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ABSTRACT
These results are part of a Master of Science Dissertation
named "Remote Sensing Applications: a Study of the
Microrregiào Açucareira de Campos", in the State of Rio de
Janeiro, located in the Southeastern Region of Brazil. Said study
was developed by Remote Sensing, being tested the Digital
Analysis of LANDSAT images relevant to the studied area where
sugar-cane crops are irrigated.
lnitially, it was performed a visual analysis of images that was
transmitted to the Brazilian ground station by the LANDSAT
MSS satellite, during the period 1973-1982. Such procedure is
part of the methodology that leads to the further Digital A nalysis,
through the lmage-100 Multispectral Analyser of the "lnstituto
de Pesquisas Espaciais - INPE", located in Sào José dos Campos
- Sào Paulo.
The research comprised: f ield work, consu ltation of sugarcane production data statistics, analysis and interpretation of
maps, charts, aerial photographs and satellite images, giving
a chance to select two areas distinguished by the fact that they
offer significant spatial expression as far as the sugar-cane
cultivation is concerned , even though of distinct geomorphological aspects. We are talking about the Lowland and the
Tableland, where two areas of 225 sq. km each one were
selected and automatically analysed .

Lowland where its presence is remarkable (a number of irrigation
channels and very flat terrains). The use of specifie programs
to filter the influence of the water is therefore recommended
for irrigated areas. ln the Tableland area su ch phenomenon did
not occur.
We should also emphasize the detection of serious injuries
to the environmental conditions with reflexes over the local
community as the innumerable lagoons, channels and rivers have
been submitted to pollution attacks caused by the "Vinhoto"
(sub-product of the alcohol destilleries) and the natural silting
up produced by the Paraiba do Sul river in the deltaic mouth
that needs to be dragged in arder to avoid flooding that damage
so much the sugar-cane crops and w here the area studied is
located. These aspects have been seen in field work as weil as
in photointerpretation and visual analysis of images. On the other
hand, this problem is even more serious when it is artificially
caused as a consequence of man-made fills aiming to enlarge
the area to be planted, as happens, for instance, at the Feia
Lagoon. The Digital Analysis has evidenced this ecological
occurrence by the difference of color tones between the rivers
and the lagoons.
lt is recommendable to study the sugar-cane using this
technique as it offers an excellent spectral response, thanks to
its biological characteristics, being suggested that it be studied
in its different stages of cultivation, in the 1:50,000 scale.

The LANDSAT Data Digital Analysis, has produced a high
percentage of positive results lover 90.4 %) on average, either
in the Lowland or in the Tableland, through the classification
of eight categories, as follows: coming, ripe and eut down sugarcane, pasture, forest, swamp, bodies of water and constructed
a reas.

The Digital Analysis was further extended to the entire
Microregion offering good results for forest and bodies of water
lover 90 %) only. The results for sugar-cane leve! were low
(under 65 %). The fact of enlarging the study area resulted in
encompassing many types of landforms.

The inclusion of the category "body of w ater" changed
significantly the classification performance of the area in the

The reported technique is proper for the study of sugar-cane,
particularly in flat terrains where the percentage of positive results
is considerably high in Lowland as weil as in Tableland.

Introduction
This chapter contains the results of the analysis made
through photointerpretation , visual analysis and image
digital analysis.

Results of the ana lysis and the
interpretation of the aerial photographs
The adoption of the aerial photographs, in the scale
of 1:15,000, have proportioned (presented) the
knowledge of the large area, named "Zona Açucareira
de Campos" - Campos Sugar-Cane Region . Sorne
aspects like the sugar-cane refineries and their sugar-cane
plantations, with different growing states, which are
crossed by the irrigation channels, were clearly observed
in the vertical photos. The aerial photographs have
showed also clearly the homogenous features of the area,

