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ABSTRACT

Quantitative, detailed, and comprehensive information about
the existing natural resources in the Santa Cruz Integrated Sub-
region of Bolivia is needed by the various govermment planning
agencies.

This study was primarily concerned with the assessment of
computer-aided techniques to analyze Landsat Satellite multi-
spectral data for applications to regional mapping of natural
resources in the Santa Cruz Integrated Subregion.

The LARSYS computer—aided processing and analysis software
was utilized to produce cover type maps and tabulated areal ex-
tent information for six provinces in the Santa Cruz Integrated
subregion. The analysis was performed on a province by province
basis and the final multispectral classification maps (at scales
of 1:25,000 and 1:50,000) and tabular results were previously
made available to the Bolivian ERTS Program Office.

After the processing and analysis was completed at LARS, a
team of Bolivian and LARS Scientists conducted a field evaluation
of the computer—-generated cover type maps. The results of this
evaluation indicated that in general, the multispectral classifi-
cation maps represented accurately most of the ground cover types
present in the test site. Specially, the three major types of
forest cover in the region were correctly identified and mapped.
However, the identification of the agricultural crops was very
difficult because at the time the Landsat data were gathered,
(September 16, 1975) most of the agricultural crops had been
harvested, and in the few instances in which there was sugar
cane in the fields, they were spectrally confused with tall
natural grasses which are very similar to the sugar cane plant.

Therefore, it is recommended that for an effective agri-
cultural inventory, the Landsat data should be collected at a
(several) time(s) of the year coincident with the growing sea-
son(s) of the various agricultural crops. Alsc it is recom-
mended that additional verification field work be done by the
Bolivian scientists to relate the spectral classes obtianed from
the Landsat data tc the informational classes present in the
various provinces.



DIGITAL MAPPING OF THE SANTA CRUZ
INTEGRATED SUBREGION USING LANDSAT
. MULTISPECTRAL SCANNER DATA

INTRODUCTION

This report describes the approach, procedures, and
results of a cooperative research project between the ERTS'
Bolivian Program Office and the Laboratory for Applications
of Remote Sensing (LARS) of Purdue University. The Project
was conducted under the sponsorship of the Agency for Inter-
national Development (A.I.D.) of the United States.

The project involves the use of data éollected by the
Landsat satellite over a large region of east-central Bolivia
near the city of Santa Cruz. The satellite data is obtained
in digital format, such that analysis of the data using com-
puter processing techniques is possible. The basis of these
techniques involves "pattern recognition" theory, whereby the
computer is "trained" by experienced data ahalysts to recog-

nize different "spectral response patterns". In essence,



these spectral response patterns could be thought of as
quantitative measurements of color, but involve wavelength
bands in the infraredl/ as well as the visible portion of
the electromagnetic spectrum. Since the Landsat satellite
was designed to measure energy reflected from the ground in
the green, red, and two infrarea wavelength bands, the
computer can be trained to recognize rather subtle differences
in these reflectance measurements.

The pattern recognition approach to the analysis of
such satellite data is based upon the theory that different
objects on the surface of the earth reflect different amounts
of energy in different wavelength bands. Therefore, vegetation
is usually green, soil ranges in color from grey to black to
yellow to red, water appears blue to brown to black, etc.
If all features or cover types on the surface of the earth
were absolutely constant and unvaried in their color (or |
spectral response), and if every cover type had a somewhat
different spectral response from all other coVer types,
one could define a "unique" spectral signature that would
correspond to each cover type. However, it is obvious that
natural objects do not possess unique, unchanging spectral
reflectance patterns. Vegetation often has significant
variations in reflectance from one season of the year to the
next; the same body of water is sometimes clear and some-

times turbid; agricultural lands sometimes are covered with

Jfétnkxiysmedtbgy spectral response patterns can involve data fram
any portion of the electramagnetic spectrum, not just the visible
and near infrared regions to which the Landsat detectors are sensitive.



greeh vegetation, at other times of the year are stubble or
simply bare soil, etc. The key to these variations in
spectral response is to determine which earth surface features
or cover types can be accurately identified on the basis

of their spectral response patterns, and at which time of the
year such identification can be achieved most reliably.
Experience over the past decade in working with remotely
sensed spectral data and computer analysis techniques has
"shown that many cover types can be accurately and reliably
identified using this type of data and analysis technique
(Bauer, 1975; Hoffer, 1975).

The advantages of such computer-aided analysis of
satellite data are that cover type maps and acreage esti-
mates for large geographic areas can be obtained rapidly
and more economically than by conventional photo inter-
pretation techniques. Since Bolivia is a large.country,
and many portions of Bolivia have not been mapped in de-
tail, the potential for utilizing Landsat satellite data
and‘computer-aided analysis techniques appeared very pro-
mising to Dr. Carlos Brockmann, Director of the Bolivian
ERTS Program. initially, he worked with Landsat and Sky-
lab satellite data in image format, and was outstandingly
successful in utilizing this small scale satellite imagery
for mapping geologic features, land use patterns, forest
cover and hydrological features for the entire country of
Bolivia. 1In addition, many areas and features of special

interest have been successfully interpreted and analyzed



by Dr. Brockmann and his staff, resulting in cost savings
of millions of dollars in several cases. However, this
imagery can only be effectively utilized in scales of
1:1,000,000 to 1:250,000 when interpreting the data manually.
Computer-aided analysis techniques involve procedures where-
by the computer classifies the cover type for each individual
acre on the ground, and more detailed maps having scales
of 1:50,000 or even 1:25,000 can be obtained. Furthermore,
once the computer has identified the various cover types
over a particulaf region of interest, it is a simple matter
to have the computer tabulate the numbér of individuai data
points that were classified into each cover type, and an
estimate of the acreage of each cover type for the entire
area can thereby be obtained in a matter of a few seconds.

Recognizing the potential value of such computer-aided
analysis techniques for meeting the information needs of
Bolivia, Dr. Brockmann approached A.I.D. concerning the
possibility of evaluating the feasibility for such computer-
aided analysis techniques in Bolivia. He also contracted
LARS at Purdue University about the possibility of such an
endeavor, since LARS was the originator of this type of
digital data processing and is well recognized nationally
and internationally for their efforts in this area of re-
search.

Following a series of discussions between Dr. Brockmann,
A.I.D. officials and LARS scientists, a proﬁect was develop-
ed involving the computer-aided analysis of Landsat data for

an area of critical importance near Santa Cruz, Bolivia, and

also to train several Bolivian scientists at Purdue University.




The results of this cooperative project are the

subject of this report.

OBJECTIVES

During the past few years, the agricultural produc-
tion in the Santa Cruz area has been experiencing a rapid
growth. Based on the increasing demand for agricultural
goods to meet the national needs and export quotas, and
considering the extensive colonization programs, it is an-
ticipated that the agricultural production in the Santa Cruz
Integrated Subregion will continue to increase. Therefore,
quantitative, detailed, and comprehensive information about
the extent and type of existing agricultural land use, and
data concerning areas for future agricultural development is
needed by Bolivian planning agencies.

Manual interpretation of Landsat imagery has clearly
shown the advantages and benefits of this type of data and
analysis procedure. However, previous studies at LARS and
elsewhere have established the advantages of éompﬁter-aided
analysis of Landsat MSS data for obtaining more detailed
and quantitative cover type maps and acreage tables for var-
ious features of interest and over broad geographic areas.
Therefore, this project was established to investigate the
feasibility of applying computer-aided analysis techniques
to Landsat data obtained over the Santa Cruz Integrated Sub-

region, in order to obtain quantitative and detailed cover



type maps and acreage tables for each of the provinces in
this area.
More specifically, the objectives of this project

are to:

(1) Apply modern computerfaided analysis
techniques to Landsat MSS data of the Santa
Cruz Integrated Subregion in order to obtain
geometrically correct cover type classification
maps at scales of 1:25,000 and 1:50,000, and
also to obtain a quantitative determination

(in hectares) of the various cover types pre-
sent, on a province-by-province basis. The
analysis should attempt to classify such major
cover types as agricultural lands, forested areas,
rangelands, barren lands, water, wetlands, and
cultural features. Each of these major cover
types would also be classified into as many
spectrally separable and meaningful subclasses

as possible.

(2) Assist, advise and train two Bolivian scientists
in the detailed procedures followed in the above analy-
sis of Landsat MSS data and in the implementation of
selected LARSYS Version 3.1 processors in a Bolivian

computer system.




