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PREFACE

This final repori describes the significant contribution
obtained by the Brazilian Institute for SpacevResearch {Instituto de Pes
quisas Espaciais - INPE) in the areas of Sea Resources, Mineral Resources,
5017 Resources and Geography, performed with the MSS/ERTS-1 Satellite

irages.

It is divided into five Chapters as follows:

Chapter I - Introduction - It is a brief descripticn of the Brazilian

Remote Sensing main activities.

Chapter II - Sea Resources - It describes the usage of the MSS/ERTS-1 images

for bathymetric studies; coastal sedimentation
(distribution, transport and deposits);carthographic
correction and control of the coastal lines to
nautical charts atua?%zatien; informaticn of the
coastal circulation processes based on sediments
distribution; identification of polluter centers.

Chapter 111 - Mineral Resources - It indicates the value of ERTS imageries

for the several geological purposes as mineral
prospection, hydrogeology and geological
engineering.

Chapter IV - Soil Resources - I{ shows how the MSS/ERTS-1 images could be

used for soil resources purposes specially vegetal
coverage aspects and s0il properties under the

pedologic point of view.
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Chapter V - Gecaraphy - It presents how the MSS/ERTS-1 images could be

useful for scveral geographic purposes specially

geamorphuiogical and hydrographic rmappings aind

studies of demdgrapnic inference.

This report has Z volumes (I and II). Chapters

I, II and IIf belong to the First and IV,V to the Second Yotume.
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CHAPTER IV

SOIL RESOURCES

IV.1 - INTRODUCTION

The Soil Resources Group has used the MSS/ERTS-1 images
since October 1972. It has tried to conduct researches in accordance to
the Brazilian proposal to NASA for utilizing ERTS data but also keeping

in mind the economical importance to define the priority of such studies.

First of all, the ERTS images have been analyzed for
general purpose of surveying agricultural features. After that, the ERTS
images were used in more specific researches such as natural vegetation

mapping, forest inventory, deforestation control.

Other researches using ERTS and SKYLAB images are being
carried out in~luding soil maps, studies of crop forecast data and

rangeland management.

The following pages present in more details the work

the Soil Resources Group is dealing with.
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IV.2 - PRELIMINARY ANALYSIS OF ERTS-1 IMAGES WITH SPECTAL

REFERENCE TO AGRICULTURE AHD FORESTRY

IV.2.1 - Introduction

The purposes of this work are to define the ERTS~1 images
potentiality for ag%icuiturai surveys and to provide basic information
for further research. Owing to the short period of study and the absence of
ground truth data, the results reported here are therefore of a preliminary
nature. We call attention that some vegetation types are described in

item IV.3.2.2.1.
v.z2.2 - Mefhodology

The preliminary analysis presented here was basically done
using black and white photographic copies, on the scale '1:1,000,000 of ths
four ERTS-1 channels. However, some particular cases appear where magnified
images were used as well as other remote sensing information sources, in

addition to the ERTS-1 images.

Figure IV.1 shows the Brazil map where the ERTS images were

numbered to put in eviderice the frames under study.

1V.2.3 - Image E-1047-12274 - Paraiba River Valley Region

IV,2.3.1 - Introduction

In this analysis use was made of the above mentioned image




- 134 -

T B T -
2. CAMPO GRANDE ---—-- 4R N / “-._.. ©. TRES MARIAS

7. DOURADDS -7 :
e - 1, VALE DO PARAIBA

5. PRESIDENTE PRUDENTE----"~

.- 6. PIRACICAR
3. SANTA MARIA .- .. 6. PIRACICADA

Fig. IV.1 - Brazil wap showing the analyzed frames.




- 135 -

with image center coordinates 23°06'S and 45%17'W, dated September 8,1972.
This image embraces the Paraiba River Valley, "Serra do Mar" and part of
the Paulista coastland. This region varies greatly in topography, climate

and vegetation. Cattle breeding is a major activity in the area.

1¥.2.3.2 - Available Information

1 - Based on the analysis a thematic map was done (Fig.
1v.2) which could be compared with the channel 5
image (Fig. IV.3). The boundary establishment of the
mapped units was done over the channel 5, to present a
better contrast, although the identification was done
also using the other channeis .

2 - the landforms aspects are better evidenced through
channels 6 and 7. |

3 - Vegetation information are more easily obtained using
tne channel 5 image where the variations from dark to
1ight gray tones indicate a graduation from dense
vegetation (forests) to sparse vegetation, correspending

to areas with herbaceous species and grassiand.

1V.2.3.3 ~ Conclusions

1 ~ The information acquired from the orbital ERTS-1 images
are of great importance to plain agriculture activities
because it permits a previous knowledge of the area,

when speaking in 2 global way.
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2 - Based on a summary analysis of anqther image set for
this same area, taken at different ERTS-1 coverage
periods, it is possible to accompany the evolution of
agricultural activities (crops evolution).

The ERTS-1 repetitivity permits a better forest
monitoring due to the official government policy
stimulating and controlling reforestation.

