@ https://ntrs.nasa.gov/search.jsp?R=19810017987 2020-03-21T12:00:33+00:00Z

NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



S Wy

Py gy g

wpade avallable undes NASA sponseciily EBI B 1 O 1 2 1

in the interest of early and wide dis- C.R _ ”p L( 5 75 P

semination of Earth Resources Survey
Program informat’on and without
for any use made theredt.”

AR AR R

e

(B81-10121) BEBOTIE SEVSIEG LATA AFFLIEL 170 N81-26524
THE EVALUAT. .Y CP SOJ1 EBECSIOb CAUSEL EX

LAMD~USE. RIEEISAO LNHUMAS BASIN ABEA: A

CASE STUDY (Instituto de Fesguisas Unclas
Espaciais, Sao Jose) 15 p HC AQ2/MF A01 63,43 00121

e B e M R K e e SR <t g e

7
! ”
L

;e

RECEIVED g
MAS Y
oare, o1 7 Facurry

Dcar n:o DQ][:}T’?@ i

[ o

R R N L e s T e e e L L e

SECRETARIA DE PLANEJAMENTO DA PRESIDENCIA DA REPUBLICA

s
P W T e

= CONSELHO NACIONAL DE DESENVO.VIMENTO CIENTIFICO E TECNOLOGICO

INSTITUTO DE  PESQUISAS  ESPACIAIS




o

1.Classification INPE-('OM. 4/RPE 2.Period 4.Distribution
| C.D.U. 526711.7:561.8,063 616.1) | # Criterion
3.Key Words (selected by the author) internal
©OIL EROSION -
LAND=-USE
KEMOTE SENSING TECHNIQUES external | X
| D
-~
5 Report N9 6.0ate 7.Revised by p-
| INPE-1965-RPE/276 | Degsember, 1980 viyn M.L. de Mowaes Nov
8. Title and Sub-title 9.Authorized by
REMOTE SENSING DATA APPLIED TO THE EVALUATION OF /\ e
SOIL EROSION CAUSED BY LAND=-USZ:RIBEIRAO ANHUMAS Lad @A

BASIN AREA; A CASE STUDY. Nelson de Jesus Parada

- Diretor
[‘10.Sector DSR/DDP Code30.241.000 rr\l.NQ of Copies 09
w
[12.Authorship _ o A b
Sergtio dos Anjos Ferieira Pinto 14.NQ of Fages 14 )
Hermann J. H., Kur
»,
15.Price )
Ll3.Signat‘.ure of the responsible ; '..»A:"
~

16.Summary/Hotes
The area u~der study is located between cocrdinates 52° -

52°20" W and 22°- 22%30' S. This region, formerly covered by a tropical
forest, was deforested in the early 40's for coffee plantation and cattle
raiging, which caused intense gully-erciion problems. The main objective of
this study ie to develop a method to analyze the relationship between land-
use and soil erosion, using remote sensing techniques. Firet, visual
interpretations of aerial photographs (scale 1:25.000), MSS-LANDSAT imagery
(scale 1:250,000), as well ae automatic interpretation of Computer
Compatible Tapes (CCTs) by IMAGE-100 system were carried out. From visual
interpretation the following data were obtained: land-use and cover types,
slope classes, ravine frequency and a texture sketch map. During field work,
8oil samples were collected for texturc and X-ray analysie. The texture
sketch map indicates that the areas with higher elope angles have a higher
susceptibility to the development of gullies. Also, the over-carriage of
pastureland, together with very friable lithologies (mainly sandstone)
oceuring in that area, seem to be the main factors influencing the
catastrcphic extension of ravines in the study area.

>
17.RemarksTo be subnitted to the International Sympoeium on Erosion and
Sediment Transport Measurement - 22-25 June, 1981, Firenzi-Italy.

)

— _J

(v ¥



LR

PR

Ramote sensing data applied to the evaluation of soil erosion caused by
land use: Kibeir3o Anhumas basin area: a case study.

