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Deforestation Models 

DEFORESTATION PREDICTIONS FOR AMAZONIA 

presented by W. F. Laurance et al. in 2001 
(7) are based on the assumption that the 
road infrastructure is the prime factor driv- 
ing deforestation. Much has already been 
said by the scientific community about 
their model—its apocalyptical results are 
based on simple extrapolation of past pat- 
terns, disregarding the region's enormous 
biophysical and socioeconomic hetero- 
geneity (2, 3)—but recently the authors 
reinforced their arguable results 
("Deforestation in Amazonia," Letters, 21 
May 2004, p. 1109), blaming planned 
infrastructure and the land speculation it 
provokes for the current high deforestation 
rates in the Amazon, which we consider an 
oversimplified view of current deforesta- 
tion causes (4). 

Deforestation rates have increased sig- 
nificantly in the last two years (5), but in 
spite of the ambitious infrastructure plans 
announced in the mid- 1990s, very few fed- 
eral investments on roads have been made 
since the 1980s. Therefore, this overall rate 
increase cannot be explained by those 
plans even if land speculation is one of the 
factors in areas such as BR-163. For 
instance, the municipality that has had the 
highest deforestation rates in recent years, 
Sao Felix do Xingu, Para, is not even 
served by a paved road. Sao Felix is an 
entree to the area between the Xingu and 
Iriri rivers, a recent deforestation hot spot, 
where cattle farmers and local municipal 
governments build unpaved roads them- 
selves (4). The Laurence et al. model fails 
to capture this type of new frontier (see fig- 
ure in Supporting Online Material) (6, 7). 

Although we do not dispute the fact that 
in the past most of the deforestation has 
happened along the major highways (8), 
there is an urgent need to understand the 
genesis of the new Amazon frontiers, and 
the hypothesis that they are more localized 
and much less dependent on federal gov- 
ernment infrastructure investments than in 
the 1970s and 1980s (9). Even in the 1970s 
and 1980s, the effect of roads was not 
homogeneous across the region (10), 
depending on proximity to national mar- 
kets in the south, climatic restrictions, offi- 
cial settlements sites, agrarian structure 
differences, and technology access. 

Simplistic models such as that of 
Laurance et al. (7) may divert attention 
from real deforestation causes, being 
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potentially misleading in terms of defor- 
estation control, even if, as proposed in (2), 
Brazilian infrastructure plans are com- 
pletely undermined. 
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forest vulnerability to fire, logging, and 
mining. Third, independently derived sce- 
narios of future forest loss (3, 4), including 
a recent model that incorporates much of 
the region's biophysical and economic het- 
erogeneity (5), also indicate that new and 
planned highways are likely to play a cen- 
tral role in determining future patterns of 
Amazon deforestation. 

If a new highway penetrates into a large 
forest tract and promotes spontaneous colo- 
nization by farmers, loggers, and ranchers, 
is the forest loss caused by the highway or 
the other drivers? Clearly, it is both—but 
the crucial point is that such transportation 
projects play a pivotal role in determining 
where forest destruction occurs. The truly 
alarming aspect of the Avanga Brasil pro- 
gram is that it will crisscross the Amazon 
with some 7500 km of paved highways and 
many other transportation projects that will 
penetrate deep into the heart of the basin. 
The net effect will be not only increased 
deforestation, but also fragmentation of 
forests on an unprecedented spatial scale 
(/). Rather than concentrating development 
in the vast expanses of land that have 
already been deforested, the projects that 
promote frontier expansion will do pre- 
cisely the opposite. 

Contrary to the claim by Camara et ah, 
the dramatic upsurge in Amazonian defor- 
estation in 2002-03 includes many areas 

10. 

Response 
CAMARA ETAL, CHALLENGE OUR 

assertion that the unprecedented, 
planned expansion of highways and 
other transportation projects in 
Amazonia that was originally pro- 
posed under the "Avanca Brasil" 
(Advance Brazil) program is likely 
to lead to a dramatic increase in for- 
est loss and degradation, and they 
argue that our earlier spatial models 
(i) were overly simplistic and 
"apocalyptic" in their projections. Three 
points about our models merit emphasis. 

First, the projections of our models— 
that 28 to 42% of Brazilian Amazonia 
would be deforested by 2020 if all the 
Avanca Brasil projects proceed immedi- 
ately—are in fact very plausible and do not 
differ greatly from simple extrapolations 
using the current high rate of forest loss (2). 
Second, our models incorporated key com- 
ponents of regional heterogeneity in 
Amazonia, including spatial variability in 
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associated with highways and roads, includ- 
ing the notorious Santarem-Cuiaba 
Highway. Even the deforestation hot spot 
(Sao Felix do Xingu) emphasized by 
Camara et ah is closely associated with pri- 
vately financed roads (6). The point of our 
recent Letter is that Brazilian-government 
efforts to slow rampant Amazon deforesta- 
tion are unlikely to succeed if the govern- 
ment proceeds with its most environmen- 
tally damaging transportation projects. We 
stand by this assessment. 

