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Abstract
We evaluate the impact of Brazil’s Bolsa Verde (BV) - a cash transfer program
conditional on forest conservation - on deforestation and household outcomes in eligible
areas with and without beneficiaries. We link spatial data on deforestation and remaining
forest with the socioeconomic characteristics of eligible areas. The unique set up of
BV allows the identification of the effect of committing to the program’s conditionality
through a contract separately from the effect of an increase in income through the cash
transfer. We find less deforestation in eligible areas with beneficiaries, with a lower
bound estimate of 25% reduction in forest loss compared to the pre-intervention mean.
We also find heterogeneous program effects by program intensity. The strongest effects
are in the sustainable use conservation zones, where we find a 1.78 km2 reduction in
forest loss for a 1% increase in the share of the population receiving BV. We also show
that our findings are not driven by the Bolsa Familia grant that all BV beneficiaries
receive simultaneously.
JEL: I38, L14,O13, O15, Q23, Q28, Q56, Q57
Keywords: deforestation, conditional cash transfer, contracts, conservation, Amazon

∗

Corresponding author: po.wong@nhh.no
The project is funded by the Research Council of Norway (project number 230860). We would like
to thank Ana Carolina Pessoa for her excellent research assistance with maps and spatial data. We also
thank Kelsey Jack, Kathy Bayliss, Francisco JM Costa, Dimitri Szerman, Teevrat Garg, and Eduardo Souza
Rodrigues for very helpful comments and discussions. Remaining errors are our own.
†

1

Introduction

The social transfers literature has become increasingly skeptical about the role of conditionality in determining the success of these programs. Empirical evidence on effective programs
with unconditional transfers abound, including Duflo (2003)’s study on the old-age pension
scheme in South Africa, as well as several studies using data from the GiveDirectly program (see e.g. Baird et al. 2011, 2012; Haushofer and Shapiro 2016). In the Payments for
Ecosystem Services (PES) literature, however, there is a lack of consensus about the mechanisms that determine the effectiveness of these programs (see e.g. Alic-Garcia, Sims, and
Yanez-Pagans 2015; Simonet et al. 2015) 1 .
In this paper, we evaluate the impact of Brazil’s Bolsa Verde (BV) program on deforestation and household outcomes as well as explicitly test the role of possible mechanisms. We
link spatial data on deforestation and remaining forest with the socio-economic characteristics
of eligible areas. Our work differs from Alix-Garcia et al. (2013) in that BV is a cash transfer
program with an environmental conditionality on forest conservation, as opposed to being a
PES program. The unique set up of BV allows the identification of the effect of committing
to the program’s conditionality through a contract separately from the effect of an increase in
income through the cash transfer. While the contractual effect on deforestation is expected
to be negative, the cash effect is ambiguous. If the increase in household income as a result
of the cash transfer raises demand for land-intensive agricultural products, deforestation may
increase as more forest land is cleared for agricultural production. In contrast, if the increase
in household income raises demand for forest resources, deforestation may decrease (see e.g.
Dasgupta et al. 2002; Foster and Rosenzweig 2003).
To identify the total effect of BV on deforestation, we first compare the deforestation
rates of eligible areas with and without BV beneficiaries using a generalized difference-indifferences framework. We find that eligible areas with BV beneficiaries have, at minimum,
60% less deforestation than those without beneficiaries. Moreover, we find that this negative
effect of BV on deforestation differs by program intensity: eligible areas with 1% more BV
beneficiaries as a share of its population have 24% less forest loss, at minimum. These results
suggest that BV is able to achieve its goal of reducing deforestation in places where the
program is implemented.
One potential source of bias for such an evaluation of BV is the fact that all BV recipients
1

In her study of deforestation in Uganda, Jayachandran (2013) suggests that PES program offer a steady
flow of payments in exchange for a flow of pro environmental behavior. As such, PES programs may face
low take up when opportunity costs of participatns are more front loaded than the time profiles implied by
a typical PES program.
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are by definition also receiving Bolsa Familia (BF), a general cash transfer program in Brazil.
To estimate the impact of BV on deforestation without confounding with the effects of BF,
we exploit the variation in the amount of transfers households receive due to the coexistence
of BV and BF. This variation is credibly exogenous because BF has a transfer structure that
depends on the number and ages of children residing in each eligible household. By assuming
that households do not self select into these transfer amounts by changing their fertility decisions, we exploit the transfers structure in BF in conjunction with the discontinuity of BV’s
eligibility rule to distinguish between households who only receive BF and those who receive
BF and BV, conditional on residence in BV-eligible zones. As a first step, we calculate the
ratio of BF-only households and the ratio of BV households in each eligible area. Controlling
for the ratio of BF only households, we test whether the effect of BV on deforestation differs
between areas with more or fewer BF households. We find suggestive evidence that BV has
an independent effect on reducing deforestation from BF. In municipalities with BV-eligible
areas, we find a 42.82 km2 reduction in forest loss for every 1% increase in the share of the
population receiving BV. We do not find heterogeneous effects by the intensity of BF.
After presenting our estimation of the total effects of BV on deforestation, we estimate
the causal effects of contract separately from that of cash by ranking households within each
priority area according to their monthly per-capita income. We distinguish between BV
households who are at the lower end of the income distribution (A) and those who are close
to the 77 reais BV eligibility threshold (B). We draw this distinction to explore the fact that
the BV cash transfer is a larger addition to the income of group A households compared to
those who are in group B. To test the hypothesis that the BV contract or condition has a
non-zero and independent impact on deforestation, we compare deforestation rates between
areas with high and low ratios of group A households. If the ratio of group A households
has no statically-significant impacts on deforestation, we can rule out the possibility that the
effect of BV on deforestation is driven by cash only.
This paper contributes to the literature by taking advantage of the unique features of
Bolsa Verde to decompose its total impact on deforestation into the effects of contract and
that of cash. By doing so, our study advances the literature on the enviornmental effectiveness
of social programs, including but not limited to PES, by rigorously investigating the relative
contributions of various mechanisms that incentivize agents to conserve. Our results also
have important policy implications about the cost effectivenss of social programs with an
environmental objective. For example, if the effect of contract dominates that of cash, a
conditional cash transfer program could cost less by reducing the amount of cash paid out
as long as a contract is signed and enforced.
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Our work makes a second contribution to the limited but emerging literature that looks
at the environmental outcomes of large-scale avoided deforestation programs. Using restrospective data, few studies have evaluated the effects of Mexico’s program, and they are either
limited in space (Honey-Roses, Baylis, and Ramirez 2011) or in time (Alix-Garcia, Shapiro,
and Sims 2012)2 . To date, the only research with avoided deforestation at the national level
over time as an outcome has only been conducted for Costa Rica’s program (see e.g. Arriagada et al. 2012; Robalino and Pfaff 2013) and Mexico’s program (Alix-Garcia, Sims,
and Yanez-Pagans 2015). In Brazil, the only paper that examines the effectiveness of a PES
program on deforestation is one that evaluates a REDD+ pilot project implemented in the
state of Para on 181 farmers (Simonet et al. 2015).Thus, to our knowledge, this paper is the
first rigorous evaluation of a cash transfer program with an environmental conditionality on
deforestation with spatial and temporal variation in the Brazilian Amazon.
The rest of the paper is organized as follows: Section 2 provides a brief history of deforestation in the Brazilian Amazon and describes the Bolsa Verde program; Section 3 presents
the data; Section 4 outlines the empirical strategy and discusses the estimation results; and
Section 5 concludes.
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Background

