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This paper presents reasons why the need exists for a more
effective means by which to gather agricultural end naflpal regource
date for resource management purposes. A research progrom is out-
1linad to develcp t=chnigues for this purpose using aserospace plat-
forme. &And finally, the problems arising due to the quantity of
data involved are discussad and an examplzs 1llustrating the promise

of remote sensing and sutometic data processing is given.
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Remote Sensing Zor Agriculture and

Natural Resources fiwom Space

R. B. MacDonald and D. A. Landgrebe

Introduction. From a tachnicel etandpoint, food surpluses
in the worid are, and hava been, non-existant for quite some
time. TIn the last two ysars we have seen urvificial surpluses
in this country for ell practlcal purposes vanish. The supposed-
1y tremendous surpluses, perticulsrly those of small grains, have
been expended in the atlempt to feed a small frachion of tae
world's population. These facts are evidence that the U. S.
Agricultural system cennot fzed the world. Conservatlve
predictions indicate a need for (a) further devolopment of our
raticnal agricultural system o keep pace with our owa needs,
end more importaatiy, (b) stips to insure the development of
agricultural systems abroad.™ A hungry world is not going to
be content to live in peace beside a well~fed United States.

This paper describzs a resesarch program associated with the
Apollo Applicalions Frogiram to develop techniques for such future
agricultural systens.

Why_is Remote Sensing Needed. 1n what way then, cen the
U. 8. Scace ?rogram coniribute to this greet national and ianter-
rational need? One of the major essentials for these future
egricultural systems is the availability of inPormztion of
agricultural conditions on e timely basis, Opportunities for
increasing and sustaining the productivity of naturel resources
and Tor facilitating product flows in agriculture are idantifled
and messured by accurste, comprzhensive and timely information
on resource use, avallability, productivity, potential, and other
characteristics. The lack of such information is a major
obstacle to the economlc development of the undeveloped reglons
of the world and a significant oovstacle to the fcrmuilation of
important poilcies and programs in the more fully developed
reglons.

Generally, information on charazteristics of naiural rasour-
ces and their productivity is obteined from surveys on the ground.
These survzsys are costly and in She more remote and iinaccessabie
regions of the world are difficult, if not Zmpossiblz, to iteke.
During the past few years, many scientists have been develcping,
and to some exteat applying, remote sensing techniquec for
acquiring date froum aircraft. More recenily, this scientific
interest hac evolved into consideration of acquiring dwuta from
earth~-orbiting spacecrat.

1The World Food Budget 1970, U. S. Departmen: cf Agriculture,
Economic Research Service, Foreign Regional Anelysis Division.



Although the renge of types of data that might ultimately
be acquired ty remote sensing techniques from sateilite altitudes
is not veil defined, low altitude experiments tentatively suggest
som2 of the folleowing potential applicetions: (i) Identificetion
of the use of land, including the ability to disceiminate among
crop species, (B) identification of major topographic and sciIlz ;
?EEEE?:E:‘ID) datection of unique soils problems, such as
salinity, (D) detection of forest fires, (E) determination cf the
density of plent growth, (F) esrly detection of plant diseases.

Other pchentiel uses of Earth-orbiting remote sensing
systems for agriculture and forestry in various regions of the
world may be cited. 1In monsoon regions, such as laniia, crop
vields are very much a function of the ceizndar date of inicial
ralnfall preceding th2 momsoon season. This date msy vary up
to several wacks over scattered asreas. Reinfsll patterns of
iaterest cover from 5 to 1O0-square-mile areas and are character~
1ized by tene of degree esurface temperature drops. A capabllity
to efficiently map monsoon reglons during the ciitical perilod
would significently eanance yield prediction capabilities in
those portions cf the world.

When temperatures of 100° Fehrenheit or more occur within a
pericd of from severesl days to a week immediately afier corn
tasseis, pollination is inhibited and crop yields are signifi~
cantly reduced. Efficient methods to identitiy regions waere
tasseliing occurs and the subsequent monitoring of temparatures
in these regions can provids an important inpubt into yisld
predictions. Simiiar phenomena elso hoid for sorghum poliination.

Timzly estimates of agricultural production affect a2 number
oZ agriculitTaal areas such es transportation, storagz, processing,
financlag, marketing and dlstribution of food as well as the
yltimate price to the consumer.

