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REVIEW

Slowing Amazon deforestation through
public policy and interventions in beef
and soy supply chains
Daniel Nepstad,1* David McGrath,1,2 Claudia Stickler,1 Ane Alencar,3 Andrea Azevedo,3

Briana Swette,1 Tathiana Bezerra,1 Maria DiGiano,1 João Shimada,1

Ronaldo Seroa da Motta,4 Eric Armijo,1 Leandro Castello,5 Paulo Brando,3,6

Matt C. Hansen,7 Max McGrath-Horn,1 Oswaldo Carvalho,1 Laura Hess8

The recent 70% decline in deforestation in the Brazilian Amazon suggests that it is
possible to manage the advance of a vast agricultural frontier. Enforcement of laws,
interventions in soy and beef supply chains, restrictions on access to credit, and
expansion of protected areas appear to have contributed to this decline, as did a decline
in the demand for new deforestation. The supply chain interventions that fed into this
deceleration are precariously dependent on corporate risk management, and public
policies have relied excessively on punitive measures. Systems for delivering positive
incentives for farmers to forgo deforestation have been designed but not fully
implemented. Territorial approaches to deforestation have been effective and could
consolidate progress in slowing deforestation while providing a framework for
addressing other important dimensions of sustainable development.

T
heprospect of endingAmazondeforestation
with most of the forest still standing while
agricultural production continues to grow
(1) has improved in Brazil. Deforestation—
the clear-cutting of mature forest—declined

from a 10-year average of 19,500 km2 year−1

through 2005 to 5843 km2 in 2013, a 70% re-
duction. Soy production, the most profitable
Amazon land use, continued to grow (Fig. 1).
The deceleration of deforestation has avoided
the emissions of 3.2 Gt CO2 to the atmosphere
[see the supplementary materials (SM)] and
has made Brazil the global leader in climate
change mitigation. The decline in deforestation
may have triggered a cascade of positive impacts,
including reduced risk of regional rainfall inhi-
bition, fewer changes in river discharge and
sedimentation, and increased biodiversity con-
servation (2–4).
Several studies have analyzed aspects of the

decline in deforestation in the Brazilian Amazon
(summarized in fig. S1), but we provide a much-
needed critical review of the full range of policy
interventions and commodity market effects,

including “supply chain” interventions involving
producers, processors, and/or buyers of soy or
beef, the two main historical drivers of Amazon
deforestation.

Hypotheses

The deceleration of deforestation in the Brazilian
Amazon is the aggregate effect of thousands of
landholders and land speculators who chose
to clear less forest since 2004. We examine eight
hypothetical causes of this decline (table S1). Hy-
pothesis 1 (H1): Landholders came to associate
deforestation with higher risks of reduced access
to markets and finance or (H2) fines, embargos
on their products (SM), and evenprison sentences.
H3: Landholders began to realize benefits through
payment for ecosystem services, price premiums
from certification, and access to new credit lines
by foregoing deforestation. H4: Land speculators
cleared less forest because the expansion of pro-
tected areas reduced the supply of undesignated
or loosely claimed forestland, and (H5) stalled
highway paving projects meant that potential
new supplies of such forestland were not acces-
sible. H6: The demand for new crop- and pas-
tureland declined when the profitability of soy
production fell, (H7) when beef intensification
elevated production on existing cleared lands, and
(H8) when the regional cattle herd was reduced
in size.

Three Phases of Deforestation

Three phases in Brazil’s decline in Amazon de-
forestation can be distinguished as we interpret
its possible causes (Fig. 2). Descriptions of the
public policy and supply chain interventions and
international pledges (i.e., Norway) referred to in

this section are summarized in fig. S1, table S2,
and accompanying supplementary text.

Phase 1: Agro-Industrial Expansion

From the late 1990s through 2004, Amazon de-
forestation became far more sensitive to global
influences as commodity market conditions and
technological advances favored the first large-
scale expansion of soy and other mechanized
crops into the region (5). During the final years of
this phase, soy prices and deforestation spiked
(Fig. 1A and fig. S2); more than half of this
forest clearing took place in the southeastern
Amazon state of Mato Grosso, Brazil’s largest
agricultural producer (fig. S3). Cattle produc-
tion intensified, with yields increasing fivefold
(Fig. 1B) (6–9).
The Brazilian Forest Code (FC) was the most

important legal restriction on forest clearing
on private lands. It establishes a minimum por-
tion of each property that must be managed as
a forest reserve (reserva legal). In the Amazon
region, the reserva legal was increased from 50
to 80% in 1996, making compliance virtually
unattainable (10), reducing the law’s credibility
(SM); enforcement was also encumbered by the
lack of a rural property cadastral database. The
Rural Property Environmental Licensing Sys-
tem (SLPR) was launched in Mato Grosso (11)
to address this deficiency. In this phase, protected
areas and indigenous reserves were established
at a slow rate, far from the active agricultural
frontier (12).