BACKGROUND

Computer-Aided Analysis of

Remotely Sensed Data

In the mid 1960's, research efforts were initiated
in the United States to investigate the potential of util-
izing data obtained by multispectral scanner instrument
systems for identifying and mapping various agricultural
features of interest, (especially conditions indicating
disease or insect infestations). At that time, multi-
spectral scanner systems were just evolving, (and were
flown from air-craft at altitudes from 500 to 10,000 ft.).
Such instruments consist of a complex system of mirrors,
lenses, prisms, and electronics such that reflected and/or
emitted energy from a relatively small area on ﬁhe ground
(e.g. 10 ft. x 10 ft. from an altitude of 5,000 ft.) is
measured and recorded simultaneously in each of several
wavelength bands. These reflectance values from the dif-
ferent wavelength bands therefore define the spectral re-
sponse pattern for the particular spot on the ground. The
scanner mirrors are designed to rotate very rapidly in a
manner such that reflectance data from a series of these
small areas on the ground (called resolution elements) is
recorded in sequence along a line (called a scan line).
These scan lines are similar to the scan lines one sees on
a T.V. screen. In the case of multispectral scanners, the
scan lines are oriented prependicular to the direction of

flight. Therefore, as the airplane moves forward, the.



scanner records the reflectance values for a new scan
line, and another, and another, until eventually the
reflectance measurements for an entire strip of the
earth's surface below the airplane have been recorded
on magnetic}tape.

Early research with such multispectral scanner
data indicated that a potential did exist for identify-
ing various agricultural features of interest through
the use of such data, but also showed that some type of
computer processing technique would be essential to effect-
ively analyze the type and quantity of data that such in-
strument systems produce (Hoffer, 1966).

As a result of the potentials that were indicated by
this preliminary work, in 1966 the Laboratory for Agricul-
tural Remote Sensing (later renamed the Laboratory for
Application of Remote Sensing) was founded at Purdue Uni-
versity, with an overall goal of applying computer techno-
logy to the quantitative analysis of multispectral earth
resources data. In 1967, the first results were obtained
which proved that pattern recognition theory could be ap-
plied to multispectral scanner data for purposes of identi-
fying and mapping selected agricultural cover types or
species (Landgrebe, 1967).

Although it was still fairly early in the space pro-
gram being developed by NASA (the National Aeronautics
and Space Administration), a number of scientists involved
in the development of this remote sensing technology re-

cognized the potentials for utilizing multispectral scanner



systems aboard earth-orbiting satellites to gather earth
resources data. It was also recognized that the rate of
acquisition and volume of data that could be collected

by such satellite systems would be staggering. The appli-
cation of computer processing techniques involving pattern
recognition theory appeared to be appropriate for handling
such data, since the data are gathered in a gquantitative
format, and since the data analysis techniques involved
are also quantitative in nature. For these reasons, much
of the early research work at LARS was designed to develop
the techniques and procedures that would be suitable for
analyzing theAmultispectral scanner data that eventually
was to come from the Landsat satellite system.

Because LARS is part of a University whose main func-
tions are education, research and service, there were, and
are still, a number of key elements that influence the
thinking and the approach taken by the remote sensing sci-
entists at LARS, and which are important in assessing the
utility of computer-aided techniques as applied to multi-
spectral scanner data of earth resources. One of these is
that for the forseeable future, man is an important and in-
dispensable part of the overall analysis process, which
should therefore be described as "computer-assisted" rather
than "automatic" data analysis. Also, it is recognized that
multispectral scanner systems have several inherent advan-
tages as compared to photographic systems, but they also
have some disadvantages. The quantitative characteristics

of the data obtained by multispectral scanners make computer-
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aided analysis techniques particularly appropriate for
analyzing this type of data, whereas photographic data

can generally be analyzed by conventional photo-inter-
pretation techniques. Therefore, effective utilization

of remote sensing techniques should not necessarily in-
volve either multispectral scanner systems or photographic
systems, but rather should attempt to utilize an optimﬁm
combination of both systems in a manner that emphasizes

the advantages of each system. Another key element of the
'approach development by LARS was that of technology trans-
fer. As various data processing and analysis procedures
were developed, it was believed to be important that other
scientists throughout the U.S. and the world should have
access to these capabilities. For these reasons, much of
the LARS software was documented in a software package call-
ed LARSYS Version 3.1, which is now available to anyone any-
where in the world, simply for the cost of reproduction
(through COSMIC). In addition, a series of remote terminals
were established at NASA and USGS centers, universities, and
even state government offices throughout the country, so
that these people might have access to the same analysis
capabilities as the LARS scientists. Other technology trans-
fer activities involved the development of a series of mini-
courses (slide-tape units with a study guide) which provide
tutorial material on a wide range of remote sensing subjects;
the development of a one-week long short course on quantitative
remote sensing, which is offered the first week of every

month; and of particular interest of this project is the visit-
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ing scientists program, whereby scientists from throughout
the world come to LARS to spend anywhere from three months
to two years studying remote sensing technology with vari-
ous memberé of the LARS staff.

Thus, in summary, one could say that the overall ap-
proach followed at LARS is to conduct research, primarily
in the area of computer-aided analysis techniques as app-
lied to multispectral scanner data, in order to optimize
the effective interaction of man and computer, using the
complementary capabilities of each, to produce rapidly and
efficiently the quantitative and accurate inférmation
needed in a wide range of earth resource applications; and
secondly, to transfer the results of this work to the rest
of the remote sensing and earth resource community. As in-
dicated earlier, much of the early work was directed at
developing the understanding and the techniques necessary
to effectively utilize multispectral scanner data from
satellite altitudes, and since the launch of Landsat-1l, the
emphazis has been on developing more effective techniques
to utilize this type of data for various eafth resource

applications.

The Landsat Satellites

In July 1972, the National Aeronautics and Space Admin-
istration (NASA) launched the first Earth Resources Technology

Satellite, originally called ERTS-1. The purpose of this
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satellite was to obtain data about the surface of the
earth for various earth resource applications. Although
it was designed to have a one year life expectancy, the
system has functioned so well that in 1977 it is still
producing useable data in three of the four wavelength
bands. Because ERTS-1 functioned so well, it was not until
February 1975 that the second satellite (identical to the
first) was launched to continue the data collection task.
At about the same time (1975) the satellites were renamed
Landsat.

In order to collect data over as much of the earth's
surface as possible, the Landsat satellites were placed
in a near-polar orbit at a nominal altitude of 900 km
(570 miles). The satellites circle the earth 14 times per
day, with each pass being located approximately 1800 miles
west of the previous pass. In this way, since the earth
has rotated approximately 1800 miles in the 103 minutes
between Landsat passes, the satellite always passes over-
head at about the same local time for all portions of the
earth's surface (nominally at 10:30 AM at the equator).
This orbitvalso enables data to be obtained over the entire
earth;s surface every 18 days. Therefore, if it collects
data today where you are located it will collect data toé
morrow along a path about 160 km (100 miles) to the west,
and 18 days from today, it will again pass over your location.

The primary instrument of interest on Landsats 1 and 2
is a 4-band multispectral scanner system. (There is also a.
Return Beam Vidicon RBV and a Data Collection Plat form DCP

relay system, but since these systems were not involved in
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the present study, they will not be described here). The
multispectral scanner (MSS) system on the Landsat satellites
collect data in the 0.5 - 0.6 um (green), 0.6 - 0.7 um (red),
0.7 - 0.8 um (reflective infrared), and 0.8 - 1.1 ym (reflect-
ive infrared) wavelength bands. The swath width of the scan-
ner is 185 km (115 miles), so that as the satellite passes
overhead, it collects data continuously from an area 185 km
wide. For ease of handling, the MSS data is divided into
frames having dimensions of 185 x 185 km which corresponds

to the frame size of the RBV data. It takes the satellite
only 25 seconds to collect a frame of data which covers an
area of 3,422,500 hectares (or 8,556,250 acres).

