











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 the main 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 120,000 km?
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 (I8).

Future trends in Amazon deforestation will
also depend on a continued perception of risk
associated with 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
and programs lose political will, 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,
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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
Qil) (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
demands from regulatory agencies, commodity buyers, and financial institutions but do not receive significant positive incentives to slow deforestation. (B) The
type of collective action to slow deforestation that is achieved in the Green County program could be reinforced through multiple incentives for territorial (county-

wide) declines in deforestation. Regulatory agencies can simplify their licensing procedures, commodity suppliers can give full access to markets and better
terms on preharvest loan packages, and banks can lower interest rates and improve terms (41).
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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
been made 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 groups might 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 to markets. 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,
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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 to make 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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