2.1

Deforestation in Brazil: 1960s to 2000s

The Brazilian Amazon hosts 40% of the world’s tropical forests. Although Brazil implemented
policies that encouraged the occupation of the Amazon in the 1960s, when the local economy
relied on extraction of forest resources, much of the recent media attention has been on its
success in reducing deforestation. Indeed, the deforestation rate in 2014 is approximately
75% lower than the average from 1996 to 2005 (Tollefson 2015).
Our study area comprises of the Legal Amazon, where the trends in deforestation are
consistent with the national scale. As Figure 1 shows, the total deforestation rate in the
Legal Amazon from 2002 peaks in 2003 and has since then fallen annually. While there
is a lack of concensus among economists as to what drives this large drop in deforestation
in the mid-2000s, one of the popular views attributes this reduction to regulation efforts
and conservation policies of the Brazilian Institute of Enviroment and Renewable Natural
2

Honey-Roses, Baylis, and Ramirez (2011) evaluates Mexico’s program in the Monarca reserve; AlixGarcia, Shapiro, and Sims (2012) analyze the effectiveness of the program using only the 2004 cohort.
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Resources (IBAMA) 3 .
In this paper, we evaluate the Bolsa Verde program, which is an on-going initiative from
the Brazilian government in reducing deforestation. With respect to Figure 1, Bolsa Verde is
relevant for the period from 2011 to 2015, and for areas designated as priority areas, where
the program is exclusively implemented. While the level of deforestation inside priority areas
has always been low relative to the national average, deforestation activities that remain
from 2011 onwards are nonetheless non-trivial. In fact, the remaining annual forest loss
inside priority areas from 2011 to 2015 averages approximately 850 km2 , which is the size of
New York City.
In addition to the level of deforestation inside priority areas, the upward trend in deforestation from 2012 onwards also raises concern, which, in part, motivates rigorous evaluations
of programs like Bolsa Verde. Unlike areas outside priority areas where much of the deforestation is likely driven by economic activities of large landowners, whose contribution to
deforestation has fallen by 63% since 2005, much of the deforestation inside are due to farmers with smallholdings, whose contribution to deforestation has increased by 69% (Godar et
al. 2014). Against the somewhat rosy backdrop of large reductions in deforestation, policies that target the increasing deforestation acitivities of small-scale farmers and households,
such as Bosla Verde, may become more important in sustaining the overall reductions in
deforestation in the years to come.

2.2

Bolsa Verde: 2011 to Present

The motivation for the launch of Brazil’s Bolsa Verde, the “Green Grant” program, is the
recognition that 7.5 million people who live in extreme poverty, or almost half of the country’s
extremely poor, live in rural areas (Bindo 2012) 4 . By design, BV is a social program with dual
objectives: to improve the livelihoods of poor households and to encourage enviornmental
conservation. As requirements for being a BV beneficiary, a household should be (i) living
in extreme poverty - defined as having per capita monthly income of under 77 reais; and
(ii) living in a priority rural area, which has vegetation level that is in accordance with
the guidelines as defined by the BV program. Examples of priority areas defined by the
program include categories within sustainable use conservation zones: the Extractive Federal
3
See, e.g. Gibbs, et al. (2015) and Nepstad, et al. (2014) for their analysis on the roles of interventions
in the supply chain of soy and beef in reducing deforestation; Pfaff et al. (2014) and Assunção et al. (2015)
for their evaluation of conservation policies as a driver of reduced deforestation; and Burgess et al. (2016),
who analyze the power of the Brazilian state in shaping deforestation over time.
4
The federal government defines the extreme poverty line to be 77 reais of per capita income per month.

4

Reserves (RESEX), the Sustainable Development Federal Reserves (RDS), and the Naitonal
Forests (Flonas); Environmentally Distinctive Agraian Reform Settlements, managed by the
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National Institute of Colonization and Agricutural Reform (INCRA); as well as territories
occupied by extractivists and indigenous groups.
The BV program was first implemented in 2011 and exlusively in priority areas within the
Legal Amazon, covering an area that is approximately 61% of Brazil. The program has been
expanded to priority areas in the rest of Brazil in 2012, with 64% of the program areas in the
north, 26% in the northeast; 6% in the southeast; and 4% in the central-west (Bindo 2012).
Figure 2 shows the spatial distribution of BV-eligible zones (in light grey) in our estimation
sample, which is restricted to the Legal Amazon. On the right panel, a blue, green, or orange
area has residents receiving BV. Specifically, an area is colored orange if residing households
first receive BV in 2012. Therefore, the map demonstrates the roll out of BV incidence across
space and over time.

In terms of entry into the program, the administrative process through which a BVeligible household become a BV beneficiary has minimal selection. A list of households who
are eligible for BV is sent to the Ministry of the Environment (MMA) for evaluation and
fact checks. The majority of eligible households become beneficiaries because there are no
selection criteria beyond the conditions that determine eligibility. Using data on all eligible
households from 2011 to 2014 provided by the MMA, we calculate the proportion of eligible
households and beneficiary households in each eligible area. Table 1 shows that, on average,
the mean proportion of eligible households are the same as that of beneficaries. Moreover,
6