3 - It is important to point out that the thematic map
presented here was obtained using only the MSS/ERTS-1

images, without additional costs for field works; besides

it was done in a short time.

1v.2.4 - Imege E-1054-13070C - Campo Grande Region

1V.2.4.1 -~ Introduction

The area selected is located in the center-west part of

Mato Gresso State, with image center coordinates 20°19'S and 54034 414,

taken in September 15, 1972. It shows the Campo Grande City in the

image center.

iv.2.4.2 - Available Information

1 - The cities of Campo Grande, Bom Fim and Sidroiandia
vere easily lceated through channel 5 (Fig. IV.4). In

this same channel the highway networks spscially ths
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Cuiaba - Campo Grande and Campo Grande - Sao Paulo

highways can be identified.

Channel

5 shows two drainage systems oriented in

different directions, one Southwesterly directed and

the other to the llest,

Several

vegetal units and land use are shown in the

transparency over the figure IV.4 as:

unit 1:

unit 2:

unit 3:

Area occupied with natural vegetation, typical
of Central Brazil, named “cerrado®. It appears
in light gray tones to the East and Southeast

of the area indicating soils which are more
eroded. The left side of the image appears in
darker gray tones, evidencing denser vegetation,
with well integrated drainage pattern, with an .
erosion degree from light to moderate.

Area with “cerrado" vegetation including
pasture, situated at a higher level and which

at a first sight éppears as areas without
agricultural uses.

It presents mottied gray tones indicating strong
agricultural activities related to crops and
pasture. This is more evidenced in the vicinities

of Campo Grande city expanding toward Cuiaba city.

Channels 6 and 7 show areas in dark gray tones and with

well defined geomeiric forms indicating irrigated rice

crops.
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IV.2.4.3 - Conclusions

—t
]

The areas with agricultural activities appear

surrounding the urban centers. /

2 - Some areas are suffering a strong erosion actioﬁ
needing some so0il conservation measures.

3 - There exist two drainage systems. One in direction to
the Paraguai River and the other, at the opposite side,
in direction to the Parana River.

4 - The area does not present a good transportation routes’
system. Just some railways and few paved roads.

5 - This region possesses great variety of soil types
indicated through the natural vegetation and land use
differences. In the areas to the Hest the soils trend_
to be better.

6 -~ There are great quantity of rivers in the area which
permits one to say that a well-planned agricultural
activity would not suffer from water shortage.

7 - The relief of this area.is flat, presenting itgelf at

the Northern and Northeastern regions a little more

irregular.

1V.2.5 - lmage E~-1105-12532 - Santa Maria Reaion

1IV.2.5.1 - Introduction

The above referred image (center coordinates 300175-53003H),
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obtained at 5 November 1973, was analyzed considering the soil plowing
and planting period and the begining of some annual crops growing. The
image shows the cities of Santa Maria, Cachoeira do Sul, Cagapava do

' {

Sul, etc.

i1v.2.5.2 - Available Information

Information were obtained using, besides the four channels
on the scale 1:1,000,000, an enlargement of channel 5 on the scale 1:500,000

and one color composite of channels 4,5 and 7.

1 - Utilizing the channals A and 7 it was possible to map
Takes and sluice distribution along the right margin of
the Jacui River (Fig. IV.5).

2 - A thematic map. (Fig. IV.6) was obtained through a combined

zhalysis of the four MSS channels on the scale 1:1,000,000.

Iv.2.5,2 - Conclusions

e e

1 - It is possible to count the number of lakes and sluices
as well as their superficial ares using a channel 7
photographic enlargement.

2 - The great concentration of water bodies along the Jacui
River determines the great occurrence of rice crops.

1 - It wes casy to separate the following categories:

annual crops, pasiure and forests.
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4 - The outline of woodland, remaining in the area,could

be delimited.

e

5 - The analysis of image sets, taken at different dates,
through the different growing crop cycles, with regional
specialists support and also with aircraft sampling, at
intermediate scales over test sites areas previously
selected on the ERTS images, would permit more detailed

results about the present and potential land use in

this region.

1V.2.6 - Image E-1048-12282 - Teresina City Region

Iv.2.6.1 - Introduction

The image under analysis has the central coordinates: 05%49's

and 42028'W, taken at September 9,1972. It includes the city of Teresina .

and parts of the Parnafba and Poti Rivers. To the West of the Parnaiba

River appears the Maranh3o State and to the East part of this river the

piaud State.

The vegetation in this area is predominantly natural

varying from small and sparse "cerrado” vegetation, used as pasture, to

"cerradao" (vegetation of forestal size) with some agricultural activities.

It also presents in its 1owlands and river beds the “babagu” vegetation,
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one of the main sources of vegetal oil extration of that region.

1V.2.6.2 - Available Information

Information were obtained not only using ERTS images
(1:250,000) but alco from infrared photographiés enlargements to the
scale 1:130,000, SLAR (RADAR) mesaic on the scale 1:250,000 and previous

field observations fron part of this region.

