	Mendes	Institute	for	Biodiversity	
Conservation	–	ICMBio	

• List	of	Priority	Municipalities	
2008	 	 • National	Plan	on	Climate	Change	

• National	Center	of	the	Flora	Conservation	–	
CNCFlora	

• Red	List	of	Threatened	Plants	
2009	 	 • Climate	Change	National	Policy	–	PNMC	(Law	

12.187/	2009)	
2010	 	 • Federal	Decree	7.390/2010	sets	the	national	

voluntary	targets	to	halt	deforestation	in	the	
Amazon	(80%	related	to	the	1996-2005	baseline)	
and	Cerrado	(40%	related	to	the	1999-2008	
baseline)	biomes	by	2020.	

2012	 • 2012	Forest	Code	(Law	12.651/2012)	 • Rio	+20	(targets	to	zero	net	deforestation	by	
2020)	

2014	 	 • Red	List	of	Threatened	Plants	
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CHAPTER	2	-	Municipal	conditions,	law	enforcement,	and	local	governance	determine	

municipal	compliance	with	the	LPM	policy	

	

1. Introduction	

Deforestation	in	the	Brazilian	Amazon	has	been	a	global	concern	for	the	critical	role	

its	ecosystems	play	 in	supporting	 local	 indigenous	and	traditional	 livelihoods,	conserving	

regional	 biodiversity,	 and	 regulating	 hydrological	 cycles,	 and	 mitigating	 climate	 change.	

Since	the	1970s,	the	rates	of	forest	loss	have	oscillated	in	the	region,	driven	by	socioeconomic	

and	political	forces	varying	across	scales	(Brondízio	and	Moran,	2012)	and	connected	across	

distant	places	(Liu	et	al.,	2013).	That	poses	a	huge	challenge	for	decision-makers	negotiating	

strategies	 to	halt	deforestation	and	balance	 conservation	demands	and	 the	much-needed	

socioeconomic	development	in	the	Amazon.	

The	 83%	 reduction	 in	 forest	 loss	 rates	 in	 the	 Amazon	 in	 the	 2004-2012	 period	

impressed	the	global	community	(Boucher	et	al.,	2013).	The	sharp	decline	in	deforestation	

rates	has	been	attributed	to	a	suite	of	coordinated	actions	at	the	federal	and	regional	levels	

(West	and	Fearnside,	2021).	These	actions	revolved	around	implementing	strong	command-

and-control	policies,	improved	monitoring	systems,	and	fostering	land	tenure	registry	and	

the	expansion	of	indigenous	lands	and	protected	areas	(Arima	et	al.,	2014;	Assunção	et	al.,	

2014;	Nepstad	et	al.,	2014,	2009)	–	but	see	Fearnside	(2017)	for	a	contrasting	perspective.	

Among	those	actions,	the	List	of	Priority	Municipalities	(LPM)	has	been	pointed	out	as	one	

critical	policy	intervention	contributing	to	curtailing	forest	loss	in	the	Amazon.	

The	 Brazilian	 Ministry	 of	 Environment	 (MMA)	 implemented	 the	 LPM	 policy	 in	

December	2007.	Since	2008,	62	municipalities	out	of	530	in	the	biome	have	been	listed.	The	
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LPM	 policy	 narrows	 monitoring	 and	 enforcement	 actions	 to	 the	 subset	 of	 listed	

municipalities	 concentrating	 the	 highest	 yearly	 rates	 of	 forest	 loss.	 Landowners	 and	

stakeholders	in	listed	municipalities	face	restrictions	on	rural	credit	concessions	and	limited	

access	 to	 regional	 markets	 due	 to	 damages	 to	 the	 municipal	 image.	 Further,	 stricter	

monitoring	 and	 police	 operations	 has	 embargoed	 goods,	 farms,	 and	 facilities.	 In	 some	

municipalities,	these	actions	have	left	a	trail	of	unemployment,	economic	crisis,	and	violent	

outcries	 (Bergamin,	 2015;	 Silva,	 2010).	 Compliance	 with	 the	 LPM	 policy	 requires	 both	

individual	 and	 collective	 actions	 from	 local	 stakeholders	 towards	 controlling	 yearly	

deforestation	below	40	sq.	km	and	geocoding	and	registering	in	the	national	public	cadaster	

(SICAR)	at	least	80%	of	the	municipal	territory	held	in	private	properties.	

Previous	studies	confirmed	the	higher	decline	in	deforestation	rates	in	listed	vs.	non-

listed	municipalities.	 At	 the	 regional	 scale,	 the	 effectiveness	 of	 the	 LPM	 policy	 has	 been	

attributed	 to	 more	 robust	 monitoring	 and	 enforcement	 actions	 in	 listed	 municipalities	

(Arima	et	al.,	2014;	Assunção	et	al.,	2014;	Assunção	and	Rocha,	2019)	and	restricted	credit	

access	 for	 landowners	 (Assunção	 et	 al.,	 2020).	 Despite	 that,	 among	 the	 62	 listed	

municipalities,	only	one	in	every	three	municipalities	has	got	off	the	LPM	to	date.	

Municipalities	 in	 the	Amazon	have	gained	 increasing	attention	as	 the	 stage	where	

local	 actors,	 governments,	 and	 civil	 society	 organizations	 mediate	 deforestation	 forces.	

These	forces	include	infrastructure	development	programs,	agrarian	reform	projects,	land	

tenure	conflicts,	and	agricultural	commodities	expansion	boosted	by	market	incentives.	In	a	

region	of	continental	proportion,	these	forces	have	assumed	diverse	facets	and	imprinted	

varied	patterns	 of	 territorial	 occupation,	 agrarian	 structure,	 land	use	 and	 cover	 changes,	

market	 connectivity,	 and	 social-economic	 development.	 Arguably,	 the	 capacity	 of	 local	
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agents	 to	mediate	 these	external	 forces	and	 incentives,	both	 individually	and	collectively,	

varies	 in	 a	 region	 that	 is	 better	 characterized	 as	 a	 mosaic	 of	 juxtaposed	 social	 and	

environmental	realities	in	rapid	transformation	(Brondízio,	2013).	In	this	regard,	the	extent	

to	which	such	diversity	of	local	conditions	explains	the	uneven	outcomes	of	the	LPM	policy	

remains	largely	unaddressed.	

This	chapter	draws	on	two	sets	of	scholarly	literature	to	examine	what	factors	and	

attributes	 of	 listed	 municipalities	 affect	 compliance	 with	 the	 LPM	 policy.	 This	 study	

considers	 research	 analysis	 examining	 both	 the	 LPM	 policy	 and	 the	 broader	 literature	

regarding	the	primary	forces	of	deforestation	in	the	Amazon.	This	literature	is	analyzed	to	

answer	the	following	question:	how	municipal	attributes	related	to	infrastructure,	agrarian	

structure,	and	dominant	land-uses,	as	well	as	factors	related	to	law	enforcement	and	municipal	

environmental	governance,	both	affect	the	odds	of	municipal	compliance	with	the	LPM	policy?	

This	study	builds	upon	information	compiled	from	diverse	official	sources	(Table	6	

SM)	and	consists	of	 longitudinal	data	on	agrarian,	demographic,	economic,	 infrastructure,	

and	 biophysical	 attributes	 of	 municipalities.	 The	 study	 also	 compiles	 proxies	 for	 law	

enforcement	and	municipal	environmental	governance	for	all	the	62	listed	municipalities.	

These	 indicators	 were	 tested	 in	 a	 series	 of	 logistic	 regression	 model	 specifications	 to	

examine	what	 factors	 and	attributes	 relate	 to	 the	 likelihood	of	 compliance	with	 the	LPM	

policy	by	listed	municipalities.	

This	chapter	 is	structured	as	 follows.	First,	 it	 reviews	the	 literature	on	the	driving	

forces	of	deforestation	in	the	Brazilian	Amazon.	These	include	a)	infrastructure	development	

programs	 and	 roadways	 expansion;	 b)	 patterns	 of	 territorial	 occupation,	 land	 reform	

projects,	land	conflicts,	and	agrarian	structure;	c)	agricultural	expansion	and	land	use	and	
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cover	changes;	d)	environmental	governance,	monitoring,	and	law	enforcement.	Based	on	

the	literature	review,	the	study	presents	hypotheses	for	each	set	of	drivers.	In	doing	so,	the	

chapter	 lays	 down	 the	 rationale	 for	 the	 specification	 of	 the	 logistic	 regression	 models.	

Following,	the	research	design	section	details	the	LPM	policy	inclusion	and	removal	criteria	

(the	latter	used	as	the	dependent	variable	in	the	study)	and	presents	the	sampling	strategy,	

the	selection	of	explanatory	indicators	(independent	and	control	variables),	and	the	logistic	

models’	specifications.	

The	 chapter	 discusses	 the	 results	 considering	 two	 perspectives.	 First,	 it	 critically	

assesses	the	limitations	of	the	LPM	as	a	national	policy	aimed	at	tackling	deforestation	across	

a	region	of	continental	proportions	and	composed	of	diverse	municipal	realities.	Second,	it	

draws	lessons	on	policy	interventions	to	promote	compliance	of	municipalities	with	the	LPM	

specifically,	and	with	anti-deforestation	policies	more	broadly	across	the	Amazon.	

	

2. The	driving	forces	of	deforestation	in	the	Amazon	

2.1 Infrastructure	development	programs	and	roadways	expansion	

Successive	 governments	 have	 repeatedly	 planned,	 supported,	 and	 implemented	

major	 infrastructure	programs	for	the	Brazilian	Amazon	at	 least	since	the	1970s	(Becker,	

2001;	 Fearnside	 and	 Laurance,	 2012;	 Ferrante	 and	 Fearnside,	 2020).	 Infrastructure	

development,	however,	has	been	a	persistent	 focus	of	 tension.	The	expansion	of	roadway	

axes	 and	 the	 national	 energetic	 matrix	 and	 the	 consolidation	 of	 mining	 activities	 and	

industrial	poles	have	driven	environmental	degradation	and	social	conflicts	(Barber	et	al.,	

2014;	Lees	et	al.,	2016;	Sonter	et	al.,	2017;	Walker	and	Simmons,	2018).	
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Roadways,	 in	 that	 context,	 represent	 the	 primary	 deforestation	 driver.	 In	 the	

Brazilian	Amazon,	95%	of	forest	loss	detected	until	2006	was	concentrated	within	100km	

along	major	roadway	axes	(Alves,	2002;	Barber	et	al.,	2014).	The	expansion	of	roadways	to	

connect	remote	places	to	urban	centers	and	markets	in	a	context	of	limited	environmental	

governance	and	unregulated	land	tenure	has	been	a	venue	for	illegal	logging,	land	grabbing,	

agricultural	expansion,	and	fires	that	result	 in	the	loss,	 fragmentation,	and	degradation	of	

forestlands	(Matricardi	et	al.,	2020).	

Conversely,	 roadways	 and	 other	 infrastructure	 developments	 can	 be	 a	 venue	 for	

positive	 social	 and	 economic	 externalities.	 Roadways	 can	 benefit	 regional	 and	 local	

population	by	facilitating	communication	among	distant	places	and	access	to	markets,	jobs,	

and	health	and	education	services	(Laurance	and	Arrea,	2017).	Despite	that,	balancing	the	

negative	externalities	associated	with	infrastructure	expansion	remains	challenging.	

Of	particular	relevance	for	this	study,	roads	provide	environmental	officers	and	police	

forces	access	to	areas	distant	from	towns	and	urban	centers	where	police	and	government	

headquarters	are	located.	As	reported	by	government	agents	(Interviews	30,	94,	102)	during	

fieldwork	 in	 listed	municipalities	(Supplementary	Material	and	Table	SM	3	 in	Chapter	3),	

terrestrial	access	facilitates	and	speeds	up	the	movement	of	police	agents	to	monitor	local	

activities	and	enforce	environmental	regulations.	Further,	road	access	eases	the	provision	of	

services	 related	 to	 the	 geocoding	 of	 farms	 and	 the	 promotion	 of	 alternative	 agricultural	

projects	that	support	landowners	and	rural	populations	in	both	registering	their	lands	and	

replacing	farming	practices	associated	with	deforestation	(Interviewee	115).	

In	 that	 regard,	 this	 study	 hypothesizes	 that	 terrestrial	 accessibility	 within	 the	

municipality	affects	positively	the	compliance	of	listed	municipalities	with	the	LPM	policy.	On	
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the	one	hand,	higher	road	densities	are	expected	to	correlate	to	municipalities	with	smaller	

forest	coverage,	which	facilitates	the	task	of	monitoring	and	controlling	activities	underlying	

forest	loss	at	the	municipal	scale.	On	the	other	hand,	higher	road	densities	may	facilitate	law	

enforcement	by	police	agents	and	the	official	support	for	the	geocode	of	landholdings	across	

the	territory.	

	

2.2 Patterns	of	territorial	occupation,	land	reform	projects,	land	conflicts,	and	agrarian	

structure		

In	addition	to	infrastructure	development,	the	influx	of	people	to	settle	in	the	Amazon	

has	been	another	major	force	underlying	the	conversion	of	forests	to	alternative	land	uses.	

Attracted	by	narratives	to	connect	and	populate	an	“empty”	Amazon,	waves	of	migrants	have	

settled	and	moved	around	the	region	attracted	by	land	reform	projects,	favorable	incentives	

for	agriculture,	the	promise	of	land	titling,	and	the	expanding	infrastructure	and	roadways	

(Fearnside,	2008;	Moran	et	al.,	2005).	The	high	rates	of	migration	and	population	growth	

have	 inflated	 urban	 centers	 (Sathler	 et	 al.,	 2009),	 defined	 distinct	 patterns	 of	 territorial	

occupation,	and	reshaped	the	agrarian	structure	of	the	Amazon	in	the	last	decades	(Ludewigs	

et	al.,	2009).	

In	that	context,	land	conflicts	have	permeated	the	region	as	land	grabbers,	companies,	

farmers,	 cattle	 ranchers,	 and	 indigenous	 and	 traditional	 groups	 dispute	 land	 claims	 and	

customary	 rights	over	undesignated	public	 areas.	 Land	 conflicts	have	gone	hand-in-hand	

with	 forest	 conversion	 to	alternative	 land	uses	as	 it	 represents	 the	primary	 form	of	both	

settling	and	claiming	 land	rights	(Aldrich	et	al.,	2012,	2020;	Simmons	et	al.,	2007).	These	

problems	have	been	particularly	acute	in	the	“arc	of	deforestation”	region	situated	across	
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the	 Amazon	 biome’s	 southern	 and	 eastern	 limits.	 Some	 75%	 of	 the	 regional	 land	 cover	

changes	have	taken	place	along	the	roadway	axes	and	rural	settlement	projects	in	the	“arc	of	

deforestation.”	

Despite	context-specific	differences,	the	lack	of	government	support	in	provisioning	

land	titles,	rural	assistance,	and	 infrastructure	maintenance	has	permeated	the	territorial	

occupation	radiating	along	roadway	axes	and	around	rural	 settlements.	These	conditions	

have	 undermined	 the	 success	 and	 permanence	 of	 settlers,	 resulting	 in	 pervasive	 land	

abandonment	 and	 lots	 turnover	 related	 to	 land	 consolidation	 and	 re-concentration	

processes	 (Campari,	 2005;	 Ludewigs	 et	 al.,	 2009;	 Yanai	 et	 al.,	 2020).	 These	 factors	 have	

resulted	in	high	indices	of	land	inequality,	which	has	affected	mainly	smallholders	and	family	

farmers	who	are	 continuously	displaced	by	 few	agents	 controlling	disproportionally	vast	

lands.	The	recent	market-oriented	expansion	of	monocropland	commodities	in	the	region,	

particularly	soybean,	has	deepened	land	distribution	inequality.	

Attributes	 related	 to	 the	 agrarian	 structure	 of	 listed	 municipalities,	 such	 as	 the	

number	and	diversity	of	farms	and	farmers,	total	area	of	private	landholdings,	and	inequality	

in	land	distribution,	add	complexity	to	understanding	conditions	underlying	the	emergence	

of	both	individual	and	collective	initiatives	to	control	deforestation	and	geocode	and	register	

farms	in	 listed	municipalities.	Put	 it	simply,	 the	more	numerous	and	diverse	the	group	of	

agents	at	stake,	the	higher	the	transaction	costs	for	cooperation	(Ostrom,	2005).	

This	 study	 hypothesizes	 that	 the	 higher	 the	 number	 of	 farms,	 the	 less	 likely	 a	

municipality	get	off	the	LPM.	This	hypothesis	rests	on	the	assumption	that	the	more	farms,	

the	 more	 difficult	 the	 registry	 of	 geocoded	 information	 about	 landholdings,	 particularly	

because	of	the	widespread	uncertainty	on	land	tenure	rights	in	the	Amazon.	Additionally,	a	
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higher	number	of	farms	is	expected	to	correlate	with	a	more	heterogeneous	group	of	agents,	

which	may	increase	transaction	costs	of	collaborating	to	achieve	the	collective	goals	to	get	

off	 the	 LPM.	 Cisneros,	 Zhou,	 and	 Börner	 (2015)	 suggested	 that	 local	 stakeholders’	

willingness	and	ability	to	cooperate	becomes	a	critical	factor	once	the	compliance	criteria	

with	the	LPM	policy	are	defined	at	the	municipality	scale.	The	authors	noted	that	the	capacity	

to	 collect	 and	 register	 geocoded	 data	 in	 the	 national	 cadaster	 might	 represent	 an	

“unrealistic”	target	in	some	places.	

Complementary,	 the	 study	 hypothesizes	 that	 the	 higher	 the	 inequality	 in	 land	

distribution	–	meaning	that	few	actors	own	disproportionally	large	lands,	as	measured	by	the	

Gini	 index	 towards	 1	 –	 the	 lower	 the	 likelihood	 of	 cooperation	 among	 agents	 and,	 thus,	

compliance	with	the	LPM	policy.	On	the	other	hand,	the	study	also	recognizes	that	the	higher	

the	level	of	land	inequality,	the	higher	the	odds	of	accomplishing	the	geocoding	and	registry	of	

properties	in	the	municipality	to	get	off	the	LPM.	

	

2.3 Agriculture	expansion	and	land	use	and	cover	changes	

Infrastructure	 development	 and	 the	 patterns	 of	 territorial	 occupation	 have	 both	

imprinted	drastic	 land	use	and	cover	changes	 in	the	Amazon.	Pasturelands	have	replaced	

forests	ever	since	as	the	cheapest	and	most	accessible	form	of	demonstrating	the	settlement	

and	"productive"	use	of	lands.	Accordingly,	extensive	cattle	ranching	has	been	historically	

the	primary	land	use	underlying	deforestation	in	active	frontiers	of	the	Amazon	(Almeida	et	

al.,	 2016;	 Hecht,	 1985;	 Rivero	 et	 al.,	 2009;	 Walker	 et	 al.,	 2013).	 Additionally,	 large	

monocroplands	have	replaced	native	 forests	 in	 the	Amazon-Cerrado	ecotonal	zone	 in	 the	

state	 of	 Mato	 Grosso	 since	 the	 1970s	 (Delaroche,	 2019).	 Besides,	 international	 market	
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demands	 have	 recently	 pushed	 the	 expansion	 of	 large-scale,	 export-oriented	 agricultural	

commodities	–	mainly	soybean	–	across	the	region	in	the	last	two	decades.	The	latter	has	

driven	forest	loss	by	displacing	pasturelands	towards	forested	areas	in	the	moving	frontier	

(Richards	et	al.,	2014).	

Besides	 representing	 different	 forest	 loss	 pathways,	 alternative	 land	 uses	 define	

particular	 social	 and	 economic	 conditions	 in	 municipal	 realities.	 For	 instance,	 local	

stakeholders	 in	municipal	 realities	whose	 economy	 revolves	 around	 the	 export-oriented	

expansion	 of	 soybean	 commodities	 may	 face	 incentives	 and	 hold	 conditions	 for	 law	

compliance	 very	 different	 from	 agents	 in	 municipalities	 dependent	 on	 low-profit	 cattle	

ranching	activities.	Assunção	et	al.	(2020)	found	that	credit	restrictions	related	to	the	LPM	

policy	had	more	significantly	affected	landowners	in	municipalities	where	cattle	ranching	is	

the	 primary	 economic	 activity,	 suggesting	 “the	 economic	 environment	matters	 for	 policy	

effectiveness.”	

The	 expansion	 of	 agricultural	 activities	 in	 the	 region	 and	 the	 replacement	 of	

forestlands	to	feed	an	active	speculative	land	market	have	both	resulted	in	rapid	land	use	

and	cover	change	in	the	Amazon.	One	direct	impact	of	such	dynamics	has	been	the	regrowth	

of	 secondary	 forests	 over	 abandoned	 and	 degraded	 lands	 (Uriarte	 and	 Chazdon,	 2016).	

Covering	 some	 21%	 of	 the	 total	 area	 deforested	 in	 the	 region	 (Almeida	 et	 al.,	 2016),	

secondary	forests	–	a.k.a.	second-growth	forests	–	have	buffered	deforestation	and	alleviated	

the	 loss	 of	 original	 forest	 coverage	 (Wang	 et	 al.,	 2020).	 Despite	 provisioning	 multiple	

ecosystem	services	 (Chazdon	and	Brancalion,	 2019),	 secondary	 forests’	 protection	 status	

remains	 negligible	 in	 Brazil.	 In	 that	 context,	 the	 presence	 of	 secondary	 forests	 in	 the	
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landscape	can	favor	land-users	required	to	cope	with	stronger	regulations	focused	on	the	

monitoring	and	law	enforcement	of	primary	forests	–	a.k.a.	old-growth	forests.	

Considering	 the	 close	 relationship	 between	 land-use	 dynamics	 and	 the	municipal	

conditions	to	mediate	external	forces,	this	study	raises	three	hypotheses.	First,	the	larger	the	

area	of	annual	crops,	the	higher	the	odds	of	municipalities	to	get	off	the	LPM.	This	is	because	

annual	 crops	 are	 likely	 part	 of	 the	 supply-chain	 of	 agricultural	 commodities	 –	 mainly	

soybean	–	 from	which	 regional	 and	 international	markets	 require	 strict	 compliance	with	

environmental	regulations.	Conversely,	the	reliance	on	cattle	ranching,	the	primary	land	use	

driving	deforestation,	is	hypothesized	to	negatively	affect	the	likelihood	of	compliance	with	the	

LPM.	Finally,	the	study	hypothesizes	that	the	higher	the	ratio	between	second-growth	and	old-

growth	forests,	the	higher	the	odds	of	listed	municipalities	to	control	deforestation	and	get	off	

the	 LPM.	 At	 the	 same	 time	 larger	 areas	 of	 second-growth	 forests	 provide	 a	 suitable	

alternative	for	the	clearing	of	old-growth	forests,	the	smaller	proportion	of	the	latter	makes	

easier	the	tasks	of	monitoring	deforestation.	

	

2.4 Environmental	governance,	monitoring,	and	law	enforcement	

The	same	way	infrastructure	expansion,	patterns	of	territorial	occupation,	and	land	

use	and	cover	changes	prompted	by	government	programs	and	incentives	to	integrate	and	

colonize	 the	 Amazon	 have	 driven	 forest	 loss	 and	 degradation,	 environmental	 policies,	

monitoring,	and	law	enforcement	have	counterbalanced	deforestation	trends.	In	that	regard,	

it	 is	 worth	mentioning	 the	 suite	 of	 coordinated	 programs,	 regulations,	 and	mechanisms	

devised	and	implemented	by	state,	market,	and	civil	society	agents	in	the	last	two	decades,	
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which	have	contributed	to	control	the	rampant	deforestation	rates	in	the	Amazon	early	in	

the	2000s.	

Taking	place	in	a	broader	and	integrated	approach	at	the	highest	level	of	the	Brazilian	

government	(Capobianco,	2017;	Pires,	2014,	p.	212),	the	Action	Plan	to	Prevent	and	Control	

Deforestation	in	the	Legal	Amazon	(PPCDAm)	resulted	from	the	cooperation	involving	13	

ministries	(Brasil,	2004;	West	and	Fearnside,	2021).	The	PPCDAm	has	thus	overcome	the	

limited	scope	of	previous	sectoral	initiatives,	unable	to	cope	with	the	complex	and	diverse	

forces	of	deforestation.	Over	different	stages	of	the	PPCDAm,	indigenous	lands	and	protected	

areas	 increased	 in	 number	 and	 coverage	 to	 restrain	 the	 frontier	 advance	 (Barber	 et	 al.,	

2014).	 A	 new	 satellite	monitoring	 system	 detecting	 real-time	 deforestation	 (Diniz	 et	 al.,	

2015)	started	guiding	stricter	police	operations	sanctioning	agents	and	activities	associated	

with	illegal	clearings	(Schmitt,	2015).	The	geocode	of	landholdings	has	become	mandatory	

(Brasil,	2012,	2009),	and	agricultural	loans	became	contingent	to	farmers’	compliance	with	

land	and	environmental	regulations	(Banco	Central	do	Brasil,	2008).	

Those	interventions	interacted	synergistically	with	additional	mechanisms	in	place	

addressing	the	soybean	and	beef	supply-chains,	major	deforestation	drivers	in	the	Amazon.	

The	Soybean	Working	Group,	a	multi-partner	 initiative	 involving	banks,	 traders,	 farmers,	

and	the	government	has	successfully	 limited	 illegal	clearings	 in	the	soybean	supply-chain	

since	2006	(Gibbs	et	al.,	2015).	Likewise,	the	work	head	by	the	Federal	Public	Prosecutor	

Office	 (MPF)	 has	 tackled	 illegal	 deforestation	 associated	 with	 the	 beef	 supply-chain	 by	

targeting	retailers,	 supermarkets,	 slaughterhouses,	and	ranchers	since	2009	(Gibbs	et	al.,	

2016;	Ministério	Publico	Federal,	2010).	
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Bottom-up	 initiatives	 emerged	 to	 support	 local	 agents’	 compliance	 with	

environmental	 regulations.	 Besides,	 the	 cooperation	 among	 local	 stakeholders,	

governments,	and	third-party	organizations	(e.g.,	NGOs,	universities,	and	research	centers)	

contributed	 to	 the	 decentralization	 of	 environmental	 governance	 to	 municipalities	 and	

implementing	the	environment’s	municipal	system.	In	this	regard,	local	agencies,	councils,	

and	 funds	 have	 been	 established,	 structured,	 and	 equipped	 to	 oversee	 the	 municipal	

environmental	 agenda.	 Likewise,	 local	 agents	 have	 been	 hired	 and	 trained	 to	 design,	

implement,	monitor,	and	enforce	environmental	policies	and	programs.	In	a	nested	public	

management	system	that	includes	the	state	and	federal	jurisdictions,	municipalities	and	local	

stakeholders	have	assumed	increasing	roles	in	designing	and	implementing	programs	and	

rules	from	the	ground-up,	thus	mediating	external	incentives	that	can	either	favor	or	hinder	

deforestation.	

This	 study	 assesses	 how	 indicators	 of	 environmental	 governance	 and	 law	

enforcement	at	the	municipal	scale	affect	compliance	with	the	LPM	policy.	In	particular,	the	

study	 hypothesizes	 that	 stronger	 law	 enforcement	 –	 reflected	 by	 the	 number	 of	 fines	 and	

embargoes	assessed	in	the	municipality	–	increases	the	likelihood	of	compliance	with	the	LPM	

policy.	 Further,	 the	 study	hypothesizes	 that	 stronger	municipal	 environmental	 governance	

increases	the	likelihood	of	compliance	with	the	LPM	policy.	

	
3. Research	design	

3.1 The	LPM	policy	
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The	inception	of	the	LPM	policy	by	the	Brazilian	Ministry	of	Environment	(MMA)	in	

December	20071	was	part	of	a	suite	of	initiatives	to	curb	the	rampant	rates	of	forest	loss	in	

the	Amazon.	Particularly,	the	LPM	policy	narrowed	monitoring	and	enforcement	actions	to	

a	 handful	 of	 municipalities	 representing	 the	 most	 active	 deforestation	 frontiers	 in	 the	

Amazon.	The	MMA	was	expected	to	edit	and	update	the	LPM	annually	following	the	analysis	

of	the	historical	dynamics	of	forest	loss	in	the	region	as	measured	by	the	official	deforestation	

monitoring	system	(PRODES).	The	LPM	would	be	defined	based	on	three	conditions:	(i)	the	

total	area	deforested,	(ii)	the	total	area	deforested	in	the	previous	three	years,	and	(iii)	the	

detection	of	an	increase	in	deforestation	rates	in	three	of	the	previous	five	years.	

Following	those	conditions,	the	MMA	included	36	municipalities	–	out	of	530	in	the	

Amazon	biome	–	in	the	first	LPM	disclosed	in	January	20082.	 It	 is	noteworthy	mentioning	

that	the	MMA’s	three	criteria	do	not	allow	the	reproduction	of	the	first	LPM;	municipalities	

were	 both	 included	 in	 and	 omitted	 from	 the	 LPM	based	 on	 unknown,	 additional	 criteria	

(Cisneros	 et	 al.,	 2015).	 Starting	 in	 2009,	 the	 MMA	 added	 new	 conditions	 to	 include	

municipalities	in	the	LPM,	making	inclusion	criteria	clearer	and	more	transparent	–	although	

not	simple	(Table	1).	In	the	2008-2018	period,	the	MMA	disclosed	a	total	of	seven	lists	and	

included	62	municipalities	(Figure	1	and	Figure	SM	1).	

	 	

	

1		 Federal	Decree	6.321/2007	
2		 Portaria	MMA	28/2008.	
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Table	1. Legislation	defining	the	LPM	inclusion	and	removal	conditions	and	criteria;	 legislation	
changes	marked	in	italic.	