the reasons for eligible households to be denied the grant, such as deaths of the responsible
family member, missing signature, and incomplete forms, are likely exogenous with respect
to deforestation and income levels.
An important feature of BV is that the only observable cost for an eligible household to
become a beneficiary is the committment to maintaining the vegetation level in the zone where
it resides. This committment is made in the form of a contract, or the “Terms of Adhesion,”
which sets out details of the program, as well as the responsibilities of the families in terms of
maintaining the zone’s vegetation level and using natural resources in sustainable manners.
Upon signing this contract, BV beneficiaries receive quarterly payments in the sum of 300
reais for a period of up to two years, with the possibilty of renewal 5 .
For our research design and estimation procedures, two elements of the BV program are
crucial. First, BV is a cash transfer program with an envionromental conditionality, as opposed to being a PES. In other words, beneficiaries can exit the program even if activities
that promote envionrmental conservation remain. One reason that prompts program exit
is when the per capita household income no longer falls below the extreme poverty thresehold. Under a PES framework, households who become more well-off over time still receive
payments for the ecosystem services they provide. Under the BV framework, however, the
program’s objective is to have fewer beneficiaries in subsequent years as their livelihoods
gradually improve to the point where their income rises above the extreme poverty line.
A second reason for BV beneficiaries to exit the program is failure to adhere to the
contractural terms. If the vegetation level of a zone falls below the pre-defined thresehold,
every BV beneficiary in the area exits the program. This exit prompt emphasizes the second
characteristic of BV that influences our research design. Specifically, the fact that individual
behavior relating to conservation within the priority area has consequences on all BV participants in the area suggests that BV provides incentives not only for individual conservation
efforts but collective ones. We explore the various channels through which the BV program
incentivizes conservation efforts, and derive the resulting predictions on deforestation and
household behavior in our theoretical model 6 .
5
Based on discussions with MMA officials, we find that renewal is a function of the availability of BV funds
as well as meeting the income and vegetation requirments of BV. In other words, the continuous enrollment
in BV after the initial two-year term has no implications on the zone nor the household beyond those from
being eligible in BV the first time around.
6
The theoretical mdoel is being developed and will be provided in later versions of the draft.
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3

The Data

3.1

Spatial Data on Deforestation

In this study, we use data on annual loss from primary forests and remaining forest cover
in the Legal Amazon from the PRODES project at INPE, the Brazilian National Institute
of Space Research 7 . The Legal Amazon is an area of 5,032 million km2 that covers the
northern and western parts of Brazil. Approximately 81% of the area is forested, 17% is
cerrado (wooded grassland), and 1.8% is water (Skole and Tucker 1993). Using images from
the Landsat LT-5, LT-7, and LT-8 satellites, PRODES calculates annual deforestation using
the seasonal year, which starts from September in year t to August in year t + 1 8 . We use
data on deforestation in the period from 2009 to 2015, which brackets the few years before
and after the launch of BV. In addition, we control for the initial conditions in deforestation
prior to the BV program by calculating the stock of historical deforestation prior to and
inclusive of 1997, as well as the deforestation that took place between 1997 and 2000. The
satellite data used in PRODES have spatial resolutions of approximately 30 meters. We
resample both the deforestation and remaing forest information from PRODES into 1 km2
grid cells.
Figure 3 shows the levels of annual deforestation in BV-eligible areas from 2009 to 2015.
We see that the colored areas are mostly green, that is the overall annual deforestation rate is
consistently below 2.78 km2 from 2009 to 2015. However, since the start of the BV program
from 2012, we observe priority areas with increasing deforestation as they turn from green
or light yellow to oragne or red. This change of color represents a change in deforestation
from approximately 4.84 km2 per year to over 73.86 km2 , a 15-fold increase. We also observe
areas with decreasing deforestation, as shown by a change of color from yellow or orange to
green. Our identification of the effect of the BV program draws from this variation in forest
loss over time and across priority areas.
Using their centroids, we assign to each grid cell geo-specific information, such as distances to the nearest city, river, road, soy fields, and political boundaries. Table 1 compares
the eligible areas with and without BV beneficiaries across these geographic dimensions. In
terms of general levels of economic development, we use the average satellite lights intensity
7

The PRODES project (http://www.obt.inpe.br/prodes/index.php) generates spatial data on deforestation in the Amazon that are used as the official governmental information to guide policy and local actions.
8
PRODES only identifies forest clearings of 6.25 hectares or larger. Therefore, forest degradation or
smaller clearings from fire or selective logging are not detected. For robustness, we will validate the analysis
using Hansen et al. (2013)’s forest cover data.
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Figure 3. Priority Area-Level Deforestation in the Legal Amazon from 2009 to 2015

Source: Authors’ own calculations using deforestation data from INPE.

from 2001 to 2010 as a crude proxy and we find that areas with BV beneficiaries are lit up
at a higher intensity than otherwise. This result suggests that areas with BV recipients have
9

higher initial levels of economic development on average than areas without BV beneficiaries
prior to BV 9 . Since the BV program is only eligible for households living in extreme poverty,
this comparison in average nighttime light intensity could also imply that areas with BV beneficiaries have higher levels of income inequality. In terms of initial levels of deforestation,
areas with BV beneficiaries have 38% lower levels of deforestation (statistically significant
at the 1% level). In terms of remaining forest, we find that these areas do have have systematically different stocks from 2009 to 2015, but the gap in the size of remaining forest
has narrowed by 34% in 2015. This observation is consistent with the increasing trend in
deforestation from 2012 onwards in Figure 1.
Indeed, priority areas with and without BV beneficiaries are far from identical along
other dimensions that might explain differences in their levels of deforestation. In terms
of distances to the nearest soybean field, we find that areas without BV beneficiaries are
persistently closer and hence face higher profitabilities of deforestation from soy production,
at least due to lower transportation costs 10 . In terms of profitabilities of deforestation
from other economic activities, such as logging, cattle ranching and sugarcane production,
which depend partly on the access and cost of transportation to markets, we use distances
to roads, rivers and cities as proxies. Neither type of areas have a dominant advantage
over the other. While areas without BV beneficiaries are statistically closer to roads than
areas with BV beneficiaries, they are further away from the nearest river and city. Having
established that areas with and without BV beneficiaries are sysmatically different along
dimensions other than participation in the BV program that could explain their differences
in levels and trends in deforestation, we control for these priority area-level characteristics in
our estimation model.