FERREIRA PINTO, SERGIO DOS ANJOS
KUX, HERMANN J. H.

Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico - QNPg
Instituto de Pesquisas Espaciais - INPE

Av. d&s Astronau. as, 1758 - C.P, 515

12.200 Sao José dos Campos - S30 Paulo - Brasil

RESUME

L'aire étudide se situe entre les coordonnds 52° - 52°30' W et 22° -

22°30'. Oestte région, autrefois couverte par une idret tropicale, £i

ctr

éefrichée pendant les anndes 40,pour donner lieu d des plantations

de crfé et des paturages, ce qui a causé des ravines en grandes
extensions. L'objectif principal de cette étwde est le développement

d'une méthxe pour 1'analyse des relations entre l'utilisation du terrain
et l'érosion du sol, & l'aide de techniques de télidetection. Initialement
furent realisés des interpretations visuclles de photographies aériennes
(échelle 1:25.000), d'images du MSS-LANDSPT (&chelle 1:250.000) et
1'interpretation autamatique de "oomputer campatible tapes" (OCT). D'aprés
1'intespretation visuelle, les données suivantes furent obtenues: types
d'utilisation du terrain et ocouverture végétale; classes des versants,
fréquence des ravines et un croquis des textures. Pendant le travail sur
le terrain, des échantillons de sol furent collectés pour l'analyse de

texture et pour l'analyse par rayons X. Le croquis des textures indique



que les rigions avee des angles d'inclinaison de versants plus clevés ont

une susceptibilité pour le développament des ravines. Ainsi le surpdturage,

alié a des lithologies trés friables (surtout grés) qui occurent igi,
sarblent étre les facteurs qui influent le plus sur l'extension
catastrophique des ravines.

ABSTRACT

The area under study i¢ located between coordinates 52°-52°30'W and
22°-22°30' S. This region, formerly covered by a tropical forest, was
deforested in the early 40's for coffee plantation and cattle raising,
which caused intense gully-erosion problems. The main objective of this
study is to develop a method to analyze the r- .ationship between land-
use ond soil erosion, using ramote sensing techniques. First, visual
interpretations of aarial photographs (scale 1:25.000), MSS-LANDSAT
imagery (scale 1:250.000), as well as autamatic interpretation of
Carputer Conpatible Tapes (CCT's) by IMAGE-100 system were carried out.
Fram visual interpretation the following data were obtained: land-use
and cover types, slope classes, ravine frequency and a texturc sketch
map. During field work, soil sanples were collected for texture and
X~ray analysis. Tte texture sketch map indicates that the areas with
higher slope angles have a higher susceptibility to the development of
gullies.Also, the over-carriage of pastureland, together with very
friable lithologies (mainly sandstone) occuring in that area, scem to
be the main factors influencing the catastrophic extension of ravines
in the study area.



INTRODUCTION

The main objective of this paper is to show the preliminary iesults of
a methodology which is being developed to stwdly the relationship between
land-use and soil erosion problems in the Ribeirao Anhumas basin area
(SW sdo paulo State Brazil), using data fram aerial photographs and
17NDSAT systam (Fig.l). This studly area is under intensive erosion
processes with huge gullies and rills (Suarez, 1975).

A river basin was chosen as a study unit, because it constitutes a
geamorphological system where there are interactions between forms and
processes (Gregory & Walling, 1973). Studies of erosion processes have
been carried out using aerial photographs and LANDSAT imagery by Ray
(1960) and Morrison & Cooley (1973), respectively.

~ETHODOLOGY

Description of the study area

The area drained by Ribeirdo Anhumas (approximately 750 Km‘)is built

up lithologically by sandstones from Bauru and Caiud formations, Upper
Cretaceous (Almeida, 1956 and Suarez, 1975). These formations are often
capped by Cenozoic sediments (Suvarez, 1975). Therelicf of the basin area
is made up by low hills with gentle slopes and large drainage divides.
Altitudes vary between 400 and 250m, £ram the upper to the lower river
ocourse. The tropical continental climate in the stuwlyarea has a dry

season from April to September, with an annual average rainfall around
1.000 mm, According to K¥ppens's classification,the study area belongs

to climate type CWA; the warmest month (January) has a mean temperature



arouwx! 26°C and the coldest nonth (June) has a mean tenperature over
18°C.. The predaminant soil type in the area is the dark red, latosol,
sanly phase (Servigo Nacional de Pesquisas Agrondmicas, 1960).