As is the case for all scanner systems, the data is
collected in a series of scan lines which can be numbered,
and the individual resolution elements along each scan line
can also be numbered. This allows an X-Y coordinate system
to be developed for any particular frame of Landsat data,
such that any resolution element or data point in the frame
can be addressed by the computer in the analysis process
using the appropriate X-Y coordinates (ine and column num-
bers). Each resolution element of Landsat data covers an
area on the ground of approximately 79 x 56 meters. There-
fore, on the geometrically corrected computer line-printer
output which has a 1:25,000 scale, each resolution element
represents an area of approximately 0.48 hectares or 1.1
acres. Because of the size of the resolution elements, it

is easily seen that very small objects (i.e. individual trees,
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houses, small road, etc.) cannot be discerned on Landsat
data. However, when one considers that data can be gathered
ét relatively frequent intervals throughout the year (cloud
cover permitting), and for essentially every individual acre
of the earth's surface, the potentials for such a system
appear tremendous. This is particularly true when it is
remembered that a data tape containing a full frame of MSS
data can be obtained for any location on the earth's sur-
face for only U.S. $200, which amount to approximately

171 hectares (428 acres) of data for 1 cent U.S. However,
when one also considers the fact that each frame of Landsat
MSS data contains data from over 7.5 million resolution
elements in each of four wavelength bands, with each band
measuring up to 128 levels of reflectance, the need for

some type of computer processing to handle this

tremendous amount of data becomes obvious, if a quantita-

tive approach to the analysis of the data is to be pursued.
METHODS AND MATERIALS

Data Utilized

The Landsat data utilized in this project involves one
frame (scene ID: 2237-13340) gathered over Santa Cruz,
Bolivia on September 16, 1975. The center coordinates for
this frame are Latitude 17°13' South and Longitude 63°44"
West. This frame covers the western portion of the Santa
Cruz Integrated Subregion. Figure 1 shows the Landsat

coverage of Bolivia in which the shaded area indicates the
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location of the "Buena Vista" frame used in this study.
This study was focused upon the digital analysis of a
computer-compatible tape of this frame of Landsat MSS

data. Black and white, as well as a color IR prints of
this frame of Landsat data at a scale of 1:250,000 were
also utilized to supplement the aerial photos in locating
and selecting training data blocks. In addition to the
Landsat data tape and imagery, aerial photos (B&W 1:30,000
scale) which had been obtained in June 1976 were available
for portions of the study area. These photos were utilized
to select representative training areas and to evaluate the
effectiveness of the training statistics just prior to the
final classification of each province.

Province boundaries were delineated on 1:250,000 scale
Landsat image and supplied to LARS for digitizing and sep-
arating the Landsat data into the individual provinces.
These boundary locations were obtained from existing carto-
graphic maps of Bolivia, and were transcribed from these
maps to the 1:250,000 Landsat image by the staff of the
Bolivia ERTS Program office. Another type of data utilized
in this study involved field data concerning the various
cover types and their condition at the time of year the Land-
sat data had been collected. Reference data of this type
was in the form of representative color photographs of the
various cover types and personal knowledge of the area by
the Bolivian scientists working on the project (particulafly

Ing. Ruben Zerain).
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Test Site Description

The area analysed in this project covers part of the
Santa Cruz Integrated Subregion which contains extensive
forest reserves (including the Choré and Guarayos reserves),
agricultural fields, wet lands, and pasture lands.

The forest type in the area ranges from deciduous trees
in the southern part to evergreens (not coniferous species)
in the northwestern part of the Buena Vista frame. BetWeen
the northern and southern portions of the test site, there
is an extensive and complex transition zone in which the
predominant forest type is a mixture of deciduous and
evergreen trees.

The major agricultural production in this area involves
fields of sugar cane, cotton, pasture, grasses, rice (dry
land rice), soy beans, corn, winter wheat, and citrous
plantations. Most of the agricultural fields in this area
area small irreqgularly shaped fields.

A large portion of the northeastern part of the Buena
Vista frame is covered by wet lands (primarily grasses)
located along the Rio Grande river. During the dry sea-
son, these wet lands are used for cattle grazing in addi-
tion to the pasture lands which are found throughout the
entire Buena Vista frame.

Most of the region covered by the Buena Vista frame
is physiographically classified as a plain (llanura Chaco-
Beniana) having a mean elevation of approximately 400 meters

above sea level. However, there is some rolling terrain,
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peidmont topography, aeolian deposits (sand dunes distribqt—
ed along a NW-SE direction which indicate the predominant
NW wind direction), and mountains corresponding to the Bo-
livian Sub~Andean (Subandino) morpho-structural belt.

The climate in this region ranges from dry subtropical
in the southeastern part to humid tropical climate in the
northwestern part of the area covered by the Buena Vista
frame.

The hydrographic network in this region is composed of
the several tributaries of the Amazon river, that is, the
Rio Grande, Rio Pirai, Rio Yapacani, and Rio Ichilo. Nu-
merous shallow and turbid lakes are also found in the northern
part of the test site.

| The mean annual precipitation in this area ranges from
approximately 1,300 mm (50 inches) in the southern part to‘
over 2,000 mm (80 inches) in the northérn part, with an
annual mean temperature of 24°c (75°F).

Although from an ecological point of view, the area
covered by the Buena Vista frame is extremely complex, the

major cover types can be classified as follows:

1) Water bodies. All of these are natural water

bodies which include rivers, streams, lakes,

and lagoons or ponds. Most of the rivers and
lakes are turbid (high concentration of su-
spended organic and inorganic solids), and the
lagoons and ponds are shallow and usually cov-
ered by aquatic vegetation. Some of these lakes

and most of the lagoons and ponds are temporal
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water bodies, i.e. they are dry during the dry
season.

Soils. The soils in this area are young in age
and have been originally formed from aeolian
(wind) and fluvial deposits. These are gen-
erally classified as sandy soils. Some silty
soils are also found in this area.

Deciduous Forest. This type of forest is com-

posed mainly of xerophytic species. One of the
"chaparral" classes which was composed of short
xerophytic species, frequently having a dense
canopy, was included as part of this forest
type in the analysis. The predominant species
of the deciduous type of forest are:

Choroqui (Ruperchtia triflora)

Algarrobo (Prosopis juliflora)

Ajunado (Andina inermis)

Palo Blanco (Calycophyllum multiflorum)

Tajibo (Tabebuia sp.)

Charahuata (Bromelia sp.)

Toborochi (Chorisis ventricosa).
The deciduous forest is found primarily in the Chaco
plains (llanura Chaquena) and the gentle slopes of
the subandean (subandino) belt. That is, in the
southern part of the area studied in this project.

Semi-evergreen forest. This type of forest is com-

posed of a mixture of deciduous and evergreen trees

~and is found in the transition areas between the
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deciduous forest in the south and the evergreen
forest in the north and northwest. The semi-
evergreen forest ranges from tall to medium
height trees with the deciduous species losing
their foliage during the dry season (approxi-
mately from May to November). The predominant
species of this forest type are:

Algarrobo (Prosopis juliflora)

Alcornoque (Tecoma sp.)

Almendro (Magonia glubrata)

Bibosi (Verschiedene arten)

Cuchi (Astronium urumdeuva)

Curupa@i (Piptadenia macrocarpa)

Mapajo (Bombax sp.)

Mara (Swietenia macrophilla)

Morado (Platymiscium floribumdum)

Ocho6 (Hura crepitana)

Palo Santo (Triplaris caracacena)

Tajibo (Tabebuia sp.)

Motaci -palm (Attalea princeps)

Totay-palm (Acrocomia totay)
This semi-evergreen forest is primarily found in
the forest reserves of Guarayos and Choré.

Evergreen Forest. This type of forest is composed

mainly of broad-leaf tropical trees which never lose
their foliage, except some species lose some of their
leaves during their flowering stage. The annual mean
precipitation in the areas where the evergreen forest

is found, is greater than 2,000 mm (80 inches) and the
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mean temperature in approximately 25°C (77°F). The
typical characteristics of the evergreen trees in
the study area are: a) tall, straight, and smooth
trunks, and (b) narrow crowns. These trees form an
extremely dense forest cover with heights'of over
30 metres (100 ft), and constitute the most economi-
caly valuable sources of timber. Also typical of
this forest type is the presence of aerial plants
(such as orchids) and "Bejucos" (rope-like features
that.hang from the tall trees). The most important
species of evergreen trees found in the area covered
by the Buena Vista frame are:

Guitarrero (Didymopanax morototoni)

Palomaria (Calophyllum brasiliensis)

Canelén (Anibo puchuryminor)

Ochoé (Hura crepitana)

Verdolago-Negro (Terminalia sp.)

Mara (Swietenia macrophilla)

Sangre de toro (Virola sebifera)
The evergreen forest is primarily found in the western
and northwestern part of the area covered by the Buena
Vista frame.

Range Land (Pastizales). This vegetative cover type

is primarily composed of natural pastures which range
from short grasses to very tall grasses that resemble
sugar cane plantations. The most important species
of grasses found in the area covered by the Buena
Vista frame are:

(Paspalum sp.)
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(Aristida sp.)