Phase 2: Frontier Governance

From 2005 through 2006, the profitability of
Brazilian soy production plummeted, driving a
retraction in the area of soy planted in the Bra-
zilian Amazon (1, 7) (figs. S1, S2, and S4). Law
enforcement capacity increased with the launch
in 2004 of the Detection of Deforestation in Real
Time (DETER) system for detecting and respond-
ing to deforestation events (table S2). The “Plan
for the Protection and Control of Deforestation
in the Amazon” (PPCDAm) (table S2) was also
created, elevating the issue of Amazon defores-
tation to the president’s office and, facilitating
coordination and collaboration across several
ministries, including the federal police and the
powerful public prosecutor’s office (Ministério
Público). In 2006, a Greenpeace-led attack on the
Brazilian Amazon soy industry led to a “Soy
Moratorium” that was joined by most of the
buyers of Amazon soybeans (SM). Through the
moratorium, farmerswhogrewsoyon land cleared
after 26 July 2006 were no longer able to sell to
participating buyers (Fig. 1 and fig. S1) (13).
Regional planning processes organized to pre-

pare for highwaypaving projects (Fig. 3A), strong
political leadership, and a national commitment
to expand protected areas (Amazon Region Pro-
tected Areas Program,) (table S2) resulted in rap-
id expansion of the protected area and indigenous
territory network (14, 15). From 2004 through
2012, protected areas and indigenous territories
grew 68% to encompass 47% of the entire Bra-
zilian Amazon region, with many of these areas

  

1Earth Innovation Institute, 3180 18th Street, Suite 205,
San Francisco, CA 94110, USA. 2Universidade Federal do
Oeste do Pará, Bairro Fátima CEP 68040-470 Santarém,
Pará, Brasil. 3Instituto de Pesquisa Ambiental da Amazônia,
SHIN CA 5, Bloco J2, Sala 309, Bairro, Lago Norte, Brasília-DF
71503-505. 4Universidade do Estado do Rio de Janeiro, Rio de
Janeiro, Brasil. 5Virginia Polytechnic Institute and State
University, Blacksburg, VA 24061, USA. 6Carnegie Institution
for Science, 260 Panama Street, Stanford, CA 94305, USA.
7University of Maryland Department of Geographical
Sciences, College Park, MD 20742, USA. 8Earth Research
Institute, University of California, Santa Barbara, CA
93106–3060, USA.
*Corresponding author. E-mail: dnepstad@earthinnovation.org

1118 6 JUNE 2014 • VOL 344 ISSUE 6188 sciencemag.org SCIENCE



created in active agricultural frontiers (15) (Figs
1 and 3) (SM).

Phase 3: Territorial Performance

During this phase, the profitability of soy pro-
duction began to increase, and the intensity of
cattle production continued to grow (Fig. 1B and
fig. S2) (8, 9). A territorial performance approach
to deforestation was adopted in which the geo-
graphical unit of intervention was the county
(município) instead of the individual farm. Through
a collaboration between the Central Bank and
EnvironmentMinistry, the Critical Counties pro-
gram was launched, suspending access to agri-
cultural credit for those farms and ranches located
in the 36 counties with the highest deforestation
rates (fig. S1 and table S2). The program stim-
ulated collective action to reduce deforesta-
tion, mimicking some of the lessons of Brazil’s
successful program to eradicate foot-and-mouth
disease (5); 11 counties succeeded in drastically

reducing deforestation (16) (fig. S5). In response
to this program, the state of Pará has launched a
Green County program to help blacklisted coun-
ties reduce their deforestation rates and reestab-
lish access to credit (table S2).
This phase also includes the first programs to

create positive incentives for landholders who
are making the transition to low-deforestation
sustainable production systems. The National Cli-
mate Change Policy (NCCP) established the goal
of an 80% reduction in Amazon deforestation by
2020 and launched a new line of farm-level low-
carbon credits to help achieve this decline (SM).
The Amazon Fund was created with a US$1B
performance-based pledge fromNorway that has
been partially disbursed as deforestation has de-
clined. Reducing Emissions from Deforestation
and Forest Degradation (REDD) programs, in-
tended to attract payments as compensation for
state-wide reductions in deforestation and asso-
ciated carbon emissions, were designed by the