providing evidence of the sugar-cane plantations,
confirming the idea of the sugar-cane domination; lt
means to say that sugar-cane is the "law", in the Campos
Circuit, where the agricultural and industrial activities
counteract mutually with landscape, economy and
politics. The specialized character of sugar-cane
plantation and its production (refined sugar and alcohol)
gives the special panel if compared with ether sugar-cane
regions in Brazil (Sao Paulo - Southeast, Zona da mata
Nordestina - Northeast) . The city of Campos is in the
middle of the sugar-cane crops .
The different aspects of the landscape were observed,
adding information to the survey that have included fieldwork, image analysis, maps and plans, qualifying the
geographie investigation for the purpose of digital
analysis.
The "Fiuminense" sugar-cane study area have shawn
the transformation occured in this region. lt should be
mentioned the city of Campos development, the
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the responsibility to increase the alcohol production in
this region, by constructing modern distilleries, close to
sugar ref ineries, reason why the sugar-cane plantation
has enlarged. Such expansion has been possible becéjuse
the Government is practising irrigation and drainage. The
consequence of it is the recuperation of soils, where t hey
applied fertilizers also, when it was needed.

expansion of the sugar-cane area, the rivers silting up,
and mainly what occured in the lagoons and the pollution
that can be observed comparing the photos with the
maps and plans (PLANALSUCAR /IAA) (1). FIBGE (2),
as weil as the MSS/LANDSAT satellite images, with the
results of field and statistical (3) data. The photos added
sorne information or explanation about questions in
critical areas noted in the images. Besides that, the
photointerpretation and the plans in large scales are
showed as parameters to evaluate the Digital Analysis.

The examination of maps (1973 and 1982) showed, for
example, the enlarged area with sugar-cane and the
lagoons silting up, the Feia Lagoon being the most
serious case.

The possibility of working with aerial photos and
images taken at the same date, contributed to extract
information free of errors, because there were, for
r example, places recently filled up with earth that became
pasture land or sugar-cane crop areas.

The stereoscopie observation of the photos of Feia
Lagoon has shown, in the northwest portion , the former
limit (considering the FIBGE Chart- 1968); the result of
this study appears in the map (fig . 3) , in 1:15,000 scale,
which has been compiled from image data too. This old
lagoon border is clear in the aerial photos; we can see
gray tonalities medium and clear, which correspond to
the soil full of curves that indicates deposition in the place
filled up with earth ("aterrados" ) that has become pasture
land. The old little island, located inside the Feia Lagoon,
is also observed in the Landsat/ MSS satellite image dated
1973, but did not exist anymore in the image of 1975,
when this part was finally filled up. The Ururaf river, here
named Jesus river (in the upper birth) , has a channel
entarged into the Feia Lagoon .
The serious problems caused by t he "aterrados", in
the Microregion has extinguished the swamp and their
typical vegetation, for example. They modified the
configuration of the lagoons (Feia, Campelo, Jacaré).
Their water-mirrors were reduced . The filling work in the
area of the Dissertation has permitted perceiving the rea l
environmental problems, which implicate the sugar- cane
development (and its correlated activities : sugar and
alcohol production). The "vinhoto" also causes pollution
in the·waters, killing fishes, at once .

Following are the photointerpretation results:
The photointerpretation survey permitted the
observation of areas close to the city of Campos, formely
dedicated to the sugar-cane plantation, that are
nowadays divided in two parcels or lots (4), or occupied
with new residential blocks where modern houses can
be seen . This tact is an indication of the urban area
development and the king of present spatial occupation .
This analysis showed the features that could be
interpreted as prepared soils for planting sugar-cane, in
fields located near the sugar-cane refinery, but in reality
there were areas where embankments have been done,
for selling the land. The field work along the BR-356
road (5) could detect the existence of modern summer
hou ses.
The photointerpretation and image survey shows the
direction of the Campos city growth; that is larger in the
East-West direction on the side at the Parafba do Sul
river, where the sugar-cane crops have been eradicated.

There are no good environmental conditions in that
area and the SAI (Sugar-cane and Alcohollnstitute), has
produced sorne alternatives for the destination of ali sugar
and alcohol residuals.

The sugar-cane crops have lost areas close to the urban
area and have gained other position in the swamp and
lagoons. lt is suggested to observe the maps 1, 2 and
3 in the scales 1:15,000 and 1:500,000, which present the
situation of land use in t he M icroregion "Açuareira de
Campos" (Campos Sugarland) in the years 1973 and
1982.

