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Introduction

The tropical forest biome is the most
diverse in number of species or in
germplasm, is among the most productive
in terms of net primary production. con-
tains the greatest biotie carbon reservoir.
and remains one of the Teast well-known
aspects  of the  Earth's  surface.
Taxonomists have identified one-half mil -
lion of the several million species that live
in this biome (Mevers, 1950). Unfor-
tunately,  clearing  of  tropical  forests
threatens extinction of species on a scale
probably unprecedented in the Farth's
recent history. The Amazon Basin of
South America makes up about 66% of
the arca of the remaining tropical forests.
Within the greater Amazon Basin atten-
tion has focused upon the Brazilian por-
ticn because it is the Fargest poltical unit.
Tropical forests in the Brazilian Amazon
Basin cover 3,000,000 k=, of which about
half is tropical moist forests and  half.
tropical scasonal forests (Fearnside, 1952).

The extent and rate of forest clearing in
the Amazon Basin are the subjects of
CElevier Scrence Publishing Coo, el 1954
32 Vanderbilt Avel New York, NY 10017

continuing controversy. Estimates of the
cumulative area cleared range from about
72,000 kin® for the total Amazon Basin
through 1978 (Tardin et al., 1975: 1979;
1950) to 260,000 k™ for the rain forest
portion of the  Anazou through 1979
(Mevers, 1980: Sioti, 1950). The rate of
forest clearing in the total Amazon Basin
has heen estimated to be as low as 10,000
K= vear and as  high as 100,000
Kin=/vear (Meyers, 19800 Muthoo, 1977).
The lack of any systematic data on the
subject has hampered discussion of what
many scientists feel to be a major ccologi-
cal crisis with serious biological. climatic,
and political ramifications. One possible
means of colleeting these data is satellite
remote sensing.

Hercetofore, the majority of satellite re-
mote-sensing stulies of  the terrestrial
surface have used the Landsat satellites.
The Landsat multispectral scanner (MSS)
with its four reflective channels. 1S-day
repeat eyele, SO-me spatial resolution, and
185-kin image swath has been used to
monitor tropical forests (Williams and
Miller, 1979). However, certain features
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of the Landsat MSS are not well suited
for accurate assessment of forest clearing.
There is difficulty, for example, in dis-
tinguishing regrowing cleared arcas from
undisturbed  trepical forests. This diffi-
culty results from the spectral config-
uration of the Landsat MSS and  the
sensitivity of this sensor system 1o green
leaf biomass and not total standing hio-
mass (Tucker et al., 1951, Thus, a re-
growing cleared arca with a dry leaf
biomass of 00 g m® and a total dry
hiomass of 1000 ¢, m* can be spectrally
identical in the Landsat MSS bands to
virgin tropical forest with a dry leaf bio-
mass of -100 g/ m” and a total dry bionass
of 40,000 ¢/m= This criticism has heen
raised by Fearnside (1982) in reference to
Landsat  MSS  assessments of - Anazon
“learing by INPL, the Brazilian National
Institute for Space Rescarch (Tardin ot
al, TOTS: 19790 1980). We now report on
a study, covering part of the southern
Amazon Basin, that has used data from
the advanced very high resolution radi-
ometer (AVHRR) on the National Oc-
canic and Atmospheric Administration’s
seventh satellite in the TIROS-N series of
near-polar-orbiting,  sunsynchronous  ¢n-
vironmental satellites (NOAA-T).

Anproach

NOAA-T has a mean orbital period of
9.2 days, overpass times of 0230 /1430 h
local solar time, 1024 quantizing levels, a
+£567 field of view, an image swath of
about 2700 ki, and spatial resoletion at
nadir of 1.1 km. The AVIIRR has five
spectral channels: 00,35 0,68 jon (channel
D053 L1 e (channel 2): 3.5-3.9
(channel 3): 10,5 11.5 pm (chananel -b:
and 11.5-12.5 pm (channel 5) (Kidwell,
1979). The first two AVIRR channels are
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spectrally similar to Landsat MSS chan-
nels 5 and 7, respectively, and both in-
straments are thus able to monitor the
areen leaf biomass of plant canopies
(Tucker et al, 1981, For veeetated
targets, chamnel 1 is sensitive to in situ
chlorophyll while channel 2 is sensitive o
the creen leaf biomass (Tucker. 197S).
Channel 3 is sensitive to a combination of
reflected and  emitted while
channels -8 and 5 e sensitive to only
cmitted or thermal radiation from the
tareet (Matson and Dozier. 1981: Weinreb
and T 1950). The outstanding char-
acteristic of data from the NOAA satel-
lites is high frequency of observation:
nearly  worldwide AVIIRR fmagery s
available daily. In practice, however, more
useful data for a given target can be
obtained 23 days out of every 9 because
of the difficulties in using data with ex-
treme Took angles.

