Info. Note #061u467

(Unavailable-Duplicate)

L7

Remotz Seunsing for Agriculture and
A ST A W TR e D R e

T e i m s s

Natura? Resources, from Space

by

R. B, MacDonald, Twchnical Director
Lisboratory for Agricuitural Remobe Sensing
Purdus University, Lafayette, Indians

and

David Landgrebe, Principal Reseavcher
Lzboratory for Agricultural Remote Sensing and
Associate Professor of Electricel Engineering
Purdue University, Lafayette, Indiana

Abstract
This paper presents reasons vhy the need exists for a more
effective means by which %o gether agriculiural and nabrual resource

data for resource management purposes. A research program is oul=

lined to develcp t=chnigues for this purpose using aerospace plat-

forms. And finally, the problems arising due to the quantity of

data involved are discussa2d and an examplzs illustrating the promise

of remobe sensing and auvtometic data processing is given.
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Natusal Resources fvom Space

R. B. MacDonald and D. A, lLandgrebe

Introduchion. From a technical standpoint, food surpluses
in the worid are, and have been, non-existant for quite some
time. Tn the last two years we have szen ariificial surpluses
in this counticy for all practical purposes vanish. The supposed-
2y tremendous surpiuses, particularly those of siall grains; have
been expended in the attemph to feed a small frachion of the
world?s population. These facts are evidence that the U. S.
Agricultural system cannobt feed Lhe world. C(ouservative
predictions indicate a aeed for {a) further development of our
naticnal agwicultural system o keep pace with our owa needs,
and more importaaltly, (b) %1eps to insure the dsvelopmsat of
agriculbural 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 ressarch program associlated with the
Apollo Applicastions Fro ~am to develop techniques for such future
agricultural systems.

VWhy is Remote SenSﬂng Veeded. 1n vhat way then, can the
U. S. Spoee Program con’s ribune to this greet national and inter-
national, need? One of the major ezzen Llaib for these future
agricultural systsms is the availability of informehicn of
agricultural conditions on a timely basis. Opoortunities for
incraasing and sustaining the productivity of natwral resources
and For facilitating preduct flows in agriculture are jdenbifled
and measured by accurate, compr<hensive and timely information

on resource use, availabilily, productivity, poteatial, and other
characteristics., The lack of such information is a major
obstacie to the economic development of the undeveloped ragions
of the world and a significant obstacle to the formuiation of
importan: poilcies and programs in the more fully develnped
regions.

Generally, informalion on characterietics of natural resour=
ces and their productivity is obtained from surveys on the ground.
These surveys are costly and in the more rsmose and inaccessabie
regions of the world are Gifficult, if not Inpossibls, to take.
During the past few years, many scientists have bzen daveloping,
and o some extent applying, remote sensing techniques fox
acquiring data from aircrafi. DMore recsnily, tils sclemiific
interest hac evolved invo consideration of acquiving cata from
earth~orbiting spacecrait.
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lThe World Food Budget 1970, U. S. Department of Agriculture,
Economic Research Service, Foreign Regional Aneiysis Division.



Llthough the range of types of data that might ultimately
be acquirad by remote sensing techniques from satellits altitudss
is not well defined, low altitude experiments tentat‘vrly suggest
some of the falloulng potential applicetions: 'A; Identification
of the use of land, jncluding the gbilitvy to discriminate among
crop species, (B) identificabion of major topographic and scils
features, (C) detection of unique soils problems, such as
salinity, (D) detection of forest fires, (E; determination of the
density of plant growth, (F) early detection of plant diseases.

Other potential. uses of Fawth-~orbiting remole sensing
gyetems for agriculture and foreatry in various regicns of the
world may be cited. In monsoon regions, such as Xadia, crop
vields sre very much a function of the calandar dale of initial
rainfall preceding ths mongoon season. This dats msy vary up
to several waoks ovar scabtered areas. Rainfall patterns of
in terest cover from 5 o lO-square-mile areas end are character-

5ed by tene of degree surface temperature drops. A capability
to efficiently map monsoon regions during the crit‘val period
would significantly eunance yield prediction capabilities in
those portions of the world.

Whan temperaturss of 100° Tahvenheit o more occur within a
pericd of from several daye to a week immediately afbsr cor:
tassels, poilination is inhibitved aad crop yilalds are signifi-
cantly reducsd. Eifficient methods to identify regions winers
haggeling oczcurs and the subsequant monitoring of temparatures
in these rsgions can provide an imporbant input into yield
predictions. Similar phenomena also hoid for sorghum poliination.