Mothodological procedures

The following materials were usod for this stwdly: topographic maps of
scale 1:50.000; panchramati - aerial photogrophs taken in 1972 of scale
1:25.000; MSS~-LANDSAT imagery; path/row number - 220/27 on June, 28, 1973,
channel 5 and 7, scale 1:250.000, and LANDSAT camputer conpatible tapes
(XTs). A grid of 2 x 2 an was overlaid on the tcpographic map which
divided the basin area into 880 sanpling units; cach unit corresponds
to an area of 1 Km’. Twenty percent of the sanpling frame (176 units) were
selected by lottery sanmpling. The selected sanpling units were then
analyzed on acrial photographs using criteria recammended by Buringh
(1960); Ray (1960) and Bergsma (1974). Infomnation such as the frecquency
anc extension of ravines, slope classes, land-use and soil cover typoes
were obtained. During field work, soil sarples were collected fram 17
representative units at the middle segment of slopes, and sulmitted

to textural analysis. Declivity values were calculated from topographic
maps. Using these data, graphics were made correlating ravine frecuency
with the following parameters: declivity, the ratio of fine sand/rough
sand, land-use, soil ocover types and hydrographic density. Data from
LANDSAT camputer campatible tapes were analyzed by the multispectral
image analyser (system IMAGE-100). The classification programmes
available for this system were used according to the User's Manual
(General Electric, 1975). The program es for spatial feature extraction
developed by Dutra & Mascarenhas (1980) and MAXVER (Velasco et al.,1978)



wore also used for IANDSAT fnagory texture analysis.

PRELIMINARY RESULTS

Table 1 shows the standardized data obtainod fram aerial photographs
for the 17 sanples considered.

These data allowod an miltivariate analysis after Koch & Link (1971).
The multiple correlation coefficient obtainud was Ry xix:X; = 45,1 .
Even though same of the sanple correlation coefficients are low, the
R° valie shows that these variables, together , we:e responsible for
45.1% of the y variation, indicating that they have a certain participation

in the erosion process in the area studied.

In Fig.l, it can be observed that those points where hydrographic
density is low, the frequency of ravines is also low, suggesting a
probable correlation with the drainage notwork. The correlation

oefficient between these 2 variables was 0.502.

The correlation coefficient between ravine froquency and thin sand/
rough sand ratio (Fig.2) was very low (0.117). Most points analyzed are
located within a narrow band of textural variation, indicating a great
haogeneity of material. The variable declivity (Decl.) here is not the
main factor responsible for gully erosion frequency (Fr.). This is shown
by a low correlation coefficient between Fr. and Decl. (0.411) and the
dispersed distribution of samples in Fig.3. Other important variables
in the erosion process such as: rain intensity, soil erodibility, slope

length, lapse time of human occupation, considered by Wischmeier, 1977;



To,, 1977 and Meyer & Kramer,1969, were not yet included. On the other
hand, the number of sampled units analyzed up to the present mament is
not sufficient for an cbscrvation of linear distribution.

RESULTS OF THE AUTOMATIC ANALYSIS

The print-out of texture classes (Fig.4) was obtained by the Multispectral
Image Analyser (system IMAGE-100) using LANDSAT camputer compatible

tapes (OCTs). Five classes were grouped and oanpared with topographic
profiles, declivity data, Indrographic density and ravine frequency. The
preliminary analysis fram this print-out shows that unit V correspords

to areas with higher susceptibility to accelerated erosion proceusses,

as well as to areas with intense erosion at drainage divides, This class
is characterized by a higher thamatic variation than the other classes.
Classes II and IV present an intermediate texture betwoen classes I and
V. Class III corresponds to areas with a dense vegetation cover, and was
easily distinguished fram the other classes. This indicates that class
III is not a response of texture variation fram the imagery. The textural
classification presented here is yet a preliminary result. lew procedures
are being tested to get a better classification of image texture.