We obtained NOAA-T AVHRR data at
O-day intervals from May to September
1952 over the general area of loug,
DOPW637W hetween lat. 15°S and 3°N.
with particular emphasis on the state of
Rondonia, Brazil. Rondonia has been re-
ported to be experiencing the most rapid
rate of forest clearing in the Amazon Basin
(Table 1), One image from 9 July 1982
that was Targely cloud-free over Rondonia
was processed on the NASA, Goddard
Sensor - Fyvaluation Branch’s  Hewlett-
Packard 1000 image processing computer
systen. Data from all five AVIIRR chan-
nels were mapped to a Mercator projec-
tion,

radiation

Results and Discussion

Inspection of the channel 3 image in-
dicated a series of linear features of higher
spectral retum radiating from highway
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INTENSIVE FOREST CLEARING

BR-36:4 in Rondonia between the towns
of Aviquemes in the north and Pimenta
Bueno to the sonth, Additional linear areas
of hicher spectral return were apparent
Vilhena near the Bolivian border (Fig, 1),
We interpreted these features 1o he o
Rrge-scale, systenndic forest disturbanee
becanse of their reaularity and close s
soctation with hichway BRO6G4 Dicital
count differences between virgin forests
and the areas of forest disturbance were
found to averace 46 counts for channel 3.
20 connts for channel £ 13 counts Tor
channels T and D and 3 coanids for chan-
nel 2 (Table 20 The phyacal reason for
the high sensitivity of channel 3 to the
forest disturbance is not well understood.
However, we sugeest that it is related to
the sensor’s wique response to emitted
and ceflected energv, The linear forest-
disturbance  features
some arcas but not in others when the

were apparent in

23

normalized-difference measure for green
leal density was calenlated as [(0.73 1.1
i = (055 0.65 o] (1073 = L1 )
055 0.65 | and displaved (Fig, 2).

A ficld verification mission was under-
taken in Septenber 1982, Site visits were
made at numerons locations alonyg high-
BR-361 Portao Velho and
Pitnenta Bueno, vwhere the linear forest-

waty Dietw cen
disturbunce features were found to be
forest-clearing swaths some more than
SO R long, about ki apart. and
~ 6O NS00 e wide (Fiao 3y, The large-
seale primary forest disturbance apparent
in Fie T is a covernment-plaamed coloni-
zation project in which nigrants to
Rondoniare sold 100-ha (500 - 2000-m)
ots of forest to nse for acriculture or
pasture. Each ot has about 500 m of voud
frontace. Clearing on o lot heains nearest
the access road. then gradnally moves
away as the farmer clears more land to

FIGURE 3

Photowraph tiken o one of the cleaed ateas appatent o Fig, 1 These areas are
approxitels DO SO0 wade aond can estend upsvards of SO Ko leneth.
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maintain or increase agricultural produce-
tion and to reach soil not vet depleted of
nutrients (World Bank, 195D, Currently,
the colonization project comprises wide
arcas of agriculture and pasture adjacent
to the access roads, with relatively narrow
arips of primary forest between, This
pattern accounts for the licht and dark
paraller Tines apparent in the arids of
Fig, 1.

Economical crop production on a given
lotis usually Timited to T vears because
of plant diseases, decreasing soil fertility,
aned the prohibitively high cost of chemi-
cal fertitizers tWambeke, 1978). This Land
obsolescencee is compensated for by elear-
ing more of the primary forest. The rate
of forest clearing is increasing as new
settlers arrive and new colonization pro-
jeets are begun to accommodate them.
The paving of highway BR-364L nander
funding by the World Bank and due for
completion sometime in 19S4, is expected
to facilitate immigration and cenlarge the
markets for the agricultural and  forest
products, thereby increasing the pressure
for forest clearing.

Fstimaltes of forest clearing in Rondonia
are few. Inspection of the 1972 1973
radar imagery for Rondonia at a scale of
1:250.000  showed  only  minor  and
scattered forest disturbance along BR-36-1
(RADAMBRAZIL. 197S: Tucker ¢t al..
1953). More recent (11 November 1951
radar imagery from the space shuttle Col-
umbia imaging radar indicated an area of
forest-clearing roads adjacent to the Rio
Guapare at about long, 62°10°W, fal.
12°50°S (Tucker et al.. 1983). Estimates
of primary forest clearing for Rondonia in
1975 and 1978 indicated that 1200 ki
and 12200 k=, respectively, had  heen
cleared, an increase of 3000 kin” in the 3
vears (Table 1), Aftera series of classifica-