Resu lts of landsat/ M SS satellite
images visual analysis

The photointerpretation reaffirmed the character of
highest degree of spatial homogeneity, shown by the
sugar-cane plantation in the " Fiuminense" landscape.
Manioc, orange, pineapple and rice were cultivated at
lands situated on the periphery (mainly at the East side
of the sugar-cane culvitaded areas), generally where there
were poor soil conditions. These crops were planted in
small scale production . When these crops appear in the
interior of the sugar-cane plantations, we can see that
they are orchards in the yards, as weil as associated crops
with sugar-cane, like corn, but they are not expressive
in the cultivated land.

The sequential image study, during nine years, from
1973 to 1982, shows the following results :
- lt was possible to study the sugar-cane crops in its
different stages of cultivation, ripe sugar-cane, coming
sugar-cane and eut down sugar-cane, and outline the
large sugar-cane area in the images.
- The city of Campos development, that has been
verified by comparing old maps and aerial photos, cou Id
be accompanied by images. The urban expansion is
happening mainly in the East - West direction, at the
Parafba do Sul right margin. The city of Campos presents
two gray lines in the East : the first one coming along
the RJ - 216 road (6) , where small villages, far from
Campos are joining the urban area that is coming over

lt is obvious that there is spatial competition between
t he sugar-cane planted areas and the manioc crops (as
t he specifie case of Sâo Joâo da Barra County), the
pasture lands, the swamps and the lagoons, during the
last years. The Alcohol Project "Projeto Pro-Alcool" had

(1) PLANALSUCAR/ IAA - Sugar-cane program! Aicohol and Sugar-cane lnstitute.

(2)
(3)
(4)
(5)

FIBGE - Brazilian lnstitute of Geography and Statistics.
These data are produced b y Sondotécnica.
Lots, Brazilian ward "loteamento ".
BR - Federal raad in Brazil.

-

(6} RJ - Rio de Janeiro State raad.
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floods, without vegetation. These classes are the
maximum limit that the lmage-100 System can perform
in one turn. The researcher could have used more
categories, but she prefered these because they have
more significance for the studied area. The MAXVER
Classification can classify up to sixteen categories per
iteration.

the sugar-cane cultivation areas. A discontinuous area
that could be seen between the urban area of Campos
and Bela Vista (a small village), 1973, did not exist in 1982,
nine years later.
- The rivers and lagoons filled up are a very serious
problem, the largest occurs in the Feia Lagoon, see the
maps presented . Sorne aspects, have already been
mentioned above, however in view of the various images
analysed, it is necessary to consider the filling up
phenomena, firstly in the North and secondly in the East.

Results of the interpretation for each area digitally
analysed are presented bellow :
Lowland Region (Southweast of Campos City)

- The Jacaré Lagoon was so reduced, and the swamp
around it is today becoming pasture lands, which appear
in medium gray in the MSS band 5. The North position
of the Feia Lagoon is a natural extension of the clay
lowland, with fertile soils for the sugar-cane plantation.
After the drainage work it became pasture land followed
by sugar-cane crops. Where the soils are recently filled
up they show a clear gray tonality, present on the images.

Categories
1
2
3
4
5
6
7
8

- This analysis also showed the great filling up in the
East (Feia Lagoon), following the general tendency in the
Microregion. The filling up process is growing fast. ln
1976 (MSS images), the Islands : "dos Fernandes", "da
Lama", "da Samambaia", "do Capivari" and "dos
Passaros", that appear in The Land Use Map (1973), and
in the images (1973/ 1975), nowadays are filled up. They
practise cattle breeding. Such activity is going dawn in
the Lowland and growing in this area. The land filled up
at the Jacaré Lagoon coming from the Flecha Channel
(the only Feia Lagoon water escape to the Atlantic
Ocean), with swamps, were replaced by the sugar-cane
plantation.

