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REGIONAL TRAINING SEMINAR ON APPLICATIONS OF SATELLITE IMAGES
LA PAZ, BOLIVIA

December 1-9, 1977

USE OF SATELLITE IMAGES IN THE EVALUATION OF FARMLANDS

M. en C. Ana Estela Lozano H.¥

If there were more food in the world than there are human beings to /1%#%
consume it, there would be no great importance attached to the systems
used to evaluate the produetion of such faodz, but the demographie de-
velopment of the human race in the past one or two hundred years, and
the trend which exists at present, lead us to carefully analyze whether
or not we are ﬁsing efficient methods for knowing how much we have, and
how mueh we are going to have, of each of the products whiech serve as
our sustenance,

Thus, beginning in the past déecade, the worldwide search for new
methods of measurement has bécome nore intense, making use of techniques
which are constantly becoming more complex and refined, in order to ob=
tain reliable estimates of the volumes of production from agriculture,
animal husbandry, and fishing. With the development of statistiecal
theory in the 1950's, there has been an increase in the use of sampling
methods for evaluating the progress and the results in the growing of
basiec products, and even non-basic enes. This has invelved the appli-
cation of designs used to define the sample, maps, aerial photographs,
and lists of producers. Current progress in the teehniques of remote
sensing, especilally those which depend on sensors placed in artificial
satellites, has resulted in the fact that the images of the earth which
these sensors colleet enter into the gpnsiderati@n of anyone.who hids the
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task of evaluating cultivated lands.

How can they be used? Of the various techniques of handling and
extracting information, which will be the most efficlent in practical
application? Can they substitute for or complement present technicues?

These and other questions lead us to assume, as a basic part of
our activity, the obligation to provide information on how much and
where food for humanity is produced, will be produced or can be pro-
duced.

EVALUATION OF FARMLAND IN MEXICO

The ageney of Mexlco whiech is responsible for the national statis- /2
ties 1s the Direeccién General de Estadistica, of the Secretariat of
Planning and Budget (Secretaria de Programacion y Presupuesto). As
regards agriculture and animal husbandry, this agency has reserved the
development of the decennial national census, delegating the correspon-
ding part to the Estadisticas Continuas Agropecuarias y Forestales [Con
tinuiﬁg.statistics on Agriculture, Cattle, and Forestry] in the Direec-
cion Ceneral de Economlia Agricola [General Directorate of Agricultural
Economy], of the Secretariat o6f Agriculture and Water Resources.

In working out these statisties, various systems of data collection

are used.

a) forms sont out and returned by mall, and questionnaires handled
directly, among informants bellieved to have a knowledge of the condi-
tions of development of agriculture or animal husbandry in the zones,
reglons, or political divisicns in which they live;

b) questionnaires handled by personal interviews of farmers or cat-
tiemen selected by sampling; a methed in which the greatest scientific
rigor is applied that the actual cbnditions permit. In this kind of
sampling'study5 corrected aerial photographs are used, where they exist;
these cover 50% of the usable surface of the country. Alsoc used are
maps showing current land use, on a scale of 1:50,000, developed on the
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basis of color stereoscople aerial photographs by the Department of
Studies of the National Territory, with a coverage to date of 30%. 1In
these photographs and maps, sample areas are defined znd selected tor
60% of the usable surface. With respect to the rest of the country,
the sampling units are the political divisions, since there is an ab-

sence of appropriate maps for sampling of agricultural purposes.

REMOTE SENSING TECHNIQUES IN THE EVALUATION OF FARMLAND IN MEXICO

Starting in 1975, the technigues of remote sensing have been ana-
lyzed, evaluating the possibility of applying them in practical and
extensive form for estimating the surface area seeded with basic crops.

PHOTOINTERPRETATION TECHNIQUES

We thus followed the techniques of ocular analysis of the images in
false color. These technigues have permitted the drawing up of synoptic
maps of land use on the scale of 1:500,000. This was done by another
agency of the S. A. R. H. (Secretariat of Agriculture and Water Resour-
ces), the Department of Synoptic Cartography, which has made progress
in two years, with 20 units already printed and 6 in press, of the 32
which make up the entire country.

In these maps, from 26 to 30 categories have been defined which em-
brace agriculture dependent on rainfall and on irrigation, pasture land,

4 categories of woods, 6 of forests, 2 of semi~desert vegetation, 5 of
shrubiand, 3 of hydrophilic vegetation, deserts, urban areas and bodies /3
of water, and showing the area covered by each cabtegory. :

The methodology followed is the use of all existing cartographic
and documentary information, which includes military topographic maps
at a scale of 1:250,000 and 1:50,000, aerial phctography, and verifi-
cation by airplane, helicopter, and ground survey. The area is measured
by gravimetric methods, weighing the layers of film which are used to
form the printing of each color.

These Mmaps are of high gquality and have proven useful in locating
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the agricultural zones whose situation had not been known, by which it
has bsen possible to send samples. We have not tried to define samp-
ling units, since the field personnel do not consider it feasible, al-
though we are going'to attempt 1t.