REFERENCES

Alrmeida , I'.F.M. (1956) O Planalto basaltico da Bacia d Parani. (The
hasaltic plateau fram the Parani Basin). In: Boletim Paulista de

%!afm' 24' 5"'340

Bergsma , E. (1974) Soil erosion toposequences on aerial photographs.

T e



.

ey

In: Proc. Synp. on Ropote Sonsing and Photo Interpretation, wol.l,

Alborta, Canada oct.1974, 317-3238.

Buringh, P. (1960) The applications of photographs in soil surveys.
In: Manual of Photo Intcipretation (edited by American Soc. of

Photogranmetry), 633-666, New York.

Dutra, L.V. & Mascarenhas, N.D.A (1980) Extragio de atributos espaciais
an imagens multicspectrais. (Spatial feature extraction frawn
nultispectral imagery). INPE-1085-RPE/229, Sao José dos Canpos,

Brazil, 21p.

Gereral ElectiicCo. (1975) Image-100 - Interactive Multispectral
Image Analysis System, User Manual, Daytona, USA.

Gregory, K.J. & Walling, D.E. (1973) Drainage basin, form aid process -
a geamorphological approach. Edward Arnold, London.

Roch, G.S. & Link, R.F. (1971) Statistical analysis of geological data.

John Wiley ard Sons Inc, New York, wol.2.

Meyer, L.D. & Kramer, L.A. (1969) Erosion aquations predict land slope
development. Agricultural Engineering, vol.50, 522-523,

Morrison, R.E. & Qooley, M.E. (1973, Applications of ERTS-1 multispectral
imagery to monitoring the present episode of accelerated erosion in
Southern Arizona. In: NASA Synp. on Sicnificant Results obtained fram

the ERTS-1 satellite . Maryland, USA, May 1973, wvol.l, sec. A, 283-




290.

Ray, R.G. (1960) Aerial Photographs in Goological Interpretation and
Mapping. USGS Prof. Pap. 373 .

Servigo Nacional de Pesquisas Agrondmicas (1960) Gumissdo de Solos.
Levantamento de Reconhecimento dos solos do [stado de Sao Paulo. 4
nistério da Agricultura, DBol.l2, Rio de Janeiro. (National Agronamic
Research Sexrvice (1960) Soil Camission - Soil Suwrvey of Sao Pwulo
State Mlinistry of Agriculture. Bull,l2).

Suarez, J.M. (1975) Contriluigao & goologia do mxtromo oeste do Estado
de S3o Paulo (Contribution to the Geclogy of the westernmost part of
S30 Paulo Stete). In: Boletim Geoqrafico, 34 (247), 128-160.

Toy, T.J. (1977) Introduction tc the erosion process. In: Erosion:
research techniques,arodibility and sediment delivery , 7-18 ,(ed. by

T.J. Toy) Geo Abstracts Ltd., Norwich/England.

Velasco, F.R.D.; Prado, L.O.C. & Souza, R.C.M. (1978) Sistena MARNVER:

Manual do Usudrio. (System MAXVER,User's Manual). INPE-OQM.2/NTI,

Sao José dos Canpos, Brasil, 72p.

Wischmeier, W.H. (1977) Soil erodibility by rainfall and runoff. In:
Erosion: research techniques, erodibility and sediment delivery.

(ed. by T.J. Toy), 45-50. Geo Abstracts Ltd.. !'orwiciv/England.



Fig.

1.
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Table 1 - Standardized data for frequency of ravines (Fr.); average declivity of

- the slopes (Decl.); thin sand/rough sand ratio (AF/AG) and hydrographic
E i density (Dh.)
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