Timzly estimates of agricultural production affect a numbsr
0f agricultueal arszas such as transporvation, storags, processing,
financing, marketing and distribution of food as well as the
ultimate price to the consumer.

In the Uaited States, information on crop status is collected
and pirepared by thres agancles:

o The Cicp Reporting Boerd, a unit of the Statistic
Reporcing Sexrvice of ihz USDA, with statutory respon-
sibility to issue croov forecasts and estimates for
major crops, currantly maintains 43 tield offices
engaged in coilecting, summarizing, and reviewing this
informaetion.

o The Agricultural Stabilization and Consa 1xation
Sarvice of the USNA administers and chacks compliance
with production auguaument and congarvation

assistance, as well as price and wmarke® stabilization
programs .«



o The Bureau of the Census preparcs an agricultural
census every 5 yvears

It is expected thet additional remote sensing technigues will
be applied o supplement,; accelerate and refine the present
systems of information gathering and processing. Remote sensing
technigues appesr to offer the most eccnomical way to cops with
the Incressed requirem=nt to gather data which will exist in future
years.

Although an exhaustive study of potentisl economic benefits
has not been completed, there are many specific examples in agri-~
culturs and forestry in which the application of rewcie scnsing
techniques are expacted to reap substantial economic tenefits:

o World and U. S§. Colton production in 1964 was 81
million and 14 million bsles, respectively {(Ag.
Statistics, USDA, 1955). Approximately 4O percent
(5.6 million baies) of the U. S. production was
grown under irrigation. One of the potential
applications of remote sensing is the mouitoring of
soil moisture conditions aud the dates to irrigate
crops. 1f this proves feasiblc, an :T*lcreas9 in yield

would amount to an anqual economic benetlu of fiiloXs e than
3100 million.

0 Weed infestations of cioplands cause an estimated
loss of $3.8 billicn to American agriculture
annually (Crcp Res. Pub. ARS 34-32). Remotz
sensing techniques coulid be develouned for locating
and asazessing vhe degree of weed iufestations. If
the vse of these tzchniques could contribute
1635 percent reduction in losses cavused by
weeds, the economic benefits would be H300-gL00
miilion per yezr. Comparable potential benefits
would accrue from the application of remcte
sensing to the destection and definition of insect
and disease invasions.

o In 1965 the total number of cattle in the U. S.
vas reported to be 107 million (Agric. Statistics
Report, USDA, 1955). The number of range cattle
ieg estimated to have been 35 million. I remove
sensing could be epplied to devect and ass=ss
nutrient deficiency areas, overgrazing, brush
and weed infastation, and other range managzment
problems, it 1s reasonable to assumz that the
carrying capacity could be increased by an
average of 10 peircent on U. S. rangaland. This
could mean an annual increase of 3.5 million



moie calves. At present feeder cattle prices
this economic benefit could amount to £350 million
annually.

The annual loss in the United States caused by
flooding has been eshimated to e #1 billion,
ghout two-fthirds of which is agricultural land
{Water Fachs, USDA, 1957). Move than half of
this damage occurs in the 12,711l smell upscream
watarsheds, Monitoring of small waterczheds by
remote sensing in ordsr %o locate and identifly
inadequate surface cover, unconurolled erosion
and other watauvshad managemznt problems wmight
wall contribute a 10 percent reduction in the
losses caused by flooding, or an annual economic
berefit of §100 million.,

Preliminary stuiies (USDA Rpt. to NASA, 19G6)
indicate that remote senging in the future may

be used to determlne acreagss planted to various
crops and to estimate the potentizl ylelds of these
crops. Although it is very difficuit to assign

a specifie value to the economic benefits of such
information, this data ig of vital importance in
world trade negotiations, planning for treasport
and storage, and in planning for famine vreveniion
in tha food deficit natious. The Food and
Agriculture Organization presently utilizes

crop yield estimetes to detsrmine the needs

of food grain importv to the deficit natvious,
Inethar refinements in potential yield

estimates can be of great importance.