In the United States, information on crop status is collected
and prepared by three agencicos:

c The Circp Reporting Boerd, a unit of the Statistical P

Reporting Service of thz USDA, with statutory respon- f/
s1bilily to issue crov forecasts and estimaiss for
major crops, currsntly maintains 43 field offices

engaged in collecting, summarizing, and reviewing this
information.

o The Agricultural Stabilicatioa and Consarvation
Szrvice of the U3 edministers and checks compliance
with production adjustment and cousarvation
asslstance, as well as price aad mzrke®t stabilization
programns .



o The Bureau of the Census prepares an agricultural
census every 5 years.

It is expected thet additional remote sensing techniques will
be applied to_supplement, accelerate and refine the present
systems of information gathering and processing. Remote sensing
techniques appear to offer the most eccnomicel wey to cope with

the increased requirement to gather data which will exist in future
years. - -

Although an exhaustive study of potentiesl economic benefits
has not been completed, there are many specific examples in agri-
culture and forestry in which the application of remote sensing
techniques are expected to reap substantial economic benefits:

o World end U. S. Cotton production in 1964 was 81
million end 14 million bales, respectively (Ag.
Statistics, USDA, 1965). Approximately 40 percent
(5.6 million bales) of the U. S. production was
grown under irrigation. One of the potential
applications of remote sensing is the monitoring of
soil moisture conditions and the dates to irrigate
crops. If this proves feasible, an increase in yleld
of cotton of only 10 percent due to these techniques
wouid amount to an annual economic benefit of more than
$100 million.

o Weed infestastions of croplands cause an estimated
loss of $3.8 billion to American agriculture
annually (Crop Res. Pub. ARS 34-32). Remote
sensing techniques could be developed for locating
and assessing the degree of weed infestations. Xf
the use of these techniques could contribute a
10-15 percent reduction in losses caused by
weeds, the economic benefits would be $300-3400
million per yeer. Comparable potential benefits
would acerue from the application of remote
sensing to the detection and definition of insect
and disease invasions.

o In 1965 the totel number of cattle in the U. S.
was reported to be 107 million (Agric. Statistics
Report, USDA, 1965). The number of range cattle
is estimated to have been 35 million. If remote
sensing could be epplied to detect and assess
nutrient deficlency areass, overgrazing, brush
and weed infestation, and other range management
problems, it is reasonable to assume that the
carrying capacity could be increased by an
average of 10 percent on U, S, rangeland. This
could measn an annual increase of 3.5 million



more calves. At present feeder cattle prices
this economic benefit could amount to $350 million
annuselly.

The annuel loss in the United States caused by
flooding has been estimated to de #1 billion,
about two-thirds of which is egricultural land
(Water Facts, USD4, 1957). More than half of
this damage occurs in the 12,711 small upstreeam
watersheds. Monitoring of small watersheds by
remote sensing in order to locate and identify
inadequate surface cover, uncontrolled erosion
and other watershed manesgement problems might
well contribute a 10 percent reduction in the
losses caused by flooding, or an annuel economic
benefit of $100 million.

Preliminery studies (USDA Rpt. to NASA, 1966)
indicete thet remote sensing in the future may

be used to determine acreages planted to various
crops and to estimate the potentiel y1élds of These
crops. Although 1T is very difficult To assign

a specific value to the econamic benefits of such
information, this data is of vital importance in
world trade negotiations, planning for trensport
end storege, and in plenning for famine prevention
in the food deficit nations. The Food and
Agriculture Organization presently utilizes

crop yield estimates to determine the needs

of food grain import to the deficit nations.
Further refinements in potential yield

estimates can be of great importance.

There are 508.8 million acres of commercial

forests in the United Stetes. By conventional
survey methods the cost of surveying and pre-
paring & nstional forest inventory for the

United States is $10.7 million. The use of

remote sensing could reduce the cost of this survey
considerably. It is estimated that the use of
remote sensing from spececraft could permit an 8
rercent reduction in the area of forests demaged
or destroyed by fire. If the capebility of remote
sensing to detect nutrient deficiencles, forest
species, and other informastion vital to forest
menagement can be established, significant
contribution in timber production can be made. If
this could increase timber production only a few
Percent gbove present ylelds, its economic benefits
would emount to tens of millions of dollers.

l



The polential other bznefiis in the application of remote
muitispectral sensing are countless. Today mere *han two-thirds
cf the world's peorle suilfer from hunger or malnustition. Tae
mejor political aad cocial concerns of meny natlonel governments
revolve eround “he problems of feeding their peoples. A host of
international, regicnel, nationzl, and piivate organizations are
enzaged in ”food for p=acn“ and "freedom fron hung2r" camoaigns.
All these activitiss have politicel and sccial as well as

economlc implications.

