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CRESCIMENTO RÁPIDO DA 
POPULAÇÃO E ALTOS NÍVEIS DE 
DESMATAMENTO NUM BIOMA DE 
VALOR IMENSURÁVEL

Cobertura vegetal

Floresta
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Desmatamento até 2021
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Fonte: desmatamento com base nos dados do Prodes, Inpe. Cobertura vegetal,
limites estadual e municipal e sede municipal com base nos dados do IBGE

População
(Em milhões de pessoas)

1980 11,0

1990 16,1

2000 20,1

2010 24,4

2020 28,1
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CIDADES • A MAIORIA DAS PESSOAS E DOS PROBLEMAS – E DAS SOLUÇÕES – ESTÃO NAS CIDADES

HOJE, A AMAZÔNIA É URBANA

A evolução da população urbana na Amazônia (Em milhões de pessoas)

Fonte: AMZ2030 com dados do Censo do IBGE (1960, 1970, 1980, 1991, 2000 e 2010)

População urbana

População rural

1960 1,6 4,0

1970 2,7 5,0

1980 5,2 6,5

1991 9,4 7,6

2000 14,4 6,7

2010 18,3 7,2

72% 28%
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CIDADES • A MAIORIA DAS PESSOAS E DOS PROBLEMAS – E DAS SOLUÇÕES – ESTÃO NAS CIDADES

ONDE AS PESSOAS TRABALHAM NA AMAZÔNIA?

Empregos e outras atividades econômicas estão relativamente longe da floresta. 
Os setores mais importantes são serviços e comércio

Fonte: AMZ2030 com dados do PNAD-IBGE

Serviços AgropecuáriaIndústria Construção Comércio

46% 21%9% 7% 17%

83% 17%

01
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PARA SEU GOVERNO • QUE TIPO DE PRESENÇA DO ESTADO A AMAZÔNIA REALMENTE PRECISA?

...E NAS FAMÍLIAS
O Estado contribui com um terço da renda familiar na região

Fonte: AMZ2030 com base nos dados de FINBRA (2022)

Composição da renda
ENTRE OS 20% MAIS POBRES

Composição da renda
ENTRE OS 20% MAIS RICOS

34,6%
Auxílios e 

programas 
sociais

65,4%
Outros

34,8%
Salários
do setor 
público

65,2%
Outros

Para os mais pobres, na forma
de auxílios e programas sociais

Para os mais ricos, na forma
de empregos públicos

01
NOS GOVERNOS LOCAIS...
Receitas correntes dos estados da 
Amazônia Legal

51%
Receitas 
próprias

6%
Contribuições

39%
Transferências 
totais

2%
Receitas de 
serviços

2%
Outras receitas 
correntes

PNAD (2019)
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1. O Paradoxo Amazônico

2. Desmatamento e desenvolvimento econômico

3. Instrumentos de política pública

• Combate ao desmatamento

• Crédito rural

• Licenciamento de infraestrutura

Estrutura da aula



O Paradoxo Amazônico
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ÁREAS ABERTASÁREAS ABERTASTRABALHOTRABALHO FLORESTAFLORESTA

O PARADOXO AMAZÔNICO
A OCUPAÇÃO DA AMAZÔNIA CRIOU UM AMBIENTE ONDE HÁ OPORTUNIDADES ASSOCIADAS A

8 MILHÕES
DE DESOCUPADOS

84 MILHÕES
DE HECTARES

 550-730 GtCO2e
ESTOQUE
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Desmatamento e 
desenvolvimento econômico
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DESMATAMENTO ZERO

DESMATAMENTO NÃO É NECESSÁRIO PARA O DESENVOLVIMENTO DA REGIÃO

Tendências globais na produção de alimentos

* Valores constantes de 2004-2006 (inflação ajustada pelo FAOSTAT)
Fonte: Iniciativa de Política Climática com dados da Organização das Nações Unidas para Agricultura e Alimentação (FAOSTAT)
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O mundo conseguiu aumentar continuamente a produção agrícola. Desde 2001, o aumento se deu majoritariamente por conta de ganhos 
em produtividade. Aumentar a produção agrícola com desmatamento zero é mais do que uma possibilidade teórica!
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DESMATAMENTO ZERO