73

Ripe sugar-cane
Coming Sugar-cane
Cut Dawn sugar-cane
Pasture
Forest
Constructed area
Swamp
Body of water

144
108

144
116
108
108
56

The points were selected considering the occurrence
of each category. The coming sugar-cane, for example,
presented smaller extension than the other categories of
sugar-cane crops ; that is why it was necessary to
introduce more points in the 1-100. The bodies of water
(rivers, lagoons, lakes) were so clear and neat in the
video.
The Campos area morphological characteristics, with
fluviomarine origin where are many irrigation channels,
rivers, swamps and lagoons, suggested the researcher
to produce two matrices of classification. One with the
eight classes and the other without the body of water,
in arder to test the performance of the MAXVER
Classification program, in irrigated areas. This digitally
analysed area appears in Figure 6.

- The west side of the Feia Lagoon, where the soils are
poor, the filling up process is very small, it can be
considered as normal. On the other side of the Paraiba
do Sul river (left margin), the drainage work, runs into
the Muriaé river and Campelo lagoon (also filled up) ; it
gave the possibility for the sugar-cane and pastureland
expansion, following the same tendency as in the
Lowland . ln the very beginning men filled the lagoon with
earth, after building a drainage structure ; then the boggy
area was changed into pasture land and years later in
to cultivated areas. The Pedras and Limpa lagoons are
keeping its original features, even though the swamp is
taking place in the North portion of them. Sorne of the
lagoons reach are covered by it.

ln accordance with the first classification matrix, we
have:

TABLE 1

THRESHOLD = 5,0
1·
2·
3·
4·
5·
6·
7·

- The images visual analysis gave support to the Digital
Analysis and has proportioned the selection of those
dated 01 / 08/ 1982 (the most recent images). Many
phenomena, that occur in the Campos Sugar-Cane
Microregion could be examined . lt proves the special
quality of the images revealed by its time capacity for
spatial survey. The research could detect the area
evolution and the spatial transformations.

Ripe sugar·cane
Coming sugar-cane
Cut down sugar-cane
Pasture
Forest
Constructed area
Swamp

1N
0,0
2,3
0,0
0,0
0,0
0,0
0,0

11 1 2 1 3 4
77,8 0,0 22,2 0,0
0,0 97,7 0,0 0,0
0,0 0,0 100,0 0,0
2,8 0,0 0,0 91,7
0,0 0,0 5,2 3,4
0,0 5,6 0,0 0,0
0,0 0,0 0,0 0,0

5
0,0
0,0
0,0
4,6
89,7
0,0
13,0

6

7

0,0 0,0
0,0 0,0
0,0 0,0
0,0 0,9
0,0 1,7
94,4 0,0
0,0 87,0

Average of Performance - AP
93,3 %
Average of Abstention - AA
0,6 %
Average of Confusion
- AC
6, 1 %
. lt may be observed that, among ali the categories, was
the eut dawn sugar-cane the one that offered the best
performance, with approximately 100 % . lt means that
ali eut dawn sugar- cane selected points were correctly
sampled . The other kinds of sugar-cane were also weil
classified, reason why the average of confusion was so
small.

Landsat/M SS images digital
analysis resu lts
First of ali, it should be observed that fig.5 shows the
selected area of the image, that was analysed digitally.
Eight classes were selected for the present interpretation : ripe sugar-cane, coming sucar-cane, eut
dawn sugar-cane, pasture, forest, constructed area,
swamp and body of water. ln the digital analysis was
included, in the swamp category, the areas subject to
-

-

Number of selected points

About 97.7 % of coming sugar-cane were correctly
classified ; only 2,3 % were not classified as shawn in
column N.
61