Date	 Legislation	 Inclusion	criteria	 Removal	criteria	
Dec	
2007	

Federal	Decree	6321	 (i) total	area	deforested	
(ii) total	area	deforested	in	the	

previous	3yrs		
(iii) increase	in	deforestation	in	3	out	

of	the	previous	5yrs	

(i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) deforestation	control	
	

Jan	
2008	

Ordinance	MMA	28	 (i) total	area	deforested	
(ii) total	area	deforested	in	the	

previous	3yrs	
(iii) increase	in	deforestation	in	3	out	

of	the	previous	5yrs	

	

Mar	
2009	

Ordinance	MMA	102	
(inclusion	criteria)	
	
Ordinance	MMA	103	
(removal	criteria)	

(i) total	area	deforested	
(ii) total	area	deforested	in	the	

previous	3yrs	
(iii) deforestation	increase	in	3	out	of	

the	previous	5yrs	
(iv) 2008	deforestation	³	200	sq.	km	
(v) deforestation	increase	in	4	out	of	

the	previous	5yrs,	and	total	
deforestation	³	90	sq.	km	in	the	
previous	3yrs	

(i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) 2008	deforestation	£	40	sq.	km	
(iii) 2007-2008	average	

deforestation	£	60%	2004-
2006	average	deforestation	

Mar	
2010	

Ordinance	MMA	66	
(inclusion	criteria)	
	
Ordinance	MMA	68	
(removal	criteria)	

(i) total	area	deforested	
(ii) total	area	deforested	in	the	

previous	3yrs	
(iii) deforestation	increase	in	3	out	of	

the	previous	5yrs	
(iv) 2009	deforestation	³	150	sq.	km	
(v) deforestation	increase	in	4	out	of	

the	previous	5yrs,	and	total	
deforested	area	³	90	sq.	km	in	the	
previous	3yrs	

(i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) 2009	deforestation	£	40	sq.	
km	

(iii) 2008-2009	average	
deforestation	£	60%	2004-
2006	average	deforestation	

Apr	
2011	

Ordinance	MMA	138	 	 (i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) 2010	deforestation	£	40	sq.	
km	

(iii) 2008-2009	and	2009-2010	
average	deforestation	£	60%	
2005-2006,	2006-2007,	and	
2007-2008	average	
deforestation	

May	
2011	

Ordinance	MMA	175	 (i) total	area	deforested	
(ii) total	area	deforested	in	the	

previous	3yrs	
(iii) deforestation	increase	in	3	out	of	

the	previous	5yrs	
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Table	1. Legislation	defining	the	LPM	inclusion	and	removal	conditions	and	criteria;	 legislation	
changes	marked	in	italic.	

Date	 Legislation	 Inclusion	criteria	 Removal	criteria	
(iv) 2010	deforestation	increase	

compared	to	2009,	and	either	2010	
deforestation	³	80	sq.	km	
(PRODES)	or	Aug	2010	to	Apr	2011	
deforestation	(DETER)	around	or	
higher	40	sq.	km	

Jun	
2012	

Ordinance	MMA	186	 	 (i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) 2011	deforestation	£	40	sq.	
km	

(iii) 2009-2010	and	2010-2011	
average	deforestation	£	60%	
2006-2007,	2007-2008,	and	
2008-2009	average	
deforestation	

Sep	
2012	

Ordinance	MMA	322	 (i) total	area	deforested	
(ii) total	area	deforested	in	the	

previous	3yrs	
(iii) deforestation	increase	in	2	out	of	

the	previous	3yrs	
(iv) 2011	deforestation	increase	

compared	to	2010,	and	2011	
deforestation	³	80	sq.	km	

	

Oct	
2013	

Ordinance	MMA	411	 	 (i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) 2012	deforestation	£	40	sq.	
km	

(iii) 2010-2011	and	2011-2012	
average	deforestation	£	60%	
2007-2008,	2008-2009,	
2009-2010	average	
deforestation	

Sep	
2017	

Ordinance	MMA	360	 (i) 2016	deforestation	³	80	sq.	km	
(ii) total	deforested	area	³	160	sq.	km	

in	the	previous	3yrs	
(iii) deforestation	increase	in	3	out	of	

the	previous	5yrs	

(i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) yearly	deforestation	£	40	sq.	
km	in	the	previous	4yrs	

(iii) 2010-2011	and	2011-2012	
average	deforestation	£	60%	
2007-2008,	2008-2009,	
2009-2010	average	
deforestation	
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Table	1. Legislation	defining	the	LPM	inclusion	and	removal	conditions	and	criteria;	 legislation	
changes	marked	in	italic.	

Date	 Legislation	 Inclusion	criteria	 Removal	criteria	
Nov	
2018	

Ordinance	MMA	427		 (i) 2017	deforestation	³	80	sq.	km	
(ii) total	deforested	area	³	160	sq.	km	

in	the	previous	3yrs	
(iii) deforestation	increase	in	3	out	of	

the	previous	5yrs	

(i) registry	and	geocode	of	³	
80%	of	the	municipal	
territory	outside	indigenous	
lands	and	protected	areas	

(ii) yearly	deforestation	£	40	sq.	
km	in	the	previous	4yrs	

	
	

The	 MMA	 defined	 directions	 to	 remove	 municipalities	 from	 the	 LPM	 in	 2007	

contingent	on	two	criteria:	the	public	registry	of	geocoded	private	lands	information	and	the	

control	of	deforestation.	Local	stakeholders	were	required	to	(i)	geocode	and	register	at	least	

80%	of	the	municipal	territory	outside	indigenous	lands	and	protected	areas	in	the	national	

public	cadaster	(SICAR),	besides	(ii)	controlling	yearly	deforestation	below	40	sq.	km	and	

(iii)	reducing	yearly	deforestation	compared	to	previous	years.	The	MMA	also	updated	the	

conditions	to	remove	municipalities	 from	the	LPM	over	time	(Table	1).	 In	the	2008-2018	

period,	22	municipalities	were	removed	from	the	LPM.	

The	MMA	did	not	update	the	LPM	inclusion	criteria	between	2013	and	2016,	as	well	

as	 the	 removal	 criteria	between	2014	and	2016.	Dependent	exclusively	on	official	 yearly	

deforestation	data,	 it	 is	 unclear	why	 the	MMA	did	not	update	 the	LPM	 inclusion	 criteria.	

Likewise,	 it	 is	unclear	why	the	MMA	did	not	update	 the	criteria	 to	remove	municipalities	

from	the	LPM.	In	this	case,	however,	the	removal	criteria	are	conditioned	on	the	registry	of	

geocoded	data	of	landholdings	at	the	municipal	scale	in	addition	to	deforestation	data.	Such	

information	was	 initially	 provided	 to	 the	MMA	 by	 state	 authorities	managing	 their	 own	

database.	The	Forest	Code	enacted	in	May	2012	made	the	geocoding	of	farms	mandatory	at	
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the	national	scale1.	In	October	2012,	the	federal	government	launched	the	SICAR,	a	national	

system	 to	 receive,	 integrate,	 and	 manage	 the	 geocoded	 information	 of	 landholdings	

registered	by	each	 state2.	 The	decree	determined	 the	 states	 to	 adopt	 the	 federal	 registry	

system	 or	 adapt	 the	 existing	 state	 registry	 system	 into	 the	 SICAR.	 The	 challenge	 of	

integrating	state	and	federal	systems	created	inconsistencies	that	prevented	the	MMA	from	

receiving	 and	 assessing	 information	 from	 states,	which	 limited	 the	 federal	 government’s	

ability	to	edit	and	update	the	LPM	(MMA	officer,	personal	communication).	

	

3.2 Study	area	and	case	selection	

The	List	of	Priority	Municipalities	has	comprised	62	municipalities	in	the	Brazilian	

Amazon	in	the	2008-2018	period.	Twenty-two	municipalities	were	removed	from	the	LPM3.	

Listed	municipalities	belong	to	six	states	(Amazonas,	Mato	Grosso,	Pará,	Rondônia,	Roraima,	

and	Maranhão),	cover	1.2	million	thousand	sq.	km	(24%	of	the	area	of	municipalities	in	the	

Legal	Amazon),	and	are	mostly	located	along	the	region	known	as	the	“arc	of	deforestation”	

in	 the	 southern	 and	 eastern	 areas	 of	 the	Amazon	biome	 (Figure	2).	 In	 this	 regard,	 listed	

municipalities	have	concentrated	between	36-57%	of	the	total	area	cleared	every	year	in	the	

region	(Figure	3).	Municipal	attributes	vary	immensely	both	within	listed	municipalities	and	

among	the	municipalities	in	the	Amazon	biome	(Table	2).		

	

1		 Law	12.651/2012,	Chapter	VI	
2		 Federal	Decree	7.830/2012.	
3		 One	municipality	(i.e.,	Marcelândia,	MT)	was	re-listed	in	2018	after	being	removed	from	the	

LPM	in	2013.	For	the	analytical	purpose	of	this	study,	it	is	considered	removed	from	the	LPM.	
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Figure	2. Municipalities	 in	 the	Amazon	biome	
listed	 in	 the	 LPM	 policy	 along	 the	 “arc	 of	
deforestation.”	

Figure	3. Relative	 yearly	deforestation	 in	760	
municipalities	 in	 the	 Brazilian	 Amazon	
following	the	LPM	policy	classification.	

Table	2. Descriptive	data	for	all	municipalities	in	the	Amazon	biome1	in	20172.	

Category	 N	 Indicator	 Mean	(±SD)	 Max	 Min	
Listed	municipalities*	 62	 size	(sq.	km)	 19,276	(24,516)	 159,533	 2,240	

62	 population	 48,809	(73,392)	 519,436	 4,360	
62	 gdp	(R$1,000)	 1,055,350	(2,294,248)	 16,514,535	 108,871	

Not	listed	 469	 size	(sq.	km)	 6,739	(13,815)	 122,451	 66	
	 469	 population	 41,489	(136,136)	 2,130,264	 2,199	
	 469	 gdp	(R$1,000)	 823,990	(4,097,216)	 73,201,651	 35,188	
*	Ministry	of	Environment’s	List	of	Priority	Municipalities	

	

3.3 Data	collection	and	operationalization	

3.3.1 Dependent	variable:	municipalities	removed	vs.	not	removed	from	the	LPM	

To	assess	the	factors	and	attributes	affecting	municipalities’	ability	to	get	off	the	LPM,	

this	study	considered	the	MMA	ordinances	and	assigned	to	the	dependent	variable	binary	

values	for	listed	municipalities	removed	(1)	and	not	removed	(0)	from	the	LPM.	Because	the	

	

1		 Including	the	municipality	of	Grajaú	(Maranhão);	despite	not	considered	part	of	the	Amazon	
biome	by	the	MMA,	it	was	included	in	the	LPM	in	2011.	

2		 The	last	year	for	which	the	municipal	gross	domestic	product	was	available.	
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MMA	did	not	update	the	LPM	between	the	years	2014-2016,	we	limited	the	analysis	to	the	

2008-2013	period,	determining	the	binary	classification	of	municipalities	according	to	 its	

status	in	2013.	

That	strategy	eliminated	11	municipalities	 included	 in	 the	LPM	in	2017	and	2018.	

Additionally,	the	decision	also	removed	from	the	analysis	two	municipalities	listed	in	2012;	

they	had	only	one	year	to	comply	with	the	policy	removal	criteria	when	the	MMA	updated	

the	LPM	in	2013	for	the	last	time.	This	strategy	assured	that	all	sampled	municipalities	had	

at	least	two	years	to	get	off	the	LPM,	the	minimum	time	required	for	a	municipality	to	comply	

with	the	LPM	policy.	The	final	dataset	included	50	municipalities	listed	in	2008,	2009,	and	

2011,	a	period	in	which	stricter	monitoring	and	enforcement	actions	were	implemented	in	

the	Amazon,	and	previous	to	 the	2012	Forest	Code	that	 institutionalized	the	registry	and	

geocoding	of	farms	nationwide	–	potentially	affecting	the	incentives	at	stake	for	the	geocode	

of	farms	across	all	municipalities.	

	

3.3.2 Independent	variables:	factors	and	municipal	attributes	underlying	policy	compliance	

The	compilation	of	 indicators	from	official	data	sources	was	informed	by	the	 large	

literature	 examining	 the	 key	 forces	 underlying	 land	 use	 and	 cover	 changes	 related	 to	

deforestation	 in	 the	 region.	 The	 dataset	 comprised	 14	 explanatory	 indicators	 –	 11	

continuous	 and	 three	 categorical	 variables	 (Table	 3)	 grouped	 into	 five	 categories.	

Additionally,	the	gross	domestic	product	per	capita	(GDP)	was	included	to	control	for	the	

influence	of	 non-observable	 confounding	 factors	 across	municipalities	 that	 can	 affect	 the	

analysis.	The	GDP	has	been	widely	used	as	a	control	variable	in	scholarly	literature	to	capture	

context-specific	conditions	correlated	to	socio-economic	development.	
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Table	3. Descriptive	data	on	the	explanatory	indicators	and	dependent	and	control	variables.	

	 Description	 Mean/Frequency	 SD	 Max	 Min	
Dependent	variable	 	 	 	 	 	
Removal	from	the	LPM	(by	2013)	 -	 -	 1	 0	

removed	 	 0.22	 -	 -	 -	
not	removed	 	 0.78	 -	 -	 -	

Explanatory	indicators	 	 	 	 	 	
Infrastructure	(as	of	2013)	
log	road	density	 total	road	length	(km)	by	the	

municipal	size	(sq.	km)	
0.12	 0.06	 0.26	 0.003	

Agrarian	structure	(2006	agricultural	census)	
log	total	number	of	farms	 number	of	farms	in	the	

municipality	
7.12	 0.88	 8.73	 5.30	

log	Gini	index	on	land	
distribution	

Gini	index	on	the	number	of	
farms	by	size	category	and	total	
area	

0.74	 0.10	 0.93	 0.56	

Land	use	and	cover	changes	(average	value	for	the	total	period	listed	in	the	LPM)	
log	cattle	density	 number	of	cattle	heads	relative	

to	area	(ha)	of	pasture	
1.03	 0.41	 2.05	 0.24	

log	area	of	annual	crops	 area	of	annual	crops	relative	to	
municipal	size	

-6.57	 3.24	 -0.81	 -13.8	

log	second-growth/old-
growth	forest	coverage	

area	of	second-growth	forests	
relative	to	area	of	old-growth	
forests	

-2.41	 0.94	 -0.80	 -4.47	

Law	enforcement	(average	value	for	the	period	listed	in	the	LPM)	
log	number	environmental	
embargoes	

average	number	of	yearly	
environmental	embargoes	

2.95	 0.88	 5.45	 1.32	

log	number	environmental	
fines	

average	number	of	yearly	
environmental	fines	

3.73	 0.75	 5.90	 2.32	

Municipal	governance	
log	geocode	area	 municipal	area	(sq.	km)	outside	

indigenous	and	protected	lands	
9.07	 0.63	 10.4	 6.99	

log	relative	area	protected	
&	indigenous	lands	

areas	designated	as	protected	
and	indigenous	lands	relative	to	
municipal	size	

-4.24	 4.81	 -0.15	 -13.8	

log	number	environmental	
agents	

average	number	environment	
officials	relative	to	population	

-8.24	 0.69	 -6.58	 -9.63	

municipal	environmental	
council	

existence	of	municipal	
environmental	council	

-	 -	 1	 0	

yes	 	 0.62	 -	 -	 -	
no		 	 0.38	 -	 -	 -	
municipal	environmental	
fund	

existence	of	municipal	
environmental	fund	

-	 -	 1	 0	

yes	 	 0.48	 -	 -	 -	
no		 	 0.52	 -	 -	 -	
municipal	environmental	
agency	

existence	of	municipal	
environmental	agency	

-	 -	 1	 0	

yes	 	 0.76	 -	 -	 -	
no		 	 0.24	 -	 -	 -	
Control	variable	 	 	 	 	 	
Average	value	for	the	total	period	listed	in	the	LPM	
log	GDP	 gross	domestic	product	(R$1mi)	 5.75	 0.86	 9.14	 4.04	
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Data	was	collected	for	the	2006-2013	period.	Time-variant	data	were	averaged	for	

each	municipality	as	follows.	Municipalities	removed	from	the	LPM	had	the	average	value	of	

each	explanatory	 indicator	calculated	 from	the	entry	year	 to	 the	year	before	 the	removal	

from	 the	 list.	 Municipalities	 that	 remained	 in	 the	 LPM	 in	 2013	 had	 the	 average	 value	

calculated	 from	the	entry	year	 to	2013.	Data	unavailable	on	annual	basis	 (i.e.,	number	of	

farms,	Gini	 index,	protected	areas	 and	 indigenous	 lands’	 territorial	 size,	 road	 length,	 and	

information	on	environment’s	municipal	system)	were	handled	case-by-case	and	detailed	in	

the	 Supplementary	 Material.	 All	 explanatory	 indicators	 were	 log-transformed	 to	 handle	

skewness.	 A	 full	 description	 of	 the	 sources	 and	 calculation	 of	 explanatory	 indicators	 is	

available	in	Supplementary	Material	(Table	SM	1).	

	

3.4 Model	specifications	and	analysis	

This	 study	specified	eight	binary	 logistic	 regressions	 to	estimate	how	 the	 selected	

explanatory	indicators	affected	the	likelihood	of	compliance	with	the	LPM	policy	in	the	2008-

2013	period	(Table	4).	The	model	specifications	were	defined	as	follows.	

Model	 1	 (‘primary	 assumptions’)	 represents	 the	 basic	 assumptions	 of	 the	 study	

regarding	 the	 factors	 and	municipal	 attributes	 affecting	 compliance	with	 the	LPM	policy.	

Model	1	assumes	that,	in	holding	all	other	factors	and	local	attributes	constant,	compliance	

with	the	LPM	policy	is	related	to	the	number	of	farms,	the	area	required	to	geocode,	and	the	

availability	 of	 second-growth	 forests	 relative	 to	 old-growth	 forest	 coverage	 in	 each	

municipality.	 These	 three	 explanatory	 indicators	 relate	 directly	 to	 the	 tasks	 faced	 both	

individually	 and	 collectively	 by	 local	 stakeholders	 and	 landowners	 to	 control	 yearly	

deforestation	rates	and	perform	the	registry	of	geocoded	data.	



	

	 91	

Table	4. Binary	 logistic	 regression	models	 for	 testing	 the	 explanatory	 indicators	 affecting	 the	
likelihood	of	listed	municipalities	to	get	off	the	LPM	in	the	Brazilian	Amazon.	

Model	 Model	specification	
Model	1	–	primary	assumptions	 LPM	removal	~	log	geocode	area	+	log	number	of	farms	+	log	second-

growth/old-growth	forests	coverage	+	log	GDP	
Model	2	–	infrastructure	 LPM	removal	~	Model	1	+	log	road	density	
Model	3	–	agrarian	structure	 LPM	removal	~	Model	1	+	log	Gini	index	on	land	distribution	
Model	4	–	land	use	and	cover	
changes	

LPM	removal	~	Model	1	+	log	cattle	density	+	log	relative	area	of	
annual	crops	

Model	5	–	law	enforcement	 LPM	removal	~	Model	1	+	log	number	environmental	embargoes	+	log	
number	environmental	fines	

Model	6	–	municipal	governance	 LPM	removal	~	Model	1	+	existence	of	municipal	environmental	fund	
+	existence	of	municipal	environmental	agency	+	existence	of	
municipal	environmental	council	+	log	number	environment	agents	

Model	7	–	full	model	 LPM	removal	~	complete	dataset	
Model	8	–	stepwise	selection	 LPM	removal	~	complete	dataset	(stepwise	model	selection	by	AIC)	

	

Arguably,	the	higher	the	number	of	farms	and	the	larger	the	area	required	to	geocode,	

the	higher	the	transaction	costs	to	 fulfill	 the	registry	criterium,	as	well	as	to	monitor	and	

control	forest	clearings.	The	number	of	farms	is	also	expected	to	affect	the	transaction	costs	

related	 to	 the	 collaboration	 among	 local	 agents	 towards	 meeting	 the	 collective	 goals	 to	

remove	the	municipality	from	the	LPM.	Finally,	the	area	of	second-growth	forests	may	favor	

compliance	with	 the	LPM	as	an	alternative	 to	old-growth	 forest	 clearings,	 thus	providing	

local	 farmers	 a	 convenient	 alternative	 to	 continue	 or	 expand	 their	 activities	 while	 old-

growth	 forest	 loss	 is	 reduced	 at	 the	municipal	 scale.	 Thus,	 the	 higher	 the	 ratio	 between	

second-growth	and	old-growth	forest	coverage,	the	more	likely	the	municipality	is	expected	

to	get	off	the	LPM.	

Building	upon	Model	1,	the	study	developed	five	additional	model	specifications	to	

check	 the	 robustness	 of	 the	 findings	 from	 the	 primary	 assumptions.	 In	 this	 regard,	 each	

additional	model	included	explanatory	indicators	related	to	the	broad	narratives	associated	
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with	 deforestation	 dynamics	 in	 the	 Amazon.	 In	 that	 regard,	Model	 2	 added	 the	 effect	 of	

infrastructure	(‘road	accessibility’),	checking	whether	results	from	Model	1	held	true	in	the	

presence	 of	 more	 extensive	 terrestrial	 access	 in	 the	 municipality.	 Model	 3	 considered	

indicators	of	 ‘agrarian	 structure’	 to	examine	how	 inequality	on	 land	distribution	affected	

municipalities’	compliance	with	the	LPM	policy.	Model	4	included	indicators	of	aspects	and	

attributes	related	to	dominant	 ‘land-uses’	 in	 listed	municipalities	to	control	 for	municipal	

responses	to	the	LPM	policy	in	regard	to	cattle	density	and	the	relative	area	of	annual	crops.	

Model	5	considered	the	number	of	environmental	fines	and	embargoes	to	assess	the	effect	

of	 ‘law	 enforcement’	 actions	 in	 listed	municipalities.	 Finally,	Model	 6	 tested	 the	 effect	 of	

‘municipal	governance’	on	the	likelihood	of	listed	municipalities	to	get	off	the	LPM.	

Finally,	the	study	specified	Model	7	(‘full	model’)	and	Model	8	(‘stepwise	selection’).	

Both	included	the	complete	dataset	of	explanatory	indicators,	with	the	difference	that	the	

latter	employed	a	stepwise	selection	to	identify	the	most	suitable	combination	of	indicators	

–	as	evaluated	by	the	Akaike	Information	Criteria	(AIK)	–	explaining	the	likelihood	of	listed	

municipalities	to	comply	with	the	LPM	policy.	

The	municipal	 population	 was	 included	 in	 all	 model	 specifications	 as	 the	 control	

variable.	The	variance	inflation	factor	(VIF)	was	computed	to	assess	how	much	the	variance	

of	regression	coefficients	inflate	due	to	multicollinearity	among	explanatory	indicators.	

	

4. Results	

The	eight	logistic	regression	models	specified	in	the	study	revealed	five	explanatory	

indicators	 reflecting	 factors	 and	 municipal	 attributes	 that	 significantly	 affected	 the	

likelihood	 of	 compliance	 by	 listed	municipalities	 with	 the	 LPM	 policy	 in	 the	 2008-2013	
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period.	These	indicators	were	 ‘log	total	number	of	 farms,’	 ‘log	second-growth/old-growth	

forest	coverage,’	‘log	relative	area	annual	crops,’	‘log	environmental	fines,’	and	‘existence	of	

municipal	environmental	council’	(Table	5).	

Model	1	(‘primary	assumptions’)	confirmed	that	both	the	total	number	of	farms	and	

the	ratio	between	second-	and	old-growth	forest	coverage	in	listed	municipalities	affected	

the	 outcomes	 of	 the	 LPM	 policy	 significantly.	 The	 findings	 showed	 that	 for	 a	 one-unit	

increase	 in	 the	 ‘log	 second-growth/old-growth	 forest	 coverage,’	meaning	 larger	 areas	 of	

second-growth	forests	and	smaller	areas	of	old-growth	forests,	the	odds	of	getting	off	the	

LPM	(versus	not	getting	off)	increased	by	a	factor	of	4.5.	Conversely,	for	a	one-unit	increase	

in	the	‘log	number	of	farms,’	the	odds	of	complying	with	the	LPM	policy	decreased	by	a	factor	

of	0.3.	

The	direction	of	the	effect	of	the	three	explanatory	indicators	tested	in	Model	1	held	

constant	 in	 Models	 2-6	 as	 indicators	 were	 added	 to	 control	 for	 the	 impact	 of	 factors	

historically	affecting	the	deforestation	dynamics	in	the	Amazon.	In	that	regard,	explanatory	

indicators	related	to	 infrastructure	(‘log	road	accessibility’	–	Model	2),	agrarian	structure	

(‘log	Gini	 index	 on	 land	 distribution’	 –	Model	 3),	 land	 use	 and	 cover	 changes	 (‘log	 cattle	

density’	 and	 ‘log	 area	 of	 annual	 crops’	 –	 Model	 4),	 and	 law	 enforcement	 (‘log	 number	

environmental	embargoes’	and	‘log	number	environmental	fines’	–	Model	5)	did	not	result	

in	significant	effects	on	the	likelihood	of	municipal	compliance	with	the	LPM	policy.	

Conversely,	the	addition	of	explanatory	indicators	related	to	municipal	governance	

(Model	6)	affected	the	odds	of	listed	municipalities	getting	off	the	LPM.	Model	6	revealed	that	

the	 ‘existence	 of	 an	 environmental	 council’	 in	 the	 municipality	 increased	 the	 odds	 of	

compliance	with	the	LPM	policy	by	a	factor	of	13.	



	

	 94	

The	addition	of	explanatory	indicators	in	Models	2-6	affected	the	magnitude	of	the	

effect	attributed	to	the	variables	employed	in	the	‘primary	assumptions’	model	(Model	1).	As	

a	result,	the	effect	originally	attributed	to	the	number	of	farms	and	the	ratio	between	second-

growth/old-growth	 forest	coverage	 in	Model	1	either	 increased,	reduced,	or	became	null.	

Adding	explanatory	indicators	in	Models	2-6	did	increase	multicollinearity	among	indicators	

even	in	the	absence	of	a	high	correlation	between	pairs	of	variables.	The	variance	inflation	

factor	(VIF)	revealed	increasing	redundancy	between	those	pairs	of	variables	as	additional	

explanatory	indicators	were	added	and	combined	in	the	model	specifications1	(Table	SM	3).	

In	 that	 regard,	Model	 7	 (‘full	model’),	 which	 included	 the	 complete	 dataset,	 revealed	 no	

explanatory	indicator	as	significantly	affecting	the	likelihood	of	municipal	compliance	with	

the	LPM	policy.	Accordingly,	such	a	model	specification	revealed	very	high	multicollinearity	

in	the	presence	of	the	15	predictors	(14	explanatory	indicators	and	the	control	variable).	

Finally,	Model	8	resulted	 in	a	smaller	number	of	predictors	 following	the	stepwise	

selection	by	AIC.	Model	8	 revealed	 four	explanatory	 indicators	affecting	 the	 likelihood	of	

compliance	with	the	LPM	policy	significantly.	Notably,	Model	8	confirmed	the	substantive	

effect	on	the	likelihood	of	compliance	with	the	LPM	resulting	from	a	higher	proportion	of	

second-growth	 forests	 in	 the	 municipality.	 Additionally,	 Model	 8	 also	 pointed	 out	 the	

positive	 effect	 of	 law	 enforcement	 (i.e.,	 ‘log	 number	 environmental	 fines’),	 municipal	

governance	(i.e.,	‘existence	of	municipal	environmental	council’),	and	agricultural	land-use	

(i.e.,	‘log	area	annual	crops’).	

	

1		 VIF	=	1	represents	absence	of	multicollinearity	
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5. Discussion	

This	study	selected	a	suite	of	indicators	reflecting	factors	and	municipal	attributes	to	

examine	how	they	affected	the	outcomes	of	the	LPM	policy	 in	the	2008-2013	period.	The	

LPM	policy	is	one	of	the	main	initiatives	implemented	to	curtail	deforestation	in	the	Brazilian	

Amazon	recently.	The	findings	highlighted	the	legacy	imprinted	in	listed	municipalities	by	

historical	 patterns	 of	 development	 and	 territorial	 occupation	 (Figure	 4),	 as	 well	 as	 the	

varying	capacity	of	local	governments	to	manage	their	territories	and	support	actions	at	the	

municipal	level,	are	critical	elements	that	help	to	understand	the	mixed	outcomes	achieved	

by	the	LPM	policy	in	the	Amazon.	

Notably,	 the	 analysis	 showed	 that	 responses	 to	 the	 LPM	 policy	 in	 the	 2008-2013	

period	were	related	to	the	agrarian	structure	(i.e.,	number	of	farms)	and	land	use	and	cover	

dynamics	 (i.e.,	 ratio	between	 second-growth/old-growth	 forest	 coverage	and	 the	 relative	

area	 of	 annual	 croplands)	 in	 listed	municipalities.	 Additionally,	 the	 results	 revealed	 that	

factors	associated	with	law	enforcement	(i.e.,	number	of	environmental	fines)	and	municipal	

governance	(i.e.,	existence	of	municipal	environmental	council)	influenced	the	outcomes	of	

the	LPM.	