COMPTON | TUCKEN FT AL

tions, onr data of 9 July 1982 indicated
that as a llI()Sl'('()lIS(_'l'\'illi\'(‘ estimate about
9200 ki was cleared in the areas adjace-
cnt to BR-3GE We conclude that previons
estimates of the cumulative forest clearing
it Rondonia have been conservative and
that forest clearing is aceclerating along
BR-36:F and will probably inerease further
with the paving of this highway,

This areacin Rondonia presents an ideal
opportunity for testing
techniques for monitoring tropical forest

remote-sensing

clearing, We helieve that a combination
of coarse-resohition off-nadir viewing
sitellites for Targe arca survey, finer spa-
tial resolntion sensor svstems for more
detailed studies. and radar svstems would
olfer a locical multi'level link to the
“eround truth™ data necessary for acen-
rately assessing tropical forest clearing, It
is only by collecetion of these data that the
rate of tropical deforestation can be accu-
rately determined.

We  thank G Woodieell. I Stone,
D. Williams, and J. Otterman for sugges-
tions on the manuseript,

Relerences

Fearnside, P M (19820, Deforestation in the
Brazilian Amazon: How fast is it occurring?
Interciencia 7: 82 S8,

Kidwell, Ko A (1979), NOAA Polar Oebiter
Data (TIROS-N und - NOANA User's
Cuide, NOAN National Climate Center,
Wiashington, D.C..

Matsons Moand Dozier, ], (19S1), Indentifi-
cation of subresolution high temperature
sorrees using w thermal 1R sensor. Photo-
e Ing, Remote Sens, -1 B36Y9 1380,

Mevers, No (1950), Conrersion of  Tropical
Moist Forests, National Academy of Sei-
ence. Washington, D.C.L, 205 pp.



INTENSIVE FOREST CLEARING

Muthoo, M. Ko (1977) Perspectivas ¢
Tendencias do Setor Florestal Braileiro.
1979 a 2000, Serie Teenica S, Instituto
Brasileiro de Desenvaluimento Florestal,
Brasilia.

Projeto RADANMBRAZIL (1979, Folha Sc. 20
Porto Velho, Ministerio das Minas ¢ En-
ergia. Departmento Nacional de Producan
Mineral, Rio de Janeiro.

Sioli. H. (1950), Foreseeable consequences of
actal development schemes and alternate
ideas, in Land, People. and Planning in
Contemporary Barberia-
Scazzocchios Fdo, Center of Latin Ameri-

Amwazonio, (F.

can Studies, Cambridee University: Press,
Cambridec, 313 pp.

Tardin, AT Dos Santos, AL P Morads Novo,
I ML Loand Toledo, oL (1975), Projetos
Agropecuarios  da Desmata-
mento e Fiscalizacaoraltorio, .\ Amezonia
Brasileira Foeo 12: 7 45,

Antzonia:

Tardin, AT et al (1979) Levamtamento de
Areas de Desmatamento na Amnazonia Lewal
Atraves de Tmagens de Satelliee Landsat,
INPE-COM3.NTE, CDU 62135 SR, In-
stituto Naciotal de Pesguisas Fspaciais, Sao
Paulo, Y pp.

Tarding A, T, et al.
Sesmatamento. Convenio IBDEF.CNI-
INPE 1979, Relatorio No. INPE-1644-
RPEZ103, Testitnto Nacional de Pesquisas
Fispaciais, San Paulo, -4 pp.

{1950y, Subprojeto

241

Tucker, C. ] (1978), A comparison of satellite
sensor bands for monitoring  vegetation,
Photogramm.  Fng. Remote Sens, bk
1364 1380,

Tucker, C. [ Holben, B. NL Elein, | F.and
MeMurtrey, o ML (1981, Remote sensing
of total dry matter accnmmlation in winter
wheat, Remote Sens, Environ, 11 171 189,

Tucker. Co ] Holben, B NL and Goff, T k.
{1953). Forest clearme in Rondonia, Brazil
as detected by NOAN AVHRR imagery,
NASA GSFCTM S3015 Greenbelt, Mary-
Fand. 33 pp.

Wambekeo A Vo (197S) Properties and
potentials of soil i the Aazon Basin,
Iterciencia 3: 233 241,

Weinreh, M. Pooand THIL ML L (1950), Caleu-
lation  of Radiances  and
Brichtness Infrared
Window Channels ot Satellite Badiometers.
NOAN  Technical N1ISS-80,
Washineton, D. €.

Williuns, D 1 and Miller, 1o DL (1979,
Mouitoring Forest Canopy  Alteration
Around the World with Digital Analvsis of
Landsat Tnigery, NASA, Washington,
1. CLA8 pp.

World Bank (1981, Integrated Development
of the Nortloeest Fronnes . World: Bank,
Wishington, D. €., 101 pp.

AMmospherie
Temperatures  in

Report

Recvreed T Aprd TOS3: revsed 19 Jaly 1953