Taxa de desmatamento em km2 ao ano PIB da produção agrícola e pecuária em R$ bilhões

DESMATAMENTO NÃO É NECESSÁRIO PARA O DESENVOLVIMENTO DA REGIÃO

PIB da produção agropecuária aumentou enquanto desmatamento diminuiu drasticamente

Fonte: Climate Policy Initiative com dados do PRODES-INPE e IBGE

01

ENTRE 2004 E 2012, O DESMATAMENTO NA AMAZÔNIA CAIU MAIS QUE 80%, ENQUANTO O PIB AGRÍCOLA DA REGIÃO AUMENTOU

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

30.000 km2 R$ 60,0 bi

R$ 12,1 bi

27.772 km2

4.571 km2

R$ 43,8 bi25.000 km2

20.000 km2

15.000 km2

10.000 km2

5.000 km2

R$ 50,0 bi

R$ 40,0 bi

R$ 30,0 bi

R$ 20,0 bi

R$ 10,0 bi
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OPORTUNIDADES ECONÔMICAS • PECUÁRIA PRODUTIVA

O QUE CABE NA ÁREA DESMATADA DA AMAZÔNIA?

Fonte: Dados da área ocupada por 
Mapbiomas (2020), Ministério da 
Agricultura, Pecuária e Abastecimento 
(MAPA), Imazon e FAO 0 10 20 30 40 50 60 70 80 90 100 110 120

79%
FLORESTA REMANESCENTE

Nos últimos 50 anos, 
cerca de 20% da floresta 

já foi desmatada, 
totalizando 84,4 milhões 

de hectares…

…mas essa área poderia ser mais bem aproveitada. Com as práticas já adotadas por fazendeiros
mais produtivos, ela pode comportar com folga todas as necessidades de expansão de terra plantada
(Em milhões de hectares)

AMAZÔNIA
TODA

21%
DESMATADO EM 50 ANOS

AGRICULTURA PASTAGEM VEGETAÇÃO SECUNDÁRIA REFLORESTAMENTO

CENÁRIO
ATUAL

6,9 63,7 15,7 0,3

Área equivale ao 
total plantado no 
mundo de palma 

de dendê, café e 

cacau em 2020, 
segundo a FAO

O que dá para 
fazer com um 
aumento de 
produtividade

8,7 24,9
37,0

MILHÕES DE 

HECTARES

MILHÕES DE HECTARES

15,7



Instrumentos de política 
pública
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Taxas de desmatamento na Amazônia
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Brazilian Amazon Deforestation & PPCDAm Policy Highlights

near-real-time satellite-based monitoring
targeted siting of protected areas

priority municipalities
conditioning of rural credit
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DETERing Deforestation in the Amazon:
Environmental Monitoring and Law 

Enforcement 

American Economic Journal: Applied 
Economics, 15(2): 125-156, 2023 

Juliano Assunção (CPI/PUC-Rio)
Clarissa Gandour (CPI/PUC-Rio)

Romero Rocha (UFRJ)
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Satellite Monitoring and Law Enforcement - DETER
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Satellite Monitoring and Law Enforcement - DETER
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Estimated Average Yearly Impact of DETER - 2007-2016
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The effect of rural credit on deforestation: 
evidence from the Brazilian Amazon 

Economic Journal, 130: 290-330 (2019)

Juliano Assunção (CPI/PUC-Rio)
Clarissa Gandour (CPI/PUC-Rio)

Romero Rocha (UFRJ)
Rudi Rocha (FGV)
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Conditional Credit (Res. 3545)

Resolution 3545

Enacted in 2008

Conditioned subsidized rural 
credit in the Amazon biome upon 
compliance with environmental 
regulation and property rights