The	discussion	that	follows	examines	these	results	from	two	perspectives.	First,	the	

chapter	discusses	 the	need	 for	 instruments	 and	 strategies	 that	 consider	 local	 agents	 and	

stakeholders’	 varied	 capacity	 to	 cope	 with	 national	 policies	 applied	 homogeneously	 to	

diverse	municipalities.	Second,	the	chapter	discusses	how	policymakers	and	stakeholders’	

practical	actions	can	 foster	compliance	with	national	policies	more	broadly,	and	 the	LPM	

policy	particularly,	by	leveraging	the	municipal	capacity	to	control	deforestation	and	support	

the	geocode	and	registry	of	farms.	
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5.1 Municipal	realities	mediate	the	LPM	policy	outcomes	

The	 results	 revealed	 the	 consistent	 effect	 of	 factors	 and	 attributes	 related	 to	 the	

agrarian	structure	and	dynamic	land	use	and	cover	changes	upon	the	likelihood	of	municipal	

compliance	with	the	LPM	removal	criteria.	As	predicted,	 the	odds	of	compliance	with	the	

LPM	policy	declined	as	the	number	of	farms	to	register	and	geocode	increased.	The	number	

of	 farms	 in	 the	 municipality,	 a	 dimension	 of	 the	 local	 agrarian	 structure,	 is	 affected	 by	

migration,	land	tenure	conflicts,	farm	lots	turnover,	land	concentration,	and	local	economic	

dynamics	 as	 the	 frontier	 advances	 in	 a	 region	 experiencing	 rapid	 transformation.	

Additionally,	the	study	indicates	that	the	odds	of	getting	off	the	LPM	increased	as	the	area	of	

second-growth	 forests	 relative	 to	 old-growth	 forest	 coverage	 increased.	 Such	 a	 trade-off	

between	 different	 forest	 coverages	 results	 from	 the	 spatial-temporal	 land	 use	 and	 cover	

dynamics	in	the	region,	which	relates	to	repeated	cycles	of	forest	clearings,	land	degradation	

and	abandonment,	and	forest	regrowth.	

	

5.1.1 Number	of	farms	(agrarian	structure)	affects	transaction	costs	of	law	compliance	

The	 negative	 relationship	 between	 the	 number	 of	 farms	 and	 the	 odds	 of	 listed	

municipalities	 getting	 off	 the	 LPM	 can	 be	 interpreted	 in	 terms	 of	 the	 transaction	 costs	

associated	with	 the	 collective	 goal	 of	 both	 controlling	 deforestation	 and	 registering	 and	

geocoding	farms	at	the	municipal	level.	Arguably,	the	higher	the	number	of	farms,	the	higher	

the	costs	required	to	geocode	and	register	farms,	monitor	and	enforce	the	law,	and	convince	

larger	and	potentially	more	diverse	groups	of	actors	to	collaborate	in	the	tasks	to	remove	

the	municipality	from	the	LPM.	Further,	considering	the	uniform	40	sq.	km-limit	of	yearly	



	

	 99	

deforestation	 in	 listed	 municipalities,	 increasing	 the	 number	 of	 farms	 reduces	 forest	

clearings’	per	capita	area,	adding	complexity	for	local	agents	to	agree	upon	collective	goals.	

Despite	the	increasing	use	of	satellite-based	monitoring	systems	to	detect	and	alert	

public	 authorities	 about	 forest	 clearings,	 in-situ	 visits	 by	 police	 agents	 are	 necessary	 to	

confirm	deforestation	alerts,	seize	goods	and	equipment,	and	embargo	products,	facilities,	

and	properties,	effectively	ceasing	activities	linked	to	illegal	deforestation.	In-situ	visits	by	

government	 and	 police	 agents	 are	 also	 required	 to	 effectively	 communicate	 with	

stakeholders	and	farmers	about	collective	commitments	prohibiting	new	clearings	and	the	

use	of	fire	in	agriculture	and	disseminate	land	use	and	technical	alternatives	to	farmers	in	

rural	areas.	As	the	number	of	farms	increases,	all	these	activities	are	expected	to	incur	higher	

transaction	costs.	

Likewise,	completing	the	task	of	georeferencing	and	registering	at	least	80%	of	the	

municipal	 area	 held	 in	 private	 ownership	 requires	 time,	 funds,	 training,	 technology,	 and	

qualified	technicians	and	officials	to	visit	and	survey	rural	properties.	Besides,	it	demands	

convincing	stakeholders	and	landowners	to	geocode	and	register	their	farms	voluntarily.	In	

the	Amazon,	a	region	marked	by	land	conflicts	and	violence	associated	with	unregulated	land	

tenure	 rights,	 the	 costs	of	 convincing	 landowners	 to	disclose	 sensitive	 information	about	

their	 properties	 is	 expected	 to	 escalate	 as	 the	 number	 of	 farms	 and	diversity	 of	 farmers	

increase.	During	fieldwork	interviews	in	listed	municipalities	(Supplementary	Material	and	

Table	SM	3	in	Chapter	3),	local	stakeholders	and	government	officials	referred	to	the	national	

system	 compiling	 geocoded	 information	 of	 rural	 properties	 as	 the	 “Environmental	 Big	

Brother”	 or	Big	Brother	Ambiental	 (Interviewee	3).	The	 allusion	 to	 the	 famous	 television	

reality	 show	that	 is	based	on	monitoring	 its	participants	 reveals	 the	suspicion	about	and	
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distrust	 in	 a	 public	 system	 whose	 information	 can	 negatively	 affect	 those	 farmers	 not	

meeting	the	environmental	legislation.	

In	that	regard,	it	is	worth	mentioning	that	the	number	of	farms	correlates	negatively	

with	the	average	size	of	farms	in	listed	municipalities	(Figure	5).	That	is	indicative	that	the	

odds	of	compliance	with	the	LPM	policy	reduces	as	the	number	of	small-size	farms	increase.	

Among	the	50	listed	municipalities	analyzed	in	this	study,	the	average	size	of	farms	in	28	

municipalities1	 in	 2006	 was	 smaller	 than	 four	módulos	 fiscais	 –	 the	 reference	 land	 unit	

classifying	rural	 landholdings	 in	Brazil.	 In	 the	Amazon,	small-farms	(i.e.,	 farm	area	<	 four	

módulos	fiscais)	are	often	managed	by	farmers	whose	local	livelihoods	rely	upon	the	family	

workforce	 and	 the	 traditional	 slash-and-burn	 agricultural	 practice.	 Information	 gathered	

from	smallholders	and	government	officials	in	listed	municipalities	confirmed	that	local	bans	

on	the	use	of	fire	and	forest	clearings	were	not	followed	by	government	assistance.	Without	

knowledge	transfer,	financial	support,	and	access	to	farming	inputs	and	tractors,	small-scale	

agriculture	in	the	region	has	remained	dependent	on	the	use	of	practices	that	undermine	

local	efforts	to	control	deforestation.	

	

1		 The	average	area	of	farms	across	listed	municipalities	varies	from	46	to	1,727	hectares	–	in	
Moju	(Pará)	and	Nova	Maringá	(Mato	Grosso),	respectively.	The	average	size	of	small	farms	(i.e.,	
area	below	four	módulos	fiscais)	is	321	hectares.	
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Figure	5. Correlation1	between	the	number	of	farms	and	the	average	area	of	farms	and	relative	
area	of	annual	crops	in	listed	municipalities.	

	

1		 number	farms	~	average	area	of	farms:	Pearson	correlation	-0.72	(t	=	-7.22,	df	=	48,	p	<	0.0001)	
	 number	farms	~	average	relative	area	annual	crops:	Pearson	correlation	-0.72	(t	=	-7.29,	df	=	

48,	p	<	0.0001)	
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5.1.2 Land	 use	 and	 cover	 dynamics	 and	 second-growth	 forest	 coverage	 mediate	 law	

compliance	

The	results	also	pointed	out	that	the	higher	the	ratio	between	second-growth/old-

growth	 forest	 coverage,	 the	 more	 likely	 the	 compliance	 with	 the	 LPM	 policy	 by	 listed	

municipalities.	 Besides,	 the	 results	 suggested	 that	 the	 higher	 the	 relative	 area	 of	 annual	

crops,	the	more	likely	listed	municipalities	would	get	off	the	LPM	(‘stepwise	selection,’	Model	

8).	Rather	 than	a	direct	cause-effect	 relationship,	 these	 findings	relate	 to	 local	conditions	

shaped	by	long-term	land	use	and	cover	changes	the	region	has	experienced	as	the	frontier	

advances	and	shapes	the	“arc	of	deforestation.”	

Despite	sharing	the	highest	rates	of	forest	loss,	agents	and	forces	underlying	land	use	

and	 cover	 changes	 in	 listed	 municipalities	 are	 diverse	 across	 the	 “arc	 of	 deforestation”	

(Fearnside,	 2008).	 The	 spatial	 and	 temporal	 advance	 of	 the	 frontier	 reflects	 phases	 of	

alternative	 development	 models	 that	 shaped	 both	 context-specific	 social,	 economic,	 and	

political	attributes	and	land	use	and	cover	dynamics	in	listed	municipalities.	

The	expansion	of	second-growth	forests	at	 the	expense	of	old-growth	forests,	 thus	

increasing	 the	 ratio	 between	 both	 forest	 types	 and	 facilitating	 compliance	with	 the	 LPM	

ultimately,	has	markedly	occurred	across	the	outer	rim	of	the	“arc	of	deforestation.”	That	has	

happened	notably	in	eastern	Pará	and	northern	Mato	Grosso	where	the	older	frontiers	are	

situated.	In	Mato	Grosso,	forestlands	have	been	replaced	by	large	monocroplands	of	soybean	

since	the	1960s	(Delaroche,	2019).	In	contrast,	cattle	ranching	has	been	the	leading	activity	

driving	forest	loss	in	the	southeastern	and	eastern	Amazon	in	the	period,	mainly	in	the	state	

of	Pará	(Deutsche	Welle,	2014;	Walker	et	al.,	2013).	Original	forestlands	still	dominate	large	

tracts	 of	 the	 landscape	 in	 the	 inner	 rim	 of	 the	 “arc	 of	 deforestation”	 where	 extractive	
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activities	 and	 small-scale	 farming	 by	 traditional	 groups	 and	 indigenous	 peoples	 have	

buffered	the	frontier	expansion.	

Forests	 regenerating	 over	 degraded	 and	 abandoned	 agricultural	 lands	 have	 been	

largely	unregulated	by	public	 policies.	 In	 that	 context,	 second-growth	 forests	 function	 as	

spare	 lands	 that	 buffer	 the	 replacement	 of	 old-growth	 forests	 protected	 by	 stricter	

environmental	regulations.	Controlling	deforestation	below	40	sq.	km	to	comply	with	the	

LPM	policy	is	likely	favored	in	municipalities	where	the	pressure	for	expanding	alternative	

land	uses	over	old-growth	forests	reduces.	That	task	is	also	favored	as	the	area	of	old-growth	

forest	reduces,	which	in	the	study	area	is	closely	related	to	expanding	second-growth	forest	

coverage	 (Figure	 6),	 consequently	 reducing	 transaction	 costs	 related	 to	 monitoring	

deforestation	and	enforcing	environmental	regulations.	

The	 results	 also	 suggested	 that	 the	 agriculture	 sector	 have	 affected	 positively	 the	

compliance	 of	 listed	 municipalities	 with	 the	 LPM	 policy.	 Annual	 crops,	 mainly	 soybean	

plantations,	have	expanded	in	the	region	beyond	the	state	of	Mato	Grosso	where	agriculture	

initially	consolidated	in	the	ecotonal	zone	between	the	Amazon-Cerrado	biomes	(Figure	4).	

Since	 the	 2000s,	 soybean	 plantations	 have	 advanced	 into	 Rondônia	 and	 eastern	 Pará,	

replacing	degraded	pasturelands	and	displacing	cattle	ranching	and	small	colonists	into	new	

lands.	The	market-driven	expansion	and	export-oriented	nature	of	the	soybean	agriculture	

have	 subjected	both	 farmers	 and	 local	 economies	 revolving	around	 the	 soybean	 trade	 to	

abide	 by	 national	 and	 international	 regulations	 and	pressures	 seeking	 free-deforestation	

supply-chains.	Arguably,	the	LPM	sanctions	–	e.g.,	damage	to	the	public	image,	market	bans,	

credit	 restrictions	 –	 are	 expected	 to	 result	 in	more	 substantial	 impacts	 and	 render	more	

effective	incentives	for	the	emergence	of	local	responses	in	those	conditions.	That	explains	



	

	 104	

why	the	likelihood	of	compliance	with	the	LPM	policy	increases	in	municipalities	in	which	

the	relative	area	of	annual	crops	is	larger.	

	
Figure	6. Correlation1	 between	 the	 relative	 area	 of	 second-growth	 and	 old-growth	 forest	
coverages	in	listed	municipalities	analyzed	in	this	study.	

The	 positive	 association	 between	 larger	 agricultural	 areas	 and	 the	 likelihood	 of	

getting	off	the	LPM	corroborates	the	correlation	discussed	previously	regarding	the	negative	

effect	on	the	compliance	with	the	LPM	policy	as	the	number	of	farms	increases.	By	revolving	

around	 the	 soybean	 cultivation,	 the	 area	 of	 annual	 crops	 is	 characterized	 by	 extensive	

monocroplands.	 Accordingly,	 annual	 crop	 cultivations	 concentrate	 in	 relatively	 few,	

although	disproportionally	 vast	 farmlands	 –	 particularly	 in	 the	 state	 of	Mato	Grosso,	 the	

	

1		 Relative	area	of	second-growth	forest	~	relative	area	of	old-growth	forest:	Pearson	correlation	-
0.67	(t	=	-6.30,	df	=	48,	p	<	0.0001)	
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largest	soybean	producer	in	Brazil.	These	aspects	are	confirmed	by	the	negative	correlations	

between	the	number	of	farms	and	both	the	relative	area	of	annual	crops	and	the	average	size	

of	farms	in	listed	municipalities	(Figure	5).		

	

5.2 Leveraging	 the	 outcomes	 of	 the	 LPM	 policy	 through	 local	 governance	 and	 law	

enforcement	

The	findings	pointed	out	that	both	the	existence	of	a	municipal	environmental	council	

(municipal	 governance)	 and	 the	 number	 of	 environmental	 fines	 (law	 enforcement)	

increased	the	likelihood	of	listed	municipalities	to	get	off	the	LPM.	This	section	builds	upon	

these	 results	 to	 advise	 policymakers	 and	 stakeholders	 on	 the	 need	 to	 support	 the	 full	

implementation	of	the	environment’s	municipal	system	(i.e.,	agencies,	funds,	and	councils)	

and	monitoring	and	enforcement	operations	in	the	Amazon.		

	

5.2.1 The	environment’s	municipal	system	contribution	to	local	environmental	governance	

Although	federal,	state,	and	municipal	governments	share	attributions	in	managing	

environment-related	 affairs	 (Neves,	 2012),	 local	 governments’	 capacity	 and	 structure	 to	

perform	their	tasks	have	been	at	best	diffuse	in	municipalities,	particularly	across	remote	

areas	of	the	Amazon.	Under	budgetary	constraints	(IBAM,	2017),	municipal	environmental	

programs	 and	 policies	 are	 rarely	 developed	 and	 fully	 implemented	 by	 an	 autonomous	

agency.	 Instead,	 tasks	 are	 often	 subordinated	 to	 or	 jointly	managed	by	 agencies	 running	

multiple	 –	 and	 eventually	 conflicting	 –	 agendas.	 Further,	 conflict	 of	 interest	 restrains	

effective	monitoring	 and	 enforcement	 of	 environmental	 programs	 and	 regulations	when	

stakeholders	 representing	 local	 elites’	 political	 and	 economic	 interests	 committed	 to	
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expanding	extractive	activities	(logging,	mining)	and	agriculture	commodities	capture	local	

government.	

That	 context	 has	 changed	 recently,	 to	 a	 large	 extent,	 as	 part	 of	 collective	

arrangements	in	listed	municipalities	whereby	local	agents	negotiated	the	decentralization	

of	tasks	run	by	state	environmental	secretariats,	satisfying	long-standing	demands	to	reduce	

bureaucracy	 and	 expedite	 environmental	 licensing.	 Decentralization	 initiatives	 have	

expanded	and	been	replicated	at	the	state	level	in	the	last	decade.	States	such	as	Pará,	Mato	

Grosso,	 and	 Rondônia	 implemented	 programs1	 to	 financially	 and	 technically	 assist	

municipalities	 in	consolidating	and	developing	their	environment’s	municipal	system	and	

hiring	 and	 training	 staff	 to	 carry	 out	 law	 enforcement	 and	 environmental	 planning,	

monitoring,	 and	 licensing.	 These	 moves	 have	 broadened	 the	 municipal	 administration’s	

scope	 of	 activities,	 previously	 targeted	 at	 urban	 areas	 and	 limited	 to	 environmental	

education,	 licensing	of	urban	enterprises,	and	 landscaping.	As	a	result,	 local	governments	

have	 expanded	 their	 environmental	 agenda,	 assuming	 a	more	prominent	 role	 in	 tackling	

agricultural	 burnings,	 forest	 clearings,	 land	 regularization,	 and	 licensing	 agricultural,	

forestry,	and	mining	activities	within	the	municipality.	

The	municipal	environmental	council	(Conselho	Municipal	de	Meio	Ambiente),	in	that	

regard,	 represents	 the	 branch	 of	 the	 environment’s	 municipal	 system	 that	 deliberates,	

assists,	and	offers	guidance	to	 local	agencies	regarding	the	design	and	 implementation	of	

local	environmental	policies	and	programs.	Formed	by	representatives	of	the	public	sector	

	

1		 In	Pará,	the	Green	Municipalities	Program	implemented	in	2011;	in	Mato	Grosso,	the	
Sustainable	Municipalities	Program	in	2014;	and	in	Rondônia,	the	State	Program	for	
Decentralization	of	Environmental	Management	Actions.	
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and	 civil	 society,	 the	 council	 ultimately	 represents	 the	 arena	 in	which	 local	 stakeholders	

collectively	 define	 directions	 for	 and	 discuss	 priorities	 of	 the	 municipal	 environmental	

agenda.	The	positive	effect	of	the	environmental	council	on	the	outcomes	of	the	LPM	policy	

confirms	the	relevance	of	implementing	the	environment’s	municipal	system,	highlighting	

the	critical	role	that	official	arenas	of	collective	decision-making	and	rules-crating	play	 in	

mediating	local	responses	to	national	policies.	

Although	the	forces	underlying	deforestation	are	multiple	and	complex,	escaping	the	

scope	of	action	by	local	agents	at	the	municipal	level,	the	finding	confirms	the	importance	of	

implementing	and	strengthening	local	environmental	governance.	Indeed,	considering	the	

recent	erosion	of	environmental	governance	promoted	by	the	federal	government	(Casado	

and	 Londoño,	 2019),	 state	 and	 municipal	 governments	 can	 play	 critical	 roles	 in	 either	

resonating	or	buffering	external	incentives	underlying	deforestation	(Gonçalves,	2019;	Lis	

and	Carvalho,	2019).	

	

5.2.2 Law	enforcement	

In	 addition	 to	 implementing	 organizations	 and	 arenas	 to	 strengthen	 local	

environmental	governance,	the	results	showed	that	enforcing	and	sanctioning	rule-breakers	

in	 listed	municipalities	 also	 increased	 the	 likelihood	 of	 compliance	with	 the	 LPM	 policy.	

Although	 the	 Brazilian	 environmental	 agency	 (IBAMA)	 collects	 only	 36%	 of	 assessed	

environmental	 sanctions,	 the	number	of	environmental	 fines	 increased	 the	odds	of	 listed	

municipalities	getting	off	the	LPM.	

The	 results,	 however,	 revealed	 the	 environmental	 embargoes	 had	no	 effect	 in	 the	

outcomes	 of	 the	 LPM	 policy	 across	 listed	 municipalities	 –	 despite	 the	 close	 correlation	
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between	the	number	of	environmental	 fines	and	embargoes	(Figure	7).	This	 is	surprising	

because,	 contrary	 to	 environmental	 fines	 that	 are	 rarely	 collected,	 the	 administrative	

embargo	results	in	the	apprehension	or	destruction	of	products,	equipment,	facilities,	and	

properties	associated	with	illegal	activities	damaging	natural	resources	(Brasil,	2008),	thus	

resulting	 in	 immediate	 financial	 impacts	 on	 rule-breakers.	The	damage	of	 environmental	

embargoes	on	individuals	are	so	severe	that	it	became	a	matter	of	increasing	political	dispute	

between	 environmental	 police	 forces,	 government	 agencies,	 local	 stakeholders,	 and	 the	

federal	government	–	the	latter	contrary	to	the	measure	(Werneck,	2020).	

	
Figure	7. Correlation1	 between	 the	 average	 number	 of	 yearly	 environmental	 fines	 and	
environmental	embargoes	in	listed	municipalities.	

	

1		 Average	number	of	yearly	environmental	fines	~	average	number	of	yearly	environmental	
embargoes:	Pearson	correlation	-0.84	(t	=	10.9,	df	=	48,	p	<	0.0001)	
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These	 results	 are	 instrumental	 for	 decision-makers	 in	 a	 context	 of	 political	 and	

economic	 turmoil	 that	 has	 curtailed	 federal	 investments	 across	 several	 sectors	 in	 Brazil.	

Budgetary	cuts	affecting	the	Brazilian	Ministry	of	Environment	have	undermined	monitoring	

and	enforcement	activities	by	federal	environmental	agencies	(Brant	and	Watanabe,	2020;	

MPF,	 2020).	 The	 threatening	 of	 paralyzing	 such	 activities,	 amidst	 the	 narratives	 by	 the	

federal	 government	 fueling	 the	 frontier	 expansion	 in	 the	 region,	 reinforces	 the	 sense	 of	

impunity	 among	diverse	 agents	 in	 a	moment	 in	which	 both	 deforestation	 and	 fires	 have	

soared	in	the	Amazon.	

	

6. Conclusion	

The	study	showed	that	region-wide	strategies	to	curtail	deforestation	in	the	Amazon	

must	account	for	both	contextual	factors	at	the	municipal	level	and	the	intrinsic	limitation	

that	such	factors	impose	on	local	stakeholders’	ability	to	respond.	In	that	regard,	the	results	

revealed	that	the	LPM	policy,	by	setting	removal	criteria	applied	uniformly	across	diverse	

local	 realities,	disregards	 the	spatial	and	 temporal	 forces	 that	have	shaped	 the	 territorial	

size,	demography,	population	diversity,	land	distribution,	economic	activities,	infrastructure	

access,	and	land	use	and	cover	dynamics	of	municipalities.	Thus,	the	analysis	reveals	that	the	

LPM	 policy’s	 effectiveness	 is	 significantly	 affected	 by	 factors	 beyond	 local	 political	

willingness	or	local	stakeholders’	interest	in	seeking	compliance	with	the	LPM	policy.	On	the	

other	hand,	the	results	revealed	that	governments,	both	municipal,	state,	and	federal,	can	

exert	 critical	 influence	 in	 leveraging	 local	 stakeholders’	 responses	 by	 effectively	

implementing	the	environment’s	municipal	system	and	supporting	law	enforcement.	
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8. Supplemental	Material	

8.1 The	List	of	Priority	Municipalities	dynamics	

	

Figure	SM	1. The	spatial	and	temporal	dynamics	of	inclusion	and	removal	of	municipalities	from	
the	List	of	Priority	Municipalities	in	the	Brazilian	Amazon.	
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8.2 Data	collection	

Data	used	in	the	study	(Table	3)	were	collected	from	official	sources	and	regulations	

(Table	SM	1).	Data	was	collected	for	the	2006-2013	period.	Time-variant	data	were	averaged	

for	each	municipality	as	follows.	Municipalities	removed	from	the	LPM	had	the	average	value	

of	each	explanatory	 indicator	calculated	from	the	entry	year	to	the	year	they	exit	the	 list.	

Municipalities	that	remained	in	the	LPM	in	2013	had	the	average	value	calculated	from	the	

entry	year	to	2013.	

Data	unavailable	on	an	annual	basis	were	handled	case-by-case.	The	number	and	area	

of	farms	in	municipalities	–	from	which	the	Gini	index	on	land	distribution	was	calculated	–	

were	assumed	constant	for	the	sake	of	the	analysis	performed	in	the	Chapter.	The	Brazilian	

Agricultural	 Census	 (IBGE)	 is	 conducted	 every	 10	 years	 approximately.	 The	 analysis	

considered	the	data	available	for	2006.		

The	relative	area	of	protected	areas	and	indigenous	lands	and	the	road	length	in	each	

municipality	 were	 derived	 from	 geospatial	 analysis	 detailed	 below	 (8.2.1	 Vector	 data	

analysis).	Both	indicators	were	assumed	constant	over	the	2008-2013	period.	

Data	on	the	environment’s	municipal	system	was	compiled	in	the	following	way.	Data	

on	an	environmental	municipal	agency,	council,	and	fund	are	available	for	2008,	2009,	2012,	

and	2013.	The	2009	and	2012	years	correspond	to	 the	first	and	last	years	of	the	mayor’s	

mandate	in	Brazilian	municipalities.	If	these	government	structures	were	available	either	in	

the	four	years,	or	between	2009	and	2013,	or	in	2009	and	2012	(provided	the	municipality	

was	removed	before	2013),	it	is	assumed	these	structures	were	available	in	the	municipality.	

Last,	data	on	the	number	of	environmental	agents	are	available	for	2008	and	2013	

only.	These	figures	were	divided	by	the	municipal	population	in	the	respective	years,	and	the	
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average	value	was	assumed	 to	represent	 the	number	of	agents	 in	 the	municipality	 in	 the	

2008-2013	period.	

	
Table	SM	1. Summary	and	source	of	selected	indicators	and	explanatory	variables,	as	presented	
in	the	dataset	available	for	download	in	the	data	repository.	

Dimension	 Indicator	 Description	 Source	
-	 codibge	 IBGE	code	of	municipality	 IBGE	
-	 municipio	 Name	of	the	municipality	 IBGE	
-	 state	 Name	of	the	state	 IBGE	
-	 yr.entry	 Year	the	municipality	was	listed	 MMA	
-	 yr.exit	 Year	the	municipality	was	removed	 MMA	
-	 depvar	 Binary	dependent	variable,	whether	

the	municipality	was	 removed	 from	
the	LPM	by	2013	(1)	or	not	(0)	

MMA	

Municipal	governance	 sectema	 Binary	variable,	whether	there	is	a	
municipal	environmental	agency	(1)	
or	not	(0)	

Perfil	dos	Municípios	
Brasileiros	(IBGE)	

fundema	 Binary	variable,	whether	there	is	a	
municipal	environmental	fund	(1)	or	
not	(0)	

Perfil	dos	Municípios	
Brasileiros	(IBGE)	

consema	 Binary	variable,	whether	there	is	a	
municipal	environmental	council	(1)	
or	not	(0)	

Perfil	dos	Municípios	
Brasileiros	(IBGE)	

prop.PAs	 relative	area	of	indigenous	and	
protected	lands	

ICMBio;	FUNAI	

geocode.area	 municipal	area	(sq.	km)	outside	
indigenous	and	protected	lands	

IBGE;	FUNAI;	ICMBio	
(QGIS	analysis)	

enforc.capacity1	 number	of	employees	in	the	
municipal	environmental	agency	
divided	by	the	population	

Perfil	dos	Municípios	
Brasileiros	(IBGE);	
Censo	Populacional	

Law	enforcement	 n.fines	 average	number	of	yearly	
environmental	fines	while	in	the	
LPM	

IBAMA	

n.embargoes	 average	number	of	yearly	
environmental	embargoes	while	in	
the	LPM	

IBAMA	

Agrarian	structure	 n.farms2006	 number	of	farms	in	2006	 Censo	Agro	2006	

gini2006	 Gini	index	on	land	distribution	 Censo	Agro	2006	

avg.Afarms2006	 average	area	of	farms	 Censo	Agro	2006	

Land	use	and	cover	
change	

cattle.dens	 average	number	of	cattle	heads	over	
pasturelands	while	listed	

Perfil	da	Pecuária	
Municipal	(IBGE);	
MapBiomas	

	

1		 Average	number	of	employees	in	the	municipal	environmental	agency	(2008,	2013,	and	2017)	
over	the	municipal	area	(sq.	km)	
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Table	SM	1. Summary	and	source	of	selected	indicators	and	explanatory	variables,	as	presented	
in	the	dataset	available	for	download	in	the	data	repository.	

Dimension	 Indicator	 Description	 Source	
crop.area	 relative	area	of	annual	crops	in	the	

municipality	while	in	the	LPM	
MapBiomas	

secfor.area	 second-growth	forest	coverage	/	
old-growth	forest	coverage	while	in	
the	LPM	

MapBiomas	and	
PRODES	

Infrastructure	 road.dens	 road	length	(km)	over	municipal	
area	(sq.	km)	

RAISG;	IBGE;	FUNAI;	
ICMBio	(QGIS	analysis)	

Control	variable	 gdp	 Gross	Domestic	Product	(R$1,000)	 IBGE	
	

8.2.1 Vector	data	analysis	

Some	of	the	indicators	employed	in	the	study	derive	from	vector	data	analysis	carried	

out	in	a	GIS	environment	(QGIS	3.4.15-Madeira).	

•	 Proportion	of	Indigenous	and	Protected	Lands	in	each	municipality	

Data	 about	 Indigenous	 Lands	 and	 Conservation	 Units	were	 downloaded	 from	 the	

official	 platform	 supported	by	 the	 federal	 government.	Data	 about	municipal	 limits	were	

downloaded	 from	 IBGE.	 Spatial	 projections	 were	 set	 to	 SIRGAS	 2000	 (EPSG4674).	 All	

geometries	were	fixed	(fix	geometries	tool).	Areas	were	then	calculated	in	square	meters.	

