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ABSTRACT

A new method' 01 classilying land use in Amazonia was tested in an area nodh 01Manaus Landsat TM images acquired in August 1988

and 1982 were' calibrated by spectral mixture analysis and converied into lraction images 01 lour spectral endmembers:

shade,

unshaded green vegeltation, wood and soil. Mixtures 01these endmembers accounted lor the speclral varation in the TM images 01the

study area fo within the TM system noise llevel, Combinations 01the endmembers
lorest, cleared | areas wilh slash, cleared areas wilhoul
Irom ‘one landuse type to another were expressed as changes (in lhe relative ftractions 01 Ihe endmembers.

land use, including undisturbed
Gradalions

in various |proporfions described the main types 01
slash, pasture, and second growdh torest,
Differences

between |he Iraclions 01 lhe endmembers in lhe 1988 and 1989 images were used lo inler changes In land use, Including cleasng and
regrowth = 01'vegelalion. Al 01lhe land-use lypes showed spatiet and / or lemporal ftransitions: to the olher types. Field observations
were made in Ihe sludy area in 1988 and 1989 Land-use and changes inlerrad Irom Ihe Iraclion images were correct al ali D1the sites

visiled,  Spedral

endmembers  similar to Ihose lound iin Ihe Manaus area occur Ihroughout

Amazonia: Iherelore. spectral mixture

analysis. may lbe a reliable way 01moniloring  changes in land use over the enlire region.

INTRODUCTION

Changes in the land surace can be detected on images in two
ways by spatial pattern and by speciral signalure. The' mosl
obvious and widely used approach is lo idenlily lamiliar spalial
patterns  thal correspond  lo known cultural or natural
processes.  For example, clearing 01 Ihe lorest in Amazonia
lypically progresses  outward Irom roads;, and may result. iin
areas fhat have slraight |boundaries = and regular palterns.
Cleared areas also are lighler in lone lhan lhe lorest in most

rellecled  lighl images (Recognilion 01 pattems, however, |s
crilically = dependenl  on spatial resolulion.  AVHRR, wih
kilomeler-scale  pixels. can reveal only the rnost bold patterns

(e.g. Tucker el al, 1983), whereas Landsal TM wilh 30 m pixels
and SPOT wih 10m pixels can record considerably more
delail., The price lor lhis detalt 1s Ihat the coverage 01 each
scene s small relative lo Ihe amounl 01area lo be surveyed

Although  |he main pattens 01 lores! clearing can be
recognized on Landsal and SPOT images il Is diflicult. Irom
spatial| analysis al lhis scale lo determine l|he condilion: 01 lhe
cleared areas and how Ihey are being used. For example,
spatial. analysis alone cannol dislinguish between paslure and

second-growlh | torest or belween slash-covered areas and
bare soil. To make such dislinclions il is necessary lo classily
pixels on lhe basis 01 lheir spectral properties: For specirat.

-analysis [he besl results are achieved wilh many bands  Thus,
Landsal TM is prelerable to AVHRR or SPOT.

Convenlional | methods 01 image - enhancement and 01 spectral
classification  (e.g: Singh, 1987) such as color composiles.
ratios  (including  various  vegetalion indices), , principal

components, and other multivarianl dassiliers can discriminate

belween areas |hal are vegelated and |hose Ihal are clear 01
vegetalion when applied to muttispectral limages 01 Amazonia.

However, we lind |hal these methods .are not reliable indicalors

01 vegetation type ~and stature Vegetation indices reveal |
cleared areas. bul incorrectly classily regrowlh and torest

Conventional, image-processing methods.  were unable to
distinguish  between :soil and slash, espedally at the subpixel

scale, which we will show is importan! lor classilication 01 land
use.

In Ihis paper we use a diflerenl approach to image classilication
that we lerm “spectral | mixture analysis" (Adams et al. 1986,
1989; Smith et al.. 1990a). Natural sutlaces  measured | by
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satellite commonly are spectrally varable al lhe sub-pixel scate.
and conventional classes may difler only in the propostions 01
the spectral components that comprise the scene In speciral
mixture analysis these |undamentall = spectral components