(Hyparrhenia bracteata)

(Elyonurus adustus)
Most of the range lands are found in the eastern
and central parts of the Buena Vista frame. Cer-
tain species of these pastures commonly grow along
the low lands adjacent to the Rio Grande river.
Wet Lands. These are extremely humid areas that are
temporarily covered by water (flooded). These wet
lands are covered by certain types of hydrophilous
grasses and shrubs, and by a bamboo-like plant
commonly known in the region as "chuchio" (Gynerium).
During the dry season, the wet land areas are gener-
ally used for cattle grazing.

Agriculture. A large partion of the area covered by

the Buena Vista frame is used for agricultural pur-
poses. Most of the agricultural fields in this area
are relatively small (from 5 to 10 hectares in size).
The major agricultural crops grown in this area are:

Sugar cane

Cotton

Grazing pastures

Rice (dry land rice)

Wheat (winter wheat)

Citrous Plantations
During the time when the Buena Vista frame was col-
lected (September 16, 1975) most of the crops in the
area had already been harvested. Only a few small

sugar cane fields had not been harvested yet.
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9) Barren lands. This type of lands are those mainly

composed of sand flats and sand dunes that are not
covered by any type of vegetation. Most of the
sand dunes are found on the western side and southern
part of the city of Santa Cruz. The sand flats are
also found along the rivers of the region.

Figure 2 shows some examples fo the various cover types

present in this region.

Data Pre-processing

Before the Landsat MSS data tapes are ready for process-
ing and analysis, they have to undergo a series of pre-pro-
cessing steps. These pre-processing steps include 1) refor-
matting, 2) geometric correction, and 3) boundary delineation.

Reformatting. - Landsat data reformatting is the pre-process-

ing step through which the original NASA computer compatible
tapes (CCT's) that contain the digital Landsat data are con-
verted to a format compatible with the LARSYS processing and
analysis software. The LARSYS format is a highly efficient
format for inputing multispectral data to the LARS multi-
spectral processing system.

Geometric Correction. - The Landsat multispectral scanner

(MSS) data received by the satellite ground stations is

calibrated and line-length adjusted by NASA, but no geometric
corrections are applied to the digital data tape. Thus, the
digital form of the Landsat MSS data contains several serious

geometric distortions. To rectify and compensate for these
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Evergreen forest (slide)
(slide) Mixed Forest
A B
Deciduous Brush Land
c D

A. Evergreen Forest.

B. Mixed forest, containing both
deciduous and evergreen species.

C. Deciduous Forest.

D. Brush Land. Areas such as this are
common and are quite variable in
their characterists and spectral re-
sponse. Such areas were referred to

c .
haparral as "chaparral", in the analysis.
E. Another example of the type of area
referred to as "chaparral", having
E scattered brush and trees with a

grass background -

Figure 2. Photographs illustrating some of the characteristics

of the various cover types in the test site.
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Sand Dunes

(slide)
F
Wetlands
H
F.
G.
HO
Agricultural I.
fields (slide)
J J.

Figure 2. (continued)

Tall Grass
(man in foreground)
(print)

Pasture
(with cows)
(print)

Sand dunes, with mixed brush and
grass (referred to as "chaparral")
in surrounding area. Some agri-
cultural fields in background.

Tall grass. When green, this tall
grass looks very much like sugar
cane from the air.

Wetlands area. Some vegetation is
often standing in water.

Pasture. In areas as heavily grazed
as this, the reflectance essentially
represents a bare soil.

Agricultural fields. Note that most
fields are very narrow, having ap-
proximately the same width as the size
of a Landsat resolution element.



Sugar Cane at 2
stages of growth
(print)

Dark Soil
(print)

Houses in Santa Cruz
(slide)

Figure 2. (continued)
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Sugar Cane being
harvested (slide)

Light Soil
(print)

K. Sugar cane at two stages of growth.

L. Sugar cane being harvested. Note
that a considerable amount of re-
sidue remains on the ground.

M. Agricultural soil. Sugar cane had
been grown here, but the residue had
been burned, thereby adding to the
dark tone of the soil.

N. Light colored sandy agricultural
soil. This type of soil is typical
of this area.

0. House rooftops in Santa Cruz city.
This typical conditions helps to
explain why Santa Cruz had a spectral
response similar to one of the agri-
cultural soil catagory.
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geometric distortions, LARS scientists have developed and
implemented a set of computer programs that can produce a
geometrically correct Landsat image when displayed on either
a video digital display device, or a computer line printer.

The LARS standard geometric correction function consists
of a series of linear transformations which act on a speci-
fied block of Landsat MSS digital data. The output of these
transformations is a Landsat data tape containing an image
which has been corrected for 1) sampling aspect ratio dif-
ferences in the vertical and horizontal directions, 2) off-
‘north orientation of the image due to the non-polar orbital
track of the spacecraft, 3) skew effects caused by the earth
rotation, and 4) scale differences of the output products.

For this project, after the digital data were reformatted,
the Buena Vista Landsat MSS frame was geometrically corrected
and the output scale was set to 1:25,000 when displayed on a
standard computer line printer format.

Boundary Delineation. -~ Because one of the objectives of

this project called for the multispectral classification and
cover type mapping of the Santa Cruz Integrated Subregion on
an individual province by province basis, the entire Buena
Vista Landsat (geometrically corrected) frame was digitally
subdivided into nine individual provinces. It should be
noted however, that the Buena Vista frame did not completely
cover any one of the nine provinces. Figure 3 shows a Land-
sat photomosaic of Bolivia in which state boundaries are de-
lineated, and for the state of Santa Cruz, all the province

boundaries are delineated. The Buena Vista frame coverage
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REPUBLICA
BOLIVIA

FOTOMOSAICO SIN CONTROL

L e
PROGRAMA ERTS-BOLIVIA

MAYO 1976 BANDA 7

Figure 3. Landsat photomosaic of Bolivia. See Figure Captions
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is also defined. Figure 4 shows the Buena Vista frame and

the boundaries of the provinces covered by the Landsat data
used in this study. To delineate the province boundaries

on the Buena Vista digital data, the Bolivian ERTS Program
provided LARS with a Landsat photographic product of the

Buena Vista frame (at a scale of 1:250,000) which contained
the boundaries of the nine provinces. The boundaries were
digitized at LARS and the resulting X-Y boundary coordinates
were digitally registered (overlaid) onto the geometrically
corrected Landsat data. The result of this pre-processing
step was a tape containing nine separate data files which
corresponded to the nine provinces. Table 1 shows the name

of the provinces orvportions of provinces contained on the
Buena Vista frame, their respective LARS identification

number (run number), their tape and file location information,
and their political location in Bolivia.

In the separate file format, the Landsat multispectral scanner
data of the Buena Vista region was ready to be processed on an
individual province by province basis. It should be noted
that since the province boundaries were initially delineated
on a 1:250,000 scale image and the final outputs from the
digital data were 1:25,000 maps, any variations from the true
province boundary locations on the 1:250,000 image were ampli-

fied by a factor of ten on the resulting 1:25,000 digital maps
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gure 4. Buena Vista Landsat Frame (band 7) showing the boundaries
of the provinces analyzed in this study.
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TABLE 1. Identification Information for each Province Covered
by the Buena Vista Landsat Frame.

Province LARS Run # Tape # File % Location
Andres Ibanez 75016110 3492 1 Santa Cruz
Warnes 75016112 3494 1 Santa Cruz
ﬁuflo de Chavez 75016111 3494 3 Santa Cruz
Santiesteban 75016109 3494 4 Santa -Cruz
Gutierrez 75016107 3493 3 Santa Cruz
Ichilo 75016104 3492 2 Santa Cruz
Florida¥* 75016108 3493 1 Santa Cruz
Caballero* 75016106 3494 2 Santa Cruz
CaErasco* 75016105 3493 2 Cochabamba

Data Processing and Analysis Procedures

As indicated in the previous section, the entire Buena
Vista frame was subdivided into nine individual provinces.
This allowed the processing of the data on an individual pro-
vince by province basis.

The first step in the processing sequence involved the
production of grey-scale maps (*PICTUREPRINTS) for each
province at a scale of 1:25,000. These maps were used in
conjunction with the color infrared composite image and the
available aerial photography to select an appropriate number
of training areas on the grey-scale maps (ranging from 4 to 7

areas depending on the size and complexity of the province).

*These three provinces were not processed because they are not part of the
Santa Cruz Integrated Subregion and also because of cloud cover problems.
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Each training area consisted of a data block of approxi-
mately 100 lines x 100 columns and containing several dif-
ferent cover types. These training areas were selected as ~
being representative samples of the whole provinces by Ing.
Rubén Zerain who was familiar with the region, and they were
used as input to the LARSYS non-supervised classifier or

- clustering algorithm (*CLUSTER).