The worst performance in this matrix was obtained for
the ripe sugar-cane plantation, which presents spectral
reflectance response similar to pasture. lt happened also
with digital analysis of sugar-cane crops in the State of
Sao Paulo (Mendon ça 1980), using the maximum
likelihood too.
Much disseminated swamp areas in this region are
responsible for the confusion with forested areas because
there are a large number of swamps with vegetation near
the pasture areas.
The forest category is the variable of !east expression
in the surface Region, due to the primary coverage of
deforestation during the last century ; positive results
were obtained at the rate of 89,7 % .
The constructed areas also offered good results
(94,4 %) but led to a little confusion with coming sugarcane (about 5,6 %). This result has a special significance
as the sugar-cane crops are shawn as a green coverage,
like a carpet. ln.,spite of being in areas mostly covered
with sugar-cane plantation , when the constructed area
classification started , at once the urban areas appeared
weil delineated in this category, the boundary of the
Campos City being the best example.
The pastures present sorne confusion with forest
(4,6 %), ripe sugar-cane (2,8 %) and swamp (0,9 %)
because it was summertime, that is our dry season , and
most of the pasture areas keep water in Lowland.
Now, the researcher presents the resu lts obtained in
the Lowland Region, with the Digital Analysis including
the body of water category, which brings less
performance than observed with the first results (table 1).
lt is really interesting to mention in this matrix t he low
performance in the case of bodies of w ater category
where only 50 % of the selected points was actually
classified. The other bodies (21 ,4 % ) were classified as
swamp as weil as with eut down sugar-cane (19,6 % ),
and finally with pasture lands (mainly where recent fillup work has been made).
This aspect shows the great importance, in this
research , of considering the irrigation practice and the
physical characteristics of the Campos Region . ln f uture
surveys it is recommendable to make use of the SINGLECELL program (in the MSS-7), to filter the body of water
influence during the MAXVER Classification .
lt could be observed at the end of this iteractive
operation, which presents few changes in general, but
gave evidence of particular problems into the sugar-cane
region, cultivated on Tableland (only) wit hout irrigation,
studied by the MAXVER Classification too.
TABLE 2
THRESHOLD

Ripe sugar-cane
Coming sugar-cane
Cut dawn sugar-cane
Pasture
Forest
Constructed area
Swamp
Body of water

1

N

1

1

1

2

1

3

1

4

0,0 83,3 0,0 0,0 16,7
0,0 0,0 97,2 0,0 0,0
o.o o.o o,o 83,3 1,9
0,0 4,2 0,0 1.4 89,6
0,0 0,0 0,0 0,0 8,6
0,0 0,0 3,7 0,0 0,0
0,0 0,0 0,0 0,0 13,0
0,0 0,0 0,0 19,6 8,9

Average of Performance - AP
Average of Abstention - AA
Averaqe of Confusion
- AC

1

5

1

6

1

7

1

8

0,0 0,0 0,0 0,0
0,0 2,1 0,0 0,7
o.o o.o o·.o 14,8
0,0 0,0 0,7 4,2
79,3 0,0 1,7 10,3
0,0 93,5 0,0 2,8
13,0 0,0 82.4 4,6
0,0 21.4 21 .4 50,0

85,2%
0,0 %
14,8%

The inclusion of the body of water category occurred
after the research to study the region and climatic
characteristics and the irrigation process, a matter of
great concern for the sugar-cane crops.
Ta king ali categories of sugar-cane into consideration,
where the MAXVER presented a performance of
approximately 92 % it feil down to 83,3 %. Confusion
was made with body of water (14,8 %) and pasture
(1,9 %).
Most of the bodies of water are caused by the large
number of irrigation channels and boggy areas caused
by the ra infalls.
The ripe sugar-cane had a better performance than in
the other matrix ; on the other hand, the coming sugarcane kept its very good results. The first category of
sugar-cane was victim of a little confusion with the
second, because, when the harvest time cornes, sorne
areas have stubble fields.
The constructed areas as weil as the pastures have
maintained their percentage, both with sorne confusion
with sugar - cane plantation.
The swamps are always weil classified, although they
present sorne confusion with forest and body of water.
This fa ct is explained by occurrence near the rivers,
lagoons and irrigation channels .