A Delicate Balance in 
Amazonia 

IN THEIR LETTER "DEFORESTATION IN AMAZONIA" 

(21 May 2004, p. 1109), W. F 
Laurance et ah cogently summarize 
the threats that roads and other infra- 
structure development projects pose 
to Amazonian forests. However, their 
implicit suggestion that the best way 
to prevent forest loss is by halting 
these projects ignores important 
political and social constraints faced 
by the region (1), as well as evidence 
that land-use patterns can change 
when viable alternatives to defor- 
estation are presented (2). There is 
no doubt that roads and other infra- 
structure projects are conduits for 
agents of forest loss. However, they 
also provide important benefits, 
such as access to markets without 
which community-based timber 
management, the extraction of non- 

timber forest products, and other strategies 
for slowing deforestation advocated by the 
conservation community would not be eco- 
nomically viable. 

Laurance et ah argue that the Brazilian 
government should "curtail" their expan- 
sion, and we agree that without their doing i 
so, the region's forest will certainly be 
degraded. However, we also believe that 
progress on the issue of balancing 
Amazonian infrastructure needs and envi- 
ronmental conservation will not be made by 

1044 18 FEBRUARY 2005    VOL 307    SCIENCE    www.sciencemag.org 
Published by AAAS 



advocating a sweeping rejection of further 
development, which is at best unrealistic 
and at worst counterproductive. Instead, the 
question must be rephrased as, "Given our 
goal of minimizing deforestation, what 
projects are necessary and will be most ben- 
eficial?" 
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Response 
BRUNA AND KAINER IMPLY THAT BRAZIL'S 

Amazonian road building could help to pro- 
mote "community-based timber management, 
the extraction of nontimber forest products, 
and other strategies advocated for slowing 
deforestation." Our collective experience in 
Amazonia over the past quarter century sug- 
gests otherwise. Although their optimistic 
view may apply in a few, rather rare situations, 
it seems entirely foreign to the major hotbeds 
of deforestation. 

For example, when completed, the Cuiaba- 
Santarem Highway (BR-163), one of the top 
priorities of the Brazilian federal government, 
is likely to create an 800-km-long swath of for- 
est degradation across southern Amazonia. 
The highway will transport soybeans from 
Mato Grosso to the Amazon port of Santarem, 
almost entirely for the benefit of large corpora- 
tions and landholders (7). The planned route is 
already swarming with land speculators, cut- 
and-run loggers, cattle ranchers, and soybean 
investors—hardly the cast of characters likely 
to promote a "community-based" Utopia 
focused on maintaining forest for nontimber 
products. BR-163 typifies the ecological 
impacts that often accompany major new 
highways in the Amazonian frontier (2-4). 

Moreover, we do not advocate a "sweeping 
rejection" of proposed transportation and infra- 
structure projects in Brazilian Amazonia. We 
do, however, believe that a limited subset of the 
proposed projects—particularly those that 
would create major corridors between densely 
populated areas and the remote Amazonian 
frontier—will be so damaging environmen- 
tally that their potential societal and economic 
benefits are clearly outweighed (1-5). 

The notion that society has' 'needs" for new 
infrastructure, whereas it merely has concerns 
for the environment and its services, is a false 
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dichotomy that implicitly will always lead to 
choices in favor of infrastructure. The implied 
conclusion that planned projects should never 
be rejected or delayed, but only "balanced" 
with environmental add-ons, would clearly 
imperil Amazonian forests (5). Current efforts 
to reduce rampant forest loss are likely to fail, 
we believe, unless the Brazilian government 
addresses one of the most fundamental causes 
of forest destruction: the dramatic prolifera- 
tion of new transportation projects throughout 
the heart of the Amazon basin. 
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Underlying Causes of 
Deforestation 

IN THEIR LETTER "DEFORESTATION IN 

Amazonia" (21 May 2004, p. 1109), W. F. 
Laurance et ah present an outdated argu- 
ment for some of the causes of deforestation 
in Amazonia. Although the expansion of 
highway infrastructure can explain part of 
the deforestation in the 1970s and 1980s, it 
does not explain deforestation in the 1990s, 
when this expansion basically came to an 
end, but the rates of deforestation remained 
high. 