The resulting spectral class statistics from all the
training areas within a province were merged into one statis-
tics file. Then, the pairwise spectral separability for all
possible combinations of classes was measured using the
*SEPARABILITY processor. At this point, a bi-spectral plot
showing the relative position (in two-dimensional spectral
space) of thé classes defined by the clustering algorithm was
also produced for each province. (examples of these bi-
spectral plots are shown in the Results section of this re-
port). Using both the separability information and the
relative spectral location on the bi-spectral plot, the total
number of spectral classes was reduced by pooling and/or
deleting those classes that were spectrally non-separable.

The separabilities of the reduced statistics file were again
measured, and if all pairwise combinationsof spectral classes
were separable, then this reduced statistics file was used as an
input to the LARSYS maximum likelihood classifier (*CLASSIFY-
POINTS) for the classification of those same training areas

that were selected for clustering. Also, in each province two

or three additional areas (test areas) were classified using
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this training statistics file in order to further assess

the performance of the training statistics. These results
were evaluated by comparing the computer classification maps
of the satellite data (obtained from the *PRINTRESULTS pro-
cessors) with the aerial photography. It was at this stage
of the processing and analysis sequence that the spectral
classes originally defined by the clustering processor and
further refined by the analyst were identified and labeled
as informational classes.

If the classifications of these small areas (100 lines
x 100 columns) were satisfactory, then these statistics were
used for the classification of the entire province. However,
if the test classifications of the small areas were not satis-
factory, then the statistics were revised and the test areas
were reclassified so that the analyst could be confident that
an effective set of training statistics had been defined. The
test and final classifications were carried out using all four
Landsat bands.

It should be noted that the average separability between
all possible spectral class pairs for all of the six provinces
that were analyzed was in each case higher than 1950. Figure 5
shows the relationship between the separability measure (in
saturated transform divergence units ranging from zero to
2000) and the expected percent correct classification (Swain
and King, 1973). As this figure illustrates, a separability
measure of over 1500 would indicate that an average classifi-
cation accuracy of approximately 90% should be achieved.

Therefore, since the average separability for all class pairs
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Figure 5. Relationship between transformed divergence and
probability (in percent) of correct classification.
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in each province analyzed in this study was 1950 or better,

we were confident that if the training statistics were truly
representative of the spectral characteristics of the various
cover types throughout the province, an accurate classification
would be achieved.

The spectral separability for all possible class pair
combinations for each one of the si# provinces of the Santa
Cruz Integrated Subregion are given in a series of tables
in the Results section of this report.

The final classification of each province was stored
on different files of magnetic LARS results tapes. The LARS
‘results tape and file numbers in which the final multispectral

classifications of each province were stored is given in

Table 2.
TABLE 2. Results Tape and File Number
of The Final Calssifications
Province Results Tape # File #
Andres Ibatfiez 637 1
Warnes 637 2
ﬁuflo de Chavez 637 3
Gutierrez (Sara) 750 1
Santiesteban 750 2
Ichilo 745 1
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In order to obtain the output products requested by the
Bolivian ERTS Program, the final classifications were
displayed on a standard computer line printer using dif-
ferent symbols (alphanumeric characters) to represent each .
of the different spectral classes. The scale of these
computer-generated classification maps was 1:25,000, and
every individual pixel or resolution element represented
approximately 0.5 hectares on the ground. But since the
requested final product had to be at a scale of 1:50,000
in order to match the standard Bolivian topographic maps,
the computer generated 1:25,000 scale maps were reduced
by a factor of two using a Photo-Mechanical-Transfer pro-
cess (P.M.T.) in blocks of 180 lines by 180 columns. The
resulting 1:50,000 scale classification maps were then
sent to Bolivia together with two copies of the computer
output of each intermediate processing step. A detailed
list and description of the products sent to the Bolivian
ERTS Program office is given in the Results section of
this report.

Since the Bolivian ERTS Program now has the capability
of displaying LARSYS classification results using the
*PRINTRESULTS processor implemented in the CENACO (National
Center for Computation) DEC System 10 computer in La Paz,
Bolivia, LARS will provide them with copies of the results
tapes containing the classifications of the six Santa Cruz
Integrated Subregion provinces. This will allow the Bolivian
ERTS Program to change symbols, pool classes together, or dis-
play only selected cover types as desired. Figure 6 summarizes

the entire processing and analysis sequence of this investi-

gation in a graphical form.




Figure 6. Flow diagram showing the pre-processing, processing,

and analysis sequence used in this study.
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RESULTS AND DISCUSSION

The results of the compﬁter—aided analysis of the
six provinces of interest within the Buena Vista Land-
sat frame involved several different computer-gener-
ated materials. Of particular importance were the
final classification maps at different scales along
with tabulated information on the areal extent of the
different cover types. Also included were the spec-
tral separability tables and two-dimentional spectral
plots for each one of the provinces. Two copies of
these result products were sent to the Bolivian ERTS
Project office for their use and evaluation. Specifi-

cally, these materials included the following items:

*PRINTRESULTS at a scale of 1:25,000 for the
final classifications of (1) Santa Cruz City,
(2) prov. Andres Ivanez, (3) prov. Warnes,

(4) prov. ﬁuflo de Chavez, (5) prov. Gutierrez,
(6) prov. Santiesteban, and (7) prov. Ichilo,
using different symbols for every spectral
class.:

*PRINTRESULTS at a scale of 1:50,000 (every
other line and every other column) for the
final classifications of (1) prov. Andres

Ibafez, (2) prov. Warnes, (3) prov. Nulflo
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de Chavez, (4) prov. Santiesteban,.(S)
prov. Gutierrez, (6) prov. Ichilo, using
different symbols for every spectral class.

*PRINTRESULTS at a scale of 1:50,000 (every
other line and every other column) for the
final classification of (1) prov. Andres
Ibanez, (2) prov. Warnes, (3) prov. Nuflo
de Chavez, (4) prov. Santiesteban, (5) prov.
Gutierrez, and (6) prov. Ichilo, using symbols
only for the "forest (s)" and "water" classes.

*SEPARABILITY (Combinations 4,3,2, and 1) for
the final spectral statistics used ih the
classifications of the entire provinces. Also,
the separabilities for three problem classes
(turbid and shallow water, one urban, and a
type of soil) were included.

*BIPLOTS for (1) Santa Cruz city, (2) problem
classes, (3) prov. Andres Ibanez, (4) prov.
Warnes, (5) prov. ﬁuflo de Chavez, (6)'prov.
Santiesteban, (7) prov. Gutierrez, and (8)
prov. Ichilo.

*BI-SPECTRAL PLOTS for Santa Cruz city, problem
classes, and all of the six provinces of interest.
In addition to the above materials, LARS provided

the Bolivian ERTS Program office with a series of color-
coded 35 mm slides of the final classifications of pro-

vince Andres Ibanez and Santa Cruz City. Since at the




40

present time the Bolivian ERTS Program office has the
capability of producing multispectral classification
results maps using the LARSYS Ver. 3.1 *PRINTRESULTS
processor (recently implemented in the CENACO DEC
System 10 computer located in La Paz), LARS has also
provided the computer compatible results tapes which
contain all the multispectral classification files.
These tapes will allow the Bolivian ERTS Program to
generate thematic maps of selected cover types and to
obtain areal extent information (in hectares) for indi-
vidual regions or geographic units of intérest.

The most important final products made available
to the Bolivian ERTS Program office were a set of multi-
spectral classification maps at a scale of 1:50,000
which contain every data point (pixel), i.e. every line
and column present in the original Landsat data tapes.
These maps were obtained by a Photo-Mechanical-Transfer
(P.M.T.) process which reduced the 1:25,000 scale maps
by a factor of two. An example of the 1:50,000 line
printer output showing every line and column is shown
in Figure 7A. Figure 7B is a photo-mosaic showing the
same area (an area West of the Santa Cruz City in pro-
vince Andres Ibanez). The aerial photos were obtained
on June 9, 1975, whereas the Landsat data was obfained
on Sept. 16, 1975. Therefore, the spectral character-
istics on the Landsat data are not always accurately

indicated by the aerial photography. A key feature
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seen in the printout is the Pira§ River in the lower
right. Note that the river area has both * and / sym-
bols. The °* represents water and the / was designated
as wet sand or soil areas by the analyst. Several pas-
ture areas can be seen on the photo above and to the
left of the Piray River, and on the printout these pas-
tures have generally been designated with the letter I,
which is the symbol the analyst used to define the spec-
tral class tentatively identified as pasture. Brushland
areas have been grouped with forest.