The analysis of these images could be summarized through a
thematic man as shoun in figure IV.7 which was drawn over the channel 5 of

the ERTS image (Fig. IV.8).

Several types of features were plotted on the ERTS image
and in the case of some of them the RADAR image correlated quite vell,
while other features were not perceptibie in the radar such as those

microcosms with boundaries in tracing.

Basically the following were the types of vegetation and

soil use established through the images:

Area 1 ~ Area 1 is characterized by a rather dense savanna vegetation,
of the "cerradao" type, with 2 large number of cultivated areas:
1t presents good agricultural activity in spite of its rather
accentuated relief. A patch, in the shape of horseshoe near

the parailel of 695, crossed by the high-voltage power Tine



Area 2 -

Area 3 -

Area 3.1
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of the "Boa Esperanga” Hydroelectric Company (COHEBE), has been
identified. Both in the RADAR and in the infrared images cultivated
areas are found near this horseshoe. In the ERTS image this area is

unfavourably located, too near the left edge, and this resulted

in blurred details.

This area is characterized by “cerradao" vegetation and small
agr1cu1tura1 activity, which is due to re11ef (shown by vertical
arrows) as a limiting factor. In th1s microcosm we find yet
another area well characterized in the ERTS and in the RADAR
jmages {area 2.1). Patches F anq G, which are not well delimited
in the RADAR image, but are well characterized in the ERTS images,

belong to the type 4 vegetation. The vertical arrows indicate the

most hilly part of the area.

Areas characterized by number 3 classified as “cerrado” vegetation,
that is, a less dense savanna type identified by a fine texturé

in RADAR and a medium gray tone in the ERTS images. The index of
each area indicates the variation of their respective reliefs as

well as the parts where agricultural activity can be inferred.

- This area shows parts covered by "cerrado" with flat relief aé
well as great agricultural activity in other parts. It comprises
the environs of FEITORIA, AGUA BRANCA and SAO PEDRO DO PIAUT.
Cultivated areas can be perceived both in the RADAR as in the

infrared images. The texture of this area in the RADAR is well
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characterized (fine texture) and the relief is smooth.

Avea 3.2 - The 3.2 areas differ from the foregoing only by the higher relief.

Area 3.3 - Areas in 3.3 show the szame characteristics as the previous two,

differeing only in the degree of certainty as to the existing

agricultura] areas. The area as 2 whole is of agricultural

potential.

Area 4 - Microcosm number 4 comprises 2 large part of the vuadrilateral

Area § -

under study and is characterized by vegetation so sparse that

the reflectance of the soil has jnf1uence on the light gray tone,
characteristic of vegetation in tﬁe ERTS image under study. In the
RADAR image individual areas are not well characterized in tefms
of relief and texture but some boundaries have been plotted which
allow comparisons.

The whole number 4 area can be considered, in a general way, as

sparse savanna unfit for sgriculture.

The area delineated as n@ 5 is similar to area n? 1, but shows -
well the zoricultural areas near the poti River. Sub-area 5.1 is
well evidenced, in the ERTS image, as & darker gray spot.
predominanting vegetation in the proxiﬁity is of "cerradao" type of
almost 1ike it. Area indicated by arrow, near this region,

probably belongs to group 4 and is perfectly characterized in

all the imanes.

The spois marked with letters A to H have sparse vegetation, with

varied relief and no agricuitural activity.
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They probably indicate soils of low fertility and appear all over

the image quadrilateral.

Area 6 - These are humid areas which show up well in .channel 7. They have
Fallen outside of the RADAR mosaic which ﬁoéé not fully correspond

with the area covered by the ERTS image:

1V.2.6.3 - Conclusions

1 - Altough a thematic map is presented here only with the
great mapped units, it is possible to cbtain a more
detailed level of study on a 1:250,000 scale map using
'a channel 5 photocraphic enlargement.

2 - The unit 1 arez, in spite of beina jntensely cultivated,
was not clearly evicdenced in the FSS imaces due to the’
reduced size of the planted aress located closely together
and from the same stage of growth, reducing in this wvay
the contrast among them. In area 2, chennels 4 and 5
show the existence of agricultural areas.

3 - Through this preliminar interpretation it was not possible
to separate the "babagu" vegetation from the "cerradao"
neither at the false-color infrared images, due to the
inferior quality of the images.

4 - ERTS channel 5 images to the scales 1:1,000,000,
1:500,000 and 1:250,000 211ow a wood characterization of
Jarce vegetation types of the area under study. / cooc

subsidy in relation to relief and texture was given by

the PADAR 1:250,000 images. The joint use of the two
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types of images makes for a much better interpretation
than the use of either one of them in isolation.

5 - The additional information obtained froﬁ the 1:130,000
infrared images was of great importancé'in:;his stage,
in which interpretation techniques is n;t-yet fully
developed. The infrared images gave details not
perceptible in other two types of images studied, but
unfortunately with bad quality in terms of cloud
coverage and color enhancement.