Tasre are 508.8 million acres of commercial

forests in the United States. By conventional
survey methods the rcost of surveying and pre=-
varing a national for=ast inventory for the

United States is $L0.7 miilion. The use of

remobe sensing could reduce the cost of this survey
considerably. it is estimaled that the use of
remoke sensing from spacecraft could permit ar 8
percenc reduchion in the ares of forests damagad

or destroyed Ly fire. IFf the capability of remote
sensing to detect nutrient deficiencias, forest
species, and other information wvital to foresd
management can be established, significant
contribution in timber produchion can be maje. IF
this could lncrease timber production only a few
percent above present yields, its economic benefits
would smount to tens of millions of dollers.



The potential other benefits in the application of remote
muitispectral sensing are countless. Today mor2 than bwo-thirds
3£ the world!s people suffer from hunger or maluutrition. Tae
maJoL political. and fonial concarns of merny natlonzl governments
revolve around “he problems of feeding their peoples. A host of
inbernational, regicnel, national, end pirivete orgznizatilons are
engaged in i poed for pauace’ and "freedom from hungzi" camoaigns.
All these activitiss have politicel and social as well as

economic implications.

The econonic davelopment of African, Asian, and South Amsrican
countries is highly dependent upon improvement ia their agriculture.
The Advisory Committee on Frivets Entewrprisz in Poreign Ald
chaired by A. K. Wztson states that "thz desperate race belween
popuilation groweh and food production in the less developed
couniries is so well known and docamented that we need not labor
it heve. 8o critical is thiz problem that it justifies the
gresteat attention of USALD. Wasre industrial fecsilility studies
are conzerned, those which relate to expanding the supply of
fertilizer or insecticides, or which relates Lo the transporv and
arocessing of foods will merit an especially high priority." On
the magnitucde of the task ahzad ths comunitize states "Over the
past montis as we worksd to relate foreign ald and private
initiative, we cane to believe that no matter how carefully our
ald dollars ave invested asud no matter how wize aud energeiic

SAID s persommal may be, theve is still not euough money nor
peonie ho accomplish The vass tesk the United Shates has uncer-
fakﬂn. T4 is only throush privebs resourcas, ousr cwn and those

? developing couatries themseives, whers the additicnal resocuices
are pobzntially adscuate to meet Lhe chellenge "

AL1 prosrams of ageiculbure dsvelopment involve data
gathering and processing. In the food-and-fiber surplus countries
a conbinusl search goes on for refinements and improvements In
their survey and anaiytical methods. Ia many food-and-fibexr-
d=ficient countries, vrcgrams are being initiated to develcp
eystems of deta gathering and analysis. 1In both gwoups of counte~
ries remote sensing technfcuss could greatly accelorale and
expand the processes of data gathzring and pro ceseing .

A Buief History of Remoie Sensing in Agric 2. It isg our
opinlon how'ver ihet af the present tlm basic knowiedge is
inzufficient for thess applications to j Juuld consishent and
accaptable information from eircraft, much Less fiom earth-
orbiting vehicles. In an effort to develop this basic Iknowledge,
limited research has been initisted by a aumber of Covernmental
agencizs, industries, and research institutions. The National
Academy of Scisncas have stimulated interast in this Tiald of
regearch end serves as a coasulting body in research planning and
execubtion.

nes
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The National Aerouautics and Space Administration and the U.S.
Depertment of Agriculoure are intensely interested in the use cof
remole sensors from acrospace platforms. These intereslts embrace
not only earth-orientatied applications, bui also the use of remote
sensors to learn more about the physical and Wwiological environ-

ants of other plansts. Beecause of these interests, vhe Netional
Aeroneutics and Space Administration is funding comote sensing
research conductad by mutually interested goverrmeatal agencias,
industriss, and research institutlons.

Tha present NASA/USTA program has its beginning in two,
initislly unreiaved; activities: One at vhe Jational Academy of
Sciences, the obher at NASA headquartsrs. Ta 1961, the NAS-MRC
comrittes on "A=srial Survey Methods in Agriculture” was formed.
The purpose of the comailtes is Lo formuiste plans for and
stimulate resgszarch to develon improved methods of applying aerial
survey metnods to agricultural problems such as iand use and crop
distribution, crop yisid estimations, species identification,
disesase datection, etec. By 1963, the committee had form:lated a
regaarch program and received academy approval of it. A part of
the program was a multispectral crop sensing plan, In 1663 the
comnittee becamz sware that within NASA headquarters th= Lio-
sciences and th2 maanad space sciences divisions were formulating
experiments to develop techniques for sensing the Earth, Moon,

