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Integrating Amazonian Vegetation,
Land-use, and Satellite Data

Attention to differential patterns and rates of secondary
succession can inform future policies

Emilio F. Moran, Eduardo Brondizio, Paul Mausel, and You Wu

eforestation in the Amazon

Basin has become a matter

not merely of international
concern but alarm: in 1987 alone, 8
million hectares of forest were
burned (Booth 1989). Primary con-
cern has focused appropriately on
the effects of this destruction on
species diversity and on atmospheric
chemistry. The Amazon is host to
approximately half of the world’s
species, and its continental size and
high evapotranspiration rates make
it a notable influence on world cli-
mate, According to Shukla et al,
(1990), removal of Amazonian veg-
etation on a large scale could bring
about changes in the region’s hy-
drological cycle and climate large
enough that the forests may not be
able to re-establish themselves,

Monitoring the rates of defores-
_ tation in Amazonia has tended to
focus on dimensions of the problem
that serve to alert us to the scale of
the problem, but that do not neces-
sarily address land-use and policy
alternatives other than stopping de-
forestation altogether.

Although no more salutory policy
Emilio F. Moran 1s a professor in and
director of the Anthropological Center
for Training and Research on Global
Environmental Change and E. Brondizio
is a doctoral student in the School of
Public and Environmental Affairs at
Indiana University, Bloomington, IN
47405, Paul Mausel is a professor and
You Wu is a doctoral candidate in the
Department of Geography and Geol-
ogy, Indiana State University, Terre
Haute, IN 47809. © 1994 American
Institute of Biological Sciences.

May 1994

Much of the land
cleared in the past two
decades is today at
some stage of
secondary succession

could possibly be implemented than
a complete stop to deforestation in
Amazonia, such an outcome is un-
likely. More feasible for reducing
the rates of deforestation in the Bra-
zilian Amazon are strategies that
take into account ecological, social,
and economic factors. Attention
must be paid to local and external
causes for deforestation, to the dif-
ficulty of environmental monitor-
ing in a vast area with precarious
infrastructure, to intraregional dif-
ferences in both environmental pa-
rameters, and to what segments of
the human population (e.g., peas-
ants, ranchers, and miners) are re-
sponsible for bringing about defor-
estation,

The causes of deforestation in
Amazonia are distinctly different
from those in Indonesia, and they
vary significantly even within the
Amazon Basin (c.f. Kummer and
Turner page 323 this issue, and the
arricles in Repetto and Gillis 1988).
In Asia, population growth looms
as a major factor, whereas in the
Amazon deforestation is driven by
policies that favor cattle over people
as occupants of the frontier.

Amazonian deforestation has
transformed Brazil into the world’s
fourth major contributor of carbon
to the atmosphere. It ranks behind
only the United States, the Soviet
Union, and China (Goldemberg
1989}, Destruction of Amazonian
forests is responsible for the equiva-
lent of 7% of the total carbon diox-
ide emissions provoked by fossil fuel
emissions. Brazil contributes the
lion’s share of carbon emissions from
deforestation, with 336 million tons
of carbon per year.

This phenomenon is very recent.
Salati and Vose noted in 1984 that
the Amazon Basin was a large sys-
tem in equilibrium, but that signs
were appearing for human-induced
disequilibrium coming chiefly from
deforestation. Their forecast has
proven all too true. According to
Molion {1991), the total area al-
tered by 1989 was 397,000 square
kilometers or 10.8% of the Brazil-
ian Amazon forest, The most recent
estimates, based on detailed exami-
nation of satellite data between 1978
and 1988, lower the estimate of to-
tal area deforested to 230,000 square
kilometers, but raise the total area
of forest affected by deforestation
to 588,000 square kilometers, when
edge effects of one kilometer into
adjacent areas of forest are com-
puted (Skole and Tucker 1993).

When did the problem actually
begin and why? What policies need
to be put in place that take into
account the social and economic
realities of Brazil? How can one
monitor such large-scale land-cover
change over such vast areas? Can we
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study these land-use changes from
satellite platforms or must we rely
solely on ground-level surveys? This
article provides a preliminary analy-
sis of deforestation processes link-
ing changes in vegetation composi-
tion, land-use history, and remotely
sensed data covering the period be-
tween 1985 and 1991 along the
Transamazon Highway, an area
where one of us (E,F.M.) began field
studies in 1271 just as the area was
opened up to settlement. Field stud-
ies were carried out in the summer
of 1992 to better calibrate the satel-
lite images undertaken earlier that
year.