governments of most Amazon states (1, 17), and
some attracted investments (SM).
Property-level law enforcement capacity was

also improved in 2009 through the Rural En-
vironmental Registry [Cadastro Ambiental Rural
(CAR)] in Mato Grosso and Pará. It requires
landholders to submit their property boundaries
to the state environmental regulatory agency (SM).
Pressured by the growing capacity of the gov-

ernment to enforce the FC and market demands
for legal compliance (SM), a powerful faction of
the agribusiness lobby sought revisions in the
code. In the case of the Amazon, the 1996 in-
crease in the reserva legal requirement hadmade
compliance unattainable for most producers be-
cause it imposed more than US$2B in opportu-
nity costs (10) (SM). ANewForest Code (NFC)was
signed into law in 2012 (fig. S1 and table S2).
Although the legal reserve requirement did not
change, theNFCprovided amnesty for landholders
with 29 million hectares of illegal deforestation

Fig. 1. Deforestation, area of land use cate-
gories, and production (beef and soy) trends
in the Brazilian Amazon. (A) Annual deforestation
and the area of indigenous territories, sustainable
development reserves (e.g., extractive reserves), strict
protection reserves, and agrarian reform settlements.
(B) Soy and beef production and yields (for beef
yields, @ = 15 kg of carcass weight) in the Brazilian
Amazon.Annual deforestationdata are from Instituto
Nacional de Pesquisas Espaciais (INPE) (26). Indig-
enous territories, sustainable development reserves,
and strict protection reserves are updated from
Castello et al. (24), Instituto Socioambiental (ISA)
(27), Nepstad et al. (28), and World Database on
Protected Areas (WDPA) (29). Settlements area is
from Instituto Nacional de Colonização e Reforma
Agrária (INCRA) (30). Cattle herd and soy produc-
tion data are from Instituto Brasileiro de Geografia e
Estatística (IBGE) (31) and Nassar et al. (9).
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that had taken place before July 2008 (18). It also
introduced new measures for creating positive
incentives for legal compliance (10).With theNFC,
the farm and livestock sectors suddenly had a
pathway to full legal compliancewith the Amazon
region’smost important environmental regulation.
In 2009, a newGreenpeace campaign aimed at

the Brazilian beef-processing company, Bertin—
and subsequent legal proceedings against irreg-
ular slaughterhouses carried out by the Public
Prosecutor’s office—led to a “Cattle Agreement”
in which the region’s largest beef processing
companies agreed to exclude from their supply
chain those livestock producers who deforested
after October 2009 (SM). Agricultural certifica-
tion initiatives were launched during this period
and are still at an early stage, as summarized in
the SM (Fig. 3D).

Why Did Deforestation Decline?

The decline in deforestation during the “frontier
governance” phase, from 2005 through 2007, was

the result of several mutually reinforcing factors
that decreased the demand for new deforestation,
increased the risks to those engaged in defores-
tation, and reduced the supply of undesignated or
loosely claimed forestland that is the target of land
speculators. The demand for new deforestation
declined through both a retraction in the area of
soy production (supporting H6) (fig. S4), rapidly
rising beef yields (H7) (Fig. 1B) and a sharp re-
duction in the size of the Amazon cattle herd (H8)
(9). Deforestation became riskier through improved
law enforcement, fines and embargos imposed on
those associated with illegal deforestation (H2),
and market rejection of deforesters through the
Soy Moratorium (H3). The supply of undesignated
forestland was limited through both a rapid ex-
pansion of protected areas in active agricultural
frontier zones (7, 12) (Fig. 1A) (H4) and delays in
highway paving (H5) (SM).
The initial test of the measures implemented

to slow deforestation came during the Territorial
Performance phase, when soy profitability rose

again and soy production increased (Fig. 1B and
fig. S2). Demand for new deforestation did not
come directly from the soy sector, however. The
50% expansion in soy production through 2013
took place entirely on land cleared before 2006
(fig. S6). During this period, beef production
remained flat as the herd was rebuilt, gradually
increasing demand for new pasture. In addition
to the measures already in place, the risks as-
sociatedwith deforestationwere further elevated
through the Critical County program and the
Cattle Agreement of 2009 (SM).
The contribution of each of these factors to the

decline in deforestation is extremely difficult
to measure because of the temporal and spatial
overlap of the policy and supply chain interven-
tions that weremade. Spatial simulationmodeling
has found an important role of new protected
areas in slowing deforestation (12). Econometric
studies (19, 20) have concluded that the rural
credit restrictions implemented through the Criti-
cal Counties program contributed significantly to