296 the economic journal [february

Fig. 1. Brazilian Amazon Biome and Benchmark Sample.
Notes: The figure illustrates the Amazon Biome border, as well as municipality limits for the states of
Acre, Amazonas, Amapá, Maranhão, Mato Grosso, Pará, Rondônia, Roraima, and Tocantins (all of which
are partly or entirely located in the Amazon biome). Our benchmark sample is composed of treatment
and control municipalities located within 100 km of Amazon biome border. Alternative samples consider
distance-to-biome-border thresholds of 50 km and 200 km (not shown in figure). Frontier municipalities—
those crossed by the biome border—are not included in any sample. (Figure available in colour online).

trb illegal forest clearings. This measure is the deforestation increment for year t. We therefore
define deforestation as the area of forest in square kilometres cleared over the 12 months leading
up to August of a given year. We define deforestation as the area of forest in square kilometres
cleared over the 12 months leading up to August of a given year.8 This time window is chosen
to match that of PRODES deforestation data. For this same reason, we recode credit loans and
all other variables in this article accordingly, summing up monthly into annual data, where year
t refers to the 12 months leading up to August of t.

To smoothen cross-sectional variation in deforestation that arises from municipality size
heterogeneity, we use a normalised measure of the annual deforestation increment. The

8 More precisely, the annual deforestation increment of year t measures the area in square kilometres deforested
between the 1st of August of t − 1 and the 31st of July of t.

C© The Author 2019.
Published by Oxford University Press on behalf of Royal Economic Society.
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Results - Credit

 3Executive Summary

Does Credit Affect Deforestation?November 2012

2008, we show that Resolution 3,545 did, in fact, lead 
to a significant reduction in the concession of rural 
credit in the Amazon Biome. In counterfactual simula-
tions, we estimate that approximately BRL 2.9 billion 
(USD 1.4 billion) less credit was loaned in the 2008 
through 2011 period as a result of restrictions imposed 
by the resolution. Most of this total, BRL 2.6 billion 
(USD 1.3 billion), referred to cattle-specific contracts 
(see Table 1). 

For a given municipality within the biome, Resolution 
3,545 also caused a greater reduction in non-Pronaf 
credit, which a!ected larger-scale producers, as com-
pared to Pronaf credit, which targeted smaller-scale 
producers. This result is to be expected in light of the 
legal exemptions that were introduced for small-scale 
producers.

To explore di!erences between sectors and ensure that 
our results are not driven by the comparison of structur-
ally di!erent municipalities, we separately evaluate the 
resolution’s impact in two subsamples: municipalities 
where cattle ranching is the main economic activity 
(cattle-oriented municipalities), and those where crop 
production is the main economic activity (crop-oriented 
municipalities). We find that, although credit cuts were 
observed in both subsamples following the implemen-
tation of the resolution, the e!ect was higher in cattle-
oriented municipalities (see Table 2). 

We also investigate the impact of Resolution 3,545 on 
the size distribution of credit contracts. Results indi-
cate that the resolution had a distributional e!ect for 
cattle-specific credit contracts, reducing the number of 
medium and large contracts, and slightly increasing the 

number of small contracts. The resolution also appears 
to have led to a decrease in the number of medium 
crop-specific contracts, but had no significant impact 
on small ones. This is likely the consequence of banks 
and credit cooperatives striving to allocate resources 
to small-scale producers, which faced less stringent 
requirements.

Policy E/ectiveness for Deforestation 
Reduction

The resolution-induced reduction in rural credit 
led to a decrease in deforestation in the Amazon 
Biome.

We explore the variation in credit concession caused 
by Resolution 3,545 to identify the e!ect of credit on 
deforestation. Results suggest that credit has a positive 
and strongly significant relationship with deforesta-
tion — the resolution-induced reduction in rural credit 
in the Amazon Biome led to a decrease in deforestation 
in the biome. In particular, those municipalities where 
credit decreased most as a result of Resolution 3,545 
were also the ones that presented the sharper drops in 
deforestation. 