Indigenous	Lands	(ILs)	categorized	as	“area	under	study”	(em	estudo)	were	excluded	

since	they	are	not	officially	defined	and	approved	by	the	federal	government.	Conservation	

Units	(CUs)	in	the	federal,	state,	and	municipal	levels	categorized	as	APAs	(Áreas	de	Proteção	

Ambiental),	 as	 well	 as	 all	 UCs	 created	 after	 2013	were	 excluded	 so	 to	 retain	 only	 those	

existing	in	the	2008-2013	period.	

The	 intersection	 between	 CUs	 and	 ILs	 resulted	 in	 a	 new	 vector	 file	 identifying	

overlapping	areas	between	the	two	datasets	(intersection	tool).	Additionally,	a	new	vector	

file	 retaining	 the	 areas	 of	 CUs	 and	 ILs	 that	 do	 not	 overlap	 was	 created	 (symmetrical	

difference	 tool).	 Each	 of	 these	 two	 vector	 files	 was	 intersected	 with	 the	 municipalities’	
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shapefile.	That	resulted	in	vector	files	retaining	the	information	regarding	the	CUs	and	ILs	in	

each	municipality.	Using	the	IBGE	code,	overlapping	areas	in	each	vector	file	were	dissolved	

(dissolve	tool),	thus	eliminating	overlapping	features	(e.g.,	different	CUs	overlap	each	other).	

The	 final	vector	 files	retained,	 for	each	municipality,	 the	 total	area	under	any	category	of	

protection,	whether	IL	or	CU,	excluding	existing	overlapping	from	the	original	datasets.	

Finally,	the	area	of	features	(polygons)	was	calculated	in	each	shapefile	to	provide	the	

total	area	of	both	CUs	and	ILs	in	each	municipality.	The	two	final	shapefiles	have	the	total	

area	of	ILs	and	CUs	that	do	not	overlap,	and	the	total	area	of	ILs	and	CUs	that	overlap	in	each	

municipality.	Both	areas	were	summed	up	in	the	R	software	so	to	calculate	the	total	area	in	

each	municipality	under	legal	protection.	

•	 Municipal	area	held	in	private	properties	in	which	the	geocoding	is	legally	required	

The	LPM	policy	mandates	municipalities	 to	geocode	at	 least	80%	of	 the	municipal	

territory	 excluding	 ILs	 and	 CUs.	 Based	 on	 the	 previous	 calculations,	 the	 indigenous	 and	

protected	lands	were	subtracted	from	the	total	area	of	municipalities.		

	

8.2.2 Dataset	compilation	and	analysis	

Once	all	the	indicators	were	downloaded	and	calculated,	missing	values	(NAs)	were	

handled	in	the	following	way.	Municipalities	with	no	indigenous	lands	or	protected	areas,	as	

well	 as	 those	 presenting	 no	 area	 of	 annual	 crops	 in	 the	 2008-2013	 period,	 received	 a	

symbolic	value	(0.000001)	for	the	relative	area	of	protected	lands	and	relative	area	of	annual	

crops,	thus	allowing	the	logarithmic	calculation	of	the	indicators	previously	to	the	analysis.	
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CHAPTER	3.	National	policies	encounter	municipal	realities:	coordination	among	

initiatives,	enforcement,	and	institutional	support	favors	stakeholders’	cooperation	

to	control	Amazonian	deforestation	

	 	

1. Introduction	

National	policies	tackling	deforestation	in	the	Brazilian	Amazon	have	been	designed	

and	 implemented	 at	 the	 regional	 level,	 framing	 rules	 for	 either	 the	 entire	 biome	 or	 the	

geopolitical	area	of	the	Legal	Amazon.	The	region	encompasses	a	vast	territory	(4-5	million	

sq.	 km)	 characterized	 by	 varied	 ecosystems	 overlapping	 nine	 states	 and	 hundreds	 of	

municipalities	(530	to	772)	home	to	28+	million	people	–	including	a	diverse	population	of	

617,000	 individual	 landholders	 occupying	 over	 720.000	 sq.	 km1.	 Moreover,	 anti-

deforestation	policies	often	target	individual	agents	associated	with	forest	clearings	who	are	

usually	at	the	end	of	a	chain	of	forces	driving	land	cover	changes.	Such	a	strategy	has	had	

some	 success	 once	 implemented	 with	 political	 will	 and	 strong	 command-and-control	

measures	(Arima	et	al.,	2014),	such	as	when	an	inter-ministerial	coordination	devised	a	suite	

of	initiatives	to	control	deforestation	at	its	highest	peak	(i.e.,	the	PCCDAm	program2),	which	

contributed	to	decrease	deforestation	rates	from	over	27,000	sq.	km	in	2004	to	4,500	sq.	km	

in	2012.	The	PPCDAm	fostered	stricter	monitoring	and	sanctioning	initiatives	and	prompted	

states,	 municipalities,	 stakeholders,	 and	 land	 users	 to	 actively	 seek	 alternatives	 to	

	

1		 Censo	Agro	2017	(SIDRA/IBGE,	Table	6719)	
2		 The	Action	Plan	for	the	Prevention	and	Control	of	Deforestation	in	the	Legal	Amazon	(PPCDAm)	
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deforestation	 through	 multi-partnership	 initiatives	 addressing	 territorial	 planning,	

sustainable	production	systems,	and	restoration	programs	(Mello	and	Artaxo,	2017).	

Deforestation,	however,	has	persisted,	 advancing	 in	a	predictable	pattern	across	a	

region	characterized	by	an	active	land	market	and	the	illegal	occupation	of	public	areas	and	

indigenous	and	protected	 lands	(Azevedo-Ramos	and	Moutinho,	2018;	Brito	et	al.,	2019).	

Recent	political	shifts	and	economic	turmoil	have	accelerated	deforestation	and	worsened	

the	already	limited	law	enforcement	in	the	region,	where	the	Brazilian	environmental	agency	

collects	only	36%1	of	assessed	environmental	fines2.	In	2019,	the	first	year	of	Bolsonaro’s	

government,	deforestation	rates	increased	by	30%3,	whereas	environmental	fines	declined	

by	more	than	30%	(Brant	and	Watanabe,	2020).	What	have	been	the	main	outcomes	of	anti-

deforestation	policies	at	the	municipal	level?	Can	lessons	learned	over	the	past	15	years	from	

social	and	political	efforts	to	curb	deforestation	help	to	avoid	a	new	wave	of	deforestation	

expansion	in	the	Amazon?	

National	policies	face	the	challenge	of	being	relevant	to	diverse	groups	of	agents	and	

local	realities.	Region-wide	policies	tend	to	be	insensitive	to	intraregional	variability,	unable	

to	capture	the	multiple	and	dynamic	incentives	driving	land-use	decisions	impacting	forests	

	

1		 Payment	rate	totals	36%	of	the	number	of	fines	(i.e.,	120,012)	related	to	flora	and	ecosystem	
crimes	applied	in	the	1996-2019	period,	which	represents	30%	of	the	total	value	of	fines	(R$26	
bi).	

2		 Database	for	the	search	of	Environmental	Fines	and	Embargoes	(IBAMA).	Available	at:	
https://servicos.ibama.gov.br/ctf/publico/areasembargadas/ConsultaPublicaAreasEmbargada
s.php	

3		 PRODES	Program	(INPE).	Available	at:	
http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes	
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(Brondízio	and	Moran,	2013).	On	the	other	hand,	in	different	parts	of	the	world,	novel	hybrid	

modes	of	governance	involving	multiple	agents	have	succeeded	in	halting	deforestation	by	

narrowing	 their	 scope	 and	 tackling	 forest	 loss	 associated	with	 particular	 sets	 of	 agents,	

economic	activities	and	supply-chains,	and	critical	territories	(Lambin	et	al.,	2014;	Lemos	

and	Agrawal,	2006).	

In	 Brazil,	 the	 Ministry	 of	 Environment	 (MMA)	 implemented	 the	 List	 of	 Priority	

Municipalities	 (LPM)	 in	 2008	 –	 infamously	 labelled	 as	 ‘lista	 negra	 do	 desmatamento’	

(deforestation	 blacklist).	 This	 policy	 defines	 criteria	 to	 both	 include	 (i.e.,	 high	 yearly	

deforestation	rates)	and	exclude	(i.e.,	deforestation	control	and	landholdings	registry	in	the	

national	environmental	cadastral	system	–	SICAR)	municipalities	from	the	LPM.	As	such,	the	

LPM	 policy	 narrows	 government	 monitoring	 and	 sanctioning	 initiatives	 towards	 a	 few	

municipalities	considered	deforestation	hotspots.	Since	the	removal	criteria	are	set	at	the	

municipality	 level,	 thus	sanctioning	both	the	municipality	and	 individual	 landholders	and	

stakeholders,	 this	 policy	 is	 intended	 to	 trigger	 cooperation	 among	 local	 agents	 towards	

getting	the	municipality	off	the	LPM.	

The	LPM	policy	has	been	praised	as	a	successful	initiative	contributing	to	the	sharp	

decline	of	deforestation	rates	(Arima	et	al.,	2014;	Assunção	and	Rocha,	2019;	Cisneros	et	al.,	

2015).	But	this	policy	has	also	challenged	municipalities	and	local	stakeholders	in	complying	

with	 its	 removal	 criteria.	 One	 decade	 after	 its	 implementation,	 only	 22	 out	 of	 62	

municipalities	have	got	off	the	LPM.	At	the	regional	level,	studies	suggest	the	LPM	outcomes	

“differ	substantially	depending	on	the	ability	of	 local	stakeholders	to	organize	themselves	

towards	the	goal	of	being	removed	from	a	blacklist”	(Cisneros	et	al.,	2015).	At	the	local	level,	
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case	 studies	 have	 emphasized	 the	 role	 of	 government	 decentralization,	 local	 leadership,	

institutional	support,	and	stakeholders’	cooperation	in	successful	outcomes	(Neves,	2015;	

Viana	 et	 al.,	 2016).	 While	 regional-level	 analysis	 offers	 limited	 insights	 into	 the	 role	 of	

incentives	triggered	by	the	LPM	policy	at	the	local	level,	upscaling	local	findings	from	case	

studies	remains	challenging	in	a	region	where	historical	processes	of	territorial	occupation	

and	development	have	shaped	diverse	municipal	realities.	

This	 article	 examines	 the	 evolution	 of	 the	 LPM	 policy	 between	 2008-2018	 while	

examining	 interaction	and	outcomes	at	both	 regional	 and	 local	 levels.	At	 the	 scale	of	 the	

Brazilian	Amazon,	we	examine	 the	 implementation	of	 this	policy	by	analyzing	how	 listed	

municipalities	 relate	 to	 regional	 patterns	 of	 territorial	 occupation,	 development,	 and	

deforestation.	At	the	local	scale,	we	analyze	the	cases	of	four	municipalities	across	a	spatial-

temporal	 gradient	 of	 frontier	 expansion.	 In	 doing	 so,	 we	 examine	 how	 local	 conditions,	

information	and	experience	exchange,	inter-governmental	coordination,	market	sanctions,	

and	 additional	 anti-deforestation	 initiatives	 have	 facilitated	 or	 inhibited	 the	 cooperation	

among	 local	 landholders	 and	 stakeholders	 seeking	 alternatives	 to	 reconcile	 agricultural	

production	and	forest	conservation	in	dynamic	and	rapidly	transforming	social-ecological	

systems.	

The	 article	 follows	with	 a	brief	 review	of	 regional	development	 and	deforestation	

patterns	 in	the	Brazilian	Amazon,	as	well	as	of	anti-deforestation	 initiatives	 implemented	

during	the	last	15	years,	particularly	the	List	of	Priority	Municipalities.	We	then	present	our	

research	design	and	methodology,	followed	by	the	presentation	of	results	at	both	regional	

and	local	levels.	Discussion	follows	examining	interactions	between	the	LPM	policy,	regional	
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deforestation	 patterns,	 and	 local	 conditions,	 paying	 particular	 attention	 to,	 and	 drawing	

lessons	 from	 the	 factors	 that	 have	 allowed	 some	 municipalities	 to	 lower	 and	 revert	

deforestation	trends	while	others	not.	

	

2. Frontier	expansion	and	policy	instruments	to	control	deforestation	

2.1. The	”Arc	of	Deforestation”	

The	Brazilian	Amazon	was	considered	“homogeneous	and	isotropic,”	an	isolated	and	

demographically	 empty	 region	 when	 economic	 incentives,	 infrastructure	 projects,	 and	

programs	aimed	at	populating	the	Amazon	triggered	substantial	changes	across	the	region	

(Becker,	 2001).	 Since	 the	 1970s,	 government-led	 infrastructure	 projects	 have	 extended	

historical	 transportation	 axes	 from	 rivers	 to	 roadways.	 Along	 with	 communication	

improvements,	those	changes	have	expanded	the	local	circulation	of	goods,	information,	and	

people	across	the	Amazon,	as	well	as	the	regional	connection	with	national	and	international	

markets.	Financial	 incentives	encouraged	agricultural	 and	 industrial	 endeavors	alongside	

traditional	 extractive	 activities,	 rural	 settlements	 and	 land	 reform	 programs	 and	

infrastructure	projects	(roadways,	settlements,	mining,	and	energy)	reconfigured	territorial	

occupation.	 These	 changes	 attracted	 waves	 of	 migrants,	 gave	 rise	 to	 unplanned	 urban	

centers,	 and	 resulted	 in	 varied	 patterns	 of	 socioeconomic,	 political,	 and	 territorial	

organization	(Becker,	2005).	In	a	relatively	short	period	(50yrs),	these	historical	conditions	

have	 shaped	 the	 Amazon	 as	 a	 mosaic	 of	 social	 and	 environmental	 realities	 in	 rapid	

transformation	(Brondízio,	2013).	
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Rather	than	evenly	spread,	some	75%	of	the	regional	land	cover	change	takes	place	

in	the	“arc	of	deforestation,”	a	swath	of	land	occupation	from	East	to	West	along	the	Southern	

rim	 of	 the	 basin	 (Alves,	 2001).	 Its	 emergence	 and	 shape	 have	 gone	 in	 tandem	with	 the	

roadway	axes	(Alves,	2002),	land	reform	projects	(Alston	et	al.,	2000;	Moran,	1981;	Smith,	

1982),	pervasive	land	grabbing	(Fearnside,	2005),	and	large	agricultural	ventures	for	cattle	

ranching	(Hecht,	1993,	1985)	and	 large-scale	monocropping	such	as	soybean	(Delaroche,	

2019).	Patterns	of	deforestation	in	this	region	have	also	been	diverse	as	different	groups	of	

actors	 have	 responded	 to	 changing	 incentives,	 public	 policies,	 economic	 shocks,	 market	

demands,	climate	change,	and	demographic	dynamics	(Brondízio	and	Moran,	2012;	Godar	et	

al.,	2014;	Rosa	et	al.,	2012).		

To	date,	the	Brazilian	Amazon	has	lost	roughly	20%	(780,000	sq.	km)	of	its	original	

forest	cover,	and	it	is	estimated	that	logging	and	fires	have	degraded	more	extensive	areas	

of	remaining	natural	forestlands	(Foley	et	al.,	2007;	Rappaport	et	al.,	2018).	At	the	current	

rate	of	deforestation	and	forest	degradation,	climate	change	is	projected	to	lead	the	biome	

towards	an	ecological	tipping	point,	transforming	the	eastern	part	of	the	region	from	humid	

to	a	drier	forest	ecosystem	(Lovejoy	and	Nobre,	2018;	Nobre	et	al.,	2016).	

	

2.2. Novel	mechanisms	to	tackle	deforestation	

Conventional	 command-and-control	 policies	 have	 been	 implemented	 amid	

conflicting	 narratives	 of	 environmental	 sustainability	 and	 commodity	 production	 and	

extraction.	As	such,	these	policies	have	come	short	in	tackling	the	direct	and	indirect	drivers	

of	 deforestation	 in	 such	 a	 dynamic	 and	 complex	 region	 as	 the	 “arc	 of	 deforestation.”	
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Implementing,	 monitoring,	 and	 enforcing	 ambitious	 command-and-control	 regulations	

require	information	and	institutional	capacity	to	identify	the	processes	and	track	the	agents	

of	 forest	 loss.	That	has	been	challenging	 in	a	region	of	continental	proportion	marked	by	

limited	 –	 and	 now	 decreasing	 –	 capacity	 of	 government	 agencies	 to	 enforce	 legislation	

(Abessa	et	al.,	2019;	Nepstad	et	al.,	2002).	

An	 important	 contribution	 to	 overcome	 these	 limitations	 has	 been	 the	 systematic	

development	of	satellite-based	monitoring	systems	since	the	late	1980s.	Building	upon	the	

PRODES	program,	a	new	satellite	monitoring	system	for	detecting	real-time	deforestation	

(DETER)	started	operating	in	2004	(Diniz	et	al.,	2015).	Additionally,	data	linking	individual	

land	ownership	to	forest	clearings	have	been	compiled	in	the	last	ten	years	(SICAR).	While	

such	systems	provide	means	for	identification	of	deforestation	events	and	agents,	ultimately,	

their	 use	 depends	 on	 the	 willingness	 of	 policymakers	 and	 public	 officials	 to	 enforce	

legislation.	

In	 addition	 to	 command-and-control	 policies,	 novel	 demand-side	 initiatives	 have	

emerged	in	different	sectors	to	control	deforestation.	The	roundtable	on	sustainable	oil	palm	

and	 the	 soybean	 and	 beef	moratoria	 are	 pointed	 out	 as	 successful	 initiatives	 in	 curbing	

agricultural	expansion	over	newly	deforested	areas	(Barreto	and	Gibbs,	2015;	Gibbs	et	al.,	

2016,	2015;	Nepstad	et	al.,	2014).	In	Brazil,	the	soy	and	beef	moratoria	have	contributed	to	

bringing	 together	 key	 stakeholders	 to	 devise	 agreements	 and	 co-share	 responsibility	 in	

implementing,	 monitoring,	 and	 enforcing	 commitments	 to	 dissociate	 deforestation	 from	

their	supply	chains.	
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Different	 from	 command-and-control	 policies	 relying	 exclusively	 on	 government	

implementation	 and	 enforcement,	 hybrid	 initiatives	 have	 brought	 a	 broader	 set	 of	

stakeholders,	including	both	the	public	and	private	sectors	and	the	civil	society.	Thus,	these	

initiatives	have	dissolved	communication	barriers	among	decision-makers	and	reduced	the	

distance	–	literally	and	metaphorically	–	between	interested	parties,	resulting	in	collectively	

agreed	commitments	based	on	shared	information	that	creates	a	sense	of	co-responsibility	

among	those	involved.	

	

2.3. The	Ministry	of	Environment’s	List	of	Priority	Municipalities	

As	 part	 of	 the	 PPCDAm,	 the	 List	 of	 Priority	Municipalities	 (LPM)	 designed	 by	 the	

Brazilian	Ministry	of	Environment1	shifted	the	focus	from	monitoring	and	law	enforcement	

of	the	entire	Amazon	to	a	reduced	number	of	municipalities	concentrating	the	highest	rates	

of	 forest	 loss.	 By	 setting	 its	 compliance	 criteria	 at	 the	municipality	 level,	 the	 LPM	policy	

created	shared	responsibilities	between	the	federal,	state,	and	municipal	governments.	More	

important,	 the	 LPM	 policy	 encouraged	 horizontal	 sharing	 of	 responsibility	 within	

municipalities,	 requiring	both	 collective	and	 individual	 actions	among	 local	 stakeholders.	

The	 LPM	 policy	was	 also	 innovative	 in	mandating	 farmers	 to	 geocode	 landholdings	 in	 a	

public	 cadastral	 system	 (SICAR),	 which	 allows	 linking	 forest	 clearings	 to	 individual	

landholders,	 thus	 enhancing	 deforestation	monitoring	 and	 law	 enforcement.	 In	 short,	 to	

clear	the	sanctions	associated	with	the	LPM	policy	(e.g.,	credit	restrictions,	market	embargo,	

	

1		 Decreto	Federal	6.321/2007	
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damage	 to	 the	 municipal	 image),	 listed	 municipalities	 are	 required	 to	 keep	 yearly	

deforestation	 rates	 below	 40	 sq.	 km	 and	 to	 geocode	 and	 register	 at	 least	 80%	 of	 their	

territory	held	in	private	properties	in	the	SICAR.	

Econometric	 analysis	 confirmed	 the	 role	 played	 by	 the	 LPM	 policy	 in	 curbing	

deforestation	in	listed	municipalities	when	compared	to	non-listed	ones	(Arima	et	al.,	2014;	

Assunção	and	Rocha,	2019;	Cisneros	et	al.,	2015;	Sills	et	al.,	2015).	However,	the	channels	by	

which	 such	 outcomes	 were	 achieved	 in	 some	 municipalities,	 but	 not	 in	 others,	 remain	

unclear.	Despite	its	deterrence	effect	at	the	regional	level,	only	one	in	three	municipalities	

have	complied	with	the	LPM	policy	removal	criteria	by	2018.	On	the	other	hand,	case	studies	

have	focused	on	the	successful	and	virtuous	case	of	Paragominas,	where	partnerships	among	

local	stakeholders,	NGOs,	and	state	and	federal	governments	led	to	a	“novel	multi-partner	

governance	 arrangement”	 (Viana	 et	 al.,	 2016,	 2012).	 Such	 innovative	 arrangement	 led	

Paragominas	to	get	off	the	LPM	in	2010,	rendering	it	possible	for	the	municipality	to	self-

declare		as	the	first	‘green	municipality’	(Zwick	and	Calderon,	2016).	But	the	ability	of	local	

stakeholders	in	different	circumstances	to	organize	themselves	towards	complying	with	the	

LPM	removal	criteria	represents	a	paramount	aspect,	which	remains	 largely	unexamined,	

and	to	which	we	contribute	the	analysis	that	follows.	

	

3. Research	design	and	methods	

Rules	leading	to	productive	outcomes	in	one	setting	may	fail	drastically	when	local	

settings	differ	 (Ostrom,	2005),	 challenging	decision-makers	devising	 strategies	 to	 govern	

complex	 social-ecological	 systems.	 In	 the	 Brazilian	 Amazon,	 this	 is	 particularly	 relevant	
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because	the	regional	history	of	territorial	occupation,	development,	and	frontier	expansion	

has	forged	a	dynamic	and	diverse	mosaic	of	juxtaposed	social	and	environmental	realities.	

Further,	 local	actors	and	governments	at	 the	state	and	municipal	 levels	have	assumed	an	

increasing	 role	 in	mediating	 external	 incentives,	 setting	directions	 and	 strategies	 driving	

land	 use	 and	 cover	 changes	 at	 local	 scales	 (Becker,	 2005;	 Thaler	 et	 al.,	 2019).	 In	 such	 a	

context,	what	are	 the	outcomes	emerging	 from	diverse	municipalities	and	 local	agents	 in	

response	to	region-wide	policies	aimed	at	controlling	deforestation	in	the	Amazon?	

We	 tackle	 this	 puzzle	 by	 employing	 two	 analytical	 approaches	 to	 examine	 the	

interaction	between	the	LPM	policy	and	municipalities	over	time	(Figure	1).	At	the	regional	

level,	the	study	compiles	a	set	of	attributes	of	530	municipalities	in	the	Brazilian	Amazon	

biome	 to	 identify	 and	 cluster	 municipalities	 sharing	 similar	 features	 and	 land	 use	

trajectories.	At	 this	 level,	we	ask	how	 the	LPM	policy	 applies	 to	 groups	of	municipalities	

shaped	by	different	periods	of	colonization	and	development	along	the	expanding	frontier	

(Question	1).	At	the	local	level,	the	study	uses	an	institutional	analysis	approach	based	on	

the	 Institutional	 Analysis	 and	 Development	 (IAD)	 framework	 (Ostrom,	 2005,	 1990).	We	

examine	municipalities	as	‘municipal	action	arenas’	in	which	stakeholders	holding	different	

positions,	interests,	powers,	and	worldviews	interact	and	engage	in	initiatives	to	solve	the	

collective	action	dilemma	of	complying	with	the	LPM	criteria	to	overcome	sanctions	applied	

to	all.	At	this	level,	we	focus	on	four	municipalities	in	northeastern	Pará,	the	state	historically	

concentrating	 the	highest	 rates	of	deforestation,	 to	analyze	how	LPM	sanctions	 triggered	

incentives	for	the	cooperation	among	local	agents,	as	well	as	the	responses	and	emerging	

outcomes	(Question	2).	
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3.1. The	regional	and	intra-regional	diversity	analysis	

Official	data	were	compiled	for	the	530	municipalities1	defined	by	the	MMA2	as	part	

of	the	Brazilian	Amazon	biome	–	an	area	smaller	than	the	Legal	Amazon.	The	dataset	consists	

of	 eight	 indicators	depicting	 land	use	and	 cover	 change,	demography,	 agrarian	 structure,	

social-environmental	governance,	and	the	political-administrative	history	of	municipalities	

(Table	 1),	 thus	 reflecting	 attributes	 associated	 with	 different	 patterns	 of	 regional	

development	and	territorial	occupation	in	the	Amazon	(Regional	dataset	compilation	in	the	

Supplementary	Material).	 Indicators	were	 collected	 to	 reflect	municipal	 attributes	 at	 the	

time	of	the	LPM	policy	implementation	in	2008.	

Table	1. The	set	of	dimensions	and	 indicators	compiled	 to	analyze	how	the	regional	history	of	
territorial	 occupation,	 development,	 and	 frontier	 expansion	 have	 shaped	 municipalities	 in	 the	
Amazon	biome.	

Dimension	 Indicator	 Source	
Demography	 Proportion	of	migrants	40+	age	in	the	total	population	in	2010	 IBGE	
Land	use	and	cover	change	 Cattle	density	(number	of	cattle	heads/municipal	area)	in	2008	 IBGE	
Land	use	and	cover	change	 Proportion	of	soy	plantations	over	the	total	area	cultivated	in	2008	 IBGE	
Land	use	and	cover	change	 Proportion	of	the	original	forest	cover	cleared	by	2008	 PRODES	
Land	use	and	cover	change	 Proportion	of	the	original	forest	cover	lost	between	2004-2008	 PRODES	
Political-administrative	 Year	of	municipality	emancipation	 IBGE	
Agrarian	structure	 Gini	index	on	land	concentration	in	2006	 IBGE	
Social-environmental	
governance	

Proportion	of	Indigenous	and	Protected	Lands	(PAs)	in	2008	 MMA	

	 	 	

We	applied	a	principal	component	analysis	(PCA)	followed	by	a	clustering	analysis	to	

identify	municipalities	sharing	similar	attributes	based	on	the	selected	set	of	indicators.	Our	

	

1		 Mojuí	dos	Campos	(Pará),	officially	emancipated	on	January	1,	2013,	was	removed	from	the	
analysis	for	the	lack	of	official	data	used	in	the	study.	Grajaú	(Maranhão),	despite	not	
considered	part	of	the	Amazon	biome	by	the	MMA,	was	included	in	the	analysis	since	it	was	
listed	in	the	LPM	in	2011.	

2		 Portaria	MMA	96/2008	
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goal	 is	 to	 examine	 how	 the	 LMP	 policy	 applies	 amidst	 the	 intra-regional	 diversity	 of	

Amazonian	 municipalities.	 The	 PCA	 summarizes	 the	 original	 dataset	 into	 uncorrelated	

principal	component	axes	capturing	most	of	the	variability	found	in	the	multivariate	data.	

Each	principal	component	axis	(PCn)	represents	a	new	and	independent	dimension	of	the	

original	data	correlated	with	particular	sets	of	indicators.	This	correlation	can	be	analyzed	

based	on	the	relative	coefficients	to	the	linear	combination	of	the	original	indicators	in	each	

PCn	(Borcard	et	al.,	2011;	Legendre	and	Legendre,	1998),	which	in	turn	can	be	interpreted	

as	a	new	attribute	of	the	municipalities.	

We	selected	the	principal	component	axes	capturing	the	above-average	variance	of	

the	original	dataset,	i.e.,	eigenvalue	>1,	and	then	applied	an	agglomerative	non-hierarchical	

clustering	algorithm	(k-means).	This	algorithm	successively	groups	similar	municipalities	

into	larger	clusters	based	on	the	principal	component	axes	until	all	municipalities	are	placed	

in	one	of	the	pre-defined	number	of	clusters	(Legendre	and	Legendre,	1998)	–	which	was	

defined	after	 simulating	different	number	of	 clusters	 towards	minimizing	 the	 total	 intra-

cluster	variation.	All	analyses	were	run	in	R.	The	“FactoMineR”	package	(Lê	et	al.,	2008)	was	

used	 for	 the	PCA	analysis,	and	the	“stats”	package	(R	Core	Team,	2020)	was	used	 for	 the	

cluster	analysis.	Each	indicator	was	standardized	(z-score)	before	the	analysis.	

	

3.2. Sampling	strategy	of	municipal	case	studies	

Following	 our	 regional-level	 analyses,	 we	 examined	 the	 municipalities	 of	

Paragominas,	Tailândia,	Moju,	and	Portel	(Figure	2).	
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Figure	2. The	 Amazon	 biome.	 (a)	 The	 62	municipalities	 included	 in	 the	 Brazilian	 Ministry	 of	
Environment’s	List	of	Priority	Municipalities	(LPM)	between	2008-2018.	(b)	The	case	studies	of	
four	municipalities	along	the	moving	frontier	from	the	Northeastern	into	the	Central	region	of	the	
biome.	