  

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

AGRICULTURE, LIVESTOCK, AND INFRASTRUCTURE CONTEXT

Soy & cattle expansion

Cattle intensification

High profitability

Highway paving projects announced

Low profitability Improving profitability

Interoceanic, BR 158 completed;
BR 163 construction resumed

Hydropower projects announced Hydropower projects begin
(e.g. Belo Monte Dam, Rio Madeira)

Soy retraction & herd reduction Soy & cattle expansion

Agro-industrial expansion Frontier governance Territorial performance

SUPPLY CHAIN INTERVENTIONS

GOVERNMENT

Remote sensing-based monitoring

Protected areas in remote regions Protected areas under threat

Forest Code unenforced

Private property registration
(Mato Grosso, Pará) 

Private property registration
required nationally

Property-level enforcement

Credit & fiscal incentives
for forest clearing 

Grupo Amaggi IFC loans

Forest Code enforced 

New protected areas in active frontier 

New Forest Code

Critical County Program,
Green County Program 

Climate change policy & 
state REDD+ laws 

Amazon Fund, 
Low Carbon Agriculture credit program  

Monitoring for enforcement

Private monitoring
for enforcement 

Cattle Agreement

Commodity certification

Soy Moratorium

Fig. 2. Phases in the evolution of public policies and supply chain initiatives to control Amazon deforestation: 2000 to 2013. The underlying bar
graph is the annual deforestation trend as shown in Fig. 1A. Sources for policy interventions are in table S2.
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the decline in deforestation during this phase
(table S1) (SM).

Discussion

Is the decline in deforestation sustainable, with
80% of the forest still standing? The long-term
trend in deforestation will depend, in part, on
continuing increases in livestock yields on exist-
ing cleared land. Cattle pasture is themain use of
cleared land, and beef production has the great-
est potential for yield increases compared with
cropping systems (6). Amazon deforestation is
not “decoupled” from expansion in crop and beef
production, as Macedo et al. have concluded,
unless beef yields climb fast enough to open up
pastureland for soy expansion, which is a plau-
sible scenario through 2020 (7, 9). Eventually,

cleared land that is suitable for soy production—
the most profitable use of cleared land—will be-
come scarce. As this scarcity sets in, the 120,000km2

of forests that could be profitably converted to
soy in the Brazilian Amazon and that lie outside
of protected areas (4) will become the target of
deforestation pressure. Alternatively, expansion
of crop and beef production could shift more
heavily to the Cerrado biome to the south of the
Amazon, where deforestation rates have been
climbing since 2010 (18).
Future trends in Amazon deforestation will

also depend on a continued perception of risk
associatedwith deforestation. An important source
of market access risk for soy producers is the Soy
Moratorium, which is scheduled to end in 2014
because of the large number of legal soy producers

who have been cut off from the market (SM). The
government’s command-and-control measures
to fine and embargo illegal deforesters, and cut
entire counties off from public agricultural cred-
it, is precariously dependent upon the political
will of government to impose these measures,
which may be weakening in the face of a stag-
nant national economy (21). One early sign of a
shift in political will is the reduction in size of
some protected areas (22).
As demand for new deforestation increases, as

supply chain interventions to discourage defor-
estation weaken, and if deforestation policies
andprograms lose politicalwill, positive incentives
for farmers, counties, and states that are forgoing
or reducing deforestation will grow in impor-
tance. Systems for delivering these incentives are

Fig. 3. The status of the Amazon region. (A) Infrastructure and forest
loss since 2000. Highways (paved, unpaved, and planned paving),
waterways (current and planned), and hydropower plants (current,
under construction, and planned, with output scaled by size). Forest
loss is of all forest types from 2000 through 2012 (32). Infrastructure
updated from Soares-Filho et al. (33) and Castello et al. (23). (B) Rivers,
other wetland ecosystems (23), and the number of drought episodes
that exceeded the threshold of rainfall deficit [updated from Lewis et al.
(34)]. (C) Indigenous territories, sustainable development reserves,