In the lower left, the sand dune has been correctly
identified by the computer on the Landsat data, and is
indicated by the symbol ' . The Surrounding area is a
mixture of - and ¢ symbols which were spectral classes
2 and 10, respectively, which the analyst had tentatively
designated as soils and chaparral-2, respectively. The
area in the upper left is a mixture of symbols for the
classes which the analyst had tentatively identified as
pasture, chaparral-2, soils, and forest. The complexity
of these areas, and the need to clearly describe the
characteristics of the cover types represented by each
of these spectral classes is clearly indicated by this
figure.

To evaluate the performance of the training sta-
tistics and to aid in the interpretation of the spectral
classes defined by the clustering algorithm and by the
analyst, Tables 3 through 7 give the pairwise spectral

class separability for each one of the six provinces
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and for the spectral classes within the city of Santa
Cruz. Also, Figures 8 through 14 illustrate the dis-
tribution and relative location of these spectral class
means in a two-dimentional bi-spectral plot.

The most important information that can be obtain-
ed from Tables 3 through 9 is the fact that the average
spectral separability for all possible pariwise combi-
nations of spectral classes is over 1950 for each pro-
vince, which indicates (see Figure 5) that the'average
expected percent correct classification for each pro-
vince should be over 95%, provided the training sta-
tistics are representative of the entire test site.
Tables 10 through 16 show the relationship between the
symbols used to designate the different spectral classes
in (1) the separability tables (2) bi-spectral plots,
and (3) final classification line-printer output maps.

The bi-spectral plots (Figures 8 through 14) are
very helpful in the interpretation of the spectral
classes defined by the clustering algorithm from a
strictly spectral view point. For example, in the bi-
spectral plot corresponding to the Gutierrez province
(Figure 12), one can easily identify the class denoted
by the letter "I" as being water because it has the
lowest relative spectral response in the near infrared
portions of the spectrum, i.e. in the horizontal axis
labeled "average mean for infrared bands (chan. 3 & 4)"
which in fact corresponds to the informational class

"water" as shown in the legend on the top right hand
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TABLE 5. Spectral Separability for All Possible Pairwise Combinations

of Classes in Province ﬁuflo de Chavez.

BATSHORT LABORATORY FOR APPLICATIONS UF REMOTE SENSING DEC_ 29,1976
G.A.MCGREW PURDUE UNIVERSITY 11 20 28 PM
LARSYS VERSION 3
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TABLE 6.

BATSHORT

GeA.MCGREW

SEPARABILITY FUR GUTIERREZ

RETENTION LEVEL ..

CHANNELS
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Spectral Separability for All Possible Pairwise Combinations

of Classes in Province Gutierrez.

LABORATORY FOR APPLICATIONS OF REMOTE SENSING MAR  4,1977
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TABLE 7. Spectral Separability for All Possible Pairwise Combinations

of Classes in Province Santiesteban.

BATSHORTY LABORATORY FOR APPLICATIONS OF REMOTE SENSING MAR 401977
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LARSYS VERSION 3
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TABLE 8. Spectral Separability for All Possible Pairwise Combinations

of Classes in Province Ichilo.

BATSHOKTY LABCRATORY FOR APPLICATIONS ULF REMOTE SENSING DEC_ 30,1976
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TABLE 8.

BATSHORT

G.A.MCGREW

(continued)
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TABLE 8. (continued)
BATSHORT LABORATORY FUR APPLILATIOS OF REMUTE SENSING
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TABLE 9. Spectral Separability for All Possible Pairwise

of Classes in the City of Santa Cruz.

Combinations

BATSHORY LABORATORY FGR APPLICATINGS ULF RUMOTE SENSING DEC 30,1970
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BOLIViA LABCRATORY FOR APPLICATIONS OF REMOTE SENSING OIC 29,1976
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Figure 8. Bi-spectral plot for Province Andres Ibanez.



gctivia LABCRATCRY FOv APPLICATIONS GF REMOTE SENS ING DEC 29,1976
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Figure 9.

Bi-spectral plot for Province Warnes.



LABCRATORY FOR APPLICATICNS JF REMQ

SOLIVIA TE SENS ING DEC_ 29,137
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Figure 10. Bi-spectral plot for Province Nuflo de Chavez.
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BOLIVIA LABORATORY FOR APPLICATIONS OF REMOTE SENSING
GoAJMCGREW PURDUE UNIVERSITY

BI-~SPECTRAL FOR SANTIESTEBAN
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Figure 11. Bi-spectral plot for Province Santiesteban.
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BOLIVIA LABORATORY FOR APPLICIYIDNS'?F REMOTE SENSING MAR 4,1977
GoA.MCGREW PURDUE UNIVERSITY 05 25 37 pu
LARSYS VERSION 3
BI-SPECTRAL FOR GUTIERREZ
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Figure 12. Bi-spectral plot for Province Gutierrez.
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TABLE 10.

Symbols used for Each Spectral Class in the Various Processors

for Province Andres Ibanez.

Separability Bi-Spectral Plots
) A
. B
- C
0 D
1 E
) F
* G
€ H
X I
= 4
( K
z L

Classifications Tentative Cover Type
Printouts Designation
. Agua Turbia
- Soils
$ somtopo
M Bosque-1l
/ Arena Hum -
I _ Pasto
1 Duna
+ Chapar-1
= Suelo
€ Chapar-2
B Bosque-2
¥ Nula
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TABLE 11. Symbols used for Each Spectral Class in the Various Processors

for Province Warnes.

Spectral Classifications Tentative Cover Type

Class Separability Bi-Spectral Plots Printouts Designation
1 ) A - Sueld

2 . B = Sue-Agua

3 - C T Sue/Veg

4 0 D + Culyiuo

5 / E s V.S. Chu

6 ) F B Veg. Secu

7 * G / Aren;

8 € H . Agua/S.H.

9 X I $ Bosque-1

10 : .= J M Bosque-2

11 T K I Pasto

12 ( L X | vV.S. Ch.2

13 z M ¥ 4 Nula

29



TABLE 12. Symbols used for Each Spectral Class in the Various Processors

for Province ﬁuflo de Chavez.

Spectral , Classifications Tentative Cover Type

Class Separability Bi-Spectral_Plots Printouts Designation
1 ) 3] A . Agua

2 . B 1 Veg. Herb.

3 - C M Basque-1l

4 o] D T Vsec. Bos

5 / E X B2, Ch, Cu

6 ) ) F + Suel/Veg.

7 * G I Past, Vse

8 € H = Chuchio-1

9 X I $ Bosque-3

10 _ = J S Vsich, Cu

11 ( K - Chuchio-2

12 4 L ] Nula

€9



TABLE 13. Symbols used for Each Spectral Class in the Various Processors

for Province Santiesteban.

Spectral Classifications Tentative Cover Type

Class Separability Bi-Spectral Plots Printouts Designation
1 A A € ~Sav 1

2 B B . Water

3 Cc C + Grass

4 D D U Chu

5 E E X For 1

6 F F $ For 2

7 G G I Sav 2

8 H H = V+Bare

9 I I s Sav 2

10 J J - Barel

11 K K Ag 2

12 L L M For 3

vo



TABLE 14. Symbols used for Each Spectral Class in the Various Processors

for Province Gutierrez.

Spectral : Classifications Tentative Cover Type
Class Separability Bi-Spectral Plots Printouts » Designation
1 - A - ' "~ River
2 . B . Barel 1
3 $ Cc $ For 1
4 T D K. Grass 2
5 B E B For 2
6 b4 F Z Agv 1
7 L G L Sav 1
8 I H I Grass 1
9 W I W Water
10 R J R o for
11 S K S Sav 2
12 H L H 8 for 3
13 + M + Agv 2
14 2] N ¥ Nula

S9



TABLE 15. Symbols used for Each Spectral Class in the Various Processors

for Province Ichilo.

Spectral Classifications Tentative Cover Type

Class Separability Bi-Spectral Plots Printouts Designation
1l ¥ A M Bosque-1l
2 * B (o] Bosque=-2
3 - Cc - Bosque-3
4 1 D X Bosque-4

-5 Q E / Comb Topo
6 W F = Ra, Pa, Cu
7 E G Cc Ra, B, Bde
8 R H v Ast, Shum
9 T I J Aguavefl
10 Y J H Ra, Ra, Bs
11 U K L Ras, shum
12 I L E Bosq Bay o
13 o] M S Bos, Bose
14 P N L Bo Verb
15 A ) * Cu, Su, Pa
16 S P & Arena
17 D Q + Cuitsoya
18 F R . . Aguaclar
19 G sl T ‘Bode, Bse
20 H T B Agtu, Shu
21 J U I Arhlu Shu
22 M v ¥ Nula

99



TAB -
LE 16 Symbols used for Each Spectral Class in the Various Processors

for the City of Santa Cruz.