These	 municipalities	 were	 included	 in	 the	 LPM	 in	 different	 periods	 –	 2008	

(Paragominas),	 2009	 (Tailândia),	 2011	 (Moju),	 and	2017	 (Portel).	Whereas	Paragominas	

and	Tailândia	got	off	the	LPM	in	2010	and	2013,	respectively,	Moju	and	Portel	remain.	They	

are	geographically	located	across	a	gradient	depicting	the	expanding	frontier	in	the	Eastern	

portion	 of	 the	 “arc	 of	 deforestation,”	 in	 the	 state	 of	 Pará.	 The	 municipalities	 along	 that	

gradient	 relate	 to	 different	 periods	 of	 territorial	 occupation	 of	 the	 Amazon,	 from	 the	

consolidation	of	 the	 riverine	 town	of	Portel	 in	1843	 to	 the	emancipation	of	Paragominas	

along	 the	 Belém-Brasília	 highway	 in	 1965.	 Portel	 combines	 large	 segments	 of	 riverine	
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populations	 and	 a	 forest-based	 and	 extractive	 economy	 with	 an	 expanding	 road-based	

deforestation	 front	 leaking	 from	neighboring	municipalities	 in	 the	 South.	 Likewise,	Moju	

presents	 a	 riverine-based	 forest	 economy	 and	 small-scale	 agricultural	 activities.	 Yet,	 like	

Paragominas	 and	 Tailândia,	 agricultural	 commodities	 production	 at	 various	 scales	

dominates	these	three	municipalities	along	roadways	and	land	reform	projects	developed	in	

the	1960-1970s	(see	SM2	for	further	description	about	each	municipality).	

Fieldwork	 campaigns	 between	 2016	 and	 2018	 were	 carried	 out	 in	 those	

municipalities	and	in	the	state	capital	(Belém).	Semi-structured	interviews	were	conducted	

with	a	broad	set	of	actors	involved	with	initiatives	linked	to	the	LPM	policy,	from	government	

officials	and	extensionists	to	practitioners,	researchers,	bank	managers,	directors	of	unions	

and	 cooperatives,	 local	 community	 leaders,	 ranchers,	 and	 small-	 and	 large-scale	 farmers	

(SM3).	

	

3.3. Sampling	strategy	of	local	stakeholders	

We	 employed	 three	 complementary	 strategies	 to	 sample	 and	 recruit	 research	

participants.	First,	we	used	the	scholarly	literature	and	media	outlet	news	to	identify	and	

contact	organizations	and	agents	involved	with	initiatives	related	to	the	LPM	policy.	Second,	

starting	with	 an	 initial	 visit	 to	 local	 government	 agencies	 and	 organizations	 (e.g.,	 NGOs,	

unions,	 cooperatives),	 we	 identified	 additional	 actors	 and	 organizations,	 expanding	 the	

sampling	following	the	snowball	strategy.	These	visits	were	instrumental	also	for	collecting	

official	 documents	 and	 reports	 available	 locally	 but	 usually	 unavailable	 in	 the	 scholarly	

literature	or	the	media.	
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Finally,	we	complemented	the	identification	of	local	landholders	by	looking	at	yearly	

deforestation	data	in	each	municipality	to	detect	areas	that	have	experienced	deforestation	

activities	 over	 earlier	 and	 later	 periods	 of	 territorial	 occupation	 and	 consolidation.	 We	

stratified	our	sampling	to	assure	visits	to	places	and	interviews	with	research	participants	

who	provided	varying	perspectives	on	historical	and	current	processes	of	local	development	

and	land	cover	change,	the	impacts	of	the	LMP	policy,	and	the	design	and	emergence	of	local	

initiatives	 to	 remove	 the	 municipality	 from	 the	 LPM.	 Information	 gathered	 from	 the	

interviews	were	triangulated	across	different	interviewees	and	compared	to	secondary	data	

(see	SM3	for	interview	scripts	and	further	detail	on	fieldwork	data	collection).	

	

4. Results	

4.1. Regional-level	 analysis:	 The	 moving	 frontier	 intertwines	 with	 the	 regional	 and	

intra-regional	diversity	of	Amazonian	municipalities	

The	 PCA	 analysis	 resulted	 in	 three	 principal	 component	 axes	 (PCn)	 capturing	 the	

most	representative	information	from	the	eight	indicators.	Together,	they	explain	66.4%	of	

the	variation	in	the	original	data	(Table	SM	4).	The	first	principal	component	(PC1)	presents	

high	coefficients	for	‘%	migrants	40+	age,’	‘%	original	forest	cover	loss,’	‘cattle	density,’	and	

‘year	of	municipal	emancipation’	 (i.e.,	municipalities	emancipated	recently)	 (Table	SM	5).	

This	 set	 of	 attributes	 relates	 to	municipalities	 that,	 starting	 in	 the	 early	 1970s,	 began	 to	

emancipate	 after	 receiving	 waves	 of	 migrants	 and	 experiencing	 massive	 deforestation	

boosted	by	cattle	ranching	following	the	 implementation	of	regional	 land	reform	projects	

and	infrastructure	development	programs.	For	its	correspondence	to	local	attributes	shaped	
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by	military	government	programs	aimed	at	integrating	the	Amazon,	we	call	the	PC1	“regional	

integration”	(Table	2).	

Table	2. Coefficients	associated	with	 the	 indicators	upon	which	 the	 three	principal	 component	
axes	(PCn)	were	computed.	The	brackets’	value	indicates	the	proportion	of	variation	explained	by	
each	PCn.	

Indicator	 PC1	(32.7%)	
Regional	integration	

PC2	(18.8%)	
Social-environmental	

protection	

PC3	(14.9%)	
Agricultural	
expansion	

land	inequality	(Gini	index)	 -0.16	 -0.33	 0.50	
%	migrants	40+	age	 0.48	 0.32	 0.12	

deforestation	activity	(2004-2008)	 0.29	 0.07	 0.32	
%	original	forest	cover	loss	 0.42	 -0.49	 -0.10	

Year	of	municipal	emancipation	 0.36	 0.33	 -0.09	
%	soybean	plantations	 0.17	 0.23	 0.69	

cattle	density	 0.42	 -0.03	 -0.32	
%	indigenous	and	protected	lands	 -0.29	 0.59	 -0.14	

	

The	 second	 principal	 component	 (PC2)	 presents	 a	 high	 correlation	 with	 ‘%	

indigenous	and	protected	lands’	and	‘%	original	forest	cover	loss.’	The	opposite	sign	of	these	

coefficients	reveals	a	trade-off	between	the	two	attributes	in	the	same	municipality,	i.e.,	the	

more	 indigenous	 and	protected	 lands,	 the	 lower	 the	 proportion	 of	 forest	 loss.	 PC2,	 thus,	

represents	a	dimension	of	the	“social-environmental	protection”	in	the	municipalities,	which	

reflects	 the	 side-by-side	expansion	of	 the	deforestation	 frontier	 into	 the	Amazon	and	 the	

designation	of	indigenous	and	protected	lands	to	safeguard	local	land	rights	and	to	buffer	

forest	loss.	

The	 third	 dimension	 of	 the	 PCA	 (PC3)	 characterizes	municipalities	 in	which	 land	

inequality	(high	coefficient	for	the	‘Gini	index’)	correlates	with	the	market-driven	expansion	

of	 croplands	 (high	 ‘%	 soybean	 plantations’)	 in	 large-scale	 landholdings.	 These	 features	

characterize	 municipalities	 bordering	 the	 south	 of	 the	 biome,	 formed	 since	 the	 1950s	
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following	 the	 expansion	 of	 agriculture	 to	 the	 Brazilian	Cerrado	 and	 progressively	 to	 the	

Amazon-Cerrado	 ecotone.	 PC3	 thus	 provides	 a	 characterization	 of	 the	 ‘agricultural	

expansion’	in	the	region.	

Our	exploratory	analysis	employing	 the	 three	principal	component	axes	suggested	

four	groups	as	the	optimum	number	for	the	clustering	analysis	(data	not	shown).	The	result	

is	 the	 organization	 of	 the	Brazilian	Amazon	biome	 into	 four	mostly	 contiguous	blocks	 of	

municipalities	closely	associated	with	periods	of	occupation	and	patterns	of	development	

(Figure	3).	

	

Figure	3. The	four	clusters	of	municipalities	in	the	Amazon	biome	and	their	distribution	as	related	
to	the	Ministry	of	Environment	List	of	Priority	Municipalities	in	the	2008-2018	period.	

The	Forest-dominated	Amazon	encompasses	121	municipalities	covering	the	most	

extensive	(2.8	mi	sq.	km)	forested	area	of	the	biome.	Located	on	both	sides	of	the	Amazon	
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River	 and	 extending	 to	 the	 borders	with	 all	 the	 neighboring	Amazonian	 countries,	 these	

municipalities	 have	 been	 relatively	 less	 influenced	 by	 government-driven	 settlements,	

agricultural	 expansion	 incentives,	 and	 infrastructure	 development	 –	 as	 indicated	 by	 the	

lowest	negative	average	of	the	PCA	‘regional	integration’	axis	(Table	3).	These	municipalities	

were	mostly	consolidated	before	1965,	extending	back	to	the	early	19th	Century.	They	have	

remained	relatively	isolated	from,	but	not	immune	to,	the	primary	drivers	of	deforestation	

such	as	cattle	ranching	(Table	4).	Most	municipalities	safeguard	50%+	of	their	territories	in	

indigenous	and	protected	lands	and	four	in	every	five	municipalities	still	conserves	85%+	of	

their	 original	 forest	 cover	 (data	 not	 shown),	 as	 indicated	 by	 the	 highest	 average	 for	 the	

‘social-environmental	protection’	axis	of	the	PCA.	

Table	3. Typology	 of	 municipalities	 and	 cluster	 results	 (within	 clusters’	 mean	 and	 frequency)	
based	on	the	three	principal	components	axes.	

Cluster	(k-means)	
PC1	 PC2	 PC3	

N	Regional	
integration	

Social-ecological	
protection	

Agricultural	
expansion	

Forest-dominated	Amazon	 -1.657	 1.274	 -0.486	 121	
Colonial	Expansion	 -1.149	 -1.200	 0.266	 141	

Cattle	Front	 1.415	 -0.233	 -0.607	 198	
Soybean	Front	 1.178	 0.874	 2.023	 70	

	 	 	 	 	 	

The	Colonial	Expansion	cluster	 includes	141	municipalities	 covering	~515,000	sq.	

km.	This	cluster	features	municipalities	emancipated	most	between	the	early	colonial	period	

(17th	 Century)	 and	 the	 1930s.	 This	 cluster	 encompasses	 municipalities	 that	 have	 been	

shaped	mainly	by	activities	expanding	from	the	original	Portuguese	occupation	around	the	

Amazon	Estuary-Delta	region	to	both	the	borders	of	the	states	of	Pará	and	Maranhão,	as	well	

as	 by	 the	 Portuguese	 geopolitical	 expansion	 and	 cycles	 of	 various	 extractive	 economies	
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upstream	 the	Amazon	River.	Municipalities	 in	 this	 cluster	 share	 the	highest	 level	 of	 land	

concentration,	as	well	as	the	smallest	rate	of	migrants	40+	age.	Despite	little	impacted	by	

government	and	market-driven	initiatives	implemented	in	the	Amazon	since	the	1970s	(high	

negative	 average	 value	 for	 the	 ‘regional	 integration’	 axis),	 the	 early	 occupation	 of	 these	

territories,	 along	 with	 the	 limited	 definition	 of	 indigenous	 and	 protected	 lands	 (lowest	

average	value	for	the	‘social-environmental	protection’	axis),	have	resulted	in	municipalities	

featuring	high	land	inequality	and	rates	of	forest	loss	(Table	4),	mainly	on	the	Eastern	side	

of	the	biome,	in	Pará	and	Maranhão.	Six	in	10	municipalities	have	no	indigenous	or	protected	

lands	in	their	territories	(data	not	shown).	

Table	4. Average	 ±SD	 values	 (not	 scaled)	 of	 the	 original	 indicators	 for	 each	 cluster	 of	
municipalities.	Data	distribution	presented	in	the	supplementary	material	(Figure	SM	1).	

Variable	 Forest-dominated	
Amazon	(n=121)	

Colonial	
Expansion	
(n=141)	

Cattle	Front	
(n=198)	

Soybean	
Front	(n=70)	

land	inequality	(Gini	index)	 0.69	±0.17	 0.83	±0.09	 0.68	±0.11	 0.77	±0.08	
%	migrants	40+	age	 0.28	±0.30	 0.08	±0.11	 0.65	±0.31	 0.80	±0.18	

deforestation	activity	(2004-2008)	 0.01	±0.01	 0.02	±0.02	 0.03	±0.02	 0.04	±0.02	
%	original	forest	loss	 0.09	±0.10	 0.51	±0.32	 0.76	±0.20	 0.50	±0.20	

Year	of	municipal	emancipation	 1952	±43	 1919	±67	 1983	±14	 1983	±18	
%	soybean	plantations	 0.01	±0.07	 0.01	±0.05	 0.02	±0.07	 0.51	±0.25	

cattle	density	 13.9	±22.9	 13.7	±15.3	 76.7	±40.9	 33.5	±21.5	
%	indigenous	and	protected	lands	 0.54	±0.24	 0.05	±0.10	 0.06	±0.14	 0.14	±0.17	

	 	 	 	 	

The	third	and	fourth	clusters	of	municipalities	correspond	to	the	area	conventionally	

termed	“arc	of	deforestation.”	Although	referred	often	as	an	isotropic	region,	our	analysis	

revealed	 two	 distinct	 groups.	 The	 cluster	 we	 call	 Cattle	 Front	 encompasses	 198	

municipalities	 covering	 around	 513,000	 sq.	 km	 over	 the	 Southeastern	 and	Northeastern	

areas	of	the	“arc	of	deforestation”	and	portions	along	the	Transamazon	highway.	This	cluster	

includes	 municipalities	 that	 were	 substantially	 shaped	 by	 development	 programs	
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implemented	 during	 the	 military	 period,	 as	 the	 highest	 positive	 value	 of	 the	 ‘regional	

integration’	axis	indicates	(Table	3).	These	are	municipalities	emancipated	along	roadways	

and	land	reform	projects	recently	–	seven	in	10	municipalities	emancipated	after	1980	(data	

not	 shown).	 They	 present	 the	 highest	 cattle	 density,	 the	 second-highest	 proportion	 of	

migrants	40+	 age,	 and	 the	 largest	 proportion	of	 the	original	 forest	 area	 cleared	by	2008	

(Table	4)	–	eight	in	10	municipalities	have	less	than	50%	of	their	original	forest	cover	(data	

not	shown).	

Finally,	 the	 cluster	 we	 call	 Soybean	 Front	 covers	 525,000	 sq.	 km	 and	 groups	 70	

municipalities	mainly	 over	 the	 ecotone	where	 the	Cerrado	 and	 Amazon	 biomes	 overlap,	

extending	 across	 the	 states	 of	Rondônia	 and	Mato	Grosso	 in	 the	 Southern	portion	of	 the	

biome	 to	 its	 Northeastern	 fringes	 in	 the	 states	 of	 Tocantins	 and	 Pará.	 This	 region	 has	

consolidated	as	the	largest	soybean	producer	in	Brazil,	as	the	highest	average	proportion	of	

soybean	 plantations	 (Table	 4),	 and	 the	 highest	 positive	 average	 for	 the	 ‘agricultural	

expansion’	 axis	 (Table	 3)	 indicate.	 These	municipalities	 were	 influenced	 by	 government	

initiatives	aimed	at	integrating	and	colonizing	the	Central-western	regions	of	Brazil	still	in	

the	 1940s	 (“March	 into	 the	West”	 program)	 and	 later	 on	 during	 the	military	 period,	 as	

confirmed	by	the	high	positive	values	of	the	‘regional	integration’	PCA	axis.	In	that	regard,	

the	Soybean	Front	is	marked	by	a	high	‘%	migrants	40+	age’	and	deforestation	activities	–	

both	total	and	recent	forest	loss	(Table	4).	

	

4.1.1. The	 priority	 municipalities	 as	 part	 of	 the	 spatial-temporal	 dynamics	 of	 the	 moving	

frontier	
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Municipalities	listed	in	the	LPM	between	2008-2018	are	present	in	the	four	clusters	

identified	 in	 this	 study.	Two-thirds	of	 the	municipalities	belong	 to	 either	 the	 Soybean	or	

Cattle	 Fronts,	 coinciding	 with	 the	 “arc	 of	 deforestation”	 evolution.	 In	 that	 regard,	 most	

municipalities	belong	 to	 the	Soybean	Front,	 followed	by	 those	 in	 the	Cattle	Front,	where	

government	programs	to	colonize	and	develop	the	region	started	being	implemented	in	the	

1940s	 and	 1970s,	 respectively.	 In	 contrast,	 a	 smaller	 but	 growing	 proportion	 of	 listed	

municipalities	 is	represented	by	those	belonging	to	the	Colonial	Expansion	and	Forested-

dominated	Amazon	clusters,	which	confirms	the	continuous	advance	of	the	frontier	(Table	

5).	

Table	5. Number	of	municipalities	targeted	by	the	LPM	policy	in	the	2008-2018	period.	

Cluster	 2008	 2009	 2011	 2012	 2017	 2018	 Total	
Forest-dominated	

Amazon	
8	 2	 1	 2	 3	 	 16	

Colonial	Expansion	 	 	 2	 	 2	 	 4	
Cattle	Front	 9	 4	 	 	 2	 2	 17	

Soybean	Front	 19	 1	 4	 	 1	 	 25	
Total	 36	 7	 7	 2	 8	 2	 62	

	 	 	 	 	 	 	 	

Among	the	municipalities	removed	from	the	LPM,	thus	receiving	the	stamp	of	“green	

municipality,”	all	of	 them	are	 in	 the	 “arc	of	deforestation,”	predominantly	 in	 the	Soybean	

Front,	where	seven	in	every	ten	municipalities	have	got	off	the	LPM	(Table	6).	

Table	6. Number	of	municipalities	removed	from	the	LPM	policy	in	the	2008-2018	period.	

Cluster	 2010	 2011	 2012	 2013	 2017	 2018	 Total	
Forest-dominated	

Amazon	
	 	 	 	 	 	 0	

Colonial	Expansion	 	 	 	 	 	 	 0	
Cattle	Front	 	 	 1	 2	 1	 	 4	

Soybean	Front	 1	 1	 3	 3	 9	 1	 18	
Total	 1	 1	 4	 5	 10	 1	 22	

	

4.2. Local-level	analysis:	Understanding	municipal	responses	to	the	LPM	policy	from	the	

ground	
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Our	 case	 studies	 of	 four	 municipalities	 represent	 three	 of	 the	 four	 clusters	 of	

municipalities	discussed	above:	Soybean	Front	(Paragominas),	Cattle	Front	(Tailândia),	and	

Colonial	Expansion	(Moju	and	Portel).	These	clusters	encompass	municipalities	featuring	the	

highest	rates	of	forest	loss	in	the	biome	and	represent	the	main	clusters	in	the	study	area	in	

Northeastern	Pará.	As	anticipated,	these	municipalities	illustrate	the	gradient	of	the	frontier	

that	 has	 moved	 from	 Paragominas	 to	 Portel,	 thus	 depicting	 different	 local	 conditions	

underlying	 the	 responses	 to	 the	 LPM	 policy.	 Whereas	 Paragominas	 and	 Tailândia	

successfully	managed	to	get	off	the	LPM,	Moju	and	Portel	did	not.	In	this	section,	we	examine	

how	varying	(1)	sanctions	and	(2)	incentives	have	triggered	diverse	(3)	initiatives	among	

local	agents	towards	(4)	controlling	deforestation	and	geocoding	farms	to	comply	with	the	

LPM	criteria.		

	

4.2.1. The	role	of	sanctioning	both	municipalities	and	local	stakeholders	

Since	 the	 LPM	 policy	 focused	 on	monitoring	 and	 enforcement	 initiatives	 in	 a	 few	

municipalities,	stiffer	police	operations	resulted	in	a	surge	in	environmental	fines	and	the	

embargo	of	goods	and	properties.	Inter-institutional	cooperation	among	federal	government	

agencies	resulted	in	additional	rules	tying	bank	loans	to	the	geocoding	and	environmental	

regularization	of	farms.	Further,	the	LPM	became	a	referential	device	for	external	agents	to	

enforce	parallel	initiatives,	such	as	market	moratoriums	on	listed	municipalities	intended	to	

prevent	 the	 trade	 with	 producers	 potentially	 engaged	 in	 illegal	 activities.	 The	 sanctions	

varied	in	intensity	depending	on	context-specific	circumstances	and	enforcement	measures,	

the	latter	changing	with	the	period	in	which	the	municipalities	were	listed.	
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Following	 the	disclosure	of	 the	 first	LPM	 in	 January	2008,	 the	 federal	government	

deployed	stronger	and	coordinated	police	operations	along	with	local	police	forces	and	the	

National	Guard.	The	operations	labelled	as	Arco	de	Fogo	(“arc	of	fire”)	impacted	a	substantial	

number	 of	 agents	 and	 organizations	 associated	with	 logging,	 charcoal	 production,	 cattle	

ranching,	and	agriculture	(Arima	et	al.,	2014;	Assunção	and	Rocha,	2019).	Tailândia	was	the	

first	 municipality	 receiving	 the	 Arco	 de	 Fogo	 operation	 in	 February	 2008	 (Silva,	 2010).	

Hundreds	of	police	agents	landed	in	the	municipality	in	helicopters	and	vehicles	one	year	

before	 the	municipality	 figured	 in	 the	 LPM.	 A	 new	 directive	 by	 the	 federal	 government1	

authorized	the	police	to	apprehend	equipment	and	goods	and	seize	properties	and	facilities	

(Ortiz,	2014).	Contrary	to	fines	rarely	paid	(Börner	et	al.,	2015),	the	seizure	of	investments	

and	 capital	 –	many	 resulting	 from	bank	 loans	 –	prevented	 rule-breakers	 from	benefiting	

from	and	continuing	their	activities	(Interviewees	16	and	138).	After	eight	months,	the	police	

operations	left	a	trail	of	public	outcries,	unemployment,	and	economic	crisis	(Phillips,	2009).	

As	 voiced	 by	 residents	 and	 stakeholders,	 the	 termination	 of	 about	 16,0002	 formal,	 but	

primarily	informal	jobs	(Kern	et	al.,	2012,	p.	112)	and	ventures	linked	to	logging	and	charcoal	

production	was	perceived	to	have	driven	Tailândia	to	its	end.	

The	Arco	de	Fogo	operations	had	similar	impacts	once	deployed	in	Paragominas	in	

April	 2008.	 Figuring	 among	 the	 listed	 municipalities	 deepened	 the	 already	 notorious	

reputation	 of	 Paragominas,	 infamously	 known	 by	 its	 history	 of	 violence	 and	 natural	

	

1		 Instrução	Normativa	MMA	001/2008	
2		 The	estimated	population	in	Tailândia	was	69,581	in	2008	(IBGE).	
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resources	 degradation	 (Bergamin,	 2015).	 In	 addition,	 parallel	 initiatives	 synergistically	

impacted	 Paragominas.	 Following	 the	 threat	 by	 the	 Public	 Prosecutor	 Office	 (MPF)	 of	

sanctioning	 agents	 involved	 in	 the	 beef	 supply	 chain,	 slaughterhouses	 and	 supermarkets	

restricted	trade	with	Paragominas	(Bergamin,	2015;	Mengardo,	2018,	p.	89).	Second,	INCRA,	

the	federal	agency	running	land	regularization	programs,	conditioned	the	emission	of	land	

titling	documents	upon	the	georeferencing	of	farms	(Interview	124,	Bergamin,	2015,	p.	80).	

Alongside,	 a	 new	 Central	 Bank	 decree1	 demanded	 farmers	 present	 proof	 of	 land	

regularization	 before	 contracting	 bank	 loans,	 restricting	 access	 to	 agricultural	 credits	

(Interviewee	24,	Bergamin,	2015,	p.	80).	

After	this	initial	and	intense	period	of	enforcement,	a	surge	in	complaints	from	local	

organizations,	 mayors	 and	 state	 representatives	 (Agência	 Senado,	 2008)	 contested	 the	

disproportional	damage	that	followed	police	operations,	which	weakened	the	Arco	de	Fogo.	

Conversely,	the	gradual	consolidation	of	municipal	secretariats	of	environment	assumed	an	

increasing	 role	 in	 the	 enforcement	 of	 environmental	 regulations	 locally.	When	Moju	was	

listed	 in	 2011,	 therefore,	 the	 LPM	 resulted	 in	 stricter	 conditions	 for	 wood-processing	

facilities	 to	 operate,	 for	which	many	were	 shut	 down	 (Interviews	 94,	 97).	 However,	 the	

broader	economic	impacts	that	hit	Paragominas	and	Tailândia	were	only	marginal	in	Moju.	

First,	 because	 the	 local	 logging	 industry	 does	 not	 employ	 many	 people	 since	 timber	 is	

sourced	mainly	from	other	municipalities	(Interviewee	102).	Second,	because	the	palm-oil	

industry	 is	 the	 main	 economic	 activity	 employing	 the	 local	 workforce	 (Interview	 28).	

	

1		 Resolução	Banco	Central	3.545/2008	
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Additionally,	restrictions	for	bank	loans	and	requirements	for	the	geocoding	of	farms	had	

limited	 impact	 in	Moju,	where	small-scale	 family	 farmers	(area	<	4	 fiscal	modules	or	280	

hectares)	 represent	 the	 bulk	 of	 local	 landholdings.	 Family	 farmers	were	 exempted	 from	

geocoding	 their	 farms	 to	 contract	 agricultural	 loans	 (Interviewee	 116).	 Besides,	 a	

substantive	number	of	family	farmers	was	already	ineligible	to	contract	agricultural	loans	

because	of	previous	bank	debts	(Interview	97),	the	reason	why	credit	restrictions	associated	

with	the	LPM	policy	have	remained	largely	innocuous	in	Moju.	

Finally,	 although	 joint	 police	 operations	 have	 increased	 since	 Portel	was	 listed	 in	

2017	 (Interviewee	94),	 sanctions	had	been	marginally	 noticed	by	 local	 stakeholders	 and	

government	officials	during	the	first	months	since	the	inclusion	in	the	LPM.	While	officials	in	

the	municipal	secretary	of	the	environment	were	aware	of	the	LPM	(Interviewees	94	and	

153),	officials	in	the	city	hall	and	representatives	of	the	agriculture,	industry,	and	commercial	

sectors	ignored	the	fact	(Interviews	82,	85,	and	86).	

	

4.2.2. From	sanctions	to	incentives	for	local	arrangements	and	multi-partner	cooperation	

Incentives	 underlying	 local	 arrangements	 and	multi-partner	 cooperation	 towards	

responding	 to	 the	LPM	policy	relate	both	 to	 the	need	 to	overcome	a	municipal	crisis	and	

existing	sanctions,	and	to	the	windows	of	opportunities	perceived	by	stakeholders	to	adapt	

to	a	new	reality,	benefiting	from	an	otherwise	adverse	circumstance	(Chaffin	and	Gunderson,	

2016).	 Arguably,	 different	 incentives	 have	 emerged	 towards	 tackling	 deforestation	 and	

geocoding	farms	over	time,	which	varied	depending	on	local	contexts	and	the	year	in	which	

the	municipality	was	included	in	the	LPM.	
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At	the	farmer	level,	incentives	underlying	effective	actions	to	comply	with	the	LMP	

included	obtaining	land	titling,	environmental	licensing	for	agricultural	activities,	and	bank	

loans,	as	well	as	avoiding	market	moratoriums	or	figuring	in	the	official	list	of	embargoed	

properties.	 However,	 individual	 attitudes	 towards	 ceasing	 forest	 clearings	 and	 geocode	

farms	have	not	 emerged	 voluntarily	 everywhere.	 Instead,	municipal	 governments	 had	 to	

strictly	 enforce	 bans	 on	 new	 clearings	 (and	 the	 use	 of	 fire	 in	 agriculture),	 as	 well	 as	 to	

“persuade”	 farmers	 about	 the	 critical	 importance	 of	 geocoding	 their	 farms,	 offering	 the	

service	 for	 free	(Interviewees	36	and	39).	At	 the	municipal	 level,	 incentives	 for	collective	

action	 have	 revolved	 around	 rebranding	 the	 municipality’s	 image	 (e.g.,	 as	 a	 ‘green	

municipality’),	consolidating	an	attractive	environment	for	business	to	regain	and	expand	

market	access,	 and	restoring	 local	pride	 in	agriculture	and	 forestry	activities.	Finally,	 the	

enrollment	in	government	initiatives	assisting	municipalities	in	getting	off	the	LPM	requires	

collective	commitments	towards	achieving	deforestation	and	geocoding	goals	(Interviewee	

92).	

In	Paragominas,	the	economic	elite	had	urgency	in	overcoming	barriers	restricting	

bank	 loans	and	business	with	regional	and	national	markets,	 for	which	controlling	yearly	

deforestation	 and	 geocoding	 farms	 represented	 pressing	 demands	 (Bergamin,	 2015).	

Additionally,	 becoming	 the	 first	 municipality	 to	 get	 off	 the	 LPM	 was	 envisioned	 as	 an	

opportunity	to	replace	Paragomina’s	negative	reputation	with	a	modern	image	reflecting	the	

conciliation	between	sustainable	agriculture	and	environmental	conservation	(Marconato	

and	 Queiroz,	 2012,	 Interviewee	 1).	 This	 was	 expected	 to	 reduce	 the	 juridical	 insecurity	

damaging	 business	 and	 refraining	 investments	 in	 a	 municipality	 regularly	 targeted	 by	
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monitoring	 and	 law	 enforcement	 initiatives	 for	 the	 historical	 association	 with	 illegal	

activities.	Paragominas	largely	succeeded	in	achieving	these	goals.	