Counterfactual simulations indicate that, in the absence 
of the credit constraint imposed by Resolution 3,545, 
over 2,700 km2 of forest area would have been cleared 
from 2009 through 2011. Considering that the defores-
tation rate in the Legal Amazon in the late 2000s was 
about 5,000 km2 per year, the e!ect that can be attrib-
uted to the resolution is quite impressive (see Table 3).

YEAR
TOTAL RURAL CREDIT CATTLE-SPECIFIC CONTRACTS CROP-SPECIFIC CONTRACTS

OBSERVED ESTIMATED DIFFERENCE OBSERVED ESTIMATED DIFFERENCE OBSERVED ESTIMATED DIFFERENCE
2002 1,595 1,092 503
2003 2,306 1,312 994
2004 3,002 1,679 1,324
2005 2,982 1,945 1,037
2006 2,623 1,856 767
2007 2,630 1,818 812
2008 2,506 3,174 668 1,740 2,253 512 765 944 179
2009 2,772 3,594 821 1,845 2,564 719 927 1,079 152
2010 3,203 3,852 649 2,271 2,873 601 932 1,008 76
2011 3,170 3,928 758 2,258 3,037 779 912 945 33

2008-2011
TOTAL 11,651 14,547 2,896 8,114 10,727 2,611 3,536 3,976 440

Table 1: Observed and Estimated Credit Concessions in Full Sample, by Type of Contract, 2002-2011 (BRL million)

Note: Figures presented in columns labeled “Estimated” were calculated in counterfactual simulations and refer to estimates of what would have occurred in the 
absence of the policy.
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Does Credit Affect Deforestation?November 2012

Resolution 3,545: A Rural Credit 
Policy Introduced in 2008

Rural credit, used to finance short-term working capital, 
investment, and commercialization of rural produc-
tion, is one of Brazil’s most traditional mechanisms of 
supporting agriculture (MAPA (2003)). The Brazilian 
Ministry of Agriculture (Ministério da Agricultura, 
Pecuária e Abastecimento, MAPA) estimates that 
approximately 30% of the resources needed in a typical 
harvest year are funded through rural credit (MAPA 
(2003)). The remaining 70% come from producers’ 
own resources, as well as from other agents of agribusi-
ness and other market mechanisms. In light of this, any 
policy measure that a!ects rural credit also a!ects one 
of Brazil’s main support mechanisms for agricultural 
production. Resolution 3,545 is one such policy.

Published February 29th, 2008, Resolution 3,545 placed 
a condition on rural credit in the Brazilian Amazon 
Biome — to get credit, borrowers had to present proof 
of compliance with environmental regulations, the legiti-
macy of their land claims, and the regularity of their 
rural establishments. 

The measure, aimed at restricting credit for those 
who infringed environmental regulations, applied to all 

establishments in municipalities located entirely or par-
tially within the Amazon Biome. As the Amazon Biome 
is contained within the Legal Amazon, all biome munici-
palities are necessarily located in the Legal Amazon, 
but not all Legal Amazon municipalities are part of the 
biome (see Figure 1). The resolution’s requirements 
applied not only to landowners, but also to associates, 
sharecroppers and tenants. 

Implementation of Resolution 3,545 terms by all credit 
agents was optional as of May 1st, 2008, and obligatory 
as of July 1st, 2008.

To prove credit eligibility, Resolution 3,545 required 
borrowers to present a series of documents. Such 
documentation, however, varied according to borrower 
profiles. Small-scale producers — particularly benefi-
ciaries of the National Program for Strengthening of 
Family Agriculture (Programa Nacional de Fortalecimento 
da Agricultura Familiar, Pronaf) — were subject to less 
stringent requirements, with some Pronaf categories 
being entirely exempt from abiding by the resolution’s 
conditions. 

Resolution 3,545 represented a restriction on o"cial 
rural credit — and thereby on the fraction of rural credit 
that is largely subsidized via lower interest rates — 
while other sources of financing for agricultural activity 
su!ered no such restriction.