How and why did
deforestation occur?

Large-scale deforestation in the
Amazon Basin began with the con-
struction of the Belem-Brasilia High-
way in 1958. Occupation of land
along the Belem-Brasilia was slow
at first and the road cut through a
broad array of vegetations, only a
small part of which were tropical
moist forests and rainforests. Most
of them were savannas, scrub for-
ests, and tropical deciduous forests.
In the first 20 years, more than 2
million people settled along this dirt
road, which was paved only in 1973.
Cattle increased from near zero to
more than 5 million in the same 20-
year period (Mahar 1988). The land
along this road that first attracted
attention to the destruction of for-
est, especially its replacement by low-
quality cattle ranches (Hecht 1980}.

Road-building became even more
important with the announcement
in 1971 of a program of national
integration that included construc-
tion of north-south (Cuiabi-San-
tarém) and east-west (Transamazon)
highways connecting the Amazon
Basin internally and linking the area
to the south of the country. The goal
was to move 100,000 families into
the Amazon Basin in the first five
years and to service them by a hier-
archical network of settlements and
service communities (Moran 1981,
Smith 1982). However, because of
the oil crisis of 1973 and changes in
political priorities, many of the roads
to the farms were not built and in-
stead of the 100,000 families fore-
seen to participate in the Trans-
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amazon Settlement Scheme, only
6000 families came in the planned
five-year period.

In 1966, a plan to encourage Bra-
zilians to occupy the Amazon cre-
ated a development agency (SUDAM)
and a regional development bank
(BASA) through which individuals
or firms could invest in projects
within the Amazon region. The
small-property farmers coming to
the Transamazon highway were not
given access to these fiscal incen-
tives. Instead, they received in the
first few years short-term loans at
favorable rates for raising annual
crops such as rice, corn, and beans.
But in other areas of the Amazon,
larger operators (mostly cattle ranch-
ers) could have 50% of personal and
corporate income tax liability

invested in approved-projects,’

Through these development projects,
not only did they not pay taxes to
the federal government but they re-
ceived $3 for every dollar invested
inan Amazon development project—
and got to keep all $4 and its capital
gain tax-free. This sort of fiscal in-
centive was too much to pass up.
Most of the deforestation in the
Amazon Basin is traceable to this
policy (Fearnside 1987a,b, Hecht
1980, Kleinpenning 1975).

Not only was this tax holiday and
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subsidy attractive in its own right,
but a great majority of approved
projects were extensive cattle
ranches. The conversion of forest to
pasture took place at a rate of ap-
proximately 8000-10,000 km* per
year in the 1970s (Mahar 1988) and
averaged 35,000 km? in the 1980s
(Fearnside 1989). The incentives
were formally removed in the late
1980s through international pres-
sure on Brazil.

Cattle ranches currently cover at
least 8.4 million hectares and aver-
age 24,000 hectares each (Mahar
1988); some are as large as 560,000
hectares. These ranches employ few
people, averaging one cowboy for
every 300 hectares. According to a
recent study, a typical 20,000-hect-
are ranch receives a 75% subsidy,
and its livestock activities are prof-
itable only when it receives rhe full
array of tax advantages (Hecht et al.
1988). Without these advantages, a
ranch cannot operate profitably nor
achieve positive internal rates of
return.

There can be little doubt that
without the subsidies deforestation
rates would have been much lower,
demonstrated by the decline in rates
of deforestation since the removal
of most fiscal incentives and tax
advantages in 1987. The conversion
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Figure 1. Spectral signatures of features in Altamira from supervised classification
based on a Landsat Thematic Mapper (TM) 1991 scene and field study. Crop and
intermediate succession are separable in TM band 4. Bare soil is the only condition
that is separable in TM bands 1, 2, and 3. Water and wetland are largely separable
only in bands § and 7; but forest and wetland are indistinguishable if one relies
solely on band 7. This consideration is important in that use of photographic
products from Landsat often relies on only a single channel, or a couple of
channels, in printing cut an image—rather than working with most of the bands

in seeking out separable {eatures.
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of forest to pasture is not the result
of local population pressure, as it is
often assumed by scholars unfamil-
iar with the peculiar political
economy of Brazil (Denevan 1980).
In fact, there is growing evidence
that the conversion of forest to pas-
ture leads to rural depopulation in
Amazonia (Mougeot and Aragén
1981).