strict protection reserves [updated from Castello et al. (23), ISA (27),
Nepstad et al. (28), and WDPA (29)], agrarian reform farm settlements
(Brazil only) from INCRA (30), and undesignated land (public and
private, registered or not). (D) Areas of cattle and soy production (IBGE)
(31) and locations of certified soy production and processing (Roundtable
on Responsible Soy) (35), palm oil mills (Roundtable on Sustainable Palm
Oil) (36), timber production (Forest Stewardship Council) (37, 38), beef
plants in the Cattle Agreement (39), and farms in the Registry of Socio-
Environmental Responsibility (CCS) (40).
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Fig. 4. Incentives for sustainable production with and without territorial performance approach. (A) Farmers operating in isolation are faced with many
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not yet operating at scale and appear to have
contributed little to the decline in deforestation
(H3) even though considerable progress has
beenmade toward establishing legal frameworks
and farm-level approaches for eventually de-
livering these incentives (SM). Some immediate
and simple positive incentives for farmers who
forgo deforestation and invest in more intensive,
sustainable production systems could be estab-
lished without major new policies or markets for
ecosystem services (Fig. 4A). Regulatory agencies
could simplify their regulatory requirements or
give discounts on their environmental licensing
procedures, commodity suppliers could give bet-
ter terms on preharvest packages, and banks
could give lower interest rates or better terms on
loans to legally compliant landholders. These
incentives could increase for farmers in counties
that have come off the Critical County black list
or that are making measurable progress toward
sustainable development in other ways (Fig. 4B),
building on the early success of the Critical Coun-
ties program. Climate finance programs, such as
the Amazon Fund, could establish innovative,
competitive funding mechanisms for delivering
finance to regional consortia that are ready to
make the transition to low-deforestation, high-
production land use systems. The new Forest
Code establishes a policy framework for creating
positives (10).
Supply chain and public policy initiatives could

also become better aligned through a shared set
of performance targets for further reducing de-
forestation that are accompanied by commitments
from the relevant institutions and actors to help
achieve these targets. For example, farmers; com-
panies that produce, process, or purchase soy and
beef; finance institutions; regulatory agencies; and
environmental groupsmight agree that if counties,
states, or the entire Brazilian Amazon achieve an
80% reduction in deforestation below the 10-year
average, they should be considered “low defor-
estation” counties, conferring on the farmers in
the successful territory the benefits described in
Fig. 4B, including full access tomarkets. The target
may increase to a 90% reduction in 2018. This
approach could lower the costs of tracking the
forest-clearing activities of millions of individual
farms and ranches, which is required in the sup-
ply chain approach to deforestation. A critical
issue is whether companies that have Amazon
producers in their beef and soy supply chains
will accept a deforestation agreement that is not
absolute “zero” deforestation but that is more in
line with a regional development strategy.
In the Amazon deforestation debate, little at-

tention is paid to mechanisms for attracting in-
vestors into the Amazon region to sustainably
develop its forests, fisheries, and agricultural
potential. Advances in frontier governance, law
enforcement, and mechanisms for punishing
deforesters through restrictions on access to
markets and finance succeeded in decelerating
deforestation but failed to address the region’s
need for private investment, innovation, and
enterprise. Land titling, which is fundamental
to the landholder’s ability to access credit,

continues to progress slowly. Instead, effective
campaigns by Greenpeace and others have
increased the reputational risk of companies
that do business in the Amazon, scaring away
potential investors and market players. Conse-
quently, the responsible agricultural and live-
stock companies and individuals who are needed
to consolidate the progress made in reducing
deforestation in the Brazilian Amazon may be
driven away by the success of these campaigns.
Deforestation is only one of the threats to the

Amazon region. Extensive forest fires during se-
vere drought episodes kill mature trees, opening
standing forests up to invasion by grasses and
recurrent burning (Fig. 3B) (4, 23). Hydropower
dams, waterways (Fig. 3A), and overfishing
threaten the fisheries, river ecosystems, and as-
sociated wetlands of the region, which are critical
to the regional economies and to the livelihoods
of indigenous and traditional communities (SM)
(24). In addition, mining continues to degrade
streams and forests through both physical distur-
bance and chemical pollution (25).

Conclusion

Brazil’s remarkable decline in deforestation pro-
vides valuable lessons on the importance of
public policies, monitoring systems, and supply
chain interventions in slowing the advance of a
vast, complex agricultural frontier. The challenge
now is to build upon this progress to construct a
strategy for promoting a new model of rural
development in which punitive measures are
complemented by positive incentives and finance
at scale for landholders, indigenous communities,
counties, and states tomake the transition to low-
deforestation, productive, sustainable rural devel-
opment. Deforestation is only one dimension of
the health of the Amazon Basin.
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