(endmembers) are delined in terms 01 laboratory or lield
reflectance spectra 01well characterized materiais, and pixels
are modeled as mixtures 01 |he endmembers. Based on lield
observations the main classes 01 land! use in the area studied
are lorest, cleared areas, pasture, and second growlh
vegelation. However. ‘each: 01these classes is highly vanable
For example, 'pasture may be all grass or a rixiure 01grass, soil
and slash. In addition, each: 01the classes is transitional into the
other. For example, abandoned pasture’ becomes transiticnal

into second growth torest

Our analysis' 01 TMI images and comparison  wilh lield
ocbservalions ~ demonstrares  that when lhe speclral vadability in
lhe scene is delined in lerms 01 lour spectral endmembers,

shade, unshaded vegetalion, soil and wood, that the main
classes 01land use can be reconsiructed to within |he accuracy
limitations: 01 the TM system lilsell The -analysis takes into
account in-crass variability and gradalions Irom one class to
another al all spatial scales.

MATERIALS ANO METHODS

Landsal. TM #mages 01the Manaus, Brazil area were acquired
Irom the Institulc de Pesquisas Espaciais (INPE) Two scenes.
one lor 15 August 1988 and one lor 2 Augusl 1989 were
studied. A 1077 x 489-pixel subset 01 a padially lorested and
pactially cleared area north 01 Manaus was examined in detail
(Fig: 1) Spectral mixlure analysis '(Adams et al. 1986, 1989
and Smith et al. 1990ab) was used to select relerence
endmember specltra and to calibrate the images to rellectance.
Comparisons ~ were rnade between Iraction images and
normalized difference vegelation index (NDVI) images

Field studies were made in August 1988 and in September-

November | 1989  Field samples were collected lor
measuremen 01 spectral reliectance ~ in Ihe laborajory.

Laboralory = spectra. were convolved ' wilh The TM barnds Io
permil comparison ' wilh lhe images. Selecled ' sltes were visiled
on lhe ground and studied on aerial photographs  Fraclion
images derived Irom the 1988 TM data were taken into The fietd
in 1989 lo test lhe classilicalion results



RESULTS

Four spectral endmembers were selected Irom) a larger set that
included labgratory and field spectra 01 samples Irom the study
area north 01 Manaus The endmember = spectra are those 01
shade, unshaded vegetation, -soil and wood Spectra are
shown in Fig 2 The shade endmember was synthesized, and
it incorporated  a component 01 light fransmitted  through green:
leaves.

Fraction images were made 0l each 0f the endmembers lor
‘both the 1988 andl the 1989 scenes (Figs. 3ab-6ab) Lighler
tones on the Iraction images correspond to higher Iractions 01
the endmembers.  The highest iraclions 01 shade occur in lhe
areas 01 mature lores!.. Cleared areas and regrawlf | vegetalian,

imeluding | closed-canopy - Cecrogla. starids. have lower Iractions
01 shade ‘and are clearly distinguished [rom Ihe torest In the
vegelationdracion  images the Gecropia-covered . areas show
the highest Iraction: 0! vegelalion, primarly because the
rélatively flat. unbroken canopy 01 second-growlh Cecropia  has
‘a low 'lraction 01 shade, but also because little soll or woody
material s exposed Elsewhere in lhe cleared areas vegetalion |
Is mixed with the soil and wood endmembers: The -soil and the
wood endmembers  are presenl  lhroughoul  most 01 lhe
cleared areas in varous propostions  Woody material is present
in most clearings and pastures:  Soil is the dominant

endmember | along roads.

Flve classes 01 land susface were delined using the relative
Iraclional = abundances 01 lhe lour endmembers: 1) mature
forest (inlermediate  Iraclion 01 vegelalion, inlermadiale shade,
low wood, no soil), 2) woody debris (high: wood, low soil. llow
shade. no vegetatton): = 3) bare soli (high soill low ‘wood, no
shade. no vegelation), 4) paslure ({intermediate vegelation, low
o internediate  wood,. low soll. low shade) S) shrubftree

regrowth  (high vegetalion. low shade. low wood, no :soil)
These classes themselves: may be lreated as endmembers.

because  lhey may mix with one another al the sub-pixel scale
and may be expressed as Iraclion limages.