6 - Water bodies are equally wall characterized both in
ERTS channel 7 as in RADAR images. Relief shows up

better in the RADAR image but geometrical accuracy is

becter in the LRTS images.

1V.2.7 - Image E-1123-12510 - Presidente Prudente Pegion

1v.2.7.1 - Introduction

The analysis referred to the above mentioned image with
center coordinates 21%36'S and 50%42'y taken at Nov. 23, 1972, corresponds

to the region of Presidente Prudente, Marilia and Andradina cities Tocated

at the Sao Paule State.

iv.2.7.2 ~ ngiiahle Information-

1 - In extense areas along the Tiete River it is pessible

to observe a defficient drainage evidenced by the dark
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Fig. IV.9 - ERTS image E-1123-12.510 - Presidente Prudente Region
channel 7.
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gray tone in channel 7. In this same area a great

number of lagcons is also observed.

- Areas of bare soil, of a good drainage, evidenced by

. light tones in both 5 and 7 channels.

The transparency done using channel 7 {ficure IV.9)

shows the main drainage system orienting itself
parallelly toward the Parana River, to the West of this
image and not shown in the above mentioned figure, as well
as innumerable small Takes, dams and areas influenced by
flood along the Tiete River. |
Figure IV.10 shows a map done over the saﬁe photographic'
enlargement on the scale 1:130,000, of the marked area,
at the upper right part of the channe1‘7 transparency
(area 1). This area under the influence of the Tiete
River shows lagoons, part of this river as well as areas
close to its river bed with various degrees of humidity.
Figure IV.11 shows the map done over the same channel 7
transbarency, in its lower part (area 3), situated near
the Presidente Prudente city. It is possible to note

the presence of two dams and areas of bare soil, with
different moisture degrees, indicating differences in
the drainage capacity.

Figure IV,12 shows the thematic map done over the channel
5 photographic enlargement on the scale 1:130,000, at
the central part of the image, near the Feio River area
{area 2). In this region the existance of forests areas

and areas prepared for plating, etc, was verified.
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The "Serra do Cabral", although.spatiaITy separated from
the great Espinhaco structure, is part of it through similarities of
tithology, structure, geomoyrphology, drainage system and image phétogeo—
ﬁorbhoiogical characteristics. It.ié formed by two big anticlines and one |
syncline, besides other fo?dihg§ pérceptible in the image. In the axis
of these two anticlines appear quar%zits highly resistent from the Lavras

Series, whose altitude is reflected in the saw format.

2 - Intermountainous Depressions

They appear in the image with rough texture and light
grey tones for both channels, although lighter in channel 7. Distinguish
itself perfectly as an eroded area, emerging clder subjacent rocks which
are delimitated by clear erosive scarpments in the contact among soiils of
the Minas Series, formed by sandstones, clays, conglomerafe and pebble of

metasandstone.

A clear example seen in this image is the Itacambirugu
River and its tributaries depression, whose sub-dendritic drainage is

truely representative.

These scarpments were originated from erosive processes

and constitute themselves in a water division between the Itacambirugu and

Jequitinhonha River Basins.







B - Sedimentary Flateaux

This unit was identified in the image through a very
" dark gray tone in'channel 5 and Tight in channel 7 with smcoth and uniform
texture and with low drainage'density and limitated by well defined

scarpments.

Geologically it corresponds to sandstones dated from
the Cretaceous Period, highly porous, horizontally disposed furnishing
the necessary conditions to the appearance of structural tableforms

surfaces.

Spatially présent itself descontinuous and is an
example for more intense surfaces westerly localized in the Sao Francisco

River Basin.

It is covered by denser “cerrado" vegetation than the
adjacent areas, infered through the light tonality in channel 7,representing

the high vegetation reflectance in the near infrared band.

Topographically represents surfaces maintaining

altimetric Tevels from 800 to 900 m.
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C - TabTelands

They were differentiated in the image through a 1ight
tene in channal 7 and a dark one in channel 5. the rough texture on this
unit boards clearly shovs thz erosive scarpments that constitute the link

element with inferior levels of the tablelands.

Over all this unit the drainage presents a sub-dendritic
pattern suggesting the presence of horizental or sub-horizontal rocks with

uniform resistance and with a smooth reqicnal slope.

Goolcgically speaking this is a unit formed by rccks of
g

the Bambui Group, where Ginestones, slate and cenyglomerates emerge.

Morphologically it is represented by plateaux strongly
eroded with occurrence of erosive scarpiments and forms of Karstique relief

in the areas of calcareous rocks outcrops.

Among the Espinhaco Range and the cretacic sedimentary
tablelands this unit precents tuo distinci altinetric Tevels: one westerly
Jocated in the “Serra do Espinhago” and at the east of the sedimentary
plateaux and the other intruded between both, at an lower altimetric
Tcval. This compartment divisicen i3 specially dene by the presence of

scarpacits at beth size of the Suavining River Valley,

In oo it sooict is the teblelands at west of
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the "Serra do Espinhago” which is less eroded than the one located at east

of the sedimentary plateaux.