The current expansion in infrastructure 
is probably a consequence (rather than a 
cause) of the agricultural and agroindustrial 
expansions toward northern Brazil (7). 
Blaming the Brazilian government's plans 
to dramatically expand highways and other 
major infrastructure projects in the region 
hides the real causes behind the problem. 
The underlying forces behind deforestation 
in the region are complex and involve an 
interaction of cultural, demographic, eco- 
nomic, technological, political, and institu- 
tional issues (2-4). 

The active and passive participation of 
the Brazilian government in deforestation 

occurs in many different ways: government 
investments and financing granted to the 
private sector for gross fixed capital forma- 
tion, boosting production capacity over the 
long term; underwriting investments in 
areas that have been recently cleared for 
farming and ranching purposes; the lack of 
a firm policy for transferring unused gov- 
ernment lands with lapsed titles to the pri- 
vate domain (along with complacency or 
even connivance in the takeover of vast 
tracts of these unused government lands 
with lapsed titles through claim jumping 
and counterfeit land titles); acceptance of 
large tracts of land lying fallow and prop- 
erty speculation; large-scale expropriations 
of land for agrarian reform; and the ineffec- 
tiveness of the Rural Land Tax (ITR) as a 
mechanism for regulating the land market. 

For products involving high technology 
that have become competitive in interna- 
tional markets, such as soybeans, with sig- 
nificant expansion spurred by international 
demands, the easy availability of land 
makes Amazonia a natural setting for this 
expansion. For low-technology activities, 
such as open-range grazing, rising domestic 
beef demands are met largely through 
extending pasturelands rather than higher 
productivity, with severe direct conse- 

quences on deforestation. In brief, the 
underlying government policies (economic 
and environmental), as well as institutional 
(fragility), agritechnological and socio- 
economic factors (i.e., population, income, 
food demands) interact among themselves 
and function together, driving deforestation 
in Amazonia (5). 
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Response 
Schaeffer and Rodrigues list a plethora of 
socioeconomic and societal factors that 
likely influence Amazonian deforestation, 
many of which we have previously assessed 
in detail (1-9). Nonetheless, despite the 
seeming complexity of deforestation driv- 
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ers, it is dangerous to obscure the central 
role of new highway and infrastructure 
expansion in promoting rapid forest loss. 

New deforestation drivers in Amazonia 
(such as soybeans) have not replaced the 
"old" drivers that were promoting deforesta- 
tion 25 or more years ago. Rather, they have 
been added to the list of existing drivers. 
Evidence indicates that the relationship 
between road building or paving and bur- 
geoning forest loss along highway routes is as 
strong today as it was decades ago (3,5-7). 

Moreover, Brazilian plans for infrastruc- 
ture expansion in Amazonia are readily 
amenable to policy modification (5), 
whereas many of the endemic societal and 
institutional problems cited by Schaeffer 
and Rodrigues are less so. Despite weak 
frontier governance, the Brazilian federal 
government is pushing ahead with a dra- 
matic expansion of Amazonian highways, 
roads, and other transportation projects. 
The net result, we believe, will be further 
acceleration of already rampant rates of for- 
est loss and degradation. 

In addition, Schaeffer and Rodrigues 
misunderstand the key role of highways and 
roads in promoting past deforestation, espe- 
cially during the 1990s. Contrary to their 
claims, the 1990s did see significant expan- 

sion of highways and roads, such as paving 
of the 800-km-long Manaus-Boa Vista 
Highway (BR-174) that is promoting dra- 
matic changes in central Amazonia, high- 
way paving in Acre and Mato Grosso, and a 
proliferation of many secondary roads ram- 
ifying out from existing highways. 
Moreover, highway and road construction 
not only has an immediate impact on defor- 
estation, as they imply, but also longer and 
more pervasive effects that persist for many 
years. Forest loss in the 1990s would cer- 
tainly have been less severe were it not for 
the infrastructure created in preceding 
decades. 

Finally, it is vital to emphasize that new 
highways and roads exacerbate many cur- 
rent development pressures. By continually 
opening up new frontiers for colonization, 
such projects promote land speculation, 
weakening incentives for more sustainable 
land uses, such as perennial crops and plan- 
tations (3, 5, 6). Abundant, cheap land 
means that destructive, fire-based agricul- 
ture, such as cattle ranching and slash-and- 
burn farming, will continue to thrive. In 
Brazilian Amazonia, an area the size of 
France has already been deforested, a large 
fraction of which is now degraded cattle 
pasture with minimal benefit for Brazilian 
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society. A vital step in promoting more sus- 
tainable development is to intensify land- 
uses in these already degraded areas, rather 
than opening up immense new tracts of pri- 
mary rainforest for exploitation. 
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