and cther planets for the datecztion and analysis of biclogicel and
geological informetion. A remobs sensing program was Then
formulated and funded o neet the needs of both organlzations.
Also the U. 8. Army, tarough its electrontics command, having an
interest in the szwe lypz of data, agreed to support the vrogram
by making available aircraft and sensing sguipment existing undsr
Project MICHTCGAN. Tha Purdue University Agricultural Bxrperiment
Shation agrsad to support the program by making availabie a number
of diverse experimentsal stations, providing records kept at thase
stations, nanpower, end squipment for making wrelated "giround
truth" neasurcments. This combination of efforts resuited in a
minimal airborns ramots sansing program in 190k and inciuded
flight missions during the sumier growing seascn over the Purdue
exparimenys stations.

In 1965 tha U. S. Uzpartment of Agriculture, in accordance
vith 2 formal agrecment with WASA, establlished a Labcratory for
kgricultural Remotz Sensing at Purdus University and a Laboratory
for Remote S=nsing in Iorestiy at the Pacilic Southwest Forvest
and Range Ixperiment Station, Berkeley, California, to assist in
carrying out this effort.

A Systems Viewpoin!, of Rezmote Seusine Remolbsz Sensing
technoiogy is concernad with the determination of cheracteristics
of physical objscts through analysis of neesurements taken at a

distonce from the objects. Such information 1s propagated by:



o TForce Fieslds
o Electromagnetic Fields

as

o Spatial
o GCpectral
o Temporal

variations of these radiation fields.

Generally, to eprxly remote sznsing to a particular situetion,
it is necessary to iniiially make good measuiem=nhs of the
variations of propageted energy end to in turn analyze the
measurerents 10 reiste variations to taxget characterisvics of
interest.

A simplified sketch of the basic problem in agricultural
remote sensing applications is shovn in Figure 1. Insclation
energy is in part transmitted to the esvth's surface thirough
atmospheric transmission windows and in part sca ttered and
absorbed by the earth's atmosphere, Solar ensrgy is both reilect-
ed and sbsorbed by earth surface features. The heating =ffect of
absorbed energy resuits in the emissicn of ithermal’ radiation by
surface features. This reflected and smitted elsclromagnetic
radiation is propagated into the atmosphere where again it is in
part transmitted out vhrough the stmosphere and in wart scattared
and vsorbed by that madia.

Tﬂ

The spectral, spaktial, and temporal verlationg of this
pronagated ensrgy are a Ffunction of the physical chara cherietics
of the particuler radiating targe®t, as well as ths transmission
characteristics of tha intervening atmosphere and of the charactev-
istics of insolation ensrgy. Due to the corruptlng influences of
the atmosphore on the energy radiated from earth surface features,
it is evident that in the research phases data uﬁQhL& be gathered
and analyzed at several levels of the atmosphere. 4Analysis of
these datz assists in distinguishing atmospheric effects from
variations causad by the physical characteristics of agwricultural
SCENES .

The Research Program at LARS/Purdue. A functional organi-

2 rem e

zation of the reseerci prog am in agriculture at Purdue is shown

ol -

in FPigure 2. Az shown, the five principal res=arch arcas are:

Agricultural Appiications
Agriculiurel Research

Aerospace Agricultural Research
Measurem=nts

Data Processing
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+ CALIBRATION

* RADIATION PHENOMENA

*MOBILE DATA COLLEGTION OPERATIONS
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B AGRICULTURAL RESFARCH

STATISTICAL SIGNATURE STUDIES
- MICROPHYSICAL STUDIES
- MACROPHYSICAL STUDIES

B AEROSPACE AGRICULTURAL

* OPERATIONAL SYSTEMS
*EXPERIMERNT DEFINITION STUDIES
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Briefly, ‘Agricultural Applications' studies are being
conducted to delineate specific user reqguirements and to, in
turn, estimate potential benafits from such applicabions. Such
estimetes, together with othzr considerations, are to result in
s rank ordering for the various application objectives. Verious
segments of the agricultural community versus their g=ographic
arsa of involvement avre chown by the folloving three by four
matrix table.