3.2

Household Data on Bolsa Verde Beneficiaries

To measure the presence and intensity of BV, we use information on beneficiaries from an
exhaustive list of eligible households in all BV-eligible areas that we obtain from the MMA.
The list includes all households who are eligible for BV from 2012 to 2014, containing information on the names of the representative household member, the priority area of residence,
and the date of first BV cash receipt or the reason for rejection 11 . To evaluate the success
9

See Henderson et al. (2012) for a thorough discussion on the use of nighttime lights as a measure of
economics growth.
10
Currently, we only have data on distances to soybean fields up to 2013. We are in the process of updating
to data to 2015.
11
The list includes households who start receiving BV from November, 2011, when the program first
launched. Since we combine the BV data with deforestation data, we assign deforestation years to each BV
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of BV with respect to its enviornmental objective, we aggregate these data on BV-eligible
households up to the priority area level to match with the deforestation data. Using data on
households who have registered in the Cadastro Unico (the single registry) via Brazil’s Ministry of Social Development (MDS), we also evaluate BV with respect to its social objective
of improving household welfare 12 .
Table 2 shows the extent of BV participation in priority areas from 2012 to 2014. On
average, approximately 60% of the population in priority areas are eligible for BV, implying
that their monthly per-capita income fall below the extreme poverty line. Among those who
are eligible, 67.9% of households become beneficiaries, who make up almost half of the total
population in the priority area. Reasons for those who are eligible to be denied the BV grant
include incorrect forms, missing signature, and other idiosyncratic errors in the application
process that are uncorrelated with income level of the household or underlying propensities
to deforest. Since there is no selection in the assignment of beneficiary status based on
observed or unobserved household characteristics, we rule out concerns about endogeneity in
recipients. Recall that deforestation is recorded from September to August of the following year. Thus, the
first BV recipients from 2011 will be assigned to the deforestation rates in the year 2012 (September 2011 to
August 2012).
12
The registry has detailed demographic and socio-economic information on all households and its members
who are under any social program in Brazil, including Bolsa Familia and Bolsa Verde.
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the number of beneficiaries in each priority area. In our sample of 391 distinct priority areas,
260 enter into the program or start receiving the BV grant in 2012, 105 additional priority
areas enter the program in 2013 and 40 more areas did in 2014. The ratio of beneficiaries
as a share of the population remain at over 40% throughout the treated years (2012 to
2014). In terms of levels of deforestation, we find that areas without BV beneficiaries have
annual deforestated areas of 545 m2 to 615 m2 from 2012 to 2014, while areas with BV have
smaller deforested areas from 198 m2 to 416 m2 . This systematic difference in the levels
of deforestation across priority areas with and without beneficiaries suggest that areas with
poorer households or more BV beneficiaries may face lower profitabilities from deforestation.
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3.3

Census Data

Information on population, income and other socio-economic characteristics of households
come from the 2010 Population Census, collected by the Brazilian Institute of Geography
and Statistics (IBGE). As a survey of all households in the country in 2010, the Census
contains information on household composition, demographics, income, consumption and
labor force participation. Figure 4 shows the kernel density of income distribution among
all households in the 2010 census. The green line indicates the BV eligibility threshold in
income and the yellow line marks the BF eligibility thresehold in income. We find that the
distribution is positively skewed, with over 80% of the population being eligible for some
form of social transfer.
12

Figure 4. Income Distribution, Bolsa Verde and Bolsa Familia Income Thresholds

Note: The green line indicates the Bolsa Verde eligibility threshold, defined at per-capita income levels under 77 reais per month.
Similarly, the yellow line indicates the Bolsa Familia eligibility thresehold, defined at per-capita income under 154 reais per month.

Source: Authors’ own calculations using the 2010 Population Census (IPUMS subset) from IPUMSInternational.

We use this information on household income and composition to calculate the mean
income level at the municipality level, as well as the percentage of households whose per
capita monthly incomes are under the eligibility threseholds of Bolsa Verde and Bolsa Familia,
respectively. These information from 2010, one year prior to the launch of Bolsa Verde,
provide a holistic picture of pre-program household characteristics as well as proxies for
characteristics ex-post 13 .

4

Estimation and Identification Strategy

In this section, we empirically evaluate the impact of Bolsa Verde on deforestation. We
restrict our estimation sample to areas in the Legal Amazon that are eligible for BV based on
the vegetation level and designation by the MMA as a priority area. Some of these areas may
have BV beneficiaries and some may not due to the income levels of households relative to the
13

We acknowledge the limitations in using municipality-level data from 2010 as proxies for economic conditions and household characteristics in subsequent years. As soon as data on households from 2011 onwards
become avialable from our data request to MDS, the analysis will be updated.
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BV eligibility threshold. Our identification strategy relies on the variation in BV participation
across space and over time, conditional on being a priority area eligible for BV. We begin
with comparing the full sample of priority areas with BV beneficiaries against those without,
regardless of the type of priority area. To address concerns that priority areas under different
administrative categories may have sysmatically different preferences for deforestation, we
also divide the sample into three categories: (1) sustainable use conservation zones that are
ethier a Flonas, RESEX, or RDS (FRR); (2) Environmentally Distinctive Agraian Reform
Settlements (EDS); and (3) indigenous areas.

4.1

Program Participation and Deforestation

As Figure 2 shows, among areas that eventually have BV beneficiaries, some enter the program in 2012, some in 2013, and others in 2014. To capture the spatial and temporal roll
out of BV, we use the following genearlized differences-in-differences framework to estimate
the average effect of BV on deforestation:

Yzt = α0 + α1 BolsaV erdezt + α2 Xzt + ζz + γt + νzt

(1)

where Yzt is the amount of forest loss in area z between the period t and t − 1. We calculate
the sum of forest loss across all the 1 km2 grid cells whose centroids lie within a priority
area 14 . BolsaV erde is a dummy that equals one if the area z has residing households that
receive BV in year t. Our coefficient of interest is α1 , which is the difference-in-differences
estimate of the average treatment effect of Bolsa Verde on deforestation. Our specification
includes other factors at the priority area and year levels that could impact deforestation,
including distances to the nearest soybean field, as well as the size of remaining forest. We also
include priority area fixed effects and year fixed effects to control for any overall differences
in deforestation between priority areas with and without BV beneficiaries. Results are shown
in Table 3.
Using the full sample, we estimate that areas with BV beneficiaries have 0.14 km2 more
deforestation than areas without BV in the unadjusted model. The effect is marginally
significant and remains so in the EDS sample, but is negative in the FRR sample. Meanwhile,
we find no effect of BV on deforestation in indigenous areas. The inconsistency in the
estimates across samples validates our approach of looking at priority areas under different
14

Results using the sum of forest loss are consistent with those that use the mean of deforestation across
all grid cells in a priority area.
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Table 3. Impact of Bolsa Verde Participation on Deforestation (Extensive Margin)
Full Sample
Dependent Variable:
Annual Deforested Area

(1)

Pre-BV mean of y (km2)
Treatment effect (1/0)

(2)

EDS
(3)

(1)

0.799

(2)

(3)

0.794

0.144*
(0.0795)

-0.198*
(0.103)

-0.0282
(0.0550)

0.166*
(0.0859)

-0.193*
(0.112)

-0.0182
(0.0539)

Remaining forests

-

0.0934***
(0.0259)
0.000119***
(0.0000393)

-

Distance to soybeans

0.246***
(0.0297)
0.0000735
(0.0000508)

0.257***
(0.0238)
0.000106**
(0.0000536)

