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            B
razil has two major opportunities to 
end the clearing of its Amazon for-
est and to reduce global greenhouse 

gas emissions substantially. The fi rst is its for-
mal announcement within United Nations cli-
mate treaty negotiations in 2008 of an Amazon 
deforestation reduction target, which prompted 
Norway to commit $1 billion if it sustains prog-
ress toward this target ( 1). The second is a wide-
spread marketplace transition within the beef 
and soy industries, the main drivers of defor-
estation, to exclude Amazon deforesters from 
their supply chains ( 2) [supplementary online 
material (SOM), section (§) 4]. According to 
our analysis, these recent developments fi nally 
make feasible the end of deforestation in the 
Brazilian Amazon, which could result in a 2 to 
5% reduction in global carbon emissions. The 
$7 to $18 billion beyond Brazil’s current bud-
get outlays that may be needed to stop the clear-
ing [a range intermediate to previous cost esti-
mates ( 3,  4)] could be provided by the REDD 
(Reducing Emissions from Deforestation and 
Forest Degradation) mechanism for compen-
sating deforestation reduction that is under 
negotiation within the UN climate treaty ( 5), or 
by payments for tropical forest carbon credits 
under a U.S. cap-and-trade system ( 6).

Deforestation History

Brazil has been the world leader in tropical 
deforestation, clearing an average of 19,500 
km2/year from 1996 to 2005. This forest con-
version to pasture and farmland released 0.7 to 
1.4 GtCO

2
e (billion tons of CO

2
 equivalents) 

per year to the atmosphere ( 7) (SOM, § 1). In 
2008, the Brazilian government committed to 

reducing deforestation to 20% of the histori-
cal (1996–2005) rate by 2020 ( 8) (SOM, § 2), 
motivated by plummeting rates of forest clear-
ing. From July 2005 to July 2009, deforesta-
tion declined to 36% of its historical levels 
(see fi gure, above). To help achieve this reduc-
tion, Brazil expanded the network of Amazon 
protected areas from 1.26 to 1.82 million km2; 
the network now contains 51% of the region’s 
remaining forest area ( 9) (table S4). Federal 
campaigns to publicize and cancel credit for 
illegal land holdings, to pressure buyers of 
Amazon products, and to imprison illegal 
operators may have contributed to the decline, 
as did a retraction of the region’s cattle and soy 
industries (SOM, § 3, and fi g. S1).  

Steps to End Deforestation

For Brazil to build upon its success and end 
deforestation, even if the profi tability of Ama-
zon cattle ranching and soy farming soar in 
the coming years, it must support low-defor-

estation livelihoods for forest peoples and 
smallholder farmers, expand the law-abiding 
“responsible” fraction of the cattle and soy 
sectors, improve law enforcement, and effec-
tively manage protected areas.

Indigenous groups and traditional forest 
communities, totaling 420,000 people, have 
defended their perimeters from incursions by 
deforesters ( 9,  10), but have never received 
compensation for this enforcement service. 
There are also 400,000 smallholder farms 
(up to 100 ha) ( 11) established in forested or 
marginal lands that could shift to low-defor-
estation production systems.

Cattle ranching, associated with four-fi fths 
of Amazon deforestation, must stabilize and 
intensify on a diminishing area of pasture-
land, ceding space to a modest expansion of 
relatively lucrative soy production (SOM, § 
3). Support within the cattle and soy sectors 
for declining deforestation could be strength-
ened by identifying, rewarding, and expanding 

The End of Deforestation in the 
Brazilian Amazon

ENVIRONMENT

Daniel Nepstad, 1 ,2 ‡ Britaldo S. Soares-Filho, 3 ‡ Frank Merry, 1 ,2 * André Lima, 2 Paulo Moutinho, 1, 2 
John Carter, 4 Maria Bowman, 1, 2 † Andrea Cattaneo, 1 Hermann Rodrigues, 3 Stephan Schwartzman, 5 
David G. McGrath, 1 ,2,6‡ Claudia M. Stickler, 1 ,2,7  Ruben Lubowski, 5 Pedro Piris-Cabezas, 5 ,8 
Sergio Rivero, 6 Ane Alencar, 2 ,7 Oriana Almeida, 2 ,6 Osvaldo Stella 2 

