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ABSTRACT 

Two research projects were carried out to test the capability of 
LANDSAT data for pastureland and reforestation studies. The results ot 
are 1) the degradation of pastureland after deforestation can be ider 
automatieally using four indicators: the percentages of exposed sou, 
soit, types of "juquira" and Gramíneue speeies; 2) pine and eucalypt p 
can be identified manually and automatically. The classification accu 
image-100 is 94.31% for pine and ranges from 67.23% to 92.30% for eue 

1. 	1NTRODUCTION 

This paper presents two examples of the methodology developed in 
institute for Space Research (INPE) for the application of LANDSAT dat 
survey of forest resources. 

Two researches with different methodologies are presented separ 
1) the viability of using LANDSAT data to evaluate the degradatíon of 
1. and after deforestation in the Ama zon region (Pari State); 2) the uti 
of LANDSAT data to evaluate reforested arca in the State of Mato Gros 

These two research projeets were carried out with the cooperatic 
National Superintendence for Amazonia Development (SUDAM) and Brazili. 
for Forest Development (IBDF), and the methods developed are ai ready 
ai. st age 

2. 	RESULTS AND METHODS 

2.1 	PASTURELAND PROJECT 

To study the pasture degradation of the pastureland projects, ti 
of Paragominas (Para State) was selected as the study arca. This arca 
by tropical rain forest and lias been deforested since 1960 for the im 
of pastureland projeets. 

In the study arca, the predominantGramirleae species is Ponim 
adapts better to fertile soil (Souto and Lucas, 1973). The pasturelane 
PJznícum spp. can produce green forage ali the year round, under good n 
However, the low sou l fertility of the study arca eannot sustain the .ï 

during dry season. Thus, eventually, the Panum app.. can be substitut 



"juquira" (regrowth of native vegetation) or is extinguished, and left as 
exposed soil. 

After deforestation, the soil fertilíty díminishes progressively. This 
causes a gradual invasion of unfavorabie vegetations for cattle raísing and a 
iowering of the Gr 	za.c species in the area (Arnovích et al., 1973). 

To evaluate the degradation of pastureiand afiem deforestation, the relat 
percentage of invading vegetation, exposed sou l and Graudné, ae species were use. 
The other alternative for evaluation Was to verify the percentage of grass type 
which require less sou l fertility and substitute Panicum spp. in the region (e. 
Braehiaria 3pp. and Hiparphenía spp,) (Santos et al., 1979). 

LANDSAT imagery (1:500,000 and 1:250,000) and CC -I's of July, 1977 were 
used together with information of field trips for dry and rainy seasons. The 
field data collected were: time lapse after deforestation, management practice 
of pastureland,Gramineue species and their stages of degradation. 

For automatic classífication of pastureland, the algorithm. — MAXVEP, whic 
is implemented by INPE, was used in IMAGE-100. This algorithm uses the "maximum 
likelihood eriterion" to classify point by point LANDSAT MSS data (Velasco et a 
1978). The advantage of using this algorithm is that at each interaetive stage 
a classification matrix showing the percentage of correct classifieation of 
sampled ciasses is presented. Based on these resuits, we can decide whether new 
ciass samples are necessary for satisfactory ciassification. 

Four indícators of the degree of pasture degradation were established: 
1) the percentage of exposed soil; 2) type and the percentage of "Juquira"; 
3) the percentage of lateritíc sou; and 4) Gramíneag species and their pereenta 
Among the different situations of the eight pastureland projects, thírteen 
pasture ciasses were deríved using different combinations of indicators (Santos 
et al., 1979). They were: 

a) tropical rain forest; 
b) arboreal "juquira": regrowth of tropical rain forest; 
c) herhaceous "juquira": regrowth of herbaceous vegetalion on sou l of low 

fertility and with greater duration after deforestalion; 
d) partially exposed sou: chis class is characterized by higher pereenta 

of exposed sou l with sparse graminea and "juquira"; 
e) exposed soil; 
O lateritic sou: this ciass is characterized by small proportion of 

"juquira" and the absence of Panicu spp., which is caused by the 
problem of high iron oxide content in the soil; 

g) pasture of Panicum Jpp•; 
h) pasture of Panieum and Brachíaría species: this ciass occurs in degradi 

pasture of Panícum spp.where the substitution of 13 2a ::;pp. is 
predominant; 

i) mixed pastures of Panium and Híparpf?enia species with higher percenta. 
of Panicum ePP. 

j) pasture of Panicum spp. and "juquira": this class exists in humid area ■ 

where both speeies grow with similar vigor and no spatial distinction 
can be observed; 

k) pasture of Panicum spp. with less than 20% exposed sou; 
1) mixed pastures of Pueparía and Panicum speeies with higher percent age 

of Pucraria 	and 
m) aliuvion. 