The two other sources of defores-
tation in the Brazilian Amazon are
mining and timber activities. One
recent large-scale mining develop-
ment has begun to have a poten-
tially devastating impact. Tax holi-
days were offered for the production
of pig iron in the Great Carajas
region, and plants were designed to
operate using locally produced char-
coal. Some smelters are already in
operation. Annually, 610,000 hect-
ares of forest would be cut for mak-
ing charcoal for the smelters in the
Greater Carajas pig-iron projects
alone. The Greater Carajds area ac-
counts for 10% of Brazil’s total ter-
ritory.

The importance of timber exploi-
tation in deforestation began to be
noticed only in the 1980s. In the
most recent statistics, four of the six
states in the region depend on wood
products for more than 25% of their
industrial output (Browder 1986).
In Rondonia and Roraima, wood
products account for 60% of the
output. The number of licensed mills
has increased more than eightfold
since 1965, and the annual output
per mill has doubled during the same
period. The Amazon region of Bra-
zil accounted in 1984 for 43.6% of
national roundwood production,
compared with only 14.3% ten years
earlier (Browder 1988). The declin-
ing contribution of Asian forests to
the world’s demand for tropical
wood products will lead to further
increases in these activities in the
1990s.

Despite the inherent difficulties,
timber exploitation is a form of land
use that will have to be monitored
from space because the Amazon
Basin is so large and access to re-
mote areas is difficult. Because most
timber activity in the Amazon re-
moves only a couple of trees per
hectare, from satellite platforms it
has been difficult to distinguish it
from natural treefalls and gaps. Once
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Figure 2. Distribution of nine classes derived from supervised classification of
Landsat TM for the area from the town of Altamira to 70 kilometers west of town
along the Transamazon Highway. Left, 1985; right, 1991. The river on the right

is the Xingu.

the timber exploitation occurs, it
may be possible to observe it be-
cause of mortality in the thinned-
out area. As Uhl and Vieira have
suggested, selective logging has a
devastating impact on the surround-
ing forest, leading to as much as
40% mortality (Uhl and Vieira
1989).

The net result of road-building
and the associated activities of farm-
ing, ranching, mining, and logging
has been devastating to the tropical
forests of the Amazon. This atten-
tion on deforestation, however, over-
looks the fact that as soon as an area
has been cut down and burned, there
is rapid regrowth through sprout-
ing, seed deposition by mechanical
and faunal means, and seed sur-
vival. Field studies have shown, time
and again, that forest rebounds rap-
idly after cutting and burning, even
after a few years of light grazing
(Buschbacher et al. 1988, Uhl and
Buschbacher 198S5).

Even in relatively oligotrophic
areas, forests return because many
of the forest species are tolerant of
the low-nutrient stocks and acidity
found in many of the soils of Ama-
zonia. Lost nitrogen is replenished
by leguminous species, which are
common in many parts of Amazo-
nia. Regrowth of forest species is
more often inhibited by seed and
sprout predation, loss of seed vi-
ability, and absence of seed sources
than it is by soil degradation (Uhl
and Vieira 1989).

A study of forest recovery on 12
abandoned pastures near Para-
gominas found that trees were re-
colonizing 11 of the 12 sites. It seems
that when an area cleared is not

large, so that nearby seed sources
are available, and if repeated
burnings of the same area are not
undertaken to destroy the seed bank,
forest regeneration is quite likely
(Buschbacher 1986, Buschbacher et
al. 1988). Depending on the length
of time elapsed since clearing, the
forms of land use, the presence or
absence of fire, and the initial soil
fertility at the site, regeneration af-
ter clear-cutting has ranged between
7.25 and 12.6 tons of biomass per
hectare per year (Uhl 1987, Uhl et
al. 1982).}

From farmers’ points of view, it is
regrowth more than declining soil
fertility that stands as the most seri-
ous obstacle they face to obtain an
acceptable return on their labor.
Twenty years after the start of
Transamazon settlement, farmers
commented that they had been
poorly informed by the government
and the development banks. A com-
mon complaint was that, if they had
only known how vigorous plant re-
growth was going to prove, they
may not have cleared as much land.?

Much of the land cleared in the
past 21 years in the region of
Altamira is today at some stage of
secondary succession. The cost of
keeping an area cleared of pioneer
species is prohibitive to most farm-
ers. Given this experience of farm-
ers in the region, it is socially and
economically important, as well as
ecologically significant, to examine
the processes of land use that lead to
differential outcomes in rates of sec-

1A. P. M. Galvio, 1989, unpublished manu-
script. EMBRAPA, Brasilia, DF.
2E. F. Moran, unpublished observations,
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