LOJAT, RECTONAL — NATTONAL WORLD

I . e ™
FARMER ! i

] TF- o w’
AGRO-BUSINESS

f.m - S USSR
COVERMVENT

A review of the agricultural requirements in thase situations is

essential in assessing the benefls to agriculture from the
information collecting capabiiities afforded by remote sensing
systems .

Agricultural Research studies are attempting to rzlete
cbserved radiation chavacteristics to the physical ond chemical
troperties of agricultural sources on both microzhysical and
macrophysical scales.

Aerospace Agricultural programs ineiude studies to define
agricultural experiments for future aireraft and space test
prograns and to effect operacionel system studiecs to debermine
typical requiremsnts of futurs systems.

A 'Measureneants' group has undertaken the task of developing
and/or moéifying instrumentation and related faciiities to allow
the collection of reliable data for laboratory end for field
research studizs.

The !Data Processing' program 1s organized to carty out
investigations in the following five categories:

theoretical pattern recognition studies
apolied pattern recognition
statistical studies and modeling

data handling research

deta handling operations

0 0O 000
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Remote sensing situations generally increase in complexity
with the inclusion of additiocnal factors that arise by oroceading
from laboratcry conditions to those found in an aerospace
environnent. Thig philosophy has led LARS to coanduct research
at three different levels. These are!l

o Laboratoxry
o Field
o Air/Space

A good example of this can be found in looking at the
nroblem of applying remcte sensing techniques in soil temperature
determinations. If this information is to be obtained from
measuremsnts of radiation emitted by soils at spectral wavelenguhs
from 8 to 1l microns, it is necessary to know factors such as
the ewissivity of the vadiator. In determining the feasibility
o? this approach one needs to determine the characteristic
values of this paremeter undsr various important conditions. In
tha laboratory, emissivity values can best be measured for
aifferent soil tymaes at differvent temperatures, moisture levels,
ete. Certainly such phenomena continue to occur 1n the Tield
gsituation. With this information in hand, fisld programs are
required to deteimine effects of soll surface conditions, etc.,
on emissivity values. Other new effects of ths intervening
mediuin are keph at a minimum with field station meazurcments.
With the understanding accruved through these efforts, a researcher
is hopefully prepared to attempt to continue femsibility studies
from aircraft platfornms.

On the Dgggfﬁgoblemﬁ One of the chief problems in develop-

e
4

ing a sysLem capabie of providing the type of information
necegsary for resource managemant on a nation-wide or world-wide
basie is the great quantity of data which must be dealt with.

A little coneideration of the agricultural situations i1eads one
immediately to the conclusion that the type of informavion needed
requires the gathering cf data to a resolution of at least a Tfew
hundeed feet. Wwe need not labor the point here that to map any
srea a8 large as a country to a resolutlon of this size results
in tremendous guantities of data regardless of the method of
analysis pianned. A major contribution being mace by The
Leboratory for Agricultural Remote Sensing 1s the devzlopment of
data handling end date analysis systems capable of reducing these
large quantities of data to information useful to agricultural
scientists.

In discussing this work, we intentionally usad twc terms
wedata handling and dae analysis--to describe this effort. The
term data handling refers to the various types of data manipula-
tion (e.g. editing, formatting, analog-to-digital conversion, and
the like% which are necessary with data of this sort in addition
to a ~apability for continually monitoring data quality.
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The term data analysis refers to the algorithm by which the
data will be reduced to useful information. Examples would be
automatic pavtern recognition, statistical analysis and the like.

As an example of the use of these two terms, consider the
case of data gathered in photographic form. The term data
handlirng would b2 applied to the technigues necessary in the
vhotographic darkrcom to provide a usable image. The term data
analysis would be used to describe the processss ussd by the photo
interprater in extracting ths desired informetion from the
photographs.

The need for research in data analysis methods is fairly
obvious. We wish to suggest here that research in data handling,
even basic research, has not heen given proper emphasis since
techniques in this area are lagging. Previously, in situations
of this nature, the researcher has received accass to vash
emounts of data presented in inconvenient forms. A major
objective of our effort has been the development of meauns to
provid2 access to these vast quantities of data in such a manner
that they may be conveniently reviewsd for repid identification
and eztraction of sel:ictad portions. 1% is crucial for a
researcher to ba able to readily communicate with his data.

Thus considerable efforts abt Purdue ave being expended in this
area.