0.103***
(0.0259)
0.000147***
(0.0000439)

0.693
2,286
11,394

0.625
2,286
11,308

0.471

0.139

2
Mean of y (1 km )

-

Number of areas
Observations

0.683
2,671
15,892

0.700
2,671
13,316

0.632
2,671
13,221

0.678
2,286
13,594

R2

0.0058

0.397

0.108

0.0063

FRR
Dependent Variable:
Annual Deforested Area

(1)

2

Pre-BV mean of y (km )
Treatment effect (1/0)

(2)

Indigenous Areas
(3)

(1)

1.617

(2)

(3)

1.660

-0.974**
(0.452)

-1.57**
(0.793)

-1.375**
(0.606)

0.382
(0.472)

0.0844
(0.504)

-0.153
(0.461)

Remaining forests

-

-0.133***
(0.0468)
0.0000383
(0.000150)

-

Distance to soybeans

0.0889
(0.0980)
0.000253
(0.000297)

0.239***
(0.0352)
-0.000123
(0.000175)

0.0836***
(0.0226)
0.000616
(0.000169)

2
Mean of y (km )

-

Number of areas
Observations

1.60
164
963

1.49
164
816

1.54
164
799

1.43
341
2,032

1.46
341
1,701

1.32
341
1,691

R2

0.009

0.0435

0.118

0.0079

0.549

0.159

Notes : Robust standard errors clustered at the priority level are in parentheses. *** p<0.01, ** p<0.05, * p<0.10
All models have year and priority area fixed effects. The remaining forests and distance to soybeans variables are lagged one period in model (3).
EDS refers to priority areas under the following Environmentally Distinctive Agrarian Reform Settlement categories: PDS, PA, PAE, and PAF; FRR refers to
priority areas under the following sustainable use conservation zone categories: Flonas, RESEX, and RDS.

administrative categories separately. We find the strongest effect of BV in FRR areas, which
are under the sustainable use conservation zone category. These priority areas with BV
beneficiaries have 0.97 km2 less deforestation than areas without BV beneficiaries in the
unajudsted model. Controllling for remaining forests and the profitability of deforestation
from soy production, the effect increases in magnitude to a 1.57 km2 reduction. To take into
account the fact that distances to the nearest soy fields and the level of remaining forests are
potentially endogenous with respect to the contemparneous levels of deforestation, we use
the lagged values of each in model (3). The estimated effect of BV on reducing deforestation
in FRR areas remain statistically significant at the 5% level and the magnitude is consistent
with the full model in Column 2, with a 1.37 km2 reduction, or 85% of the pre-BV mean
deforestation rate. Overall, conditional on being a FRR priority area, we find that the BV
program is associated with 60% to 85% less deforestation compared to the pre-BV mean.
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Identification in our difference-in-differences analysis so far draws from the variation in
deforestation rates over time within BV-areas versus within non-BV areas. Thus, the validity
of the estimate relies on the assumption that these two types of areas do not have systematically different trends in deforestation in the absence of BV, controlling for remaining forest,
year and priority area fixed characteristics. Table 4 tests for the presence of differential pretrends by interacting future BV status with the time trend using data from 2002 to 2011.
Using the full sample, we do not find significant differences in the annual mean deforestation
rate between the two types of areas prior to the launch of BV, suggesting that in absence of
BV, the expected levels of deforestation should remain parallel after 2011.
Table 4. Parallel Trend Test in Deforestation from 2002 to 2011
Dependent Variable: Annual Deforested Area
Future benefiary status x Year
Lagged remaining forest
Priority Area FE
State x Year FE
Observations
R2

(1)

(2)

(3)

0.0304
(0.0255)
0.000227**
(0.000104)
No
Yes

0.0317*
(0.0192)
0.143***
(0.0201)
Yes
No

-0.0234
(0.0171)
0.144***
(0.0214)
Yes
Yes

25,520

25,560

25,520

0.0383

0.314

0.327

Note: Robust standard errors clustered at the priority area level are in parenthesis.
*** p<0.01, ** p<0.05, * p<0.10

To ensure the absence of differential trends in deforestation in all sub-samples, we implement a modified Granger causality test on the estimation of equation (1). We test whether
there is a change in the slope for priority areas that are going to have households receiving
BV by including three leads of the treatment variable in the models. Under the null of no
pre-treatment trends, we expect that the coefficients on the leads to be jointly zero. Table 5
shows that across the specifications and in all sub-samples, the leads of the treatment variable
are jointly insignificiant. The effect of BV on deforestation remain negative, with a 0.32 km2
reduction in forest loss in the full sample, a 2.36 km2 reduction in the FRR priority areas,
and a 0.88 km2 reduction in indigenous areas.

4.2

Program Intensity and Deforestation

Next, we explore the association between the intensity of BV and deforestation. Our prior is
that the effect of BV on deforestation is larger in areas with a higher share of the population
receiving the BV grant. This conjecture is based on the design of BV, which requires beneficiaries to commit, via a contract, to preserving the vegetation level of the priority area. This
16

Table 5. Test for Pre-Bolsa Verde Differential Trends (Extensive Margin)
Full Sample
Dependent Variable:
Annual Deforested Area
Treatment effect (1/0)

(1)

(2)

(3)

(1)

(2)

(3)

0.0198
(0.157)
-0.0931
(0.0943)
0.121**
(0.0602)
-0.252
(0.172)
-

-0.317**
(0.159)
-0.198**
(0.0956)
-0.0462
(0.0665)
-0.369*
(0.217)
0.0934***
(0.0260)
0.000121***
(0.0000394)
1.84
2,671
13,218

0.0321
(0.172)
-0.0728
(0.103)
0.127**
(0.0595)
-0.263
(0.189)
-

2.15*
2,286
13,591

-0.290
(0.188)
-0.00205
(0.0541)
0.0959
(0.0836)
-0.162
(0.128)
0.257***
(0.0239)
0.000105*
(0.0000536)
0.91
2,286
11,392

-0.275
(0.168)
-0.164
(0.102)
-0.00872
(0.0698)
-0.355
(0.239)
0.103***
(0.0259)
0.000149***
(0.0000439)
0.98
2,286
11,305

0.109

0.007

0.471

0.140

Chi-squared statistic of testing a = b = c = 0
Number of areas
Observations

1.87
2,671
15,889

-0.279
(0.173)
-0.00560
(0.0482)
0.0942
(0.0781)
-0.143
(0.122)
0.246***
(0.0297)
0.0000728
(0.0000508)
0.88
2,671
13,314

R2

0.006

0.397

a. Treatment in t+1
b. Treatment in t+2
c. Treatment in t+3
Remaining forests
Distance to soybeans