The economic dovelopment of African, Asian, and South American
countries is highly dcpendent upon improvement in their agriculture.
The Advisory Committee on Privete Enterprisz in Voreign Aid
chaired by A. K. Watson states that '"thz desperate race between
populatlon growih and food production in the less dzveloped
countiries is so well known and documented that we nced not labor
it hers. So ecritical is this problem tnat it justifies the
greetest attention of USAID. Waere industrial feesibility studies
are conzerned, those which relate 1o expanding the supply of
fertilizer or insecticides, or which relates to the transport and
processing of foods will merit an e penially high priority." On
the magnitude Qf the task ahzad the commnittee s*ates "Over the
past months as we work=4 to relate foreign aid and private
iribiative, we came to beiieve thet no matier how carefully our
ald dollars are invested and nn mettar how wise and energetic
USAID's persoimel may be, there is ebill not enough monsy nor
people o acbomplish the vasvc tesk the United Sthates has uncder-
taken. IU 1s only through privete resources, ousr oun and those

of dﬁvelqpiug countirles themseives, whers the addi ionel iesources
are potentially adeguate to meet the challenge."

A1 programs of agriculture development involve data
gathering and piocessing. In the food-and-fiber surplus countries
a continusl search goes on for refinements end improvements 1n
thelr survey and enaiytical methods. In many food-and-fiber-
deficient countries, vrograms ere being initiated to develop
systems of deta gathering and enalysis. In bobh groups of count-
ries remote sensing techinfquas could greatly accelorate and
expand the processes of data gathsring end processing.

& Bvief History of Remote Sensing in Agricuibure, It Is our
opinlﬂn, however, than at the nrcvent lee, basic know;eagc is

nsufficiznt for these applications to yizld cousistent arnd
accepuabie information from aircraft, much Less from eacin-
orviting vehicles, In an effort to dovelop this basic knowledge,

imited research has been initiatad by a number of CGovernmental

agenclas, industries, end reacarch institutions. The National
Acadamy of Scienczs have stimulsted interest in this 2Zeld of
rzsearch and serves as e counsulting body in resesrch plarning and
execucion.



The National Jeronautics and Space Administraticn and the U.S.
Depertment of Agricultuce are intensely interested in the use of
remote sensors from acreoepace platforms. These intevesis embrace
not only earth-orientatzd applications, bui alsgs the use of remote
sensors to learn more about the physical and biological environ-
ments of other planats. Because of these interests, vhe Netional
Aerongutics and Shace Administration is funding remote sensing
research conductad by mutually interested governmental egencies,
industries, and reseerch institutions.

The present NASA/USTA program has its beginning in two,
Irltially unrelated, activitiess One et the National Academy of
Sciences, the other at NASA headquarters. In 1961, the HAS-NRC
committea on "Aariel Survey Methods in Agriculture" was formed.
The purpose of thne committee is 1o formuiste plans for and
stimulate research %o develop improved methods of applying serial
survey methods to egricultural problems such as land use and crop
distribution, crop yleid estimations, species identificaviosn,
disease detection, etc. By 1963, the committee had formuleted a
research program and received academy approval of it. A part of
the program was a multispectral crop sensing plan, In 1963 the
committee becam=z eware that within NASA headquerters tiue Lio-
sciences and the mannad space sciences divisions were formuleting
experiments to develop techniques for sensing the Earth, Moon,
and cther plenets for the detection and analysis of biclogicel end
geologlcal informetion. A remote sensing program was then
formuliated and fuuded o meet the needs of both orgazrzations.
Alsc the U. §. Army, tnrough its electronics cammnand, having an
interest in the scue typs of dava, agrzed to support the vrogramn
by making availlable aivcraft and sensing equipment existing under
Project MICHTCAN. Tie Purdue University Agricultural Bxperiment

Lation agresd to suppori the program by making availabie a number
of diverse experimentsl stations, providing reccords kept at these
stations, menpower, aud equipment for making relsted "ground
truth" measurements. This combination of efforts resuited in a
minimel airbornz remotz s2nsing program in 1964 snd inciuded
flight missions during the sumner growing seascn over the Purdue
experim=2nt stations.