Tne lavge data quantities in a progrem of this type
imposes restrictions on data analyeis mathods as well.
Entirely automated data analysis algorithms asre mandatony at
least for the first level of data reduction. There are many
ways 1n which data from ground surface areas can be collesdted.
Nf Ghese, the most amenable to automated analysis methods appears
to be the measurement of energy radiated from elemental ground
areas as a functlon of wavelength. DMNote that in this approach
no gecmetric information is necessarily involved. It turns out
that this fact appears to grveatly simplify the data reduction
algoriihm raquired.

A disucssion of deta handling end dete snalysis techniques
beyond the above is cutside the intent of this papar. However,
we wish to conclude by presenting one or two early results in
this area in order %o illustrate the promise of this approach.
In this particular study, an agricultural ar:a several miles in
extent was overflown by an aircraft carrying a mrléiszectiral
optical-mechanical scanner. The output of any given channsl of
this particular scanner at any given instance is a voltage level
related to the radiance of the scene in the current ground
resolution element and a given optical spectral: band. The
scanner is arranged such that by simultaneously sampiing all
channels of the scanner, one obtains a set of numbers related to
the radiance in zach of 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 1k 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. TFurther, 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
making a green vegetation map of the ares overflown. One can
easily think of applications for this kind of a capability from
space. TFor example, with this capability it may be possible to
acvise a developing nation what currcntly undeveloped land to
next put into egriculiural production by determiniag the vigor
of the naturally occuring green vegetation. Or it may be
possible to use this tzchnique in the midwest to make an early
vheat acreage measure since curing the month of December, the
portion of the ground cover in this area vwhich is green is
predominantly winter wheat.

Actually, for these types of applications a more spacific
question waich must be asked is to what extent must the ground
b2 covered with green vegetation before a given resolution
element on the ground can be correctly classified as green from
en asrospace platform. Figure 3 shows an ordinary panchromatic
alr phctograph of one of the areas overilowm. A portion of this
flight line covered by the scannsr is also indicated. Flgure 4
shows a computer printout of the vesults of applying the
classification technique to a portion of this data. The
categories established for the classification were green
(indiceted by 'G') bare soil (indicated by ‘X') water (indicated
by 'I!') and a fourth category (lefl blank on the printout) for
ground resolution elemsnts not logicelly falling into auy one
of the faree. 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 geound observations as follows:

C - Corn W = Wheas

O -~ Oats P - Pasture

R - Rye RC = Red Clover

S - Soybeans IS = Farmstead
BS - Bave Soil

The bold faced numbers on the computer printout indicate
eporoximate percentage ground cover as determined by ground
measuremsnt 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 area shown in Figure 4 can be located
in Figure 3 by using the two bare soil fields in the upper
portion of 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 goil.
Consider now the green vegstation category. A detailed analysis
by egriculturalists 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 exanple, notice the soybean
field to the left of the center line at row number 625. A
photograph teken at the szme time the area wvas overflown is also
ghown in Figure L, The photograph was teken from the road av
chout line numbar 619, looking west-southwest. Notice that there
is a weed condition in the soybeans. Tt is possible to
correlate the points classified 133 in this field with the
location of the weeds. That is, the additional green ground
cover provided by the weeads is just adequate to change the
classification of the point in the field thus indicating the
15 to 20% ground cover threshold mentioned. By changing the
perameters of the clessifier, it is possible to adjust this
threshold point to some extent.

Additional studies of this type in species identification
have zlso been carried out. They also shov very promising regults.¥

Closure. In conclusion, it is our opinion that future
decisions as to the uses of land, water and other related natural
resources will become increasingly critical; future decision
making can be greatly enhanced through use of infcrmation systems
based on tomorrow's remote sensing technology .

We have recommended the development of a second generation
spectral sensor tvhat promises vast improvement in our data
collection capabilities. We are elso of the opinion that future
research activities be oriented toward meeting actuel requirements
associated with a typical geographic region. BSuch an orientation
would help ensure that researchers in the progrem ars working
toverds realistic solutions to realistic problems. Research
would initially be conducted through use of aircraft using
procedures and instrumentation systems that would be Fforerunners
of ‘hose to be used in later space sysfteus. The region used for
this phase of the research would be an excellent test site for
subsequent space experiments in that an ebundance of ground
tuth information would be available. Several possible geogra=
phic areas for fubture applied research efforts are presently
being studied.

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