EDS

-

-

FRR
Dependent Variable:
Annual Deforested Area
Treatment effect (1/0)

(1)

(2)

(3)

(1)

(2)

(3)

-1.373
(0.965)
-0.864
(0.542)
0.388
(0.484)
-0.971
(1.038)
-

-2.356*
(1.304)
-1.256*
(0.657)
-0.426
(0.314)
-1.064
(1.145)
-0.135***
(0.0464)
0.0000746
(0.000138)
2.32*
164
796

0.491
(0.388)
-0.0478
(0.302)
0.512
(0.397)
-0.0908
(0.354)
-

0.78
341
2,029

0.293
(0.511)
0.482
(0.360)
0.532
(0.438)
0.296
(0.274)
0.240***
(0.0358)
-0.0000973
(0.000169)
0.79
341
1,699

-0.875**
(0.395)
-0.568
(0.392)
-0.614*
(0.333)
-0.553
(0.548)
0.0861***
(0.0218)
0.0000473
(0.0000167)
1.52
341
1,688

0.127

0.007

0.551

0.167

Chi-squared statistic of testing a = b = c = 0
Number of areas
Observations

1.51
164
960

-1.847
(1.353)
-0.293
(0.484)
0.473
(0.654)
-0.760
(1.095)
0.0889
(0.1000)
0.000241
(0.000299)
1.12
164
814

R2

0.012

0.046

a. Treatment in t+1
b. Treatment in t+2
c. Treatment in t+3
Remaining forests
Distance to soybeans

Indigenous Areas

-

-

Notes : Robust standard errors clustered at the priority level are in parentheses. *** p<0.01, ** p<0.05, * p<0.10
All models have year and priority area fixed effects. The remaining forests and distance to soybeans variables are lagged one period in model (3).
EDS refers to priority areas under the following Environmentally Distinctive Agrarian Reform Settlement categories: PDS, PA, PAE, and PAF; FRR refers to
priority areas under the following sustainable use conservation zone categories: Flonas, RESEX, and RDS.

contractural term contrasts with the environmental conditions in the majority of payments
for ecosystem services schemes, such as Mexico’s Payments for Hydological Services Progam
(PSAH), where landowners commit to conserving only the pieces of land they own 15 . Under
the BV program, eligibility is partly based on the level of vegetation in the entire priority
area where they reside instead of specific parcels of land. BV beneficiaries are not necessarily
landowners, and the commitment made via the contract implies that individual behavior
that alter vegetation levels within the priority area has consequences on all BV beneficiaries.
15

In Mexico’s PSAH, landowners enroll parcels of land they own and agree to conserve the forest cover on
the enrolled parcels. See Alix-Garcia et al. (2015) for details of the program.
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If one of the channels through which areas with BV beneficiaries have less deforestation is
through a monitoring effect, by which beneficiaries report or stop illegal clearing of land they
observe, then we expect this monitoring effect to be positively correlated with the share of
BV beneficiaries in the priority area population.
We repeat the estimaton of equation (1) by replacing the indicator of whether a priority
area has ever had a BV beneficiary with the number of BV beneficiaries as a share of the
population in the priority area. We report the results in Table 6, which shows that the BV
program has a significant effect on reducing deforestation rates in the intenstive margin as
well. Across all specifications, we find that areas with higher shares of BV beneficiaries in
the population have less deforestation. In the full sample, a 1% increase in the share of
the population receiving BV is asosciated with a 0.24 km2 reduction in forest loss, or approximately 30% of the pre-BV mean. Consistent with the previous results, we observe the
strongest effect of BV in FRR priority areas, where a 1% increase in the share of the population receiving BV is associated with a 1.39 km2 to 1.78 km2 reduction in deforestation across
specifications. These results at the intensive margin provide suggestive evidence that BV
works not only through the cash grant mechanism, but also through the contract and group
monitoring mechansim, which we expect to be more effective as the number of beneficiaries
increase.
Table 7 reports results from the modified Granger causality test of differential pre-trends.
Overall, we find that the leads of the treatment variable, which is the number of BV recipients
as a share of the priority area population, are jointly zero in most specifications. In FRR
areas, the effect remains the strongest, with a 1% increase in the share of the population
receiving BV resulting in a 3.1 km2 reduction in forest loss, almost twice the size of pre-BV
mean deforestation rate.

4.3

Bolsa Verde vs Bolsa Familia

The complication with directly identifying the effect of BV is that all beneficiaries also receive
BF by definition. Generally, households in Brazil with monthly income per head of less than
154 reais are eligible for BF, while households with monthly income per head of less than
77 reais are also eligible for BV, provided that they live in designated priority areas 16 . Our
previous estimates of the effect of BV could be driven purely or to a large extent by the
simultaneous BF grant. To show that BV has an independent effect on deforestation beyond
that of BF, we estimate the following regression equation:
16

In 2011, the exchange rate of the Brazilian Real to US Dollar is 0.38 per 1 USD (IMF).
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Table 6. Impact of Bolsa Verde Participation on Deforestation (Intensive Margin)
Full Sample
Dependent Variable:
Annual Deforested Area

(1)

(2)

2

Pre-BV mean deforested area (km )
Treatment effect (BV beneficiaries/all households)

EDS
(3)

(1)

(2)

0.799

(3)

0.794

0.284**
(0.118)

-0.236**
(0.109)

-0.0430
(0.0942)

0.337***
(0.124)

-0.194*
(0.116)

-0.0116
(0.0927)

Remaining forests

-

0.0934***
(0.0260)
0.000121***
(0.00004)

-

Distance to soybeans

0.246***
(0.0298)
0.0000738
(0.0000513)

0.257***
(0.0239)
0.000106**
(0.0000542)

0.103***
(0.0259)
0.000150***
(0.0000447)

Mean annual deforested area (1 km2)

-

Number of areas
Observations

0.691
2,671
15,693

0.706
2,671
13,193

0.641
2,671
13,022

0.686
2,286
13,423

0.699
2,286
11,288

0.634
2,286
11,137

R2

0.006

0.396

0.108

0.006

0.471

0.140

(3)

(1)

FRR
Dependent Variable:
Annual Deforested Area

(1)

(2)

2

Pre-BV mean of y (km )
Treatment effect (BV beneficiaries/all households)

Indigenous Areas
(2)

1.617

(3)

1.660

-1.397**
(0.612)

-1.753**
(0.758)

-1.775***
(0.679)

0.895
(0.896)

0.272
(1.000)

-0.218
(0.874)

Remaining forests

-

-0.132***
(0.0489)
0.0000381
(0.000158)

-

Distance to soybeans

0.0892
(0.0985)
0.000268
(0.000322)

0.239***
(0.0352)
-0.000124
(0.000176)

0.0836***
(0.0226)
0.0000618
(0.000170)

Mean of y (1 km2)

-

Number of areas
Observations

1.633
164
934

1.522
164
798

1.584
164
770

1.428
341
2,032

1.463
341
1,701

1.318
341
1,691

R2

0.007

0.037

0.112

0.008

0.549

0.159

Notes : Robust standard errors clustered at the priority level are in parentheses. *** p<0.01, ** p<0.05, * p<0.10
All models have year and priority area fixed effects. The remaining forests and distance to soybeans variables are lagged one period in model (3).
EDS refers to priority areas under the following Environmentally Distinctive Agrarian Reform Settlement categories: PDS, PA, PAE, and PAF; FRR refers to
priority areas under the following sustainable use conservation zone categories: Flonas, RESEX, and RDS.