D - Intruded Valleys in the Tablelands

This unit was delimitated through its smooth and uniform
through the localization close to the principal channels and .

texture,

through low density of secondary drainage.

Geologically the& correspond to rocks of Vazante Formation

which are deposits of the Quaternary Period, already consolidated and in

an reimprovement phase. They follow the Sao Francisco River Valley and

the valley of their main tributaries.

The horizontally layers form smeothly inclinated

tableland reliefs in direction to river beds which maintain themselves

at middle altitudes of 500 m.

Close to the Velhas and S3o Francisco Rivers in the

1imit of this unit through relatively abrupt scarpments.

At the right border of the Paracatii River also appear

small scarpments while at the left border they do not appear.
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V.2.5 - COICLUSIOHS

From the preliminary results of this geomorphological

mapping one can conclude that:

- The KSS/ERTS-1 images could be considerad as a valuable
instrument for a synoptical vision of the relief
compartmentation and of the structural influences.

- Related to localization, extensions and limits of the
geomorphological units the images permit the introduction
of modification in the already existing maps.

- The inages offer possibilities to infer about morpho-
climatical processes and their dynamism through repetitive

analysis of the same area.

V.3 - HYDROGRAPHIC MAP USING ERTS IMAGES

V.3.1 - intrgduction

The hydrographic system is subordinated to geomorpholegical,
structural, 1ithologic and climatic conditions of a given region.Therefore
it is a valusble element for envirormental research. A deteiled study of
the drainage system furnish a series of important information to the
determination of a regien ecological scene. It is considerably important
in the preparation of hydregraphic naps as an auxiliar element in the

investigation Tor other parameters.
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the drainage oriented to the east

This map was initially made aiming iz support gegmorphelcgical

interpretztion of the area covered by the Belo Horizonte Chart and
exemplifying the drainage mapping. The images used zorresponded to the
csma area used to exemplify the geomorphological me;ping of the previous

work (Fig. Y.7}.

aossible to have 2n
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Through the above mentioned map it v

jdes of thz aree covpurinent division inm runciion ¢ Crainsge and o

Ti11 the present moment only a cualitative analysis has bLoci

aidl
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Gona of the hydrographic system, although quantitztive studies will be deps

with the vse of Horticn end Sthraler morphonetric Sndexes.

v.3.2 - Drainzce: General Dreanizetion

Through visual analysis of a drainage system {Fig. V.9) it

was possibie to distinguish two great hydrographic sets separated one

frem the obther by the Espinhago range and plateaux.

The Espinhago alignment operates as water divisor separating
(Jeguitinhonha River and its tributaries)
{Sao Francisco Liver and jts tributaries)

frem the westerly oriented system

The rivers flcwing to the S&o Franiisce niver present @
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superficial dendritic pattern and & high density of secondary rivers. The
Jequitinhonha River Basin drainage already present itself less dense,
reflecting cven in the less important tributaries a great structural

control with a sub-retanguiar pattern.

Correcting the drainage map with the geologic map of the

" area, %t is possible to verify whether the dra{nage is dencer aﬁd dendritic
in the areas of rocks occurrence of the Bambui Group. In the areas of
calcareous occurrence Karst topography can be found. The superficial
circulation in the Karstique region equally elaborate deep cannyons as

the one formed by the Velhas River in the region of Santa lLagoon.

\'here the climatic conditions do not permit the appzarance
of Karstique rclief, the calcareous works as a non-permeable reck making

possible a rich superficial drainage.

In the recent alluvium creas from the Vazante Formation,

the drainage is less dense, perhaps reflecting an increase in the perosity

of the rocks.

In the place where occurs more ancient terrains of the
Brazilian Shield the drainage appears less dense in the images. This,
howaver, does not tota]iy reflect the reality. that happens is that in
these regions it is difficult to obtain drainage details through the
imszes vhich all t 7 onty Lt t important rivers. This is due

te two facts: Firscly this region present itself covered by hunid forest




diminishing the contrast in the targets and this reduces the image
resolution. Secondly, this is an area where the drainage branching is

great, presenting small and narrow rivers, more difficult to be detected.

V.3.2 - Conclusinas

P‘z; + : o3 ":A_'n- -
N £ i

- erolysis using ERTS-1 images it is possible

to concluce:

- The image provide information very close to reality,
attaining a level of detaii much better than the ones
of the chart in the sauz scale.

- Oy the feoility of rainage mapping, the ERTS-1 images
ars favorzble to hydrical potential studies, as well as
to the study of fluvial channels with the objective to

plan river transport.

y.4 - DENOGRAPHIC INFERENCE USING EPTS TMASES

v.4.1 - Introducticn

Priona the different ERTS satellite image application
possibitities, those concernad with de coraphic studies seem 19 be some

of the rost appealling.



- 263 -

In general it is possible to observe that urbanized areas
in ERTS images are well defined which really facilitates the delimitation
of these areas with fair accuracy. This fact inspired us to verify the
viability of the ERTS images utilfzation in demographié inferences in the

Brazilian territory.