Spectral Classifications Tentative Cover Type

Class Separability Bi-Spectral Plots Printouts Designation
1 ¥ A ) 2] Arena
2 ) B . Aqua tuobia
3 - Cc - Urbano 1
4 0 D = Urbano 2
5 ) E / Casco Viejo
6 * F * Suelo 1
7 $ G o Silo 2
8 X H ] Bisque 1

9 M I M Bosque 2

L9
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side of the bi-spectral plot. Similarly, the class
denoted by the letter "A" which has the highest spec-
tral response both in the visible as well as in the
near IR corresponds to the highly reflective sand flats
of the dry river beds. The class denoted by the letter
"c", which has a relatively high spectral response in
the near IR but a relatively low spectral response in
the visible bands, should correspond spectrally to a
vegetation class; in fact, this class "C" corresponds
to a forest class (and is indicated as such in the
legend of the bi-spectral plot).

Therefore, the use of the separability information,
relative position of the classes in a two-dimentional
spectral space (bi~-spectral plots), and the knowledge
of the basic spectral characteristics of the different
materials found on the earth surface, can be very use-
ful as an aid to the conventional photointerpretétion
during the analysis phases in which the non-supervised
spectral classes are labeled as informational classes.

In addition to the multispectral classification
result maps sent to the Bolivian ERTS Program office,
tabulated information on the areal extent (in hectares)
and the percent area covered by the different spectral
classes foi each individual province have also been
provided to the Bolivian ERTS Program office. Tables
17 through 22 give, on a province by province basis,

(1) the spectral class number, (2) the symbols used

in the final classification maps, (3) the tentative



69

informational class designations, (4) the number of
resolution elements (pixels) classified into each
spectral class, (5) the number of hectares of each
spectral class, and (6) the percent area covered by
each class. The spectral class labeled "null" or
"nula® was defined by the analyst to represent those
areas of a Landsat data set which do not contain actual
spectral data since they are outside the boundary of
the Landsat frame or are outside of the boundaries of
that particular province.

It should also be noted that in these tables, the
area estimates apply only to the portion of the province
that was actually covered by the Landsat data. 1In no
case was an entire province covered by Landsat, so theée
figures do not represent the amount of the various cover
types present for the entire province.

The evaluation of the multispectral classification
results conducted by both the Bolivian and LARS scien-
tists has shown that most of the major cover types in
the area (primarily the forested areas) covered by the
Buena Vista frame were classified with a high degree of
accuracy. However, certain specific cover types which
were different informational classes, were not correctly
discriminated on the basis of their spectral response.
This problem was found when sugar cane fields (Figure 3)
were misclassified as pasture (Figure 3 ). Comparison
of Figures 3 and clearly show that the tail pasture

plants are extremely similar to the sugar cane plants.




TABLE 17.

Spectral
Class

o

O 0o 93 o

11
12

Areal Extent of Different Spectral Classes for Province Andres Ibafiez.

Classification Class
Symbol Designation
. Aguturb
- Soils
Sombtopo

M Bosque-1
1 Arenahum
I Rasto
1 Duna
+ Chapar-1
= Suelo
€ Chapar-2
B Bosque~-2
¥ Nula

Total Pixels
- Null Dpata

Totals

No. Pixels

3,079
25,498
15,904

207,031
13,761
78,516

1,618
54,793
37,615
30,112

193,429
343,208

1,004,564

343,208

661,356

Hectares

1,478
12,239
7,634
99,375
6,605
37,688
777
26,301
18,055
14,454
92,846

317,452

Percentage

0.46
3.85
2.40
31.30
2.08
11.87
0.24
8.28
5.68
4.55
29.24

100%

0L



TABLE 18.

Spectral
Class

1
2

@ N o »n

o

11
12
13

Areal Extent of Different Spectral Classes for Province Warnes.

Classification
Symbol

2 o

>

Class
Designation

Suelo
Sue-Agua
Sue/Veg
Cultivo
V.S., Chu
Veg. Secu
Arena
Agua/S.H.
Bosgque-1
Bosque-2
Pasto
vV.Ss.,Ch,Q
Nula
Total Pixels
- Null Data

Totals

No. Pixels

12,957
20,757
54,530
25,819
40,858
70,656

2,646

3,821
42,220
55,496

10,647

5,942

310,006

656,355

310,006

346,349

Hectares Percentage
6,219 3.74
9,963 5.99

26,174 15.74
12,393 7.45
19,612 11.79
33,915 20.39
1,270 0.76
1,834 1.10
20,266 12.18
26,638 16.02
5,111 3.07
2,852 1.71

1L



TABLE 19.

Areal Extent of Different Spectral Classes for Province ﬁuflo de Chavez.

Class

L

Spectral Classification

Class Symbol Designation No. Pixels Hectares Percentage
1 . Agua 2,055 986 0.32
2 1 Veg. Herb 10,479 5,030 1.64
3 M Basque-1l 98,439 47,251 15.46
4 T V Sec, Bos 42,879 20,582 6.73
5 X B2, Ch, Cu 146,358 70,252 23.0
6 + Suel/Veg 1,007 483 0.15
7 I Past, USE 2,635 1,265 0.41
8 = _Chuchiol 20,511 9,845 3.22
9 $ Bosque-3 251,602 120,769 39.53
10 s Vs, Ch, Cu 52,282 25,095 8.21
11 - ChuchioZz 8,073 3,875 1.26
12 ) Nula 731,431

Total Pixels 1,367,751

- Null Data 731,431

Totals 636,320



TABLE 20. Areal Extent of Different Spectral Classes for Province Gutierrez.

Spectral Classification Class
Class Synmbol Designation No. Pixels Hectares Percentage
1 . River 3,145 1,510 0.35
2 - Barel 1 18,195 8,734 2.08
3 $ For 1 177,706 85,299 20.31
4 T Grass 2 54,968 26,385 6.28
5 B For 2 339,549 162,983 38.82
6 2 Ag V1 32,108 15,412 3.67
7 L Sav 1 49,030 23,534 5.60
8 I Grass 1 50,720 24,346 5.79
9 W Water 1,557 747 0.17
10 R D for 90,235 43,313 10.31
11 s sav 2 782 375 0.08
12 H 8 For 3 - 51,001 : 24,481 5.83
13 + Agv 2 5,605 , 2,690 0.64
14 ¥ Nula 623,471
Total Pixels 1,498,072
- Null Data 623,471

Totals 874,601

1A



TABLE 21. Areal Extent of Different Spectral Classes for Province Sautiesteban.

Spectral Classification Class

Class Symbol Designation No. Pixels Hectares Percentage
1 € sav 1 56,555 27,146 1 6.18
2 : Water 1,863 894 0.20
3 + Grass 133,446 64,054 14.59
4 u Chu 58,623 28,139 6.41
5 X For 1 134,848 64,727 14.75
6 $ For 2 15,542 7,460 1.70
7 I Sav 2 101,246 48,598 11.07
8 = VtBare 61,877 29,701 6.76
9 S Sav 2 106,446 51,094 11.64
10 - Barel 8,195 3,934 0.89
11 1 _ Ag 2 11,719 5,625 1.28
12 M For 3 233,774 107,412 24.41
13 ¥ Null 02 613,112

To;al Pixels 1,527,246

- Null Dpata 613,112

Totals 914,134

vL



TABLE 22.

Spectral
Class

OWOJRAUI & WN-

10

12
13
14
15
16
17

19
20
21
22

Areal Extent of Different Spectral Classes for Province Ichilo.

Classification
Symbol

M

+e B EDmDOLONEXI1 O

XHID e

Class
Designation No. Pixels

Hectares

Bosque-1
Bosque-2
Bosque-3
Bosque-4
Samb topo
RA,PA,CU
RA,B,BDE
Agt, Shum
Agna Ve Fl
PA,RA,BS
Pas, Shum
BosgBajo
Bos, Bose
Bo, Vearb
Cu, Su, Pa
Arena
Cult Soya
Agua Clar
Bode, Bse
Agtu, Shu
Arhu, Shu
Nula

Percentage

SL
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Spectrally, these two different cover types (tall
pastures and sugar cane) were not separable. Therefore,
more basic research on the spectral characteristics of
sugar cane and pasture should be conducted in order to
determine whether there is a particular portion of the
spectrum (perhaps outside the spectral range of the
current Landsat detectors) in which these two different
cover types have different and distinct spectral re—i
sponses.