Tabele region located Northwest
of ca rn pos city
The same procedure was adopted in the Northwest
(Figures·? and 8) , as muchas the Southwest, in regard
to the selection of points, w ith the expansion of the body
water class, because the researcher wanted to know
what wou ld be its influence on the Digital Analysis, in
comparison with the formely observed (see table 3).
Categories
Number of selections points
1 - Ripe sugar-cane
144
72
2 - Coming sugar-cane
3 - Cut down sugar-cane
72
108
4 - Pasture
5 - Forest
144
6 - Constructed area
136
7 - Swamp
72
252
8 - Body of water
TABLE 3

THRESHOLD

N

1 - Ripe sugar-cane
2 - Coming sugar-cane
3 - Cut dawn sugar-cane
4 - Pasture
5 - Forest
6 - Constructed area
7 - Swamp
8 - Body of water

0,0
0,0
0,0
0,0
0,0
5,9
0,0
0,0

2

89,6
0,0
16.7
0,0
1.4
0,0
9,7
0,0

3

0,0 5,6
93,1 0,0
0,0 83,3
0,0 0,0
0,0 0,0
0,0 0,0
0,0 0,0
0,0 0,0

1

4

0,0
0,0
0,0
89,8
0,0
0,0
0,0
0,0

5

6

0,0
0,0
0,0
0,0
90,3
0,0
1.4
0,0

0,0
6,9
0,0
0,9
0,0
94,1
0,0
0,0

1

7

8

4,9 0,0
0,0 0,0
0,0 0,0
0,0 9,3
4,9 3,5
0,0 0,0
89,9 0,0
0,0 100,0

Average of Performance - AP = 92,7 %
Average of Abstention - AA
0,8 %
Average of Confusion
- AM = 6,5 %
The coming sugar-cane presented better performance
than the other kind of sugar-cane, made sorne confusion with constructed areas. Still speaking of sugar-cane,
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Note : Translation of photo-legend
1_
2_
3_
4_

Ripe sugar-cane
Coming sugar-cane
Swamp
Constructed area

5 _ Cut down sugar-cane
6 _Pasture
7 _ Forest

Fig 6 _This is the Southwest Campos area ( Lowland )
dig itally analysed . The black portion ( above ) shows
the Jacaré Lagoon ( North) .
Fig 5_ This is the LANDSAT/MSS/ INPE satellite image.
lt is a part of the scene 01 108 11982 . He re we have the
sugar-cane in yellow tonality close to the Paraiba do Sul
river and ali the way to Feia Lagoon. This area was digitally analysed .

•

Ripe sugar-cane
Coming sugar-cane
Cut down sugar-cane
Constructed area

Fig 7 _ This is the Tableland Region image

••

•

Swamp
Pasture
Forest
Body of Water

Fig 8- The same image digitally analysed.

the eut dawn crops furnished worse results (83,3 %) than
the other classes. They have the same spectral signature of ripe sugar-cane ; the reason for this fact seems
to be what happened in the Southwest area .
The constructed areas, the pasture lands and the
forests kept the former results ; their respective confusions were considered normal.
The body of water category offered the best performance (100,0 %in Tableland) in opposition to what happened in the Lowland. The inclusion or not of the body
of water category did not exercise power over the MAXVER Classification. This surface has different relief sail
conditions and its hydrography is not so complex as in
the south portion, although this area presents lagoons
and swamps.

Campos sugar-cane Microregion
The MAXVER Classification, applied to the Campos
Microregion, shows different results, at once. This time,
the researcher used the sa me computer tape used in the
Tableland as it contained samples of the Microregion previously classified. The Performance was increased from
61 ,0 % to 80.4 % by introducing other sam pies (see
Table 4).
TABLE 4

THRESHOLD

=

5,0

1 ·Ripe sugar-cane
2 - Coming sugar-cane
3 - Cut down sugar-cane
4 - Pasture
5 - Forest
6 - Constructed area
7 - Swamp
8 Bodies of water

0,0 51,3 11,8 4,3 32,9 0,0
0,0 10,0 40,0 6,2 11,3 1,2
0,0 9,5 11,9 65,5 4,8 0,0
0,0 22.7 11,4 1,5 59,8 0,8
0,6 0,6 0,6 0,6 1.7 90,0
1,7 2,5 19,2 5,8 0,0 0,0
0,0 1,4 2,1 2,8 9,0 4,2
0,0 0,0 0,0 0,0 0,0 0,0