Ymt = β0 + β1 BV ratiomt + β2 Xmt + β3 BF ratio × BV ratio


mt

+ ωm + ωt + mt

(2)

where BV ratio denotes the proportion of BV beneficiaries as a share of the municipality
population; and BF ratio is a dummy that equals 1 if at least a quarter of the municipality
population is eligible for BF only 17 . We test the hypothesis that BV has an independent
effect on deforestation from BF by interacting the BF dummy with the BV ratio. If the
effect of BV on deforestation is the same in municipalities with higher or lower shares of BF
beneficiaries, we can rule out the concern that the effect of BV on deforestation is purely
17

Our preliminary analysis shown here uses the 154 reais threshold to determine BF beneficiary status. In
reality, the BF transfers structure is complex and BF households may receive transfers that range from 35
to 336 reais, depending on their initial income levels, number as well as ages of children (Hellmann, 2015).
We are in the process of updating the analysis that exploits this transfer structure.
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Table 7. Test for Pre-Bolsa Verde Differential Trends (Intensive Margins)
Full Sample
Dependent Variable:
Annual Deforested Area
Treatment effect in t (BV beneficiaries/all houeholds)

(2)

(3)

(1)

(2)

(3)

0.383**
(0.162)
0.0276
(0.112)
0.196*
(0.102)
-0.0534
(0.105)
-

-0.415**
(0.193)
-0.296**
(0.134)
-0.208*
(0.119)
-0.399**
(0.175)
0.0931***
(0.0261)
0.000122***
(0.0000400)
2.08
2,601
12,796

0.479***
(0.156)
0.0809
(0.114)
0.214**
(0.100)
-0.00722
(0.0906)
-

-0.118
(0.126)
-0.0371
(0.0998)
0.0843
(0.103)
-0.0236
(0.0699)
0.257***
(0.0240)
0.000107**
(0.0000546)
0.49
2,233
11,040

-0.208
(0.129)
-0.190
(0.124)
-0.107
(0.104)
-0.247*
(0.133)
0.103***
(0.0260)
0.000150***
(0.0000448)
1.20
2,225
10,941

0.108

0.006

0.470

0.139

Chi-squared statistic of testing a = b = c = 0
Number of areas
Observations

2.51*
2,609
15,405

-0.188
(0.131)
-0.0111
(0.103)
0.0976
(0.104)
-0.0288
(0.0762)
0.246***
(0.0299)
0.0000740
(0.0000517)
0.62
2,609
12,906

R2

0.006

0.396

a. Treatment in t+1
b. Treatment in t+2
c. Treatment in t+3
Remaining forests
Distance to soybeans

EDS

(1)

-

2.76**
2,233
13,174

FRR
Dependent Variable:
Annual Deforested Area

(1)

(2)

(3)

(1)

(2)

(3)

-0.922
(0.944)
-0.189
(0.504)
0.199
(0.838)
0.159
(0.882)
-

-3.103**
(1.269)
-1.295*
(0.745)
-1.446*
(0.841)
-1.091
(0.968)
-0.138***
(0.0488)
0.0000257
(0.000158)
1.33
153
731

1.444
(0.940)
0.502
(0.671)
0.793
(0.690)
0.634
(0.588)
-

0.82
341
2,029

0.705
(1.133)
1.241
(0.834)
0.872
(0.808)
0.993*
(0.578)
0.240***
(0.0358)
-0.0000994
(0.000170)
1.64
341
1,699

-1.670
(1.240)
-1.028
(0.932)
-1.459*
(0.762)
-0.948
(1.176)
0.0861***
(0.0218)
0.0000479
(0.000168)
1.45
341
1,688

0.121

0.007

0.551

0.167

Chi-squared statistic of testing a = b = c = 0
Number of areas
Observations

0.11
155
886

-1.091
(0.751)
0.0290
(0.557)
0.322
(0.890)
0.438
(0.869)
0.0851
(0.100)
0.000247
(0.000329)
0.10
155
751

R2

0.006

0.033

Treatment effect in t (BV beneficiaries/all houeholds)
a. Treatment in t+1
b. Treatment in t+2
c. Treatment in t+3
Remaining forests
Distance to soybeans

Indigenous Areas

-

-

Notes : Robust standard errors clustered at the priority level are in parentheses. *** p<0.01, ** p<0.05, * p<0.10
All models have year and priority area fixed effects. The remaining forests and distance to soybeans variables are lagged one period in model (3).
EDS refers to priority areas under the following Environmentally Distinctive Agrarian Reform Settlement categories: PDS, PA, PAE, and PAF; FRR refers to
priority areas under the following sustainable use conservation zone categories: Flonas, RESEX, and RDS.