In 1965 thz U. 8. Yepartmsnt of Agriculturs, in accordaace
with a formal agresment with NASA, =stabllshed a Laveratory for
Agricaitural Remotz Senslng at Purduz Thiversity aand a Laboratory
for Remove Sensing in Forestiy at the Pacilic Southwest Forest
and Range Experiment Station; Berkeley, California, to assist in
carrying out this effort.

A_Systems Viewpoln', of Remote Seusine Remot: Seinsing
techn0+ogy {5 concerned with the deternination of chzrascteristics
of physical objacts thr ougn analys’s of meesuremesnts teken at a
distonce from the objects. Such informacion 1s propagated bty:

)



0 Force Fields
o Electromagnetic Fields

as

o Spatial
o Epectral
o0 Tempoiral

variations of these radiation fields.

Generally, to aprly remote szasing to a particular situetion,
it 1s necessary to iniiially make good measuwirements of the
verlations of propageted energy and to in turn analyze the
measuretents to relate variatione to target cheracteristics of
interest.

, A simplified sketch of the basic rroblem in agricultural
remote sensing applizations is shown in Figure 1. Insclation
energy is in part tranrmitted to the earth's surface througn
atmospheric transmission windows and in part scattered and
absorbed by the eerth's atmosphere. Solar energy is both reilect-
ed and shsorbed by earth surface features. The heating effect of
abscrbed energy results in the emission of ‘thermal’ radiation by
surface features. This reflected aud emitted elsctromasgnetic
radiation is propegated into the atmosphere where again it is in
pert traasuitted out through the stmosphere and in part scattzred
end ebsorbed by that media.

The spectral, spatial, end temporal verietionz of this
propagaied energy sce a function of the physical characheristies
of the perticuler radisting target, ss well as the transmission
characterlstics of the intervening atmosphere and of tha character-
istics of insolation energy. Due to the corrupting influences of
*the atmospiiere on the energy radiated from earth surface features,
it is evident that in the resesarch phases datea should be gathered
and anelyzed at several levels of the atmosphere. Analysis of
these data assists in distinguishing atmospheric effects from
variations caus2d by the physical characteristics of agriculiursal
scenes.

The Research Progiam at IARS/Purdue. A functional organi-
zation of the research D"ogram in aﬂrﬁgu¢1u7e at Purdue is shown
in Figure 2. As shown, the five principai res=arch arcas are:

Agricultural Applications
Agricultural Research

Aerospace Agricultural Rzsearch
Measuremznts

Data Processing

0O00O0oO0
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LABORATORY FoR AGRICULTURAL
REMOTE SENSING

RESEARCH PROGRAMS

> AGRICULTURAL APPLICATIONS

+ ECONOMIC STUDIES
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« OPERATIONAL  SYSTEMS
* EXPERIMENT DEFINITION STUDIES
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Briefly, ‘Agriculturasl Applications'! studies are being
conducted to delineate specific user requirements and to, in
turn, estimale potentisl benefits from such applications. Such
estimetes, together with other considerations, &re to result in
a rank ordering for the various application objectives. Verious
segments of the agricultural community versus their geographic
area of involvement are shown by the following three by four
matrix table.

LOCAL, REGTONAL  NATYONAL  WORLD

FARMER

AGRO-BUSINESS

GOVERNMENT

A review of the agricultural requirements in these situations is
essertial in assessing the benefit to egriculture frcm the
information collecting capabilities afforded by remote sensing
gyscems .

Agricultural Research studies are attempting to relete
observed radiation characteristics to the physicel and chemlcal
properties of agricultural scurces on both micropaysical and
macropvhysical scales.

Aerospace Agricultural programs include studies to define
agricultural experiments for future aircraft and space test
programs and to effect cperationel system studies to deternine
typical requirements of future systems.

A 'Measurements' group has undertaken the task of developing
and/or modifying instrumentation and related facilities to ellow
the collection of reliable data for laboratory and for field
research studles.