At present, Brazil has approximately 100 million
inhabitants, with a population growth of 2.9% per year, in the period of
1960-1970. Cemographic Census are done here every. 10 years, hence some
appropriate techniques are necessary to estimate the population in the
inter-census periods as well as to accompany the main urban expansion
trends. Frequently it is noted that the Brazilian population is
concentrated in highly populated agglomerations. The percentage of people
Tiving in clusters of more than 10,000 inhabitants has been increasing

considerably in the last few years.

Due to the intense urbanization process presently occurring
N > :
in Brazil it is necessary to keep track of tha increasing growth rate
within the urban arcas as well as to monitor the expansion of the

urbanized areas.

The frequent ERTS satellite data acquisition makes possible
the detection of the urban expansion tendency and the observation of
regicral developuents, making it possible to update regional planning

related to urbanization studies,
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Trying for the first time in Brazil to use ERTS images
applied to pepulation inference, this work verified the corretation
existing betwsen the data of urbanized areas, as infered from the images,.
and thie respactive porulation data, obtainéa in the last Brazilian

Demographic Census (1970).

Images used in this work were selected according to their

clarity in defining urban areas.
V.4.2 -« Hethodoloay

The data used in the develonment of this research vere
obtained by ERTS-1 Satellite MSS Sensor. Channel 5 {0.6 - 0.7u) was used
bacause it was the one which best identified urban areas. The urban areas
present high reflectance in this channel compared with their surroundings.
Through the radiaticn density cities could be delineated with a relative
accurccy. An exampie of wo utilized images in the work are shown in

fiqures V.10 and V.11,

The scale of the images used in the determination of the

urbanized areas was T+500,000.

Cities were identified using 1:1,000,000 map of Brazil

pubtisned by the 1.E.G. {Drazilian Geography Institute}.

The determinaticn of city areas in the ERTS images was
made with a planimeter. The arithnetic average of © aves measuvaint

vas used.
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The area data vere correlated with official statistical.

population datz of the Brazil 1970 Camographic Censué.

As the first step torﬁna}yce:the data an attemnt was made
to establish the correlation index between two variables: the area and
the population. Then a linear regression was used in order to estimate
the population éhrr@ﬁpanding to a riven urban area. The next step was
to apply the Student Test with 20 probability. -

-

Intervals wore established from the data obtained by the

simple linnar reqression methods with a stetistical distributien of

populotion resulting for each area interval.

V.4.3 - Discussion of tne |

This work is still in the first phase of development and

the results to be discussed herz should be considered as preliminary ones.

From the ERTS imaaes selected for analysis, 280 Brazilian
cities were identified (Fig. V.12). A list was made with information about
the place of each city by state, data on spatial area obtained from the
images, and population totals acquired from the last Brazilian 1970
Demographic Census. The 280 Brazilian cities identified vary greatly with

2

area ranges of 0.5 km~ to 45.20 kmz and population totals from 559

inhabitants to 185,000 inhabitants.
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Fiq.v.12 - Prazil map with the localization of the studied cities.
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With the application of the correlation coefficient to the
variab1es,'areas and population, the obtained index was 0.80 which
indicates a relatively high correlation between the two variables.

The Dispersion Diagram (Fig. V.13), shows a linear dependence
between area and population. The dispersion from iinéarity observed for
some points in this figure ﬁrobab]y indicates a peculiar space expansion
of these cities with respect to its population distribution. In these
cases some parameters should be taken into account, such as: regionat
localization, topographic characteristics, functional and economic

characteristics of the city, etc.

Later on, with the application of the simple iinear
regression statistical method it was possible to classify the area and the
population in intervals, resulting for each area interval a statistical

population distribution. About 21 classes were obtained as shown in TableV.l.

These classes were established.in order to infer the

population of a given sample area.

The results obtained for thé less populated cities are
quite different from the more populated ones. For the less populated
cities the relationship between their areas and respective population
was found to be quite linear. However this linearity does not exist for the
most populated areas. Table 1 dispiays the area intervals used in this

work. The corresponding classification and population data are also shown
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in Table 1 and in Figure V.14.

These results (although relatively good for the population
estimate can be considerably improﬁad if more samples are considered.

There is the need of data collection for a larger quantity of cities, and‘

-also the need of other parameters which influence the geographical expansion

of the cities. Parameters such as regional localization, kind of relief,
economic and functional characteristics should be analized and computed

in.order to obtain more precise results in demographic inference.

Based on these preliminary results cne concludes that the

_ERTS images really offer great potential in demographic studies and in

tracking the expansion of urban areas. However in the case of demographic

inference more precise results are necessary and could perhaps be obtained

jn a further phase of this research.