Tailândia	and	its	stakeholders	experienced	a	completely	different	suite	of	incentives.	

By	 the	 time	 the	 municipality	 was	 listed	 in	 2009,	 local	 economy	 had	 already	 collapsed	

following	 the	Arco	de	Fogo	 operations.	Moreover,	 since	 the	economic	matrix	 in	Tailândia	

revolved	around	the	timber	and	charcoal	industries,	the	embargo	set	by	companies	in	the	

beef	supply-chain	was	innocuous.	Unsurprisingly,	residents	in	Tailândia	barely	remember	

or	 know	 about	 the	 LPM	 policy,	 although	 they	 understood	 the	 importance	 of	 finding	

alternative	 land	uses	and	economic	activities.	 In	 that	 regard,	 following	examples	of	other	

municipalities	struggling	with	economic	uncertainty,	the	geocoding	of	farms	and	control	of	

deforestation	emerged	in	the	local	narrative	as	an	incentive	for	Tailândia	to	find	a	new	path	

forward.	

In	Moju,	having	experienced	no	tangible	impacts	from	the	LPM	policy,	incentives	for	

controlling	deforestation	and	geocoding	landholdings	have	been	at	best	diffuse.	However,	

Moju	 is	 among	 more	 than	 a	 hundred	 municipalities	 in	 Pará	 that	 have	 joined	 the	 Green	

Municipalities	Program	(PMV),	a	state	initiative	launched	in	2011	to	support	municipalities	

in	 getting	 off	 the	 LPM.	 Inspired	 by	 the	 positive	 experience	 from	 and	 the	 successful	

institutional	 arrangements	 laid	 out	 in	 Paragominas,	 the	 PMV	 has	 provided	 municipal	

environmental	 agencies	 with	 training	 and	 technical	 and	 infrastructure	 support	 towards	

removing	these	municipalities	from	the	LPM.	In	return,	municipalities	commit	to	monitor	

deforestation	and	support	actions	to	geocode	farms	(Interview	105).	That,	however,	has	not	

sufficed	for	Moju	–	and	most	municipalities	in	Pará	–	to	conclude	the	georeferencing	of	its	
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landholdings,	even	after	the	new	Forest	Code	enacted	in	2012	made	the	geocoding	of	farms	

mandatory	nationwide.	

Similarly,	incentives	to	comply	with	the	requirements	of	the	LPM	policy	seem	to	lack	

in	Portel.	Among	those	in	the	municipal	administration	aware	of	the	fact	Portel	was	figuring	

among	 the	 listed	 municipalities,	 some	 admit	 the	 LPM	 policy	 and	 the	 PMV	 program	 are	

pointless	for	a	municipality	that	still	preserves	99%	of	its	original	forest	cover	(Interviewee	

92).	Deforestation	in	Portel	illustrates	the	continuous	advance	of	the	“arc	of	deforestation,”	

particularly	 over	 forested	municipalities	where	 the	 land	 rights	 of	 indigenous	 groups	 and	

traditional	 communities	 are	 not	 secure	 –	 a	 feature	 of	 the	 Colonial	 Expansion	 cluster.	 In	

Portel,	 deforestation	 has	 taken	 place	 in	 distant	 areas	 disconnected	 of	 riverine	 regions	

characteristic	 of	 the	 municipality.	 For	 this	 reason,	 deforestation	 is	 considered	 a	 leaking	

process	 from	 neighbor	 municipalities	 in	 the	 “arc	 of	 deforestation,”	 deserving	 marginal	

attention	 by	 local	 authorities	 (Interviewee	 92).	 In	 that	 regard,	 joining	 the	 PMV	 and	

committing	 to	 monitor	 and	 halt	 local	 deforestation	 overburden	 he	 recently	 constituted	

secretariat	of	environment,	which	has	 limited	 infrastructure	and	staff	 to	oversee	 the	vast	

territory	and	its	remote	areas.	On	top	of	that,	public	prosecutors	to	back	up	law	enforcement	

and	the	work	by	official	and	municipal	agencies	are	absent	in	distant	rural	areas,	for	which	

actors	targeted	by	local	police	operations	do	not	fear	persecution.	

On	the	contrary,	it	is	not	uncommon	for	local	environmental	agents	to	be	threatened	

(Interviews	78	and	94).	At	the	same	time,	the	2012	Forest	Code	institutionalized	the	rural	

environmental	registry	(CAR),	triggering	a	pervasive	surge	in	the	interest	in	land	geocoding	

in	the	Amazon.	Driven	by	traditional	riverine	communities	seeking	the	customary	rights	over	
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their	 lands,	 the	 geocode	 of	 properties	 has	 skyrocketed	 in	 Portel	 based	 on	 the	 false	

expectation	that	such	a	registry	on	its	own	will	alone	configure	a	proof	of	–	or	even	constitute	

–	an	official	land	title.	

	

4.2.3. Local	arrangements	and	multi-partner	cooperation	contributed	to	policy	compliance	

Patterns	of	 interaction	among	agents	engaged	 in	 initiatives	 to	respond	to	 the	LPM	

policy	varied	across	municipal	arenas.	Among	factors	affecting	their	interactions,	it	is	worth	

mentioning	 the	diversity	 and	number	of	 local	 agents	directly	 impacted	 and	 interested	 in	

pursuing	 solutions;	 their	 varying	 political	 and	 economic	 power;	 the	 presence	 of	 local	

leadership	and	social	networks;	the	diversity	and	dedication	of	external	agents	supporting	

and	participating	in	local	arrangements	and	initiatives;	the	synergistic	interaction	between	

the	LPM	and	other	policies	and	programs	emerging	over	time;	and	the	learning	experiences	

exchanged	among	agents	across	municipalities	(Figure	5).	

Pioneering	 initiatives	 towards	 responding	 to	 the	 LPM	 policy	 emerged	 in	

Paragominas.	Led	by	the	mayor	and	supported	by	the	patronal	farmers’	union	–	representing	

the	local	economic	and	political	elite	(Viana	et	al.,	2016)	–	and	by	two	NGOs,	a	municipal	pact	

(a.k.a.	Green	Municipal	Pact)	was	designed	 in	2008	aimed	at	 accomplishing	 the	 required	

tasks	 to	get	Paragominas	off	 the	LPM.	The	mayor’s	 leadership	and	coordination	with	 the	

farmers’	union	equipped	them	with	 the	necessary	 legitimacy	to	convey	among	angry	and	

distrustful	 farmers	 and	 stakeholders	 the	 unpopular	 strategy	 of	 collaborating	 with	

environmental	 NGOs	 (often	 regarded	 as	 enemies	 by	 the	 agricultural	 sector	 in	 Brazil),	
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geocoding	 landholdings	 in	 the	 CAR	 system	 (a	 contentious	 task	 in	 a	 region	 marked	 by	

pervasive	land	tenure	conflicts),	and	curtailing	forest	clearings.	

Although	the	commitment	among	local	agents	was	important	in	limiting	individual	

forest	 clearings	 and	 prompting	 farms	 geocoding,	 the	 technical	 support	 and	 expertise	

received	 from	 two	 NGOs	 were	 fundamental	 (Interviewee	 10).	 Besides	 surveying	 and	

compiling	critical	social-economic	and	biophysical	information	about	the	municipality	(Pinto	

et	al.,	2009),	their	know-how	and	network	expanded	the	suite	of	alternatives	and	strategies	

to	tackle	the	LPM	policy.	This	provided	local	stakeholders	with	privileged	conditions	to	both	

benefitting	 from	 existing	 tools,	 techniques,	 and	 funding	 opportunities,	 and	 devising	

alternative	actions	to	get	off	the	LPM.	Their	collaboration	was	also	instrumental	in	updating	

cartographic	 maps	 and	 developing	 and	 improving	 methods	 and	 tools	 required	 for	 the	

geocoding	and	monitoring	tasks	at	the	farm	level	(Interviewee	3).	The	support	received	for	

geocoding	and	registering	farms	represented	a	20-fold	reduction	in	the	regular	cost	farmers	

would	have	paid	otherwise	(Guimarães	et	al.,	2011).	In	that	regard,	private	funds	received	

from	third-party	agents	were	fundamental	to	support	the	projects	and	activities	carried	out	

in	Paragominas	(Interviewees	1	and	10).	

Finally,	the	institutional	support	received	from	the	federal	and	state	governments	to	

advance	the	local	Green	Municipal	Pact	legitimated	the	municipal	commitments	and	strategy	

to	 get	 Paragominas	 off	 the	 LPM,	 boosting	 trust	 and	 local	 cooperation	 (Bergamin,	 2015,	

interviewee	 1).	 It	 is	 noteworthy	mentioning	 that,	 underlying	 such	 an	 arrangement,	 local	

agents	and	municipal	officials	pressed	for	and	managed	to	transfer	tasks	usually	centralized	

by	the	state	environmental	agency	to	the	municipal	level,	satisfying	old	demands	to	reduce	
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bureaucracy	 and	 expedite	 environmental	 licensing.	 Further,	 they	 lobbied	 for	 the	 Central	

Bank	to	loosen	the	requirements	for	agricultural	loans	in	municipalities	removed	from	the	

LPM	policy,	which	resulted	in	a	new	decree	authorizing	banks	to	accept	the	farm’s	geocoding	

receipt	rather	than	the	INCRA	official	land	document	(Interviewee	24).	Finally,	responding	

to	complaints	regarding	the	damages	and	aggressiveness	by	the	Arco	de	Fogo	operations,	the	

federal	government	launched	the	Arco-Verde1	operations	(Green-Arc	Operation)	to	support	

listed	municipalities	in	transitioning	towards	sustainable	economies.	

Inspired	by	the	experience	of	Paragominas,	although	limited	by	the	economic	crisis	

following	the	Arco	de	Fogo	operations,	Tailândia	pathway	to	cope	with	the	LPM	requirements	

went	at	a	slower	pace.	Committed	to	restoring	the	municipal	economy,	the	recently	elected	

mayor	gave	carte	blanche	to	the	secretaries	of	environment	and	agriculture.	Working	in	close	

collaboration,	they	head	initiatives	in	partnership	with	both	local	and	external	agents	and	

government	agencies	 (Interviewees	36,	39,	 and	72).	As	 the	 former	president	of	 the	 rural	

farmers’	 union,	 the	 secretary	 of	 agriculture	 enjoyed	 prestige	 and	 trust	 among	 the	 rural	

community	to	convince	farmers	on	geocoding	their	 farms.	Along	with	community	 leaders	

and	the	staff	of	local	environmental,	agricultural,	and	rural	extension	agencies,	the	municipal	

administration	deployed	task	forces	across	the	territory	to	fulfill	the	LPM	removal	criteria.	

Starting	in	2011,	Tailândia	also	benefited	from	joining	the	PMV,	which	in	addition	to	training	

and	infrastructure	support,	has	also	contracted	with	private	firms	to	advance	the	geocoding	

services	in	participant	municipalities.	

	

1		 Decreto	Federal	7.008/2009	
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Despite	 prior	 learning	 experiences	 and	 emerging	 institutional	 arrangements	

providing	support	to	 listed	municipalities	get	off	 the	LPM,	successful	collaborative	efforts	

have	not	developed	outside	the	“arc	of	deforestation,”	such	as	in	Moju	and	Portel.	Alongside	

the	weakening	of	sanctions	as	the	Arco	de	Fogo	operation	faded	away,	the	lack	of	political	

cohesion	 and	 social	 organization	 to	 steer	 the	 diverse	 social	 groups	 settled	 in	Moju	 have	

provided	 little	 incentives	 for	 action,	 limiting	 the	 scope	 of	 both	 individual	 and	 collective	

responses.	On	the	one	hand,	a	historical	dispute	between	a	handful	of	local	rival	families	has	

marked	the	political	arena	in	Moju	(Interviewee	42),	so	the	power	alternation	among	groups	

pursuing	 individual	 interests	 rather	 than	 common	 ones	 has	 undermined	 the	 advance	 of	

public	programs	of	mutual	interest.	A	visit	to	the	city	hall	after	the	mayor’s	impeachment	in	

April	 2018	 verified	 that	 official	 files	 had	 been	 destroyed	 or	 hidden	 from	 the	 new	

administration.	

On	 the	 other	 hand,	 and	 for	 reasons	 beyond	 the	 scope	 of	 this	 study,	 social	

organizations	 have	 faced	 substantial	 challenges	 to	 run	 their	 activities	 and	 support	 their	

members,	for	which	trust	in	them	has	melted	(Interviewees	39,	64,	114,	and	122).	This	is	

troublesome	 given	 the	 positive	 influence	 rural	 workers’	 unions	 and	 communitarian	

associations	 have	 exercised	 in	 mediating	 the	 tasks	 of	 geocoding	 farms	 and	 ceasing	

deforestation	 and	 fires	 among	 their	 members.	 In	 that	 regard,	 the	 diffusion	 of	 social	

leadership	 among	 a	 large	 number	 of	 social	 organizations	 holding	 divergent	 agendas	 for	

diverse	 actors	 in	 Moju	 –	 family	 farmers,	 Afro-Brazilian	 descendants,	 oil-palm	 industry	

employees,	timber	workers	-	has	also	limited	the	engagement	of	local	actors.	Thus,	contrary	

to	Paragominas	and	Tailândia,	political	willingness	and	social	commitment	to	cope	with	the	
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LPM	policy	have	remained	diffuse	in	Moju	despite	the	institutional	support	the	municipal	

secretariat	of	environment	has	received	since	joining	the	PMV.	

Finally,	the	municipal	administration	in	Portel,	besides	ignoring	the	LPM	policy,	has	

resisted	joining	the	PMV	-	contrary	to	most	municipalities	in	Pará	-	even	after	its	inclusion	in	

the	LPM	in	September	2017.	In	that	regard,	the	municipal	secretariat	of	environment	has	

benefited	from	support	received	by	the	state	environmental	agency,	which	gradually	started	

providing	municipalities	with	technical	and	training	support	aimed	at	the	decentralization	

of	 the	 environmental	 agenda.	 Besides,	 Portel	 has	 also	 taken	 advantage	 of	 an	 initiative	

launched	in	2014	by	the	Brazilian	Institute	of	Municipal	Administration	(IBAM1)	seeking	to	

enhance	 the	 quality	 of	 environmental	 governance	 in	municipalities	 of	 Pará.	Despite	 that,	

facing	no	sanctions	or	incentives	to	control	deforestation,	the	local	government	has	taken	

limited	action	to	halt	forest	loss	driven	by	external	agents	in	the	remote	areas	of	Portel.	Thus,	

initiatives	 emerging	 at	 the	 municipal	 level	 remain	 limited	 to	 independent	 efforts	 by	

traditional	 riverine	 communities	 seeking	 to	 geocode	 their	 lands,	 regardless	 of	 the	 LPM	

policy.	

	

4.2.4. The	LPM	policy	outcomes	at	the	municipal	scale	

By	2018,	Portel	was	the	only	municipality	framed	in	this	study	that	has	not	complied	

with	the	removal	criterium	set	by	the	LPM	policy	–	i.e.,	yearly	deforestation	rates	below	40	

	

1		 Programa	de	Qualificação	Gestão	Ambiental.	Available	at:	http://www.amazonia-ibam.org.br/	
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sq.	 km	 in	 the	 previous	 four	 years1.	 In	 2018,	 Portel	 registered	 some	100	 sq.	 km	of	 forest	

clearings	 –	 an	 average	 of	 138	 sq.	 km	 since	 2015.	 The	 official	 deforestation	 data	 for	

Amazonian	municipalities	(PRODES)	reveals	that	controlling	deforestation	rates	below	the	

LPM	policy	threshold	has	been	challenging,	mainly	for	the	forested	municipalities	in	the	most	

extensive	territories.	

Regarding	the	geocode	of	80%	of	the	municipal	territory	held	in	private	properties,	

the	total	area	registered	in	the	official	government	database	(SICAR)	by	2019	suggests	that	

the	four	municipalities	have	achieved	the	goal.	Further,	the	data	reveals	that	only	five	out	of	

62	municipalities	have	not	geocoded	and	registered	farms	in	the	official	database.	However,	

the	SICAR	database	calls	for	caution	in	its	analysis.	In	20	out	of	62	listed	municipalities,	the	

area	of	geocoded	farms	is	 larger	than	the	total	area	of	the	municipality	(data	not	shown).	

Besides,	 the	 total	 area	 of	 farms	 geocoded	 and	 registered	 on	 SICAR	 in	 41	 municipalities	

exceeds	the	area	of	the	municipality	outside	indigenous	and	protected	lands,	i.e.,	the	area	to	

be	geocoded	by	 law.	That	 issue	 is	 acute	 in	 the	 largest	 and	most	 forested	municipalities	 -	

mainly	in	the	Forest-dominated	Amazon	cluster	(Figure	4).	

	

1		 Portaria	MMA	427/2018	
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Figure	4. The	 compliance	 of	 municipalities	 with	 two	 removal	 criteria	 of	 the	 List	 of	 Priority	
Municipalities	policy	in	2018.	Municipalities	not	complying	(triangles)	and	complying	(squares)	with	
the	LPM	policy.	The	shadowed	area	indicates	the	“compliance”	zone,	i.e.,	at	least	80%	of	the	municipal	
area	held	in	private	properties	registered	in	the	national	database	(SICAR),	and	the	average	yearly	
deforestation	rates	below	40	sq.	km	in	the	previous	four	years	(2015-2018).	

5. Discussion	

This	 study	 analyzes	 the	 interaction	 between	 the	 LPM	 national	 policy	 and	 diverse	

municipalities	across	Brazil’s	Amazon	biome.	At	 the	regional	 level,	we	use	official	data	 to	

cluster	 530	 municipalities	 in	 four	 groups	 sharing	 patterns	 of	 deforestation,	 agricultural	

activities,	demography,	agrarian	structure,	emancipation	history,	and	social-environmental	

protection.	In	particular,	we	examine	the	trajectories	of	listed	municipalities	to	understand	

patterns	of	success	and	failures	in	complying	with	the	LPM	policy.	At	the	municipal	level,	we	

examine	 four	 case	 studies	 in-depth	 to	 understand	 the	 extent	 to	 which	 their	 particular	

attributes	 and	 conditions	have	promoted	 individual	 and	 collective	 actions	 in	 response	 to	

sanctions	and	incentives	triggered	by	the	LPM	policy	(Table	SM	6).	
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This	is	the	most	extensive	analysis	of	the	LPM	policy	since	its	implementation	in	2008.	

It	is	also	the	first	study	combining	spatial	and	temporal	analysis,	census	data,	and	fieldwork	

to	examine	the	LPM	policy	at	both	the	regional	and	local	levels.	Based	on	these	analyses,	we	

first	 revisit	 conclusions	 on	 the	 effectiveness	 of	 the	 LPM	policy	 in	mobilizing	 local	 agents	

towards	halting	deforestation.	While	previous	studies	have	highlighted	the	successes	of	the	

LPM,	 we	 show	 its	 limitations	 in	 inducing	 effective	 responses	 across	 diverse	 municipal	

realities,	 the	 reason	many	of	 the	 achievements	observed	at	 the	 local	 level	have	not	been	

replicated.	Second,	we	unveil	the	factors	underlying	the	mixed	outcomes	in	response	to	the	

LPM	policy	by	examining	the	role	of	 inter-institutional	cooperation	and	of	the	interaction	

between	 the	 policy	 and	market-oriented	 initiatives,	 context-specific	 incentives,	 collective	

actions,	 and	new	government	programs	and	 regulations	 in	 steering	 local	 agents	 towards	

controlling	deforestation	and	farms	geocoding.	

	

5.1. The	promising	LPM	policy	outcomes	have	failed	the	test	of	time	

Previous	 analyses	 on	 the	 role	 of	 the	 LPM	 policy	 covered	 the	 2008-2012	 period	

(Assunção	 and	 Rocha,	 2019;	 Cisneros	 et	 al.,	 2015)	 when	 favorable	 environmental	

governance	conditions	–	mainly	the	stricter	enforcement	of	forest	legislation	–	contributed	

to	the	drastic	reduction	in	forest	loss	detected	between	2004-2012	in	the	Amazon	(Arima	et	

al.,	2014;	Nepstad	et	al.,	2014).	Analyzing	this	process	over	a	longer	period	reveals	a	different	

picture.	Ten	years	after	the	LPM	policy	implementation,	forest	legislation	in	Brazil	has	been	

loosened	(Brancalion	et	al.,	2016)	in	a	context	of	political	and	economic	instability	that	has	

eroded	environmental	governance	(Fearnside,	2016;	Ferrante	and	Fearnside,	2019;	Pires,	
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2014).	Our	extensive	temporal	analysis	reveals	how	the	LPM	policy	has	interacted	with	and	

produced	 varied	 outcomes	 across	 listed	municipalities,	 confirming	 that	 the	 challenges	 of	

reducing	deforestation	and	farms	geocoding	have	persisted	across	most	municipalities.	In	

2018,	only	one-third	of	the	listed	municipalities	had	complied	with	the	LPM	policy,	and	one	

municipality	was	re-listed.	

Unsurprisingly,	our	study	confirms	that	most	listed	municipalities	are	within	the	“arc	

of	deforestation,”	the	most	active	frontier	that	has	expanded	driven	by	land	reform	projects	

and	infrastructure	development	programs	and	incentives	for	cattle	and	soybean	production.	

However,	our	analysis	also	shows	that	a	growing	proportion	of	listed	municipalities	are	now	

in	 areas	 beyond	 the	 “arc	 of	 deforestation”	 (Table	 5).	 These	 new	 deforestation	 hotspots	

include	forest-dominated	municipalities	along	the	Amazon	river	floodplain	and	the	Estuary-

Delta	 regions,	where	 the	 local	population	has	historically	 relied	upon	 family	 farming	and	

extractive	 (forest-based	 and	 river-based)	 economic	 activities.	 This	 result	 reveals	 the	

continuous	 advance	 of	 the	 frontier	 towards	 forested	 areas	 that	 have	 remained	 relatively	

immune	to	deforestation	forces,	suggesting	the	limitations	of	existing	strategies	–	including	

the	LPM	policy	and	the	PMV	program	in	Pará	–	in	curbing	the	frontier	expansion.	

	

5.2. The	 role	 of	 contextual	 factors,	 law	 enforcement,	 sanctions,	 time,	 and	 inter-

institutional	coordination	in	promoting	local	individual	and	collective	responses	

This	study	identifies	and	examines	critical	factors	affecting	the	LPM	policy	outcomes	

across	 listed	 municipalities.	 One	 set	 of	 factors	 refers	 to	 the	 local	 conditions	 in	 each	

municipality,	 such	 as	 leadership,	 political	 capital,	 social	 cohesion,	 and	 primary	 economic	
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activities.	Another	set	of	factors	refer	to	external	forces	and	include	the	synergy	between	the	

LPM	 policy	 with	 additional	 regulations	 (e.g.,	 Central	 Bank	 decree,	 INCRA’s	 normative),	

programs	(e.g.,	Arco	Verde	operations,	PMV,	IBAM),	market-driven	incentives	(e.g.,	soybean	

and	beef	moratoria),	and	law	enforcement	(Arco	de	Fogo	operations).	Since	local	conditions	

and	external	forces	change	over	time,	the	year	in	which	the	municipality	was	listed	becomes	

crucial	 since	 it	 defines	 a	 temporal	 dimension	 to	 understand	 the	 specific	 sanctions	 and	

incentives	at	stake	in	a	given	moment	and	place,	as	well	as	the	opportunities	for	local	agents	

to	 exchange	 experiences	 and	 interact	 with	 emerging	 opportunities	 (Error!	 Reference	

source	not	found.).	

These	 aspects	 relate	 directly	 to	 the	 patterns	 of	 interactions	 taking	 place	 among	

multiple	 agents	 at	 the	 municipal	 level.	 As	 reported	 in	 our	 case	 studies	 and	 extensively	

documented	 in	 Paragominas,	 attributes	 such	 as	 the	 mayoral	 leadership,	 public	 agencies	

engagement,	 local	 pride,	 social	 cohesion,	 and	 financial	 and	 institutional	 supports	 were	

critical	elements	steering	diverse	local	stakeholders	towards	collectively	responding	to	the	

LPM	policy	(Nepstad,	2017;	Piketty	et	al.,	2015;	Viana	et	al.,	2016).	However,	these	factors	

alone	do	not	 explain	 success	 if	detached	 from	 the	broader	historical	 and	current	 context	

within	which	a	municipality	is	embedded.	Particular	patterns	of	territorial	occupation	and	

development	have	defined	conditions	equipping	municipalities	with	specific	 capacities	 to	

sustain	individual	and	collective	responses	to	crises	engendered	by	external	forces	such	as	

the	LPM	policy	(Chaffin	and	Gunderson,	2016).	 In	one	extreme,	 the	diversity	of	agents	 in	

municipalities	in	the	fringes	of	the	biome	faces	the	challenge	of	devising	novel	development	

strategies	according	to	sustainable	paradigms	while	buffering	an	aggressively	frontier	that	
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moves	 prompted	 by	 external	 forces	 of	 commodity	 markets	 and	 contradictory	 national	

development	goals	and	incentives.	On	the	other	extreme,	dominant	stakeholders	in	older	and	

consolidated	regions	of	the	frontier	face	the	task	of	adjusting	local	development	strategies	

to	external	forces	that	have	shaped	municipal	conditions	since	emancipation,	but	now	in	a	

favorable	 context	 of	 relatively	 stable	 political,	 social,	 and	 economic	 conditions.	 These	

contrasting	circumstances	endow	municipalities	with	very	distinct	capacities	to	respond	to	

the	one-size-fits-all	type	of	policies.	

Paragominas	and	Tailândia	illustrate	how	these	changes	unfold	locally	as	the	frontier	

expands.	Both	municipalities	emancipated	in	Northeastern	Pará	in	the	1970-1980s	shaped	

by	 processes	 associated	 with	 a	 national	 plan	 for	 regional	 integration.	 Despite	 the	 early	

similarities	in	their	development,	Paragominas	had	already	experienced	the	boom-and-bust	

cycles	 related	 to	 the	 frontier	expansion	 in	 the	1990s,	which	opened	up	opportunities	 for	

political	 coordination,	 social	 organization,	 and	 economic	 diversification	 before	 local	

stakeholders	had	to	react	to	the	LPM	policy	in	2008.	These	conditions	allowed	Paragominas	

to	devise	and	develop	the	emblematic	response	to	the	LPM	policy.	Contrastingly,	Tailândia	

still	 relied	 upon	 a	 predatory	 economic	 model	 characteristic	 of	 active	 resource	 frontiers	

(Kröger	and	Nygren,	2020),	marked	by	a	high	degree	of	illegal	activities,	land	grabbing	and	

conflicts,	and	informal	work	revolving	around	logging,	charcoal	production,	and	extensive	

ranching.	In	that	regard,	and	despite	the	substantial	economic	impacts	in	both	municipalities	

resulting	from	the	set	of	sanctions	imposed	by	the	LPM	policy,	existing	conditions	provided	

local	 stakeholders	with	 contrasting	windows	 of	 opportunities	 to	 react	 and	 respond	 in	 a	

critical	moment.	Stakeholders	in	Paragominas	perceived	an	opportunity	to	rebrand	its	image	
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from	 an	 unregulated	 and	 violent	 frontier	 to	 a	 consolidated,	 sustainabile-oriented	

municipality,	besides	negotiating	the	decentralization	of	environmental	licensing	from	the	

state	to	the	municipal	sphere.	In	Tailândia,	fearing	the	imminent	economic	collapse	of	the	

city,	stakeholders’	response	 limited	to	compliance	with	the	LPM	policy	as	a	path	towards	

recovering	 and	 diversifying	 the	 local	 economy.	 That,	 however,	 has	 not	 revolved	 around	

rebranding	 the	 municipal	 image	 as	 it	 did	 in	 Paragominas,	 nor	 has	 it	 resulted	 in	 the	

empowerment	 of	 local	 organizations	 or	 the	 consolidation	 of	 partnerships	 with	 external	

organizations.	

Besides	the	historical	and	current	conditions	shaping	context-specific	circumstances,	

the	year	when	a	municipality	is	listed	complements	the	understanding	regarding	the	degree	

of	 sanctions	 and	 the	 incentives	 at	 stake	 for	 local	 stakeholders.	 All	 the	 22	municipalities	

removed	from	the	LPM	to	date	were	listed	by	2011,	and	16	of	them	were	listed	in	2008.	In	

this	 short	 period,	 a	 suite	 of	 initiatives	 and	 regulations	 –	 strong	 command-and-control	

actions,	 strict	 credit	 and	 land	 regularization	 rules,	 inter-institutional	 collaboration,	 and	

market-oriented	 initiatives	 –	 synergistically	 impacted	 listed	 municipalities,	 causing	

significant	damage	to	their	image	and	economies.	

In	that	context,	immediate	reactions	involved	multiple	stakeholders	and	ranged	from	

violent	outcries	to	proactive	initiatives	aimed	at	addressing	a	new	collective	dilemma.	On	the	

one	hand,	a	coordinated	political	movement	started	pushing	for	a	gradual	flexibilization	of	

sanctions,	 restrictions,	 and	 law	 enforcement,	 besides	 bargaining	 the	 autonomy	 of	 local	

environmental	governance	 (Bergamin,	2015).	On	 the	other	hand,	 significant	 learning	and	

sharing	 of	 experiences	 accumulated,	 thus	 supporting	 the	 implementation	 of	 new	
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government	programs	and	regulations,	as	well	as	the	emergence	of	funding	opportunities	

and	projects	supporting	local	initiatives	(Figure	5).	Together,	this	set	of	circumstances	has	

progressively	changed	the	scope	of	the	LPM	policy	over	the	years,	departing	from	the	strict	

sanctioning	 to	 the	 institutional	 support	 for	 the	 law	 compliance	 of	 listed	 municipalities.	