Results
Policy E/ectiveness for Credit Reduction 
Our results suggest that farmers anticipated the credit 
restriction in 2008 and sought credit before Resolution 
3,545 became mandatory. Aggregate trends reveal that 
the pattern of credit concession observed in previ-
ous years was broken in 2008. Instead of the typically 
higher volume of credit negotiated in the second half of 
the year, the credit series for 2008 peaks in April and 
again in June. Yet, the total volume of credit negotiated 
in 2008 is similar to that of previous years. Although the 
resolution was published in February 2008, its imple-
mentation was optional as of May 2008 and compul-
sory as of July 2008. As this timing coincides with the 
subsequent unseasonable peaks in 2008, these peaks 
likely capture borrowers’ e!orts to gain early access to 
resources that would soon be restricted. This behavior 
seems to be more relevant for cattle-specific credit 
loans than for crop-specific ones, perhaps due to the 
intrinsically seasonal component of crop production.

Despite the anticipation of the credit restriction in 

Resolution 3,545 led to a significant reduction 
in the concession of rural credit in the Amazon 
Biome.

Figure 1: The Brazilian Amazon Biome and Legal Amazon
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Results - Deforestation

2
5

The resolution-induced 
reduction in rural credit led to a 
decrease in deforestation in the 
Amazon Biome.

2020] effect of rural credit on deforestation 301

Fig. 2. Deforestation in Treatment and Control Municipalities.
Notes: The figure shows deforestation trends for average municipal deforestation in square kilometres over
the sample period (2003 through 2011). The policy marker at 2008 helps separate pre- and post-policy
trends. Data from PRODES/INPE.

the Amazon biome. In fact, Resolution 3545 stands out amongst the set of PPCDAm policies
because of its restriction to the Amazon biome.

The practice of using the entire BLA to target policy efforts is consistent with the fact that,
despite the sharp borders that officially define the biomes, on the ground, the Amazon biome
gradually transitions into the Cerrado biome. This transition is largely characterised by the
presence of tropical forest, which gradually changes from dense to open ombrophilous vegetation
as one moves towards the BLA’s southeast outer limits and enters the Brazilian savannah. This
results in a mix of tropical and savannah-like vegetation in areas near the biomes’ frontier, with
occurrences of non-tropical vegetation inside the Amazon biome, as well as that of tropical
vegetation outside it. Drawing on PRODES satellite data, which also covers the full extent of the
BLA, we observe that, in 2008, from more than 105 thousand square kilometres of tropical forest
remaining in our benchmark sample, roughly a third was located outside the Amazon biome.
Control municipalities therefore held an area about the size of Belgium in tropical Amazon
forest in the pre-policy period. In restricting our benchmark sample to municipalities that are
within 100 kilometres from the biome border, whether inside or outside the biome, we are thus
selecting municipalities that are more likely to be similarly suitable to tropical forest growth and
deforestation.

The parameter of interest β1 in equation (3) captures the causal effect of Resolution 3545
on deforestation if the residuals contain no omitted variables simultaneously correlated with the
policy change and with any latent determinant of forest clearings. In this case, the validity of our
difference-in-differences specification hinges on two key conditions. First, our approach should
be robust to the influence of regional time-varying shocks that unevenly hit treatment and control
municipalities. Second, pre-trends for treatment and control groups should be parallel, so as to
ensure that estimates are not spuriously driven by region-specific time trends.

Regarding the first condition, there is no evidence that the selection of Amazon biome mu-
nicipalities into treatment was made as a response to the business cycle or to region-specific
economic booms or downturns. As for the second condition, Figure 2 supports the view that
treatment and control municipalities portrayed similar pre-policy trends in forest clearings. After

C© The Author 2019.
Published by Oxford University Press on behalf of Royal Economic Society.
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Getting greener by going black: the effect of 
blacklisting municipalities on Amazon deforestation 

Environment and Development 
Economics, 24:115-137 (2019)

Juliano Assunção (CPI/PUC-Rio)
Romero Rocha (UFRJ)
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2nd phase of PPCDAm