The automatic classifícation results that 54,995 ha. was deforested ir) 8 
pastureland projects. The class "tropical raín forest" could be easíly distin-
guished from the other classes with an error of classification less than 1%. 

The spectral characteristics of the class "arboreal juquira" was overlappg 



with that of the Panicum spp. pastureland of the humid arcas. This can be ex-
plained by the fact that in humid arcas, the Panicum 	maintain green withou 
the problems of water stress, thus gave a similar spectral response as arboreal 
"juquira". Other pasture classes were also confused with "arboreal juquira" hut 
with less percentage of classification error. 

The class "exposed sou" and "pasture of 1 :2 -ioum.  spp. with exposed soil" 
were also easily confused due to the same element - exposed sou l in these two 
classes. 

The classification results indícate that among the eight pastureland 
projects, Panicum spp. are commonly used as forage for cattle raisíng. Only one 
Project used the mixtures of Panicum/Pueraria or P2nieum/i3raAíara and another 
used Panicum/Hiparphenia. 

The association of Puerarr:a ;pp. with Gramineae spp. not only provi des 	a 
higher resistance under dry conditions but also prevents the degradation of 

pastureland. For degradated Punium pastureland, the 	 are 
substituted gradually by Hiparphenia and Brachíaria 

The class of "herbaceous juquira" occurred in projects of more than five 
Years. This is caused by the slash and boro process which lowers soil fertility 
and substitutes the arboreal species by herbaceous plants. 

The class "partially exposed sou" occurred more frequently in projects o 
more than five years or those recently implanted which the artificial pastures 
are not totally germinated. 

Lateritic sou l is unfavorable for the germination of Gramineae species. Th 
class "lateritic soí]." was easily discriminated owing to the high íron content 
in the sou, which has a higher obsorption in the near infrared region (Rowan, 
1972), thus gives a darker tone of MSS channel 7. 

According to the pasture qualíty, the eleven pasture classes(i.e., exeept 
tropical rain forest and alluvion) were combined in four groups: 

1) "juquira" group - including both arboreal and herbaceous "juquira"; 
2) the group of exposed sou l - including the classes of exposed sou l and 

lateritic sou; 
3) the group of pastures 	including the classes of pas tures Pani..cum, 

Panicum/Brachiaria, Panicum/Hiparphenia, Panicum/Puerari, Panium/ 
juquira; and 

4) the group of degradated pastures - including partially exposed soul 
and the pasture of the Panicum/partially exposed soil 

The study results show that 45.57% of the deforested arca (54,955 ha.) wa 
implanted with pastureland. Also, 24.48% of the deforested arca was classified 
as "juquira" group. This group is less suitable for pastureland project because 
a long slash and burn proeess has to be carried out until pasture can be plante 
In fact, some unsucessful pasture land projects were observed in field trips and 
the areas had beco abandoned. 

The group of degradated pastures represents 15.26% of the deforested arca 
To increase the carring capacity of this group, better techniques and manage-
ment should be applied. 

The group of exposed sou l represents 14.69% of the deforested arca. For 
recuperation of these arcas, a more sophisticated techníque should be used. For 
the recuperation of lateritic sou l class, the seeding of Brahíaria spp. is 
necessary. 

The results indicated that usíng the four indicators: the percentages of 
exposed sou, the type of "juquira", lateritic sou l and the Grarru:neaespecies, 
the degradation of pastureland can be evaluated automatically by IMAGE-100 usin 
LANDSAT data. 



2.2 REFORESTATION PROJECT 

The purpose of this research project was to develop an efficient m 
reforestation survey, using LANDSAT data. The State of Mato Grosso do Su 
has the coordinates of 17°20'S - 23 ° 00S and 51°00'W - 58 ° 10'W, was sele 
the study arca and the reforestation is concentrated between the cities 
Grande and Tres Lagoas. 

LANDSAT imagery (1:1,000,000 and 1:250,000) taken from July to Aug 
with path/row numbers of 239/74, 239/75, 240/74, 240/75, 241/73, 241/74, 
and 241/76 were used for manual interpretation. CCT's of the same study 
were ai se use cl for automatic interpretation by IMAGE-100 system. Ground 
tion was províded by reforestation projects and eartographic maps of. 1: 

Four study stages were established to study this reforestation pro 
1) prelimínary manual interpretation, 2) field work, 3) final manual int 
tion, and 4) automatie ínterpretation. Based on eartographic maps 1:100, 
limita of the reforestalion farms were delíneated and Lar transfcrred 
imagery of channels 5 and 7. These reforested farras were classified prel 
according to Lhe ir gray levels. Afterwards, a field trip was earried out 
Lhe interpretation key was established and classífication legond defíned 
final interpretation. 