driven by the BF grant. We use income information from the 2010 Population Census to
distinguish between households who fall below the BF income thresehold but are ineligible
for receiving BV. We then construct the proportion of BF-only eligible households as a share
of the municipality population in 2010 to proxy for the intensisty of BF in each municipality
in subsequent years. Since the current analysis is at the municipality level, our estimation
sample consists of municipalities within the Legal Amazon with at least one BV-eligible
priority area 18 .
18
When household-level data on income and other socio-economic characteristics from 2011 to 2015 become
available to us, we will repeat the analysis at the priority area level, as well as replacing the time-invariant
proxy with the true ratio of BF-only beneficiaries in each priority area in each year.
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We report the estimation of equation (2) in Table 8. In the unadjusted model (Column 1),
we show that municipalities with a higher share of BV beneficiaries in their population has
no effect on deforestation alone, but in municipalities with more than 25% of the population
being eligible for BF only, a 1% increase in the share of BV beneficiaries is associated with a
332.7 km2 more forest loss. This result suggests that the cash incentive from BF might have
dominated the effect of BV, increasing the overall demands for deforestation. The estimated
impact of BV becomes statistically significant and negative, however, after we control for
economic factors that explain deforestation over time, including distances to the nearest soy
fields and levels of remaining forest. In any municipality with BV-eligible priority areas,
a 1% increase in the share of the population receiving BV is associated with a 42.82 km2
reduction in annual forest loss. This effect is identical across municipalities with more or
fewer households eligible for BF in 2010. The effect becomes insignificant but the sign is
consistently negative in Column 3, which reports results from the specification that controls
for the lag of remaining forests and lagged distances to soy fields, using data up to 2013 19 .
Overall, we find suggestive evidence that at the municipality level, the share of the population
receiving BV has a negative effect on deforestation, regardless of the share of the population
receiving BF only.
However, these results should be interpreted with caution. First, we estimate equation
(2) using more aggregate data (at the municipality level) than in previous specifications,
where we exploit variation in deforestation and BV participation across priority areas. The
reason is that in the current analysis, we are only able to distinguish between households
who receive BF and those who receive BV and BF for each municipality 20 . Therefore, our
results in Table 8 only draws from variation in BV and BF participation across municipalities, which we expect to be much smaller and noisier than variation across priority areas. A
second reason the estimated effects of BV in Table 8 must be considered tentative is that out
of 506 municipalities with which we have information for deforestation and BV participation,
we only have matched information from the 2010 Population Census (IPUMS subset) for 189
municipalities. While the subset of the census is nationally representative and we are confident that selection into the Population Census sample is exogenous to levels of deforestation,
the Bolsa Verde and the Bolsa Familia programs, we acknowledge limitations in using the
matched sample and encourage cautious interpretation of these results 21 .
19

Recall that data on distances of each priority area to the nearest soy field is available only up to 2013.
The 2010 Population Census data allow us to identify households at the municipality level at the lowest
level of geographical aggregation.
21
We are in the process of updating the analysis in this section using time-varying information on BF
recipients and at the priority area level with household data from 2011 to 2015.
20
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Table 8. Impact of Bolsa Verde on Deforestation (Conditional on Bolsa Familia)
Matched Sample#

Sample
Dependent Variable:
Annual Deforested Area

(1)

Pre-BV mean deforested area (km2)

(2)

(3)

10.239

Treatment effect (BV beneficiaries/all households)

3.516
(14.39)

-42.82**
(20.97)

-9.139
(7.812)

Treatment effect x dummy
( = 1 if BF eligible households ≥ 25%)

332.7**
(133.4)

8.267
(144.0)

123.1
(99.81)

-

0.120**
(0.0591)
0.00129
(0.00259)

0.0529
(0.0528)
0.00343**
(0.00133)

Number of municipalities
Observations

16.433
189
1,108

16.827
189
937

15.402
189
919

R2

0.031

0.170

0.080

Remaining forests
Distance to soybeans
Mean of y (1 km2)

Notes : Robust standard errors clustered at the municipality level are in parentheses. *** p<0.01, ** p<0.05, * p<0.10
All models have year and municipality fixed effects. The remaining forests and distance to soybeans variables are lagged one period in model (3).
#

Out of 506 municipalities, we only have matched information from the 2010 Population Census (IPUMS subset) for 189 municipalities. We

are confident that these results are not subject to selection bias because sample selection into the Population Census is exogenous to
levels of deforestation, the Bolsa Familia program and the Bosla Verde program. For more details on the sample selection methodology, see
https://international.ipums.org/international/sample_designs/sample_designs_br.shtml.

4.4

Mechanism: Cash vs Contract

In this section, we explore the mechanisms through which BV has a distinct effect on deforestation. One mechanism is an income effect through the cash grant, which could reduce
deforestation by compensating forgone revenue from avoided deforestation. Another mechanism is the contractual effect, which could reduce deforestation by providing the incentives
for households to avoid deforestation and monitor each other to maintain the vegetation in
the entire priority area. The idea is that if the BV program reduces deforestation through the
income effect, then it is in principle no different than a conventional PES program. However,
if the BV contract has a non-zero and independent impact on deforestation in addition to
the cash payment, then it implies that incentives to conserve may require policy instruments
aside from monetary ones.
To separately estimate the importance of these mechanisms, we rank households within
each priority area by their monthly per-capita income. We distinguish between BV households who are at the lower end of the income distribution (A) and those who are close to the
77 reais BV eligibility threshold (B). We draw this distinction to explore the fact the the BV
cash transfer is a larger addition to the income of group A households compared to those
who are in group B. We compare deforestation rates beween areas with high and low ratios of
22

group A households. If the ratio of group A households has no statically-significant impacts
on deforestation, we can rule out the possibility that the effect of BV on deforestation is
driven by cash only. Econometrically, we run the following equation:

Yzt = δ0 + δ1 BV ratioAzt + δ2 Xzt + θz + θt + µzt

(3)

Note: This part of the analysis is in progress and the paper will be updated when results
are available.

5

Conclusion

We report the estimated impacts of Brazil’s Bolsa Verde program in reducing deforestation.
Our research strategy takes advantage of the unique design of the program, which entails
a quarterly cash grant and signing of a one-time contract. The contract specifies that the
grant is conditional on maintaining the regional vegetation level, implying that deforestation
in any part of the priority area creates negative externality on all BV beneficiaries. Thus, we
show not only the total impact of BV on deforestation, but we also separately identify the
program’s impact through the cash grant and that through the contract.
Our main finding is that BV reduces deforestation at the extensive as well as intensive
margins, after controlling for the effect of BF, a general cash transfer program that all BV
participants also receive by definition. Among BV-eligible priority areas, we find the strongest
effects of BV in areas under the RESEX, Flonas, and RDS categories within the sustainable
use conservation zones. At the extensive margin, these areas with BV beneficiaries experience
at least 25% reduction in forest loss compared to the pre-BV mean; while in the intensive
margin, an increase in the share of BV recipients in the population is associated with higher
reduction in forest loss.
We propose that the effects of BV we observe in the study indicates that the BV program
succeeds in reducing deforestation not only through paying houseohlds to conserve, but also
by binding their conservation efforts and promoting group monitoring through a contract.
Thus, our study highlights the importance of incentivizing collective action in maintaining
forest cover. While the theory behind the use of cash grants in reducing deforestation by
compensating forgone revenue or rewarding forest-preserving behavior is unambiguous (see
e.g. Engel, Pagiola, and Wunder 2008; Jayachandran 2013), the link between contract and
reductions in deforestation is not. Whether the BV contract reduces deforestation by in23

centivizing households not to deforest themselves, or by encouraging monitoring at a group
level, or through a combination of both channels, remains open for future research.
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