The !'Data Processing! program is orgenized to carry out
investigations in the following five categories:

theoretical pattern recognition studies
applied patiern recognition

statlistical studies and nmodeling

data handling research

data handling operations

0O00O0O0
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Remote sensing situations generally increasse in complexity
with tke inclusion of additional factors thet arise by vroceading
from leboratory conditions to those found in an aerospace
environment. This philosophy has led LARS to conduct research
at three different levels. These are:

o Laborstory
o Field
o Air/Space

A good example of this cen be found in looking at the
problem of applying remote sensing techniques in soll tempersture
determinations. If this information is to be obtained from
mzasurements of radiation emitted by soils ot spectrasl wavelengths
from 8 to 1l microns, it is necessary to know factors such as
the enissivity of the radistor. 1In determining the feasibility
¢Z this approach one neede to dstermine the characteristic
values of this paremeter under various important conditions. In
thz laboratory, emissivity values can best be measured for
different soil types at different temperatures, moisture levels,
etc. Certainly such phenomsna contiaue to occur in the field
situetion. With this information in hend, field programs are
required to deteirmine effects of soil surface conditions, etc.,
oa emissivity values. Other new effects of the inbervening
medium are kept at a minimum with field station measurements.
With the understending accrved through these effcrts, a researcher
is hopefully prepared ‘o attempt to continue feasibility studies
from aircraft platforms.

On the Deta Problem. One of the chief problems in develop-
ing a sysLem capabie of providing the type of information
neceagsary for resource maragement on e nation-wlde or world-wide
basis 1s the greet quantity of data which must be deelt with.

A 1little consideration of the agricultural situations leads one
immediately to the conclusion that the type of informetion needed
requires the gathering cff data to a resolution of at least a few
hundred feet. Wwe need not labor the point here that to map any
arca a8 large as a country to a resolution of this size results
in tremendous quantities of data regardless of the method of
analysis pianned. A major contribution being male by the
Laboratory for Agricultural Ramote Sensing is the devzlopment of
data handling and date anslysils systems capable of reducing these
large quantities of data to information useful to agriculiural
sclentists.

In discussing thils vork, we intentionally used twc terms
-~data handling and da%ta aanalysis--to describe this effort. The
term data handling refers to the various types of data menipula-
tion (e.g. editing, formatting, analog-to-digital conversion, end
the like§ vwhich are necessary with dats of this sort in addition
to » capability for continually monitoring date quality.
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The term data analysis refers to the glgorithm by which the
data will be reduced 10 usaful information. Examples would be
automatic pattern recognition, statisticel enalysis end the like.

Az an example of the use of these two terms, consider the
case of data gathered in photographic form. The term data
handling would be sppiied to the techniques necessary in the
vhotograrhic darkrcom to provide a usable image. The term data
anulysis would be uszd to describe the processss used by the photo
iaterpreter in extracting the dezsired information from the
photographs.

The need for research in data analysis methods is fairly
obvious. We wish to suggest here that research in data hendling,
even basic research, has not been given proper emphasis since
techniques in this area are lagging. Previously, in situations
of this nature, the researcher has received access to vast
smounss of Gata presented in inconvenient forms. A major
objective of our effort has been the development of means to
provid2 access to these vast quentities of data in such a manner
that they may be conveniently reviewed for repid identification
and extraction of selzcled portions. 1t is cruclal for a
researcher to be able to readily communicete with his data.

Thus considerable efforts at Purdue are being expended in this
erea.

Tne large deta quantities in e program of this type
imposes restrictions on data enalyesis methods as well.
Entirely automated data snalysis elgorithms aere mandatory at
least for the first level of data reduction. There are many
ways in which daeta from ground surface areas can be colledted.
Nf these, the most amenable to automated asnalysis methods appears
to be the measurement of energy radiated from elemeatal ground
areas 88 a function of wavelength. Note that in this approach
no geometric information is necessarily involved. It turns out
that this fact appears to zveatly simplify the data reduction
algorithm raquired.

A disucssion of deta handling and dets snalysis techniques
beycnd the above is outside the intent of this paper. However,
we wish to conclude by presenting one or two early resulis in
this area in order *o illustrate the promise of this approach.
In this particular study, an esgricultural ar=za several m'les in
extent was overflown by sn ailrcraft carrying a muliispectral
optical-mechanlical scanner. The output of any given channel of
this particular scanner at any given instance is a voltage level
ralated to the radiance of the scene in tne curreant grounrd
resolution element and a given optical spectral band. The
scanner is arranged such that by simultaneously sampling all
channels of the scanner, one ob%ains a set of numbers related to
the radiance in 2ach 27 the available spectral bands from the
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same resolution elements on the ground. Currently data is
available from 18 bands between .32 and 14 microns, although for
the study to be discussed below, due to temporary equipment
limitations, only four of the 18 bands were available to the
researchers. Further, it was not possible to include any of

the thermal infrared spectral region in the four bands used.