The resulls 01 classilying the TM images were tesied using lield
observalions, . ground photographs and aeriat pholographs. - In
ali areas. examined, Ihe classilication was lound lo be
qualliatively  comecl, that is, Ihe relative proportionsi 01 Ihe lour
endmembers were verilied.! For example, . paslures = with slash
remaining were correctly distinquishad Irom. ones that' were
ciear. pastures wilh partial second growlh were consistently
separated Irom ones having only grass, Ssecond growlh was
rellably dislinguished  lrom mature lorest etc No attempt was
made lo assess the quantitative accuracy 01 the Iractions 01 the
endmembers in this areal Quanlilative = assessment’ Is diflicult
and perhaps inleasible excepl in small ameas  Such
measurements  must be made close 10 the time 01 Ihe salellile
ovedlighl,  because cutlling, buming 0! slasd and regrowth 01
vegetation may vary significantly. on the scale 01 weeks tfo
months, In addition; lhe measurements |hemselves are time
consuming  and| subjecl to substantial eror For example, we
dtd not consider il leasible 1o measure in the leld the areal
Iraction 01 woody material, lincliding @ trunks ‘and branches,
covering - aréas 01 recently cut forest [For an evaluation 01 the
accuracy 01 spedral mixture anaiysis lor measuring Iractions 01
vegetalion  ‘'see Smith &t al, 18902

Fraclion images 0! each endmember lor 1988 and 1988 were
difierenced = (Figs. 3¢-6¢). lIn the difierence images  lighter tones
indicate 'more 0! lhe endmember in 1989 lhan in 1988 No
changes were detected in the lorest between Ihe two images.
In the cleared areas. however, there are significant; changes in
‘gach 0l the endmembers. Changes in one endmember rnust
be accompanied by changes in others., because the sum 0l the
endmember: Iractions s unity.
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Changes . in two or imore: endmembers were used to deduce
sutace processes. For example, at Fazenda Dimona (arrow) a
dark spol on the vegetation diflerence image (Fig. 4¢) indicates
a loss. 0l vegetation from 1988 to 1989, The same spot Is dark.
on the shade diflerence’  image (Fig: 3¢) which lis consistent.
with a decrease, in shade due to cutting 0! vegetation.
However, the spot is white on the wood difierence image (Fig.
Sc). Indicating  an increase In woody material. which also is
consistent wilh cutling 01 vegetation. The soll diflerence. image
(Fig. 6c) Is unchanged in this area, suggesting thal soil was not
exposed at either tme We conducted lield work: August 1988
and in Seplember 1989 and verified | that this: area was cleared
01 second growth vegetation in July 1989

A sscond example llustrates regrowih 01 vegetation = during
one year.. There are three imegularly, shaped areas in [he lower
left comer 01 the diflerence images in Figs acst in the
vegelation = diflerence image (Fig: 4c) these ‘areas are light
indicating  new vegetation  present in 1982 The same aréas on
the wood diflerence Image (Fig. Sc) are dark,. indicating ' that
woody material | disappeared  during |he ‘same lime Our
inlerprelationt s that these areas were covered wih slash in
August 1988, but by Augusl 1989 |hey had been
revegelated = Furthermore, the new vegetalion has a low shade
Iraclion that is consislent wilh Cegropia = Thus, we conclude
that these areas had been cul belore 1988 (probably Irom
lorest because 01 lhe large Iraclion 01 woody debris) and
secondary succession was occurring

in lhe
1) cut

We delined nine dynamic cdasses based on changes
slatic classes over lhe one year belween the TM images:

malure loresl, slasi left on ground; 2) cut mature torest. slasn:
cleared; 3) woedy debris removed Irom cleared area: 4) woody
debns overgrown by vegetalion  (shrubliree regrowth or
pasture), . S) bare soll overgrown = (shrubltrse  regrowlh or
pasture), . 6) pasture vegetation . reduced, 7) pasture
overgrown, 8) shrub/lres « regrowth  cut, slash left on ground,! 9)
shrubliree:  regrowth cleared to bare soil. The change Irom

shrub/tree regrowth fo mature forest was not observed (in one
year  Areas unchanged In one year were mapped separately
Irom the dynamic  classes.

Vegelalion indices were calculated lor both 0l Ihe uncalibrated

TM images. The normalized = diflerence vegetation index (NDVI)
image lor 1989 Is shown in Fig 7. Lighter tones on the image
indicate hlgher values of INDVL, The NDVI images 01 lhe study
area for both years are nearly identical with the corresponding

vegetation-Iraction: - ' images. Note: that the lhighest values 01
NDVI .occur in the Cecgropia-covered  areas, and the lowest
values are in the areas having! high soil and wood Iraclions. The

lorested regions have intermediate NDVI values,.