However,	amidst	 the	erosion	of	environmental	governance	 in	Brazil,	 the	 inter-ministerial	

collaboration	supporting	coordinated	command-and-control	actions	and	law	enforcement	

were	disrupted,	undermining	the	cornerstones	that	had	promoted	the	promising	outcomes	

of	the	LPM	policy	in	its	earlier	stages.	As	a	consequence,	the	MMA	has	not	disclosed	the	LPM	

in	2014-2016	and	2019,	and	its	future	remains	uncertain.	

	

6. Looking	 back	 and	 ahead:	 embracing	 diversity	 and	 complexity	 in	 tackling	
deforestation		

Historical	 processes	 of	 development	 and	 colonization	 that	 have	 forged	 diverse	

municipalities	 in	 the	Amazon	have	created	challenges	and	opened	up	opportunities	upon	

which	environmental	policies	to	halt	deforestation	operate.	Our	findings	show	that	region-

wide	policies	are	effective	in	controlling	deforestation	when	followed	by	effective	means	for	

monitoring	 and	 enforcement.	 The	 strict	 implementation	 of	 the	 LPM	 in	 its	 early	 years	

consolidated	 a	 referential	 landmark	 upon	which	 parallel	 initiatives	mobilized	 additional	

incentives	and	interests	relevant	for	multiple	agents,	thus	expanding	the	original	scope	of	

the	LPM	policy	 itself.	The	 coordination	and	 synergy	among	various	 initiatives	 and	policy	

instruments	were	fundamental	in	triggering	the	emergence	of	bottom-up	strategies	and	the	

cooperation	 among	 stakeholders	 seeking	 solutions	 to	 control	 deforestation	 and	 geocode	
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landholdings	 at	 the	 subnational	 level.	However,	we	 also	 show	 that	 initiatives	 effective	 in	

particular	 settings	 have	 achieved	 limited	 outcomes	 when	 scaled-up	 and	 replicated	 as	 a	

blueprint	across	different	municipalities.	

We	 thus	 conclude	 our	 analysis	 by	 calling	 attention	 to	 four	 key	 lessons.	 First,	 the	

government’s	ability	to	effectively	enforce	the	law	and	sanction	rule-breakers	was	critical	in	

triggering	 local	 agents’	 responses	 to	 the	 LPM	policy.	 In	 that	 regard,	 the	 focus	 on	 critical	

municipalities	–	rather	than	on	the	entire	region	or	individual	agents	–	narrowed	the	policy	

scope,	facilitating	and	strengthening	monitoring	and	policing	actions.	

Second,	 facing	 the	 challenge	 of	 tackling	 deforestation	 across	 diverse	 and	 complex	

municipal	 realities,	 policy	 instruments	 require	 clear	 criteria	 and	 flexibility	 to	 continue	

relevant	over	time	in	a	region	in	rapid	transformation	(DeCaro	et	al.,	2017).	The	MMA	has	

adopted	more	transparent	criteria	to	include	municipalities	in	the	LPM	over	time,	besides	

adjusting	these	criteria	to	capture	changes	 in	regional	deforestation	trends.	However,	 the	

MMA	 has	 ignored	 requests	 to	 review	 the	 LPM	 rigid	 removal	 criteria	 by	 officials,	

organizations,	 and	 stakeholders	 working	 in	 the	 frontline	 of	 municipal	 initiatives.	 The	

dialogue	among	diverse	actors	involved	in	conflict-resolution	and	rule-crafting,	although	not	

a	 panacea,	 represents	 a	 key	 principle	 underlying	 the	 design	 of	 long-term	 and	 successful	

institutions	 worldwide	 that	 could	 encourage	 and	 favor	 compliance	 with	 the	 LPM	 policy	

(Ostrom,	1990).	

The	threshold	of	40	sq.	km	of	yearly	deforestation	has	been	unattainable	for	the	most	

extensive	forested	municipalities	 in	the	fringes	of	the	biome,	as	discussed	by	Thaler	et	al.	

(2019)	 regarding	 São	 Félix	 do	 Xingu.	 The	 adoption	 of	 a	 removal	 target	 considering	 the	
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reduction	 of	 deforestation	 rates	 relative	 to	 a	 given	 baseline	would	 set	 a	 fairer	 goal.	 One	

alternative,	 for	 instance,	 would	 be	 requiring	 listed	 municipalities	 to	 reduce	 yearly	

deforestation	 rates	 by	 80%	 relative	 to	 five	 previous	 years	 the	 listing.	 In	 the	 2008-2018	

period,	 45	municipalities	would	 have	 reached	 the	 alternative	 compliance	 target	 at	 some	

point.	This	exercise	shows	that,	despite	facing	different	pressures	and	contrasting	realities	

to	tackle	forest	loss	along	a	moving	frontier,	local	stakeholders	and	landowners	have	made	

a	significant	effort	to	control	deforestation	in	the	region.	Such	an	outcome,	besides,	aligns	

with,	and	contribute	towards	the	national	voluntary	goal	with	which	Brazil	had	committed	

by	20201.	

Third,	 the	 collaboration	 among	 government	 agencies	 and	 organizations	 enables	

additional	policy	measures	to	align,	which	leverages	the	incentives	in	place	for	local	agents	

and	municipalities	to	react.	Such	inter-institutional	cooperation	creates	a	chain	of	enacted	

rules,	norms,	and	sanctions	affecting	multiple	agents	and	tackling	various	forces	underlying	

deforestation	in	different	spatial	scales	and	commodities’	supply-chains.	In	that	regard,	the	

final	 lesson	we	draw	from	this	study	relates	to	the	 importance	of	government	support	 to	

institutional	 arrangements	devised	by	 local	 agents	on	 the	ground.	Recognizing	 initiatives	

emerging	from	the	bottom-up	tailored	to	context-specific	conditions	allows	the	distribution	

of	 power	 across	 multiple	 decision-making	 centers	 that	 can	 devise	 solutions	 to	 the	

appropriate	scale.	The	consolidation	of	such	polycentric	systems	of	governance	can	support	

more	effective	problem-solving	for	complex	collective	tasks	(Cole,	2015)	such	as	the	control	
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of	 deforestation	 and	 geocode	 of	municipal	 territories	 across	 contested	 frontiers	 in	 rapid	

transformation.	

As	the	Amazon	changes	and	the	frontier	advances,	so	do	local	agents	settled	in	the	

region,	 whether	 indigenous	 groups	 and	 traditional	 communities,	 colonists,	 ranchers,	

farmers,	 companies,	 gold	 miners,	 and	 local	 governments.	 Within	 this	 diverse	 social	

landscape,	conflicting	economic	and	political	interests	intermingle	amidst	alternative	ideas	

and	worldviews	from	agents	mediating	processes	at	various	scales.	While	the	deforestation	

frontier	 continues	 to	 expand	 destructively	 in	 the	 hands	 of	 legal	 and	 illegal	 actors,	 now	

empowered	by	 the	 federal	 government,	 a	 new	generation	of	 local	 groups	have	 gradually	

advocated	 for	 sustainability,	 devising	 pioneering	 models	 and	 pointing	 out	 alternative	

development	 pathways	 that	 reconcile	 social-economic	 progress	 and	 environmental	

conservation	 for	 the	 region.	 Therefore,	 identifying	 local	 initiatives	 and	 supporting	

institutional	arrangements	that	empower	stakeholders	to	craft	strategies	and	development	

models	 tailored	 to	 context-specific	 realities	 become	 fundamental	 in	 the	 design	 and	

implementation	of	any	program	and	policy	instrument	for	the	region.	
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8. Supplementary	Material	

8.1. Regional	dataset	compilation	

8.1.1. Indicators	selection	

The	selection	of	municipal	indicators	aimed	at	capturing	local	attributes	shaped	by	

historical	patterns	and	periods	of	 territorial	occupation	and	development	 in	 the	Amazon.	

The	rate	of	migrants	40+	age	intends	to	capture	the	massive	arrival	of	families	in	the	Amazon	

driven	by	government-led	land	reform	programs	in	the	second	half	of	the	20th	century.	This	

indicator	 is	 complemented	 by	 the	 year	 of	 municipal	 emancipation,	 which	 correlates	 to	

phases	of	occupation	and	frontier	expansion	in	the	region.	Cattle	density	and	the	proportion	

of	soybean	plantations,	activities	highly	correlated	with	deforestation,	indicate	the	level	of	

commodities’	production	in	the	municipality.	The	analysis	also	includes	the	proportions	of	

the	original	forest	cover	loss,	both	historically	(total	forest	loss	by	2008)	and	before	the	LPM	

policy	implementation	(forest	loss	between	2004-2008).	In	addition,	we	included	the	Gini	

index	on	land	distribution	to	capture	processes	of	land	accumulation	and	re-concentration	

associated	with	 the	turnover	of	 farming	plots	as	 the	 frontier	advances.	The	proportion	of	

indigenous	and	protected	lands	captures,	on	the	one	hand,	the	struggle	of	indigenous	groups	

and	traditional	communities	for	securing	land	rights	and,	on	the	other	hand,	the	recognition	

and	 demarcation	 of	 these	 territories	 as	 a	 strategy	 to	 buffer	 forest	 loss	 in	 deforestation	

hotspot	 areas.	 Along	with	 a	 growing	 road	 network	 and	 the	 emancipation	 of	 villages	 and	

towns	into	urban	centers,	these	factors	have	contributed	to	defining	patterns	of	land	use	and	

deforestation	trajectories	across	the	region	and	within	municipalities.	
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8.1.2. Data	sources	

Data	used	in	the	study	(Table	1)	were	collected	from	official	sources	and	regulations	

(Table	SM	1).	Some	of	the	data	were	calculated	in	a	GIS	environment	as	detailed	in	the	section	

below	(8.1.3.	Vector	data	analysis).	

Table	SM	1. Description	of	the	indicators	and	data	sources	employed	in	the	study,	as	presented	in	
the	dataset	available	for	download	in	the	data	repository.	

Indicator	 Dataset	label		 Metadata	 Source	
-	 codibge	 IBGE	code	of	municipality	 IBGE	
-	 municipio	 Name	of	the	municipality	 IBGE	
-	 AML	 Whether	the	municipality	is	part	of	the	Legal	

Amazon	(yes	=	1;	no	=	0)	
IBGE	(2014)	

-	 bioma_MMA	 Whether	the	municipality	is	part	of	the	
Amazon	biome	(yes	=	1;	no	=	0)	

Portaria	MMA	
96/2008	

-	 mma.list	 Whether	the	municipality	have	been	listed	
(yes	=	1;	no	=	0)	

MMA	

-	 LPM2018	 The	status	of	the	municipality	in	regard	to	
the	LPM	policy	in	2018	(never	listed	=	0;	
listed	=	1;	removed	from	the	LPM	=	2)	

MMA	

land	inequality	
(Gini	index)	

Gini2006	 Gini	index	calculated	for	land	occupied	by	
individual	landowners	in	2006.	

SIDRA/IBGE	(Table	
787)	

%	migrants	40+	
age	

prop.migrants	 Proportion	of	the	municipal	population	40+	
age	in	2010	that	was	born	outside	of	the	
state.	

SIDRA/IBGE	(Table	
617)	

deforestation	
activity	(2004-
2008)	

deforest.activ	 Proportion	of	the	original	forest	cover	in	the	
municipality	cleared	in	the	2004-2008	
period.	

PRODES	
Municípios	

%	original	forest	
loss	

prop.Adef2008	 Proportion	of	the	original	forest	cover	in	the	
municipality	that	had	been	cleared	by	2008.	

PRODES	
Municípios	

Year	of	municipal	
emancipation	

yr.creation	 Year	in	which	the	municipality	was	
emancipated.	

IBGE	

%	soybean	
plantations	

prop.soy	 Proportion	of	soybean	plantations	over	the	
total	area	of	the	municipality	cultivated	in	
2008.	

SIDRA/IBGE	(Table	
5457)	

cattle	density	 dens.cattle	 Number	of	cattle	heads	in	2008	over	the	area	
of	the	municipality	outside	indigenous	and	
protected	lands.	

SIDRA/IBGE	(Table	
3939)	and	vector	
data	analysis	

%	indigenous	and	
protected	lands	

prop.PAs	 Proportion	of	the	municipal	territory	as	
Indigenous	Lands	(except	“areas	under	
study”)	and	Conservation	Units	(except	
APAs).	

INCRA,	ICMBio,	
MMA	and	vector	
data	analysis	
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8.1.3. Vector	data	analysis	

Some	of	the	indicators	employed	in	the	study	derive	from	vector	data	analysis	carried	

out	in	a	GIS	environment	(QGIS	3.4.15-Madeira).	

• Proportion	of	Indigenous	and	Protected	Lands	in	each	municipality	

Data	 about	 Indigenous	 Lands	 and	 Conservation	 Units	were	 downloaded	 from	 the	

official	 platform	 supported	by	 the	 federal	 government.	Data	 about	municipal	 limits	were	

downloaded	 from	 IBGE.	 Spatial	 projections	 were	 set	 to	 SIRGAS	 2000	 (EPSG4674).	 All	

geometries	were	fixed	(fix	geometries	tool).	Areas	were	then	calculated	in	square	meters.	

Indigenous	Lands	(ILs)	categorized	as	“area	under	study”	(em	estudo)	were	excluded	

since	they	are	not	officially	defined	and	approved	by	the	federal	government.	Conservation	

Units	(CUs)	in	the	federal,	state,	and	municipal	levels	categorized	as	APAs	(Áreas	de	Proteção	

Ambiental),	 as	 well	 as	 all	 UCs	 created	 after	 2008	were	 excluded	 so	 to	 retain	 only	 those	

existing	at	the	moment	the	first	List	of	Priority	Municipalities	(LPM)	was	implemented.	

The	 intersection	 between	 CUs	 and	 ILs	 resulted	 in	 a	 new	 vector	 file	 identifying	

overlapping	areas	between	the	two	datasets	(intersection	tool).	Additionally,	a	new	vector	

file	retaining	the	areas	of	CUs	and	ILs	that	do	not	overlap	was	created	(symmetrical	difference	

tool).	Each	of	these	two	vector	files	was	intersected	with	the	municipalities’	shapefile.	That	

resulted	 in	 vector	 files	 retaining	 the	 information	 regarding	 the	 CUs	 and	 ILs	 in	 each	

municipality.	 Using	 the	 IBGE	 code,	 overlapping	 areas	 in	 each	 vector	 file	 were	 dissolved	

(dissolve	tool),	thus	eliminating	overlapping	features	(e.g.,	different	CUs	overlap	each	other).	

The	 final	vector	 files	retained,	 for	each	municipality,	 the	 total	area	under	any	category	of	

protection,	whether	IL	or	CU,	excluding	existing	overlapping	from	the	original	datasets.	
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Finally,	the	area	of	features	(polygons)	was	calculated	in	each	shapefile	to	provide	the	

total	area	of	both	CUs	and	ILs	in	each	municipality.	The	two	final	shapefiles	have	the	total	

area	of	ILs	and	CUs	that	do	not	overlap,	and	the	total	area	of	ILs	and	CUs	that	overlap	in	each	

municipality.	Both	areas	were	summed	up	in	the	R	software	so	to	calculate	the	total	area	in	

each	municipality	under	legal	protection.	

• Municipal	area	held	in	private	properties	in	which	the	geocoding	is	legally	required	

The	LPM	policy	mandates	municipalities	 to	geocode	at	 least	80%	of	 the	municipal	

territory	 excluding	 ILs	 and	 CUs.	 Based	 on	 the	 previous	 calculations,	 the	 indigenous	 and	

protected	lands	were	subtracted	from	the	total	area	of	municipalities.		

	

8.1.4. Dataset	compilation	and	analysis	

Once	all	the	indicators	were	downloaded	and	calculated,	missing	values	(NAs)	–	e.g.,	

municipalities	with	no	 indigenous	or	protected	 lands	–	were	replaced	by	zero	(0).	The	z-

score	was	 then	calculated	before	 the	PCA	analysis.	Only	 the	principal	components	whose	

eigenvalue	 is	>	1	were	retained.	The	optimum	number	of	clusters	was	then	estimated	on	

these	principal	component	axes	before	running	the	cluster	analysis	(k-means).	
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8.2. Contextualization	of	the	four	case	studies		

Government	programs	and	incentives	revolving	around	infrastructure	expansion	and	

settlement	programs	put	forward	in	the	1970s	have	marked	Paragominas	and	Tailândia	in	

analogous	ways.	The	high	proportion	of	migrants	among	the	elderly	population	reflects	the	

massive	number	of	out-of-state	pioneers	who	settled	in	the	region	and	paved	the	way	for	the	

relatively	 recent	 emancipation	 of	 those	 territories.	 The	 reliance	 on	 logging	 and	 cattle	

ranching	underpinning	the	development	of	these	municipalities	resulted	in	the	replacement	

of	large	proportions	of	original	forest	cover	into	alternative	land	uses.	On	the	contrary,	Moju	

and	 Portel	 exemplify	 the	 endogenous	 regional	 history	 of	 territorial	 occupation	 and	

development	linked	to	early	riverine	settlements	by	local	traditional	groups	and	indigenous	

communities.	Arguably,	these	are	municipalities	in	which	the	population	is	markedly	local,	

and	 whose	 livelihoods	 depend	 on	 traditional	 agriculture	 and	 forest-	 and	 river-based	

extractive	 activities	 that	 have	 very	 often	 prevented	 the	 expansion	 and	 consolidation	 of	

conventional	commodities	–	i.e.,	cattle	and	soybean	–	observed	in	the	“arc	of	deforestation.”	

In	Moju,	however,	the	expansion	of	a	roadway	crossing	its	territory	paved	the	way	for	the	

arrival	 of	 the	 palm	 oil	 industry,	 which	 replaced	 vast	 areas	 of	 the	 territory	 by	 palm	

plantations.	
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Table	SM	2. Descriptive	indicators	(1-8)	and	additional	attributes	(9-15)	of	the	four	municipalities	
framed	in	the	study.	

#	 Indicator	
Soybean	
Front	

Cattle	
Front	

Colonial	
Expansion	

Paragominas	 Tailândia	 Moju	 Portel	
1	 land	inequality	(Gini	index)	 0.67	 0.79	 0.66	 0.71	
2	 proportion	of	migrants	40+	age	 0.60	 0.40	 0.14	 0.02	
3	 deforestation	activity	(2004-2008)	 0.03	 0.06	 0.04	 0.01	
4	 proportion	of	original	forest	cover	loss	 0.43	 0.47	 0.44	 0.05	
5	 year	of	municipal	emancipation	 1965	 1988	 1935	 1843	
6	 proportion	of	soy	in	the	agricultural	area	 0.22	 -	 -	 -	
7	 cattle	density	(#cattle	heads	/	municipal	area	

held	in	private	property)	
22.7	 21.1	 6.25	 0.49	

8	 %	indigenous	and	protected	lands	 0.05	 -	 0.01	 0.07	
9	 Total	population	(IBGE	2010)	 97,819	 79,297	 70,018	 52,172	
10	 Rural	population	(IBGE	2010)	 21,308	 20,584	 44,856	 27,320	
11	 2008	GDP	(R$	mi)	–	agriculture	contribution	

(IBGE)	
101.6	 23	 95	 38	

12	 2008	GDP	(R$	mi)	–	industrial	contribution	
(IBGE)	

301.2	 80	 55	 51	

13	 Number	of	farms	(IBGE	2006)	 437	 212	 3744	 2071	
14	 Total	area	(hectares)	of	landholdings	(IBGE	

2006)	
609,576	 103,818	 178,610	 120,573	

15	 Average	size	of	landholdings	(hectares)	 1,395	 489	 47	 58	
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8.3. Fieldwork	data	collection		

8.3.1. Fieldwork	interviews	

Two	 fieldwork	 campaigns	 were	 carried	 out	 between	 2016	 and	 2018.	 The	 first	

fieldwork	 was	 between	May-June	 2016,	 in	 the	municipalities	 of	 Paragominas,	 Tailândia,	

Moju,	and	Belém.	The	second	fieldwork	was	carried	out	between	December	2017	and	June	

2018.	The	second	field	campaign	included	data	collection	in	Portel,	which	had	been	included	

in	the	LPM	in	September	2017,	in	addition	to	re-visiting	the	municipalities	surveyed	during	

the	first	trip	to	the	region.	

Interviewees	were	previously	contacted	and	invited	to	participate	in	the	research	and	

were	 offered	 the	 chance	 to	 define	 the	most	 appropriate	 setting	 for	 the	 interview.	 Semi-

structured	 interviews	 were	 conducted	 in-person	 by	 the	 first	 author,	 and	 they	 varied	 in	

format.	Most	meetings	involved	only	the	interviewer	and	one	interviewee.	However,	some	

interviews	were	 carried	out	 in	 groups	of	 2-5	participants	whenever	 the	 interviewee	had	

invited	others	to	participate.	These	occurred	in	meetings	at	unions,	government	agencies,	

and	 rural	 communities.	 On	 these	 occasions,	 the	 script	 of	 the	 interview	 was	 adjusted	 to	

capture	as	much	information	and	details	as	possible	(see	section	8.3.2.	Script	 of	 interviews	

below).	The	information	collected	was	attributed	either	to	individual	participants	or	to	the	

organization	of	which	they	are	part	(Table	SM	3).	 	
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Table	SM	3. The	sampling	strategy	resulted	in	134	semi-structured	interviews	carried	out	with	a	
varied	set	of	agents	or	groups	of	agents	totaling	143	research	participants.	

Dimension	 Scope	 Occupation	/Activity	 Paragominas	 Tailândia	 Moju	 Portel	 Belém	

Ci
vi
l	S
oc
ie
ty
	a
nd
	P
ri
va
te
	S
ec
to
r	

	

Individual	 Farmer	 3	 26	 1	 2	 	
Local	 Agricultural	business	 	 2	 	 	 	

Agricultural	cooperative	 	 2	 	 	 	
Bank	 2	 1	 1	 	 	
Business	sector	
representative	

	 2	 	 	 	

Environmental	
consulting	firm	

2	 1	 	 	 	

Law	office	 	 2	 	 	 	
Local	dwellers’	
representative	

	 2	 1	 2	 	

Logging	industry	
representative	

	 1	 1	 	 	

Logging	workers’	
representative	

1	 1	 2	 1	 	

Media	outlet	 	 1	 	 	 	
Religious	representative	 	 1	 	 	 	
Rural	producers’	
representative	

4	 	 1	 	 	

Rural	workers’	
representative	

2	 2	 6	 1	 	

Regional	 Research	and	extension	 	 	 	 	 4	

Go
ve
rn
m
en
t	

Municipal	 Education	 	 	 	 2	 	
Secretariat	of	
Environment		

2	 4	 5	 3	 1	

Executive	branch	 	 1	 	 1	 	
Legislative	branch	 	 	 	 1	 	
Rural	planning	 2	 	 2	 5	 	
Treasury	secretariat	 1	 	 	 	 	

State	 Environmental	planning	 	 	 	 	 2	
Secretariat	of	
Environment	

1	 	 	 	 	

Rural	extension	 1	 2	 4	 2	 	
Sanitary	monitoring	
agency	

	 3	 1	 2	 	

Federal	 Education	and	Research	 	 	 	 	 1	
Environmental	policing	 	 	 	 	 1	
Land	planning	 3	 	 	 	 2	
Research	and	extension	 2	 	 	 	 1	
Research,	Education,	and	
Extension	

2	 	 	 	 3	

Total	 28	 53	 25	 22	 15	
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8.3.2. Script	of	interviews	

The	interview	script	was	designed	based	on	the	categories	used	in	the	Institutional	

Analysis	 and	 Development	 (IAD)	 framework.	 Although	 varying	 slightly	 according	 to	

interviewee	 and	 type	 of	 organization,	 the	 interviews	 encompassed	 questions	 on	 the	

interviewee’s	perception	of	the	local	reality	before	and	after	the	municipality	was	listed	and	

sanctioned	by	the	LPM,	i.e.,	the	pre-existing	conditions,	sanctions,	incentives,	and	outcomes.	

Also,	we	asked	questions	regarding	local	and	regional	initiatives	to	cope	with	the	LPM	policy.	

These	 questions	 helped	 with	 identifying	 key	 actors	 and	 organizations	 engaged	 in	 such	

responses	and	efforts,	the	exchange	of	experiences	within	and	between	municipalities,	and	

the	 incentives	at	 stake	and	 the	roadblocks	 for	 the	emergence	of	 individual	and	collective	

action,	alternative	solutions,	and	lack	thereof.		

Topics	of	inquiry	for	individual	landowners:	

• How	did	you	hear	about	the	LPM	policy?	

• Have	you	ever	been	sanctioned	by	the	LPM	policy?	
o What	was	the	reason	for	the	sanction	applied	to	you?	
o What	was	the	sanction	applied	to	your	activities	or	farm?	
o How	did	that	sanction	compromise	your	agricultural	activities	or	income	sources?	

• Have	you	been	involved	with,	or	have	you	supported	any	institutional	arrangement	
related	to	local	initiatives	to	remove	the	municipality	from	the	LPM?	
o Why	did	you	decide	to	engage	in	such	initiative?	
o Who	was	the	leader	of	such	initiative?	
o Were	there	other	partnerships	and	institutions	involved	with	such	initiative?	
o What	was	the	frequency	of	these	meetings?	
o Where	did	these	meetings	take	place?	

• Are	you	a	member	of	any	local	representative	organization	(e.g.,	association,	union)?	

o How	does	the	organization	support	its	members?	
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• What	were	the	actions	you	had	to	commit	with	to	support	the	municipality	in	getting	off	
the	LPM	(e.g.,	geocode	the	farm,	curtail	deforestation	and	agricultural	fires)?	

o Did	you	receive	any	assistance	to	comply	with	these	commitments?	
o Did	you	spend	money	in	complying	with	these	commitments?	

• What	have	changed	in	your	property	in	terms	of	agricultural	practices,	as	well	as	
regarding	land	use	since	the	LPM	policy	was	enacted?	

• Overall,	what	is	your	perspective	about	the	LPM	policy?	
• What	do	you	think	is	the	most	determinant	aspect	underlying	the	success	of	the	

activities	implemented	to	remove	the	municipality	from	the	LPM?	

	

Topics	of	inquiry	for	NGOs,	unions,	associations	

• Why	did	the	organization	get	involved	in	initiatives	to	remove	the	municipality	from	the	
LPM?	

• What	was	the	role	of	the	organization	in	such	initiatives?	
o Did	it	involve	technical,	training,	and	funding	support?	
o How	was	the	interaction	of	your	organization	with	local	agents	and	stakeholders	
in	the	municipalities?	

• What	were	the	main	issues	faced	by	your	organization	in	dealing	with	local	agents,	
stakeholders,	and	organizations	in	such	multi-partner	initiatives?	

• Overall,	what	is	the	perspective	of	your	organization	about	the	role	of	the	LPM	policy	in	
halting	deforestation	in	the	region?	

• What	were	the	innovative	aspects	of	the	LPM	policy	in	comparison	to	previous	
environmental	regulations	to	halt	deforestation	in	the	region?	

• What	is	the	most	determinant	aspect	underlying	the	success	of	the	initiatives	and	
strategies	devised	to	remove	municipalities	from	the	LPM?	

• What	is	the	most	determinant	aspect	underlying	the	failure	of	the	initiatives	and	
strategies	devised	to	remove	municipalities	from	the	LPM?	

	

Topics	of	inquiry	for	officials	of	government	agencies	

• How	did	the	LPM	policy	change	the	activities	of	monitoring	and	law	enforcement	in	the	
region?	

o Were	there	any	monetary	investments	for	such	activities?	
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o Were	there	any	technical	support	or	training	for	such	activities?	
• What	was	the	role	of	this	government	agency	in	such	activities?	

o Did	the	agency	provide	support	or	facilitate	the	initiatives	devised	locally?	
• What	was	the	novelty	of	the	LPM	in	comparison	to	previous	environmental	policies	in	

fighting	deforestation	in	the	region?	
• What	were	the	innovative	aspects	of	the	LPM	policy	in	comparison	to	previous	

environmental	regulations	to	halt	deforestation	in	the	region?	
• What	is	the	most	determinant	aspect	underlying	the	success	of	the	initiatives	and	

strategies	devised	to	remove	municipalities	from	the	LPM?	

• What	is	the	most	determinant	aspect	underlying	the	failure	of	the	initiatives	and	
strategies	devised	to	remove	municipalities	from	the	LPM?	

• What	are	the	main	tasks	to	be	pursued	by	governmental	organizations	in	tackling	illegal	
activities	underlying	deforestation	in	the	region?	
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8.4. Regional	 and	 intra-regional	 analysis:	 Principal	 Component	 Analysis	 (PCA)	 and	

Cluster	Analysis	(k-means)	

The	three	principal	components	(PCn)	upon	which	the	clustering	analysis	run	explain	

66.4%	 of	 the	 original	 dataset	 variation	 (Table	 SM	 4),	 each	 of	 them	 capturing	 specific	

attributes	of	municipalities	in	the	Amazon	biome	(Table	SM	5).	

Table	SM	4. Total	variance	explained	by	the	principal	component	axes.	