The specific classification study carried out was aimed at
meking a green vegetation map of the arca overflown. One can
easily think of applications for this kind of a capability from
space. For example, with this capability it msy be possible to
advise a developling nation what currently undavelopsd land to
next put into agricultural production by determirning the vigor
of the natureslly occuring green vegetation. Or it may be
possible to use this technique in the midwest to meke an early
vheat acreasge measure since during the month of December, the
portion of the ground cover in this area which 18 green is
predominantly winter wheat.

Actueally, for these types of applications & more specific
question which must be asked is to what extent must the ground
be covered with green vegetation before a given resolution
element on the ground can be correctly classified &s green from
an acrospace platform. Figure 3 shows an ordinery panchromatic
air photograph of one of the areas overflown. A portion of this
flight line covered by the scanner is also indicated. TFigure 4
shows a computer printout of the results of applying the
classification technique to a portion of this data. The
categories established for the classification were grsen
(indicated by 'G!) bare soil (indicated by 'X') weter (indicated
by 'I') and a fourth cetegory (left blank on the printout) for
ground resolution elements not logicelly falling into any one
of the Uhree. Since the data used was gathered in late June,
this fourth category was established chiefly for mature wheat
and other similar types of ground cover. The letters marked on
the flight line give the actual type of ground cover as determined
from ground observaetions as follows:

C - Corn W - Whesxt

0 ~ Oats P - Pasture

R - Rye C - Red Clover

S = Soybeans FS - Farmstead
BS -~ Bare Soil

The bold faced numbers on the computer printout indicate
epproximate percentage ground cover as determined by ground
neasurement at a few sample points in the field. Also Indicated
on some fields of the computer printout is the height in inches
of the ground cover. The srea shown in Figure 4 can be located
in Figure 3 by using +thz (wo bare soll fields in the upper
portior ol the flight line for orientation.
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In this test it will be noted that there was no difficulty
in correctly classifying resolution elements of bare soll.
Consider now the green vegetation category. A deteiled analysis
by egriculturelists of the results of this classification
indicated that for the parameters used in this classification,
areas with 15 to 20% or more of green vegetation ground cover
were classified as green. As an example, notice the soybean
field to the left of the center line at row number 525. A
photograph teken at the sae time the area was overflown is also
shown in Figure 4. The photograph was tsken from the road av
gbout line number 619, looking west-southwest. Notice that there
is a wzed condition in the soybeans. It is possible to
correlate the points classified 'G! in this field with the
location of the weeds. ‘hat is, the additional green ground
cover provided by the wea2ds is just adequate to change the
claessification of the point in the field thus indiceting the
15 to 20% ground cover threshold mentioned. 3Dy changing the
parameters of the clesdifier, it is possible to adjust this
threshold point %o som2 extent.

Additional studins of this type in species identification
have also been carried out. They also show very promising results.*

Closure. In con:lusion, it is our opinion that future
decisions a8 to the uses of land, water and other related natural
resourcaes will become increasingly criticel; future dzcision
meking can be greastly enhanced tarough use of informatlion systems
based on tomorrow's remote sensing technology.

We have recommended the development of e second generation
spectral sensor that promises vast improvement in cur data
collection capebilities. We are also of the opinion that future
research activities be oriented toward meeting actual requlrements
. assoclated with a typlcel geographic region. Such an orientation
"would help ensure that researchers in the progrsm sre working

towards realistic solutions to realistic problems. Research
would initially be conducted through use of alrcraft using
procedures and instrumentetion systems that would be forerunners
of those to be used in later space systems. The region used for
this phase of the research would be an excellent test site for
subsequent space experiments in that an ebundance c¢f ground
truth information would be available. Several pcssible geogre-
phic areas for future applied research efforts are presently
being studied.

*See for example "Automatic Identification and Classifica-
tion of Wheat by Remote Sensing", LARS Information Note 21567,
Laboratory for Agricultursl Remote Sensing, Purdue University,
Lefayette, Indiana.
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