The next phase of this research will be developed utilizing
the IMAGE-100 GE equipment. Through this equipment more precise results
of the urban areas will be obtained. Other parameters interfering in the
urbanization process will be used in this second research phase. The
objective of this investigation will be the reaching of models to permit

the inference of urban areas population with the best possible precision

grade.
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TABLE V.1

CLASSES AREA | POPULATION L
1 0 to 2kn® !0 to 6,838 inhabitants E 49
2 2.1 to 4 kn® 2,941 to 12,702 ° 77
3 4.1 tw 6 kmt | 9,222 to 18,653 " \ 57
4 6.1 to ©kmé | 15,720 to 24,710 " 29
5 6.1 to 10 kn® | 21,801 to 25,322 " 14
6 10.1 to 12 km? | 28,365 to 37,135 " i
7 12.1 to 14 km® | 33,654 to 43,466 " L7
8 14.1 to 16 km? | 41,775 to 49,847 " 6
9 16.1 to 18 km® | 45,228 to 56,262 " 5
10 181 to 20 kn° | 50.958 to 62,702 " -
1 20.1 to 22 kn | 61,787 to 69,158 " 1
12 231 to 24 km® | 64,628 to 75,626 " 4
13 581 to 26 km¢ | 68,034 to 82,103 " 4
14 6.1 to 28 ka® | 73,818 to 82,881 " Ly
15 30.1 to 32 kmé | 89,562 to 100,920  © 1
16 32.1 to 34 ki’ | 95,486 to 107,740 1
17 36.1 to 36 ki | 96,899 to 111,314 3
18 ! 35,1 to 38 m- | 103,313 to 121,086 " 2
19 38.1 to 40 knt | 112,711 to 127,568  ° 1
20 0.1 to 42 km® | 115,534 to 130,819  * 1
21 451 to 46 kmd | 127.3%0 to 144,481 " !
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Dr. Fernando de ilendonca
Director General, I.N.P.E.
C.P. 515 - Sazo Jose dos Campos
Sao Pauvlo. Brazil :

Dear Dr. de !iendonca:

In accordance with the Provisions for Particimation in the NASA LARDSAT
(ERTS) Project, a review was made by the Scientific llonitor of the drafts
of the Type III Final Reports which represented the completion of the
Institute for Space Reszarch's (IHPE) rultidiscipiinary progran for the
study of LANDSAT 1im Tha voiume of the reports demonstrated that.
an in-denth study of the utility of this imagery vas made. It was roted
that tha large ampunt of information produced by the three Principal
Investigators was screcned and combined into a single report. This is
an excellent mechanism for cataloging the relevant results of the INFE
program. It effectively demonstrated the outstanding contribution of
the Brazilian investigators to the LANRSAT pregram.

oy
- Bt 4 s

In his review of the Volume I, Chapter II, SEA PESOURCES (CF Emmanuel
Gama de Aimeida) investication, the Scientific fonitor stated that it
was a comolete, well prepared and well organized report with an apgro-
priate format that adequately addressed cach of the objectives outlined
in the original proposal. The report gives a good introductioh to the
investication and tocuches 1ightiy on the interaction of LANDSAT, Nirmous,
Apollo-8, and Skylab video data products. Elaborate background informa-
tion is supplied for each study area. Excellent use is made of trans-
parent overiays on the LANDSAT images. The major detriment in this

chapter is the lack of an introductory map of Brazil showing the locations

of the five test sites.

Unfortunately, there are a number of content deficiencies that should be
corrected bafore the Final Report is submitted. These are:

¢ Page 27 to 30: Reference is made several times to MSS channel
4, 5, and 6 imagery but only a channel 5 image is included in the text.
In fact, channel 5 imagery 15 duplicated on pages 24 and 28. Is this in

error?

¢ Page 45, firsi paragraph: Last sentence, "1500 'm" should read

SRl




Broderick to Dr. d2 Dendonca g

Z

¢ Pa-2 15, ©hicd Coracrarh:  futhor refers to oceanic tides of
vhe "gaviiie hnooL < onrebauiy wezansy "didrnal - a tide havino oy
one hicn 42 ad 2o o uatar edch tidal day (everv 24,84 hours)”.

a Peoos £8, 7, and §9: Reference to Fig. 11.20 and 11.22 js swace
by stating the ccouisition date of the inace, 26 Jure 1973. Refersnce to
this iTlustrabion shouid B by Fig., nurthar. Dzar bottom o7 page 56,
velocrence to this Fio, 95 26 July 1972, Che of thzse must b2 dincorre:rt.

5 Facs 82, Favagravn T1.3.1: Tha first se WtCHLE in this parcorann

¢ Pane 76, Paragrzon 11.3.5.3: PReference is made to a blowup of
Guanabava Bay showing river discharges. No LAKDEAT image is included to
show this imoortant result.,

: g Pezos 81, thivd raragraph, line 3: "thz isoline of 332 surface
satinity” should be "jschaline of 35 0/G0 "since salinity is measurad in
parts per thousend (0/C0}. :

o - Page 8B, third paracranh: fleference is made to items B, C, and
0 in Fig. I1.32 but nct to item A,
In his review of the Volure I, Chapter ITI, MINERAL RESOURCES {Dr. Gilbartio
fmaral) investication, tr2 Scientitic ilonitor stated that it represented
a detailed and vell illustrated renori with an appropriate format that
addressed -most of the objectives outiined in the original proposal. fn
objective not adaressed wos the proposed siudy of tha "main geotectonic
units of central anrd souinern Brazil and their relation to known minerai
dercsits"., llo discussitn of the application of the structural data to
these mineral deposita was made. Ir addition, no information regarcing
the "establishirent of the best parauaters for aircraft mission planning
Tor specific peoblems” was presented, ’

In addition, ihcre are some content deficiencies that should be correcied
before the Final Report is submitted. Tnese are:

¢ Page 114, 1ine 12: The sentence "The main differences...” is not
a complete sentence.

e Page 114, 1ine 22: ‘“geologists who have®
o Page 115, Tline 8: -"implement: Lion_of software..."