Targeting monitoring – 36/547 
municipalities è 45% 
deforestation

Additional economic and political 
pressures

Blacklisting:

• 2008: 36 municipalities 

• 2009: +7 municipalities

• 2011: +7 municipalities

Priority municipalities
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4 

Results'

The&MPs&policy&avoided&the&clearing&of&11,359&km2&of&Amazon&
forest&area&between&2008&and&2011.&This'area'is'roughly'
equivalent'to'the'size'of'the'country'of'Jamaica.'Total'
deforestaOon'observed'between'2008'and'2011'was'20,689'
km2,'35%'smaller'than'in'the'absence'of'the'policy.'
'
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The Priority Municipalities policy avoided the 
clearing of 11,359 km2 of Amazon forest area 

between 2008 and 2011

…again, no impact on agricultural production

Counter-factual analysis
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Optimal Environmental Targeting in the Amazon 
Rainforest 

Review of Economic Studies, 
forthcoming (2023)

Juliano Assunção (CPI/PUC-Rio)
Robert McMillan (University of Toronto)

Joshua Murphy (Natural Resources Canada)
Eduardo Souza-Rodrigues (University of Toronto)
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Optimal List with Spillovers
Figure 5: Ex-Post Minimax Carbon Emissions, Varying the ‘Total Area’ Constraint

(a) Spillover Optimal List based on Total Area
(b) Spillover Optimal List based on Number of Munici-
palities

Figure 6: Location of Ex-post Optimal Lists with Spillover E↵ects

38
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The impact of rural credit on Brazilian 
agriculture and the environment

Working paper (2023)

Juliano Assunção (CPI/PUC-Rio)
Priscila Souza (CPI/PUC-Rio)
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Crédito Rural – Canais de distribuição
Figura 3: 4VMRGMTEMW�TVSZIHSVIW�HI�GVɯHMXS�VYVEP�TSV�QYRMGɳTMS�����������
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Impactos médios do crédito rural, 2007-2016

Esses resultados estão alinhados com as pesquisas anteriores do CPI sobre agropecuária 
e uso da terra. O Brasil possui muitas terras já desmatadas disponíveis para expansão 
agropecuária. Os pastos destinados à criação de gado no Brasil têm produtividade bastante 
baixa, e a conversão de pastagens para terras de cultivo é observada em diversos estudos 
que analisam ganhos de produtividade na agropecuária brasileira.1 A abundância de terras 
sugere que o Brasil pode praticamente dobrar sua produção agrícola sem desmatar novas 
ɧVIEW�RIQ�VIHY^MV�EW�ƥSVIWXEW�REXYVEMW�2

�ŝ�:IV�Melhorar a produtividade agrícola brasileira é um passo importante para a mitigação das mudanças climáticas: história mostra que o 
processo de modernização da agricultura é compatível com a proteção de recursos naturais no Brasil disponível em: https://bit.ly/2GsDkVA

�ŝ�:IV�Ensuring Greener Economic Growth for Brazil disponível em: https://bit.ly/2GrmExz

Figura 1: O Impacto de Aumentos no Crédito Rural na Produção Agropecuária, Produtividade e Uso da Terra

Fonte: Climate Policy Initiative com dados do Banco Central do Brasil
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IDENTIFICAR RISCOS

DISCUTIR MELHOR A VIABILIDADE

IMPLEMENTAR MEDIDAS DE MITIGAÇÃO E COMPENSAÇÃO

DESMATAMENTO ZERO

DELIMITAR ÁREA DE INFLUÊNCIA CORRETAMENTE AJUDA A IDENTIFICAR E COMBATER RISCOS AMBIENTAIS

Territórios indígenas

Áreas protegidas

Florestas não-destinadas

Área de 
influência

BR-319

CASO
A PAVIMENTAÇÃO 
DA BR-319

ÁREA MAIOR QUE
300.000 km2

Aproximadamente
140.000 km2 de
florestas não-destinadas

Aproximadamente 100 
territórios indígenas e 
unidades de conservação

01 Implicações: Licenciamento de infraestrutura