The estimation of useable areas has been utilized to adjust certain

statistics which used, as auxiliary data, estimates that were already
obsolete.

TECHNIQUES OF ELECTRONIC ANALYSIS TRIED IN MEXICO

With respect to the computing technigues starting from electromag-
netic tapes with LANDSAT images, three systems of computing have already
been tried, with attractive results, at least for farmland intensively
cultivated by irrigation in winter: wheat and saffron.

The three systems of computation were tested simultanecusly for a
zone in northwest Mexico, the Yaqui Valley Irrigation Distriect, from
which surface area and production statistics of high reliability can
be expected. The inquiry was performed by sampling and several lines
of flight were photographed in coler to check the points,

The ERMAN II system from NASA-IBM gave a slight underestimate which

could be attribufed to several factors:

a) the image did not capture about 2000 hectares in the southeastern
part of the district;

b) the image has some cloudy places which cover small surface areas;

¢} the roads between the bloeks [of stone] are very yeliow, and their
reflectance modifies the colcor of the planted wheat along the borders.

The tests of a system gehérated at the National University, where
‘the normal algorithms of multivariant analysis were alsoc employed but
were considered not to give a correlation between the bands, gave highly /b
satisfactory results, although the short machine time avallable did not
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permit estimates to be made for the whole valley.

The last system tested, developed at the IBM scientific aenter,
which uses an algorithm based on the differences in intensity between
the bands and the percentage which each one contributes fto the total
color of the pixel, also gave favorable results, especially because
it permitted differentiation between the flax and the wheat, which
the other %two confused, and clearly defined "wheat wlth earth", and
"wheat with light clouds".

These methods have not been applied to other tapes, since for those
which we have been able to obftaln there is no compatible terrestrial
information available; and for the zones for which there are terres-

trial data for two or more years, we do not have tapes.

ANALYSTS QOF THE PRACTICAL APPLICABILITY IN CONTINUOUS EVALUATION

From the experlence cobtalned, it 1s considered that the ocular
methods of photointerpretation do not permit application to continuous
evaluation of surface areas planted with crops, both because they do
not permit recognition of slightly~differentiated categories, and also
becuase of the scale on which they can be worked, although they are

indeed aids in locating zones with significant changes.

With respect to the compufing methods, they do not lunction by them-
selves'as sources of information, since they always reguilre field work
in which one must be exact as to location and measurement; tais is
equivalent, in cost and time, to an investigation by sampling.

On the other hand, at least for Mexico, the real *+ime elapsed between
taking the image and the availability of the taps in the application
centers does not satisfy the requirements for presenting estimates;
besides which, if the tape is requested prior to taking the 1mage,
the result may be clouds in the zone being studied or a damaged channel
(of three tapes of the valley, February, March, and April, only Febru-
ary could be used).
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As far as the reliability of the measurement of areas is concerned,
it is consldered that acceptable levels can be reached with a2 single
tape, and that excellent results can be obtained with two tapes, at
least for farmiands intensively cultivated in winter, as is the case
for wheat whiech occupies 160,000 Ha of the 200,000 in the test zone.

The cost of the study in its practical application could not be
evaluated, since the cost of field work in the tests was almost zero,
inasmuch as the exlsting records in the ilrrigation district and the
information obtained during the investigation ¢f production were made
use of. The flight for obtaining aerial photographs was not evaluated /5
by CENTENAL, since it colncided with another study which was being

carried out.
On the other hand, the cost of an investigation is never comparable

wlth that of a project already being carried ocut on a routine basis.

CHARACTERISTICS O THE BASIC CROP3 IN MEXICO AS RELATED 7O REMOTE
SENSING '

The crops which occupy the greatest surface area in Mexico are corn
and beans, These are followed in importance by sorghum, wheat, and
alfalfa.

Of the 1% million hectares which are sown annhually, 7.5 are in corn,
and 4.2 are in the other four, and so it is logical to assume that they
should easily be seen in the satellife images.

Nevertheless, in about 2 million hectares corn is interspersed with
beams or with squash; in at least one million Ha, the farmers allow
edible herbs to grow between the furrows (huantzontle¥, papaloquelita*,
gquelita¥*, purslane) during the railny Season, and in other piaces they
grow higher than the corn and are cut for fodder. Thus in Guanajuato,
in July, the fields of corn not scientifically managed have an orange
color owing to the flowering of such plants.

¥No English eguivalents for these plant names,



It should also be considered that more than 20% of the area gilven
over to corn is in parcels of less than two hectares, and one-half
million hec¢tares are in parcels of less than one-half hectare. The
boundaries are generally defined by trees, shrubs, agaves or cochi-
neal plants, depending on the climate.

On the other hand, corn, sorghum, and beams are chiefly spring and
summer crcps; that is, there are clouds during their growing season;
although, in view of the diversity o climates and topography, corn
is being planted and harvested somewhere every day of the year.

Wheat and alfaifa do not present any of these problems, since they
are cultivated intensively and scientifically, and are in the ground

in winter.

The characteristics analyzed, both as to remote sensing proper and
as to the basic crops in Mexico, led to a plan of work being developed
which takes these realities into account.
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