Government commitments and market

transitions lay the foundation for an effort
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Historical deforestation in the Brazilian Amazon and future deforestation under three scenarios. 
The fi rst scenario simulates deforestation from 2005 into the future under business-as-usual conditions that 
assume economic trends and governance levels through 2003 ( 14). The intermediate curve is the current 
deforestation reduction target of the Brazilian government ( 8), and the lower curve, which ends deforestation 
in 2020, is the scenario analyzed here (SOM, § 2).
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the pool of “responsible” producers striving to 
comply with the law and to practice good land 
stewardship. Legal compliance could be facili-
tated through approval and implementation of 
land-use zoning plans, which lower the legal 
forest reserve requirement on private proper-
ties in farming and ranching regions ( 12). This 
requirement was abruptly raised from 50 to 
80% of each property in 1996 without effec-
tive mechanisms for facilitating compliance 
( 2) (SOM, § 6). The substantial fl ow of fed-
eral farm credit could be redirected toward the 
intensifi cation of cattle production and sup-
port for forest-based economies (SOM, § 7). 
Market exclusion of deforesters ( 2) could be 
strengthened through government measures 
that penalize companies and banks that indis-
criminately do business with Amazon farmers 
and cattle ranchers.

Some farmers and ranchers will need 
compensation for the opportunity costs 
incurred in maintaining private forests. Five 
landholder compensation qualifi cation cri-
teria could be used, including forest cover 
beyond 50% of the property (SOM, § 6).

What Will It Cost and Who Will Pay?

We estimated the potential cost of a 10-year 
program for ending deforestation (see fi g-
ure, page1350). Using spatially explicit eco-
nomic models and programmatic estimates, 
we assess budgetary costs of ending defores-
tation assuming that the benefi ts of reduced 
deforestation outweigh the opportunity costs 
to society. These benefi ts include reduced for-
est fi re, air pollution, fl ooding, biodiversity 
loss, soil erosion, and, perhaps, rainfall inhi-
bition ( 3,  13). They are diffi cult to quantify 
and are largely untreated in most economic 
models ( 4), even though they lower the net 
costs of reducing deforestation.

Annual investments in community forest-
based economic activities, health, education, 
and cultural preservation for the region’s indig-
enous and traditional forest peoples and small-
holder farmers would total $3.6 to $7.2 bil-
lion from 2010 to 2020 (see table, below and 
SOM, § 5). The total opportunity cost poten-
tially incurred by landholders is estimated at 
$14 billion (table S3 and fi g. S9), or $26 billion 
if a minimum forest cover of 60% is imposed 
for each Amazon state to avoid rainfall inhi-
bition ( 13) (SOM § 8). However, our estimate 
includes only those private forests that would 
qualify for compensation, which represent 
only 10 to 15% of potential opportunity costs 
(see table,  below, and SOM, § 6).

Combining these costs with additional 
investments in law enforcement and protected 
area management gives a total budget of $7 to 
$18 billion (see  table, below, and SOM, § 9). 
Already initiated by the Norway commitment, 
this investment could reduce carbon emis-
sions from 2010 to 2020 by ~6 GtCO

2
e below 

the historical baseline and by 12 GtCO
2
e 

below projected emissions (see fi gure, page 
1350) ( 14), culminating in annual emissions 
reductions that are 2 to 5% of global emis-
sions rates in 2000–2006 (SOM, § 2). Under 
a REDD system, as designed in the American 
Clean Energy Security Act passed by the U.S. 
House of Representatives, reductions under 
Brazil’s deforestation target could generate 
revenues valued from $37 billion to $111 bil-
lion between 2013 and 2020 ( 6) (SOM, § 10), 
providing a margin for expanding the program 
to end deforestation.

Ending deforestation in the Brazilian Ama-
zon in 2020 with less than 20% of the forest 
cleared (table S4) would be an extraordinary 
and extremely difficult achievement, per-
haps unique in the history of frontier expan-

sion. The likelihood of success, however, is 
greatly enhanced by state-level programs that 
link zoning and property registries with state-
wide deforestation reduction targets (SOM § 
11). The Governors’ Climate and Forests Task 
Force is working to connect these Amazon 
state programs with international emissions 
offset programs under development for Cali-
fornia and other U.S. states ( 15). State-level 
programs must also eventually link up with 
the federal “Amazon Fund,” where the Nor-
wegian commitment resides ( 1). Most tropi-
cal nations will require time to develop Bra-
zil’s institutional capacity, civil society orga-
nization, and legal framework ( 16). Ending 
deforestation in the Brazilian Amazon and 
reducing it elsewhere in the tropics is a cost-
effective approach to climate change mitiga-
tion with multiple benefi ts ( 13,  16). 
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Region or state
Forest peoples‘

fund
(106 U.S. $)

Enforcement and 
landholder compensation

(106 U.S. $)

Estimated costs of a program to end deforestation in the Brazilian Amazon

Protected area

management

(106 U.S. $)

Total cost

(106 U.S. $)
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1,464
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1,340
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Ending deforestation in the Brazilian Amazon by 2020. These estimates for costs incurred from 2010 to 
2020 assume that current budgetary outlays from the Brazilian government continue. (SOM § 9) 
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