For automatic classification, the arca at the vícinity of Ribas do 
Pardo and Ãgua Clara which has the highest concentration of reforestatío 
chosen for study. Five training areas were selected: Mntum farm of itape 
Transparana farm of Transparana, São Guilherme farm of Vale do Rio Grand 
Mansa and Passagem Nova farras of Tini flora, and S .ão Guilherme farm of Fio 
Estãncia. Automatic classification was carried out using the scale 1:25e 
itapeva and Transparana training arcas; 1:110,000 for Uniflora training 
1:100,000 for the Florestadora Estancia and Rio Grande training arcas. 

The computer program "Tracing" and the limits obtained from manual 
pretation were used to delineate the training arcas on image monitor. Th 
algorithm u MAXVEr, using the information of four channels and with 256 
leveis, was applied for classífication. The arca of each identified elas 
ealculated using the program "Theme arcas" and the results presented in 
format. 

To test the classification accuracy, a point by point alphanumeric 
print of a test arca was used to compare with ground information and thc 
índices were calculated: 

NA 
PA (percentage of class densíty in the test area)= -- 

NT 
NC 

Pa (pereentage of correct classífication) = -- 
NA NE  

Pb (percentage of commission error) 
 

where 

NA 	is 	the 	total 	number 	of 	points 	of 	cias 	X 	ín 	a 	test 	arca; 

NT 	= 	is 	the 	total 	number points 	of 	ali 	classes 	ín 	a 	test 	arca; 

Ne 	= 	is 	the 	total 	number 	of 	points 	of 	class 	X which 	have 	been 	ela! 
correctly; 	and 

NE 	= 	is 	the 	total 	number 	of 	the 	points 	of non-X 	classes 	which 	hav 
erroneously 	classified 	as 	class 	X. 

Based 	on 	manual 	interpretation, 	the 	following 	legend 	was 	eStabiísi 

ADR 	= 	arcas 	designated 	for 	reforestation 	with 	tree 	ages 	up 	to 	8 nu 
EucaZyptue 	spp. 	and 2 	years 	for Pinus 	spp.; 



Channel 
5 

Class 

ADR 	 mottled white 

- 

EUCALYPTUS (EU)i mottled light grey 
to dark ray 

PINUS (PI) 	1 very dark grey 

7 

Light gray 

medium gray 

medium gray 

Using the ínterpretation key, the three classes were mapped and thei 
arcas calculated (Table II). 

Table II. Comparison between Cround information 
and Manual Interpretation Data 

Class 

rea 	(ha.) 

ADR EU PI Total 

.....-- 	....... .. 

Relativ 
Differe 

..........,..---.._ 

-.1-  
Ground 
information 49,192.17 222,594.07 12,815.36 284,601.60 
---- _____ 2.5 

Manual 
Interpretation 48,827.50 229,532.00 13,593.00 291,952,50 

For automatic interpretation, Live classes were separable: 

1) eucalypt (EU1) = dense eucalypt plantation without exposed sou; 
2) young eucalypt(EU2)= eucalypt plantation with partially exposed 
3) arca in preparation for reforestation (AT); 
4) deforested arca (DA); and 
5) "cerrado" (CE) = native vegetation. 

Table TIL shows an example of the results of automatic interpretatic 
Mulun farm of Itapeva. 



Table III. 	Results of Automatic Interpretation 
for Mutum Farm of Itapeva 

Classes Area 	(ha.) Pereentage 

EUI 18,319.40 17.36 
_ --- — 

EU2 6,613.50 6.27 

AP 8,084.60 7.67 
_ 

DA 26,826.60 25.43 

CE 44,604.00 42.27 

NOT CLASSIFIED 1,091.80 1.03 

TOTAL 105,539.90 100.00 
-- 	----- 

The classification accuracy for this area is showed ia Table IV. 

Table IV. 	Classification Aecuracy 

Class PA 	(%) Pa 	(%) Pb 	(7.) 

EU]. 25.10 76.21 1.20 
----- ______ -- 

EU2 5.59 77.41 3.36 

The percentages of correct classifícation for both classes, EU1 and EU2 
are similar, however the class EU2 lias a higher percentage of commission error. 
This was caused by the similarity of spectral characteristics of classes AP and 
DA to that of the young euealypt. 

3. CONCLUSJONS 

The results of these two research projects conclude that LANDSAT data can 
be used to verify the pasture quality after deforestation and to classify pine 
and eucalyptus plantations. 
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