Another problem involved the confusion between
an urban class with a partially vegetated soil class.
Figure 3 shows a photograph of the center and older
part of the Santa Cruz City. Note in this photograph
that the roof tops are covered by vegetation.

Because the area covered by the Buena Vista frame
is a region of ecological transition, a major problem
of cover type definition was encountered both during
the analysis sequence and during the evaluation process.
For example, extensive areas of a mixture of grassland,
brush, and trees are common in this region. This com-
plex type of vegetation cover is sometimes categorized
by the Bolivian ecologists and land use specialists as
grassland, chaparral, and sometimes even as forest.
Therefore, this complex mixture of vegetation cover
should be more precisely identified and classified in
the field before the spectral class(es) representing

this type of vegetation can be correctly labeled.
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Since the Landsat data used in this study were
collected on September 16, 1975, which is the end of
the winter season, very little agricultural corps
were present in the area. Only a few fields of sugar
cane were still not harvested. The rest of the agri-
cultural fields were covered by weeds or stubble, which
were frequently missclassified as pasture land. Also,
most of the agricultural fields in this region are rela-
tively small with respect to the spatial resolution of
the Landsat MSS system. Therefore, in order to im-
prove the accuracy of the agricultural classification
of the Santa Cruz Integrated Subregion, it is necessary
to learn more about the agricultural calendar and prac-
tices of this area, so that an optimum date(s) during
the growing season can be selected for thé gathering of

the Landsat data.

CONCLUSIONS AND RECOMMENDATIONS

Since each province was classified separately, and
because the characteristics of the various cover types
were quite different among the different provinces, the
resultant classifications have different numbers of spec-
tral classes. For example, in the Ichilo Province, 22
significant spectral classes were defined, whereas in
most of the other provinces only 12-14 significant spec-

tral classes were defined. Thus, a particular spectral
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class could be present in one province but not in
another. The field work by both the Bolivian and

LARS scientists indicated that the spectral classes
utilized were very effective in distinguishing the
various cover types present. Therefore, the classi-
fication results are basically considered to be very
good. However, it was also noted that in some cases,

a single informational class was represented by several
spectral classes, thereby resulting in the printouts
(classification results) having more information and
detail than was really necessary or even desired. In
other cases, more than one informational class was re-
presented by a single spectral class. Both situations
require that the Bolivia ERTS Program office clearly
describe the characteristics of each of the spectral
classes, then define the informational classes that are
desired for each province and for the region as a whole,
and then define which spectral classes belong to which
informational class. For example, should the spectral
classes tentatively defined as "chaparral" be placed

in a "forest" or "pasture" informational class? The
field work by the LARS scientists tended to indicate
that in the Andres Ibanez Province, one of the chaparral
spectral classes probably should be placed in the "forest”
category, (deciduous forest sub-class) whereas the‘other
should be placed in the "pasture" information category.
However, these types of decisions should be made by the

Bolivian scientists in relation to the informational
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classes that are to be defined and utilized. It is
therefore recommended that the following course of
action be pursued by the Bolivia ERTS Program office
as a matter of high priority:

(1) Clearly describe the characteristics of the
various cover types indicated by each spectral class
defined in the analysis, and then attach a meaningful
name to that spectral class.

(2) Based upon the experience that has been
developed in computer classification techniques and
the results of the field work, define and describe
the meaningful information classes and sub-classes
that can be achieved for each province and for the
entire Santa Cruz Integrated Subregion.

(3) Determine which spectral classes belong to
which of the various informational classes defined
in step 2 above.

(4) Develop a set of computer symbols that are the
same for all provinces and which can be utilized to
display the various informational classes and sub-
classes in a meaningful, easy-to-locate manner.

(5) Utilizing the newly developed capability to
print computer classification results (*PRINTRESULTS)
on the CENACO computer'in La Paz, display the claSsi-
fication results in a 1:25,000 scale format and obtain

the data for tabulating the number of hectares of the
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various informational classes and sub-classes on a
province by province basis.

(6) Test the validity of the informational class
maps and tables by sufficient field work (much of
which could be done by plane) so that an indication of
the accuracy and reliability of the maps and tables can
be given on a province by province and a class by class
basis.

The recommended procedure for doing this verification
field work would be to randomly locate a large number of
areas on the classification maps that can be easily and
confidently recognized from the air or on the ground,
and number these areas for reference purposes. Then,
fly over or go to these areas and determine whether the
cover type on the ground is accurately described by the
previously developed description for that class or sub-
class. If a number of areas on the ground do not ade-
quately match the description, then the descriptions
would need to be modified so that they truly reflect the
actual characteristics of the cover type existing on the
g;ound, or, secondly, exceptions to the class description
are duly noted. |

The thrust of this entire endeavor should be a
meaningful set of descriptions of the various classes
and sub-classes such that there is a reasonable cer-
tainty that if a person uses the classification results
and goes on the ground to the location of a particular

class or sub-class, the cover type actually present on
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the ground will generally match the description given
to that particular class or sub-class of cover. There
are likely to be exceptions for some of the classes
and sub-classes, and these need to be known and docu-
mented on a province by province basis.

Another recommendation is that a VARIAN plotter
be purchased and connected to the Bolivian computer
system for purposes of obtaining output results. The
reasons for this recommendation are that (1) the VARIAN
plotter can produce output maps at various scales,
thereby enabling a 1:50,000 scale format to be achieved
directly from the classification results tape, and (2)
that a variety of symbols having greater contrast and
being more representative of the various informational
classes can be utilized, thereby enabling the output
maps to be more readily integrated and utilized.

One of the problems that we faced in this analysis
of the Santa Cruz Integrated Subregion was the fact
that the data that was available was obtained at a time
of year (September 16, 1975), that was not good for agri-
cultural cover type mapping (i.e. the crops had mostly
been harvested already). Therefore, one of the questions
that has come up involves crop calendar information and
the corresponding cloud cover information (e.g., at what
stage of development are the different crops at various
times of the year, what time of the year would be best
for spectrally identifying and mapping the different

crops of importance, and what is the probability of ob-

taining cloud-free Landsat data during those key time
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periods). These are questions that the appropriate
people having a familiarity with agricultural practices
in the various regions of Bolivia could help answer.
There is a need, however, to relate the agricultural
crop calandar information to the spectral character-
istics 6f the scene. In other words, "think spectral"!
The agronomist can define the crop calendar information,
but he can't effectively define the best time of the
year to obtain the spectral data via Landsat. For that
part of the guestion, a well qualified scientist train-
ed in interpreting the spectral characteristics of earth
surfaces features must be involved.

Added evaluation of the classification results in-
dicated that the various classes of forest cover had
been delineated and mapped with a surprising degree of de-
tail and accuracy. This Qas particularly true in re-
lation to the varying amounts of deciduous and evergreen
trees present in a forest area. Thus, it would appear
that the mid-September data is very good for mapping
forest cover conditions. The main difficulty noted in
the forest cover mapping was the fact that some of the
brush-land areas that had been recently cleared and are
now comming back into forest were classified as forest
cover rather than as brush-land, even though they are
not yet of economic importance as forest lands. Periodic
analysis of satellite data of this area would be one way
of eliminating this type of interaction among information-

al categories.
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In looking to the future, another questiocn that
could be addressed involves the potential for multi-
temporal data analysis. Considerable research in this
area is needed to define the times (more than one date)
that may be required for effective mapping of certain
cover types. There are many questions that could be
investigated concerning the value and applicability
of thermal IR data that will soon be available from
Landsat-C, and what type of reference data (ground truth)
is necessary for effective interpretation of such sate-
llite data.

There are also many potentials for utilizing radar
data, particularly in these tropical regions where cloud
cover is perhaps a major problem at critical times of
the year. There may soon be an opportunity to assess
the value of Seasat active microwave data.

With developing capability for computer analysis'
of satellite MSS data here in Bolivia, the ERTS Pro-
gram office will be in a rather unique position among
the countries in this portion of the world, from two
interrelated standpoints. First they will have a capa-
bility to process Landsat MSS data, and secondly, they
will have some of the equipment capabilities and exper-
ience which could serve as a basis for developing a
training center to serve all of the other Latin American
countries in the interpretation and analysis of satellite
data for various earth resource applicatiohs. Either or

both of these potential capabilities offer many possi-
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bilities, but will require detailed planning, appropriate
" equipment, and appropriate staffing if they are to be
fully realized.

Because of the large number of potentials and
opportunities that the future holds, it is critical
to define the long term goals that the Bolivian ERTS
Program should pursue. With limited resources, only a
limited number of projects can be pursued. It is very
important that the projects to be pursued are within
an overall well-defined program having clearly defined

objectives.
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