& Page 117, Tine 19: "... has surveyed..."
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-

¢ Pace 122, line 7: L. . diagnggjg:..“

§ Page 123, Tinz : v, . painterance...”

Page 123, Tine 11, 12 "cosis about US $0.15 yhile the... have
g :

.o Page 123, line 16: ncost/effectiveness ratio... when conpared
with tha SLAR rat

¢ Page 123, Tine 21: iCaibrian age"
¢ Page 125, line 3: "...the previously available map."

e Page 126, Tine 11: "...geolsgical community.”

@ Page 126, line 14: n _.cost/effectiveress...”

¢ Page 175, 1ine 16: Should read: "Only conventional photo-
interpretatios iechniguas vere used, " .

APPELDIX IIT
‘.o Page 13, line 15: “different"

e Page 25, Tine 13: A perioa should follow ndifferentiation.” The
next word, "they" should be the first word of the following sentence.

¢ Page éS, line 19: "fine grained", “graywackes”

0 Pége 26, line 2: '“are mainly dates"

@ Page 26, line 11: "argillaceous”, "siltstone”

e Page 27, line 1: “Ladéira et al", "designated”

o Page 28, line 7: "graywacke and arkosic sandstone.”

.o Page 31, 1iné 3: %, ,separated mainly Qz_tona1ityi,.."

o Page 31, line 12: "...are in unconformable contact with...”




e Paco 32, lirns P1: MIT ds uncenformably overlying the units

33, Yina 1: “Tha avea gorth of the Furncs Dem balongs to..."

2o pafircuce is made to Plate 2 in tn tlal. Alsp, the pletes are referved
in p @ oropcon onder (Plete 3, Polte 5, Fialz 1, Flaie 4, etc.).
fdcisicnally, the nlates should folicy i cediately after the first refer-
erca to then, rather than beirz grouped tocachor at the end. :
“ao 1 should 7ollow after the first refercnce to it on page 20, Likewise,
an 2 should foliow directly aftar on rase 31.

In =5 rovies of Yolure II, Chooter 1V, cnil DESOURZES (Dr. Fernando

o Mongonca) tha Scieativic Monitor cirted that this renort comp ~leted the
anzivses relcovant Lo the stated ocbicctives of the invesxigaticn. Th=
jnvestication went a long way in joentifyine promising and econc.aical
applicetions of revotely sensec car il vosources data in tha field of
agrcaory.  Technical duiatls 30 Zie farm of LANDENT inoging i1lustratlions
overlaves, and maps were aroly orovided.,  in additicn, the useiuiness 03
LENDSAT fmagery in other d15c1p1.nc arzas of land use and demogranhic
studiss was explored. Unfortusately, the study is leboled as erelininar]

because of the absznce of crourd +truth.cdatea.

The content deficiencies ithat shouid be corrected before the Final Report is
submitted are:

"¢ Page 141, Paragraph 1IV.2.4.3.6: This statement needs clarification.
¢ Pege 145, Paragraph 1V.2.5.3.4: This statement needs clarification.

o Page 149, Fig, IV.7: Only 4 area types are descr1bed in ths
" Legend aTrhougL 6 area types are discussed in the accompanying text.

e Page 150, Fig. IV.B: No refoﬁnﬁbe is WAde to this Fig. in
the text.

¢ Page 151, Paragrapn 1¥.2.6.3.2: This statement needs clarification.

& Paoe 155, Paragraph 1V.2.7.2.3: There is a discussion of the
Parana River but it is not designated in Fig. 1v.9.

s Page 161, Paragraph IV.2.8.2.5: This statement neads clarification.

bl
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Brogerich to Dr. da 'zndonca

e Pace 177, linz 16: Refernece to Fig. IV.20 should be

1t is unfortunate that

¢ 2202 179, Szction I¥,3.2.2.1 Legend:
the terms L e ) vesrradao’, eic. weve not defined eariier in the
toxt. A ]

esa comments into your draft

ri Report to:

sqider incerporating th
gt (8) copies of the Firal Re

1511 vou kindly con
before submitting ed

Goddard Space Flight Center

Greenbelt, laryland 20771

Attn: Scientific Tnvestigation Support
Code S02.6 L

Sincerely.,

s C Precllon o

daines C. Brederick
“_ANDSAT Tecimical Monitor