	 PC1	 PC2	 PC3	 PC4	 PC5	 PC6	 PC7	 PC8	
Eigenvalue	 2.61	 1.50	 1.19	 0.87	 0.71	 0.62	 0.30	 0.18	

Proportion	of	variance	 32.7	 18.8	 14.9	 10.9	 8.9	 7.8	 3.7	 2.3	
Cumulative	proportion	of	

variance	
32.7	 51.5	 66.4	 77.3	 86.2	 94.0	 97.7	 100.0	

	

Table	SM	5. Relative	contribution	of	each	 indicator	to	the	principal	component	axes	(PCn)	of	 the	
PCA	whose	eigenvalue	>	1.	Bold	values	represent	indicators	that	contribute	substantially	–	above	the	
average	(12.5%)	–	to	the	computation	of	the	principal	component.	

Indicator	 PC1	 PC2	 PC3	
Gini	index	on	land	concentration	 2.9	 11.6	 25.1	

%	Migrants	40+	age	 23.2	 10.9	 1.5	
Deforestation	Activity	(2004-2008)	 8.6	 0.5	 10.8	

Deforested	Area	by	2008	 17.8	 24.2	 1.1	
Year	municipal	installation	 13.5	 11.3	 0.9	

%	Soybean	Cultivated	 3.0	 5.6	 47.8	
Cattle	Density	 22.3	 0.1	 10.5	

%	protected	areas	 8.6	 35.9	 2.2	
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Figure	SM	1. Data	distribution	of	municipal	 indicators	 in	each	cluster	(original	data).	The	shape	
reveals	the	data	distribution	and	its	probability	density,	followed	by	the	mean	(grey	dots)	and	SD	
(vertical	grey	lines).
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Conclusion	

This	dissertation	 looked	at	 forest	governance	 in	Brazil,	particularly	 in	 the	Amazon	

region.	As	a	mosaic	of	social-cultural	and	environmental	realities,	home	to	28	million	people	

living	 across	 hundreds	 of	 municipalities,	 the	 Brazilian	 Amazon	 has	 been	 the	 stage	 for	

conflicting	 narratives	 and	 demands	 over	 conservation	 and	 development.	 How	 do	 agents	

across	diverse	municipalities	respond	to	national	anti-deforestation	policies	in	the	Amazon?	

Throughout	 the	 three	 chapters	 presented	 in	 this	 dissertation,	 I	 adopted	 a	 social-

ecological	 systems’	 perspective	 and	 a	 mixed-methods	 approach	 to	 inquiry,	 review,	 and	

analyze	 the	 historical	 development	 of	 legislation	 protecting	 forestlands	 over	 different	

government	regimes	since	the	16th	century,	and	the	implementation	and	outcomes	of	one	

emblematic	 national	 policy	 –	 i.e.,	 the	 List	 of	 Priority	 Municipality	 (LPM)	 –	 to	 curtail	

deforestation	at	the	municipality	scale	in	the	Amazon.	

The	research	presented	in	Chapter	1	drew	on	archival	research	and	content	analysis	

to	 reveal	 that	 an	 evolving	 assemblage	 of	 conflicting	 and	 opposing	 narratives	 and	 values	

associated	with	forests	–	and	the	indigenous	people	and	traditional	groups	associated	with	

forestlands	–	has	recurrently	underpinned	advances	and	setbacks	in	the	design	and	effective	

implementation	of	forest	legislation	in	Brazil.	The	analysis	of	historical	narratives	in	archival	

documents	and	scholarly	literature	showed	that	Brazilians	have	come	to	embrace	a	broader	

set	 of	 values	 associated	 with	 forests	 and	 the	 environment,	 which	 became	 gradually	

encapsulated	 in	 more	 comprehensive	 forest	 regulations	 this	 research	 analyzed.	 Beyond	

protecting	 trees	 and	 forests	 exclusively	 for	 the	 timber	 and	 non-timber	 resources	 they	

provide	(i.e.,	material	contributions),	forest	legislation	progressively	encompassed	stricter	

rules	 to	 guarantee	 the	 wider	 contributions	 of	 forests	 to	 society,	 from	 conserving	 soils,	
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regulating	 water	 regimes,	 and	 mitigating	 climate	 (i.e.,	 regulating	 contributions),	 to	 the	

spiritual,	 cultural,	 ethical,	 and	symbolic	meaning	 (i.e.,	non-material	 contributions)	 forests	

endow	to	diverse	people’s	lives.	

Despite	that,	the	analysis	showed	that	narrow,	outdated,	and	prejudicial	narratives	

dating	back	the	colonial	times	remain	in	place,	representing	a	persistent	source	of	tension	

among	 decision-makers	 and	 stakeholders	 designing	 forest	 legislation.	 Forests	 remain	

associated	with	a	“green	hell”	where	“the	fever,	the	Indian,	the	wild	beasts,	and	the	unknown	

wilds”	live,	whereas	land-uses	promoted	by	agribusiness,	mining,	and	large	infrastructure	

ventures	 symbolize	 ideals	 of	 societal	 progress	 and	 modernity.	 The	 dichotomous	 –	 and	

wrongful	–	narrative	opposing	nature	to	social-economic	progress	and	development,	as	well	

as	 diverse	 worldviews,	 knowledge,	 and	 livelihoods,	 is	 a	 critical	 element	 underlying	 the	

recent	setbacks	and	political	decisions	that	have	eroded	environmental	governance	in	Brazil.	

Such	a	dichotomy	represents	 a	 fundamental	bottleneck	 that	has	 long	hampered	both	 the	

effective	implementation	and	maintenance	of	viable	strategies	conciliating	pressing	social-

economic	demands	and	sustainable	development	alternatives,	from	local	to	global	scales.	

The	LPM	policy	analyzed	 in	 this	dissertation,	 in	 that	regard,	 is	symptomatic	of	 the	

context	 in	which	 forest	 regulations	 have	 been	 recurrently	 opposed	 by	 governments	 and	

sectoral	 initiatives	 that	 embody	 narratives	 narrowly	 centered	 on	 the	 utilitarian	 value	 of	

nature.	Despite	the	substantial	contribution	to	reducing	deforestation	in	the	Amazon	after	

its	 implementation	 in	 2008,	 the	 LPM	 policy	 has	 lost	 ground	 since	 2013	 after	 successive	

governments	have	failed	to	update	and	enforce	the	policy.	This	process	has	taken	place	in	

the	context	of	a	broader	erosion	of	environmental	governance	in	Brazil.	
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The	LPM	policy	is	also	illustrative	of	the	Brazilian	government’s	usual	strategy	to	cope	

with	deforestation,	particularly	in	the	Amazon	region.	Despite	the	innovative	approach	and	

relatively	 successful	 outcomes	 in	 tackling	 forest	 loss	 at	 the	municipal	 scale,	 the	LPM	has	

applied	a	top-down	set	of	similar	criteria	upon	municipalities,	paying	little	attention	to	the	

diversity	of	context-specific	sociodemographic,	economic,	and	political	configurations	with	

which	the	policy	 interacts.	 In	a	region	of	continental	proportions,	 this	dissertation	shows	

that	 listed	municipalities	are	part	of	a	predicable	historical-geographic	context	associated	

with	the	deforestation	frontier’s	expansion.	This	helps	to	understand	the	mixed	outcomes	

achieved	by	the	LPM	policy,	as	discussed	 in	Chapters	2	and	3,	and	urges	policymakers	to	

tailor	 anti-deforestation	 policies	 considering	 historical	 and	 geographic	 factors	 associated	

with	the	development	and	territorial	occupation	of	municipalities.	

Particularly,	 Chapter	 2	 showed	 that	 municipal	 attributes	 related	 to	 agrarian	

structure,	dominant	land-uses	and	types	of	forest	coverage	(second-	and	old-growth	forests),	

and	 municipal	 environmental	 governance	 created	 conditions	 that	 either	 facilitated	 or	

hindered	the	likelihood	of	compliance	with	the	LPM	policy.	Further,	the	analysis	highlighted	

that	 strengthening	 law	 enforcement	 and	 sanctioning,	 and	 effectively	 implementing	 the	

environment’s	 municipal	 system	 represent	 practical	 actions	 that	 potentially	 favored	 the	

likelihood	 of	 policy	 compliance	 among	 listed	 municipalities.	 These	 results	 corroborate	

previous	analyses	that	point	out	the	significant	role	of	stricter	law	enforcement	actions	in	

preventing	deforestation.	Ironically,	the	Brazilian	government	has	taken	opposite	measures	

by	dismantling	and	de-funding	environmental	monitoring	and	enforcement	agencies,	which	

has	contributed	to	the	surge	in	deforestation	rates	and	illegal	forest	fires	in	Brazil	recently.	
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Despite	 that,	 as	 presented	 in	 Chapter	 3,	 individual	 and	 collective	 actions	 at	 the	

municipal	scale	could	play	significant	roles	in	broader	and	coordinated	strategies	tackling	

deforestation’s	complex	and	dynamic	forces	while	also	fostering	land-use	and	governance	

innovations.	 That	 could	 hopefully	 counterbalance	 political	 mismanagements	 at	 higher	

government	levels.	The	findings	show	that	municipal	attributes	such	as	mayor’s	leadership,	

public	 agencies	engagement,	pride	on	 the	 image	of	 the	municipality,	 social	 cohesion,	 and	

financial	 and	 institutional	 supports	 can	 steer	 diverse	 groups	 of	 stakeholders	 towards	

collectively	curtailing	deforestation	in	response	to	national	policies	such	as	the	LPM.	

However,	the	findings	also	reveal	that	successful	collaborative	arrangements	at	the	

municipal	 scale	 depend	 on	 the	 broader	 historical	 and	 current	 context	 within	 which	 a	

municipality	is	embedded.	As	detailed	in	Chapter	3,	municipalities	sanctioned	by	the	LPM	

policy	are	notably	within	the	“arc	of	deforestation,”	the	most	active	deforestation	frontier	in	

the	Amazon	driven	by	land	reform	projects	and	infrastructure	development	programs	and	

incentives	 for	 cattle	 and	 soybean	 production.	 However,	 a	 growing	 proportion	 of	 listed	

municipalities	 are	 now	 in	 areas	 beyond	 the	 “arc	 of	 deforestation.”	 These	 are	 forest-

dominated	municipalities	along	the	Amazon	river	floodplain	and	the	Estuary-Delta	regions	

where	the	local	population	has	historically	relied	upon	family	farming,	agroforestry	systems,	

forest	management,	and	extractive	(forest-based	and	river-based)	economic	activities.	

In	one	extreme,	agents	in	municipalities	in	the	fringes	of	the	moving	frontier	face	the	

challenge	of	devising	sustainable	development	strategies	while	buffering	 the	aggressively	

advancement	of	the	deforestation	frontier,	a	process	motivated	by	illegal	activities,	external	

markets,	 contradictory	 national	 development	 goals	 and	 incentives,	 and	 controversial	

narratives	on	the	value	of	the	Amazon	forest.	On	the	other	extreme,	agents	in	older	and	more	
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consolidated	areas	of	the	frontier	face	the	task	of	transitioning	business-as-usual	land	use	

practices	 to	 more	 sustainable	 ones,	 not	 least	 to	 comply	 with	 requirements	 of	 external	

markets,	but	now	in	a	favorable	context	of	relatively	stable	political,	social,	and	economic	

conditions.	 These	 contrasting	 circumstances	 endow	 municipalities	 with	 very	 distinct	

capacities	to	sustain	individual	and	collective	responses	in	response	to	crises	engendered	by	

national	 policies,	 the	 reason	 why	 inter-institutional	 cooperation	 among	 governments,	

markets,	and	civil	organizations	is	of	paramount	relevance.	

Finally,	as	the	most	extensive	analysis	of	the	LPM	policy	since	its	implementation	in	

2008,	this	dissertation	reveals	that	the	incentives	associated	with	the	LPM	policy	for	local	

individual	and	collective	actions	have	changed	over	 time.	On	 the	one	hand,	 the	collective	

distress	 imposed	 by	 coordinated	 sanctions	 imposed	 by	 the	 LPM	 policy,	 such	 as	 credit	

restrictions,	 farm	embargoes,	 and	market	bans,	 fueled	 innovation	and	cooperation	at	 the	

onset	of	the	policy.	As	local	cooperation	and	coordinated	political	movement	emerged	and	

consolidated,	local	agents	pushed	for	the	gradual	flexibilization	of	sanctions,	restrictions,	and	

law	enforcement,	and	demanded	the	decentralization	of	environmental	governance	to	the	

municipal	 level.	 On	 the	 other	 hand,	 significant	 learning	 and	 sharing	 of	 experiences	

accumulated.	 That	 supported	 the	 implementation	 of	 new	 government	 programs	 and	

regulations,	the	emergence	of	funding	opportunities	and	projects	supporting	local	initiatives,	

and	the	strengthening	of	municipal	environmental	governance.	This	set	of	circumstances	has	

progressively	changed	the	LPM	scope	over	the	years,	which	departed	from	its	strict	focus	on	

sanctioning	 to	 a	 broader	 array	 of	 institutional	 support	 for	 law	 compliance	 among	 listed	

municipalities.	
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As	the	Amazon	changes	and	the	deforestation	frontier	advances,	so	do	local	agents	

settled	 in	 the	 region,	whether	 indigenous	 groups	 and	 traditional	 communities,	 colonists,	

ranchers,	farmers,	companies,	gold	miners,	and	local	governments.	Within	this	diverse	social	

landscape,	conflicting	economic	and	political	interests	intermingle	amidst	alternative	ideas	

and	worldviews	from	agents	mediating	and	influencing	land-use	decisions	at	various	scales.	

While	the	deforestation	frontier	continues	to	expand	destructively	in	the	hands	of	legal	and	

illegal	actors,	now	empowered	by	the	federal	government,	a	new	generation	of	local	groups	

have	gradually	advocated	 for	 sustainability,	devising	pioneering	models	and	pointing	out	

alternative	 development	 pathways	 that	 reconcile	 social-economic	 progress	 and	

environmental	 conservation	 for	 the	 region.	 Therefore,	 this	 dissertation	 shows	 that	

identifying	 local	 initiatives	 and	 supporting	 institutional	 arrangements	 that	 empower	

stakeholders	 to	 craft	 strategies	 and	 development	 models	 tailored	 to	 context-specific	

conditions	 represent	 fundamental	 ingredients	 in	 designing	 and	 implementing	 future	

programs	 and	 policies	 aimed	 at	 halting	 deforestation	 and	 conciliating	 human-nature	

relationships	in	the	Amazon.	
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Study	limitations	and	future	directions	

This	section	identifies	some	of	the	challenges	faced	for	data	collection,	 integration,	

and	analysis	and	raises	and	discusses	limitations	inherent	to	this	study.	A	presentation	of	

these	limitations	helps	to	contextualize	and	delimit	the	analysis’s	validity	and	scope,	besides	

pointing	out	future	studies’	directions.	It	includes	limitations	related	to	data	availability	(or	

lack	thereof)	and	the	analytical	approach	used	in	each	chapter.		

Chapter	1	investigated	how	forest	legislation	has	developed	since	colonial	times	in	

Brazil.	 It	examines	how	these	documents	encapsulate	the	evolution	of	narratives	on	trees	

and	forests’	values	to	protect	natural	resources	and	the	environment.	The	study	builds	upon	

archival	research	to	identify	and	examine	forest-related	legislation,	Brazilian	constitutions,	

as	well	as	official	documents,	advertisings,	and	technical	reports.	It	also	includes	scholarly	

literature	on	environmental	history	and	environmental	law,	and	other	documents	such	as	

scientific	articles	and	communication	material,	history	books,	and	news	media	reports.	The	

material	and	data	used	in	the	study	were	collected	both	online	and	in	libraries	at	Indiana	

University,	particularly	the	Herman	B	Wells	and	the	Lilly	Libraries,	the	latter	a	rare	books,	

manuscripts,	and	special	collections	library.	

The	Brazilian	constitutions	and	part	of	the	forest	legislation	are	available	online	on	

the	National	 Press	website	 (Imprensa	Nacional1).	Despite	 its	 richness,	 the	National	 Press	

repository	 does	 not	 provide	 access	 to	 forest	 legislation	 enacted	 before	 the	 19th	 century.	

Therefore,	the	search,	identification,	and	analysis	of	Brazil’s	forest	legislation	during	colonial	

	

1		 The	National	Press	website	(Imprensa	Nacional)	available	at:	https://www.in.gov.br/inicio			
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and	 imperial	 times	built	upon	scholarly	 literature	and	scientific	communication	books	on	

environmental	 history.	 Relying	mainly	 on	 primary	 data	 collection	 in	 national	 archives	 in	

Brazil	and	Portugal,	these	sources	provided	a	critical	but	undoubtedly	incomplete	sample	of	

the	legislation	and	royal	decrees	related	to	forest	resources	enacted	before	the	19th	century.	

Some	of	these	historical	documents	are	available	online	and	allowed	the	content	analysis	of	

the	legislation.		

While	the	set	of	documents	analyzed	for	this	study	is	representative	and	advances	the	

work	done	by	other	scholars,	it	is	essential	to	note	that	there	are	limitations	on	identifying	a	

more	 extensive	 range	 of	 documents	 on	 Brazil’s	 forest	 legislation	 during	 the	 16-18th	

centuries.	Finally,	while	the	proposed	analytical	framework	has	proved	useful	for	the	content	

analysis	of	the	documents	identified	in	this	study,	it	may	not	capture	the	underlying	values,	

goals,	and	worldviews	of	the	time	these	documents	were	produced.	

Chapter	 2	 asked	 what	 factors	 and	 attributes	 of	 listed	 municipalities	 affect	 the	

likelihood	 of	 compliance	 with	 the	 List	 of	 Priority	 Municipalities	 (LPM)	 policy.	 The	

examination	of	this	puzzle	builds	upon	a	quasi-experimental	research	design	to	establish	a	

correlation	between	the	selected	predictors	and	the	dependent	variable,	i.e.,	the	likelihood	

of	the	removal	(or	not)	of	municipalities	from	the	LPM.	

Rather	than	a	random	selection	of	Amazonian	municipalities,	the	LPM	results	from	

inclusion	 and	 removal	 criteria	 defined	 by	 the	Ministry	 of	 Environment	 (MMA).	 Although	

sharing	 the	 highest	 rates	 of	 yearly	 deforestation,	 listed	 municipalities	 differ	 in	 diverse	

attributes	(e.g.,	historical	patterns	of	deforestation,	development,	and	territorial	occupation)	
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that	make	it	hard	to	control	for	confounding	factors	influencing	the	observed	responses	to	

the	LPM.	

Additionally,	the	LPM	comprises	a	limited	number	of	municipalities	(n	=	62)	and	an	

even	 smaller	 number	 of	municipalities	 removed	 from	 the	 list	 (n	 =	 22).	 After	 the	 cut-off	

criteria	applied	in	the	study,	the	set	of	listed	municipalities	suitable	for	analysis	reduced	(n	

=	50),	particularly	the	number	of	municipalities	removed	from	the	LPM	(n	=	11).	The	limited	

sample	size	and	the	exclusion	from	the	analysis	of	half	of	the	municipalities	removed	from	

the	LPM	gave	little	margin	for	the	specification	of	more	elaborated	and	robust	logistic	models	

explaining	the	factors	and	local	attributes	affecting	the	LPM	policy	outcomes	in	the	Amazon.	

For	instance,	the	limited	sample	size	made	it	unfeasible	the	addition	of	a	dummy	variable	to	

test	whether	states’	government	 initiatives	affected	the	 likelihood	of	compliance	with	the	

LPM	policy	by	listed	municipalities.	

There	are	also	limitations	related	to	the	lack	of	access	to	(or	transparency	from)	the	

MMA	criteria	and	datasets	used	to	decide	whether	to	include	or	remove	municipalities	from	

the	LPM.	Understanding	how	the	government	used	the	criteria	could	not	be	resolved	with	

the	sole	use	of	official	yearly	deforestation	data	available	online	(PRODES).	Paragominas,	for	

instance,	removed	from	the	LPM	in	2010,	had	65	sq.	km	of	area	deforested,	above	the	40	sq.	

km	threshold	set	by	the	MMA	to	remove	municipalities	from	the	list.		

Likewise,	data	on	the	registry	of	geocoded	information	of	farms	in	the	public	cadaster	

(SICAR)	remained	virtually	unattainable	during	the	study	period.	Accessing	information	on	

the	number	and	area	of	farms	geocoded	and	registered	in	the	official	database	requires	the	

analyst	 to	 pass	 through	 a	 series	 of	 security	 checks.	 Further,	 information	 is	 disclosed	 for	



	

	 200	

individual	 municipalities	 only,	 and	 details	 on	 the	 evolution	 of	 registries	 over	 time	 are	

unavailable.	These	factors	represented	a	critical	barrier	to	accessing	official	information	on	

farms’	registry	over	time	across	the	region.	

Another	thread	of	limitations	relates	to	the	availability	of	disaggregated	datasets	for	

some	 of	 the	 predictors	 used	 in	 the	 logistic	 model	 specifications.	 That	 required	 some	

assumptions	to	overcome	the	lack	of	longitudinal	data	for	some	predictors	(e.g.,	agricultural	

census,	 data	 on	 municipal	 environmental	 governance)	 as	 discussed	 in	 the	 respective	

Supplementary	 Material.	 Additionally,	 there	 is	 minimal	 availability	 of	 data	 on	 the	

administrative	structure	and	economy	of	municipal	governments.	Local	attributes	related	to	

territorial	size,	agrarian	structure,	and	dominant	land-uses	are	either	constant	or	change	at	

a	slower	pace.	On	the	contrary,	the	structure	of	local	governments	(e.g.,	creation	of	municipal	

secretariats,	 number	 of	 official	 agents)	 and	 the	municipal	 economy	 (e.g.,	 annual	 budget,	

investments	 in	environmental	programs	and	agencies,	 green	 taxes)	 can	change	 relatively	

faster	with	potential	impacts	on	the	capacity	of	local	agents	to	respond	to	the	LPM	policy.	

Access	to	these	data	would	allow,	for	instance,	to	understand	the	role	of	budget	increases	in	

municipal	environmental	agencies	on	the	odds	of	compliance	with	the	LPM	policy,	resulting	

in	instrumental	data	for	local	governments’	action.	

Finally,	 it	 is	 worth	 mentioning	 the	 indicators	 used	 in	 the	 logistic	 regressions	

represent	the	average	value	–	when	longitudinal	data	is	available	–	or	the	extrapolation	of	

data	available	for	different	periods	(e.g.,	data	on	the	agrarian	structure	is	available	every	ten	

years,	and	data	on	roadways	are	from	2013).	In	this	regard,	the	study	assumed	the	indicators	

are	 constant	 over	 the	 2008-2013	 period	 considered	 in	 the	 analysis,	 which	 does	 not	

correspond	to	reality.	Although	some	indicators	may	change	little	over	time	(e.g.,	agrarian	
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structure,	roadways	 length),	others	may	vary	significantly	(e.g.,	number	of	environmental	

fines	and	embargoes)	as	readily	 influenced	by	political	decisions.	The	 lack	of	 longitudinal	

data	prevented	the	choice	for	statistical	models	such	as	logistic	regressions	with	panel	data	

to	account	for	some	predictors’	time-variant	nature,	representing	a	critical	limitation	in	the	

study’s	analytical	approach.	

The	 points	 outlined	 above	 did	 not	 affect	 the	 analysis	 proposed	 in	 the	 chapter.	

However,	 they	 prevented	 analysis	 of	 interest	 to	 policymaking	 regarding	 which	 specific	

criteria	have	limited	the	removal	of	municipalities	from	the	LPM,	i.e.,	whether	the	control	of	

deforestation	or	the	geocoding	and	registry	of	farms	in	the	public	database.	Disentangling	

and	identifying	the	limiting	factors	and	municipal	attributes	likely	preventing	municipalities	

from	 getting	 off	 the	 LPM	 would	 provide	 useful	 information	 for	 policymakers	 to	 design	

strategies	tailored	to	both	tackling	deforestation	processes	and	overcoming	barriers	to	the	

geocode	and	register	of	farms.	It	would	also	have	allowed	the	identification	of	municipalities	

with	a	higher	 likelihood	 to	enter	 the	 list,	 thus	 informing	 the	early	design	of	 strategies	 to	

prevent	the	advance	of	deforestation	in	the	Amazon.	

Chapter	 3	 examined	 the	 intra-regional	 diversity	 of	 the	 Brazilian	 Amazon	 and	

analyzed	how	 local	 conditions,	 information	and	experience	exchange,	and	 the	 interaction	

between	 the	 LPM	 policy	 and	 correlated	 anti-deforestation	 initiatives	 have	 facilitated	 or	

inhibited	individual	and	collective	actions	to	remove	municipalities	from	the	LPM	over	time.	

The	 finding	 related	 to	 the	 four	 groups	 of	 municipalities	 sharing	 local	 attributes	

represents	one	of	 the	many	possibilities	 to	explore	 the	Brazilian	Amazon’s	 intra-regional	

diversity.	In	that	regard,	it	is	worth	noting	that	such	a	result	represents	a	snapshot	of	the	
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municipal	realities	around	2008,	chosen	to	characterize	the	region	in	the	first	year	of	the	

LPM	 policy.	 Indicators	 collected	 in	 different	 periods	 would	 likely	 result	 in	 alternative	

configurations	of	municipal	clusters,	thus	offering	and	requiring	new	interpretations	about	

municipalities’	intra-regional	diversity	in	the	Amazon.	

The	 results	 also	 require	 interpretation	 within	 the	 limits	 of	 the	 set	 of	 municipal	

indicators	employed	in	the	multivariate	analysis	performed	in	the	study.	In	this	regard,	this	

study	 selected	 a	 specific	 set	 of	 indicators	 to	 capture	historical	 patterns	 and	processes	 of	

territorial	 occupation,	 development,	 and	 land	 use	 and	 cover	 changes	 associated	 with	

deforestation	 in	 the	 Brazilian	 Amazon.	 While	 informed	 by	 both	 the	 literature	 and	 field	

studies,	data	availability	also	influenced	these	choices.		

For	 instance,	 road	 infrastructure	 in	 Amazonian	 municipalities	 is	 an	 important	

indicator	representing	the	different	patterns	of	development	in	the	region,	one	that	has	been	

positively	correlated	to	 forest	 loss	and	degradation.	However,	available	datasets	–	official	

and	unofficial	–	were	not	used	in	the	analysis	because	they	either	lack	an	accurate	mapping	

of	legal	and	illegal	roads	in	the	region	or	are	not	available	for	all	the	municipalities	included	

in	 the	 analysis.	 Similarly,	 the	 inclusion	 of	 an	 indicator	 capturing	 the	 relevance	 of	 forest	

resources	in	local	economies	(e.g.,	the	economic	and	non-economic	values	attributed	to	the	

forest	and	non-forest	resources)	would	have	provided	a	relevant	attribute	to	characterize	

the	diverse	economies	across	Amazonian	municipalities.	Notably,	it	would	complement	the	

limited	set	of	indicators	–	cattle	density	and	proportion	of	soybean	plantations	–	selected	to	

represent	two	of	the	primary	economic	and	land-use	driving	forces	of	deforestation	in	the	

Amazon.	
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However,	reliable	information	on	such	economic	sectors	of	the	Amazon	is	missing	or	

inconsistent.	 Including	these	high-resolution	indicators	 in	the	original	dataset	used	in	the	

multivariate	analysis	would	have	provided	a	more	robust	basis	to	interpret	the	ordination	

analysis	results	and,	possibly,	result	in	a	more	refined	clustering	of	municipalities	expressing	

the	intra-regional	diversity	of	the	Brazilian	Amazon.	

Regarding	 the	 findings	 and	 discussion	 on	 the	 factors	 affecting	 the	 individual	 and	

collective	responses	to	the	LPM	policy,	these	derived	from	the	in-depth	case	studies	in	four	

listed	municipalities	in	the	state	of	Pará.	As	explained	in	the	chapter,	that	selection	aimed	at	

sampling	 municipalities	 included	 in	 the	 LPM	 in	 different	 periods	 and	 comparing	

municipalities	 removed	and	not	 removed	 from	 the	LPM.	 Further,	 that	 selection	 aimed	at	

depicting	the	geographic	gradient	of	the	deforestation	frontier	in	the	Amazon,	providing	the	

opportunity	 to	 investigate	 how	 municipalities	 experiencing	 the	 different	 stages	 of	 the	

moving	deforestation	frontier	were	affected	and	responded	to	the	LPM	policy.	

The	 selection	 prioritized	municipalities	 listed	 in	 the	 same	 state.	 That	 allowed	 for	

controlling	 the	 response	 of	 listed	 municipalities	 affected	 by	 state-level	 programs	 and	

initiatives	supporting	listed	municipalities	that	emerged	over	time	across	Amazonian	states.	

Finally,	 the	 case	 study	 selection	 took	 into	 account	 factors	 such	 as	 proximity	 among	

municipalities,	which	made	 fieldwork	 activities	 feasible	 considering	 transportation,	 time,	

and	budgetary	constraints.		

While	 recognizing	 their	 particularities,	 each	 case	 study	 provided	 a	 unique	

opportunity	 to	 observe	 and	 analyze	 the	mixed	 effects,	 alternative	 responses,	 and	 varied	

outcomes	resulting	from	the	LPM	policy	in	very	different	conditions.	Although	findings	and	
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discussions	derived	 from	 the	present	 research	design	and	analytical	 approaches	may	 fall	

short	 if	 generalized	 to	 other	municipalities,	 notably	 in	 other	 Amazonian	 states,	 they	 are	

intended	to	provide	a	bottom-up	perspective	and	a	more	detailed	description	and	thicker	

analysis	of	the	diverse	events	and	responses	following	the	inclusion	of	municipalities	in	the	

LPM.	
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