DISCUSSION

The stafic ‘and dynamic dasses described | above were derived
from mixtures 01 endmembers. The endmembers — (excepting
shade) were spectra 01 known materials on the ground, thus,
diflerent  Iractions 01 the endmembers = iR each pixel were
interpreted  within  the lamiliar  framework.. 01 field! observations!
In contrast, pixel radlance values were nol easily interpreted  in
terms 01 matenals. especially when the susfaces were
Numinated dilferentlyl  The static classes defined in the study
area were Inherently fiexible in that they graded Into ‘one
anotiier: wilh. changing  |proportions 01 the endmembers.  The
endmembers  were: Invariant. Therelore. ' they were valid from
one image to another, regardiess 01 dilferences: In atmospheric
conditions, instrumental response ~ and lighting. The
endmembers  did nol change  Irom 1988 to 1989, however,
their relative proportions = did lor ‘many parls 01 the scene,
permilling, assessment = 01 the processes occurring on the
ground.



In contrast to the spectral mixture analysis, in which ali six TM
band are used, the NDVI relies on only two bands (TM3 and
TM4). There is strong spectral contrast in chlorophyll at these
wavelengths. As a result, the index is sensitive to the
abundance 01 green vegetation and is qualitatively equivalent
to the vegetation Iraction image (Fig. 4a,b). Because the NDVI
does not utilize the lour remaining TM bands, it is less sensitive
to shade, woody plant material or soll, providing no measure 01
other components within the image. Neither the vegetation
Iraction nor the NDVI measures the amount 01 vegetation cover
as it would be determined in the lield. However, the lraction
images can be normalized with respect to the shade Iraction,
providing an estimate 01 vegetation cover which is similar to
vegetation cover in the lield.

Il the INDVI is interpreted as a measure 01 vegetation cover the
results lor the study area are inconsistent. For example, the
NDVI, interpreted in this way would indicate that the lorest has
less vegetation than the Cecronia-covered areas: In lact, both
areas nave 100% cover 01 vegetation, but the lorest has more
shade.

From these results we conclude that the NDVI and the other
ratic-based vegetation indices are not suitable to measure
vegetation cover in the study area. As the study area is
representative 01 many lorested and cleared regions these
conclusions probably apply generally.

The spectral endmembers, vegetation, wood and soil that were
delined in the study area represent broad classes 01 materiais
on the ground. There are, 01 course, spectral variations in
green vegetation, woody material and solls, even within the
study area. These variations, however, are small relative to the
dilferences between the endmembers, and they are dilficult to
resolve spectrally with the TM bands. In addition, it may not be
necessary to examine a TM scene in such detail. For example,
there is a range 01 spectra lor the bark and branches o1 living
trees and shrubs, and lor slash in various stages 017 decay.
Even il TM could resolve ali 01 these spectral dilferences
(which the system cannot, within system eror) it is not
necessarily desirable to distinguish these varieties 01 woody
material lor the purposes 01 a general land use classilication. It
is impartant, however, to be able to distinguish the broad class
01 woody material lrom soil or green vegetation.

Because the spectral endmembers that apply to the Manaus
TM scene represent broad classes 01 materiais (and shade) it
may be possible to apply the same, or similar, endmembers to
images 01 other lorested areas in Amazonia. Our preliminary
work with Landsat images o1 other regions supports this
conclusion, although no field work has been conducted yet,
We suggest that the approach described here may be a widely
applicable way to monitor cutting, clearing and regrowth 01
vegetation and 01 assessing changing landuse.
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EWiirat1. Bapd 4 01 Landsal Themalic Mappér sceme 01he Manaus area. Brazfl acquined 2 Augusl 1989 The area
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= g) Fraclion Image 1 /he shade spectal endmember  for Ihe 1988 TM subsel  Ughter lones indicaté  higher Iraglions  01'the-
endmember. b} Same for 1988 ¢) Diflerence Betwesn lraglion Jmages 1989 - 1988 Lighter lones. Indicata 2 higher Traclion
011he endmemibes In 1989 than h 1288
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Egure -4 a) Fraclion image of unshaded gresn vegstation endmember, 1988 b) Same. 1983 c) 1989 -1568.
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Fig. S€

B a) Fraction image Qlweod sendmember. ' 1988, b} Same, 1989 ) 1889 -1988.
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Fig.6a

Fig.6b

Flg.Bes

Eigass...fl @) Fraclion image O1soil endmember, 1985, b) Same, 1989 c) 1989 -1988
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