Average of Performance - AP
Average of Abstention - AA
Average of Confusion
- AC

1,3
28,8
2,4
8,0
0,0
70,0
0,7
0,0

1,3
2,5
6,0
3,0
5,1
0,8
78,5
1,9

1,4
0,0
0,0
0,0
0,0
0,0
1,4
98,1

80.4%
0,2%
19.4%

This argument is valid for ali analysed categories.
The forest category offered the best leve! (90, 0 %) in
this part of the Microregion covering larger areas. The
first one located in the mountains of Santa Maria Madalena County (RJ) and the second one, named Mata do
Carvao, in the Sao Joao da Barra County.
The abstention of the print-outs, charts and aerial photographs showed that the present research does not need
the statistical treatment adopted in other studies. Rivers,
lagoons, the city of Campos, sugar-cane crops, etc, could
be identified because the relief was very flat.

Conclusions
1 - ln the case of rural areas, like the Campos Sugar- Cane
Microregion, it is very important to make the visual analysis using the MSS / LANDSAT (four channels) to identify the crops stages.
2 - The sugar-cane density and its spatial distribution,
where are tao many irrigation channels (mainly in the
Lowland), are important to be studied by means of the
spectral analysis.

3 -The sugar-cane crops, in the Lowland, appeared very
weil in the images, particularly if compared to the Tableland, because this one shows a dark tonality, indicating
different spectral responses, that could be understood
by the variations of : pedology, geomorphology, waterness and relief.
4 - When the studied area was enlarged, the MAXVER
Classification performance feil dawn specifically in the
case of sugar- cane (coming, ripe and eut dawn) . Ali
categories presented a high leve! of confusion. lt can be
explained by the system resolution and the other geomorphological aspects, si nee considering only Tableland
and Lowland.
5 - The forests, the swamps and the bodies of water offered good performances in bath classification scales
(1 :50.000 and 1:400.000) as weil as the city of Campos.
lt proves that sorne abjects seen in the MSS / LANDSAT
images do not depend on the scales ; they have good
spectral response in any scale.

The enlarged classified area, working with images in
the scale 1:400.000, covered ali that appeared in the
video. Obviously ali the results were changed, when working in small scale, to the system resolution. The MAXVER Program was not able to classify ali sugar-cane categories so weil. For example, the sugar- cane study, in
regional leve!, presented lower results. The best one was
offered by eut dawn sugar-cane, 65,5 %.

6 - This land use study, made by means of photointerpretation, visual analysis and digital analysis of images,
made possible characterizing the geographical space of
The Campos Region . These comparative study showed
the Land Use tendency in Campos.

The coming sugar-cane presented the worst result,
40,0 %. One of the reasons may be the small area planted with coming sugar- cane, compared to the entire
region, the existence of other kinds of crops and the similarity of the spectral reflectance . The leve! of confusion
with ripe sugar-cane, coming sugar-cane, pasture, forest
and swamp has shawn new aspects in this analysis, not
observed before.

7 - Therefore, the digital analysis should be put in practice by researchers with good knowledge of the study
area . This Analysis furnished very good information of
the Campos Region, particularly as it was complemented by maps, charts, aerial photographs and field work,
to produce a real reference board for everyone who study
the spatial phenomena (Cartographie Engineers, Geographers and other professionals) .

The constructed area made confusion of about 28,8 %
with coming sugar-cane, a very high percent, more than
in other classification tables.

Recommendations

Talking about the coming sugar-cane, it should be considered that the expansion of the universe to be studied,
encompassed a different geomorphological landscape.

lt is recommended that other classifications be'used,
partiC!Jiarly in arder to improve the technique, due to the
presence of water, aiming to minimize its influence.
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The LANDSAT/MSS Digital Analysis, when applied
in mountain regions with many crops, requires great care,
due to the similarity of spectral responses.
The percentage of ripe sugar-cane samples confused
with pasture, verified in this Dissertation, suggests changes in the MAXVER CLASSIFICATION PROGRAM.
lt is recommended, in the future, to use LANDSAT
4 MSS images or Thematic-Mapper images, taking into
account their resolution of 30 m.
lt is aIso recommended to make more use of visu al and
digital analysis of satellite images in Cartography, either
on Thematic Mapping or in the updating of Topographie
maps, that give support to severa! researchs performed
in the geographie space.
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