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The Lgkﬁéégre% Cng£§§ﬁgép£6ry Experiment (LACIE) is
a majer s ~P£ié%§9 application of the nultispectral
remote sensing technology which has been developed
gver tne last dscade to the inventorying of agri-
cultural crops on a world-wide basis. Primary data
sources for LACIE are (1) multispectral radiance
measurements acgquired by the Landsat satellite, (2)
meteorolegical data from both ground weatner
stations reported through the YWorld Meteorological
Organization {10} network and frem neteorclogical
satell1tes and {3) certain histeric information.
These data are corputer processed to estimate
wheat area from the Landsat gata, yleld from mete-
orological data and production, the oroduct of area
and yield. E«perimental reports are produced on
wheat arez, yieid and production on a periodic
basis for salected wheat-producing regrons. LACIE
15 being conducted jointly by the NASA, NGAA, and
USDA to prove out an economically important appli-
cation of remote sensing from space, The axperi-
ment has completed 1ts first phase of activity 1n
estimating wheat area, yi1eld and production for a
"yardstick™ area 1n the U.S. Great Plains. The
results are generally very encouraging and the
basic technoiogy appears sound. Further tests are
underway and the prospect of an operational crop
inventory systewm using multispectral scanners aboard
satell1tes as 3 major sensing device appears well
vwithin reach. This paper describes the technical
approach to LACIE, the activity already completed
and the tentative resuits of the first phase of
the activity.

INTRODUCTION

For pernaps 10,000 years most of the inhabitants of
this earth have depended on agriculture for food
and fiber. While this has resulted 1n a much
greater stability than was enjoyed by food-gathering

#The author wishes to acknowledge the many contri-
butions to this experiment, 1ts planning tmplementa-
ticn and execution, by his colleagues not only 1n
MNASA, but more particulariy 1n the USDA and in the
NOAA of the U.S. Departwent of Commerce. This 1s
truly a joint venture among the three agencies and
many have played important roles in bringing the
axperiment to 1ts present state.
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societies there has often been an 1mbalance between
the supply and the need. This problem has been
aggravated 1n recent years and food shortages have
tecome, sadly, commen piace. One key element 1n
addressing this problem 1s the issus of better crop
information.

PR

The theme of this conference, Productivity through
Instrumentation and Contral 1s wost apt 1n halping

us to focus on the role of instrurentation in addres-
sing a critical prcblem on the planet, The need for
crop 1nventory infermation was pointed out by the
U.S. Depariment of Agriculture

The U,S. Department of Agriculture has broad
responsibilities for maintaining the procuctdon
of cormodities at optwmum levels. To fulfill
these responsibilities to farmers, consumers,
and to customers abroad, we must be able toy
estimate the volume of crops we can produce,
the volume we are producing, and ths volume
needed by both foreign and doresstic markets.

In doing this, accurate production estimates,
both here and abroad are essentiai.

The process by which human nutrition 1s accorplished
15 very complex with preduction, transport, market-
g and other decisions required. For each of these
decisions sound Information is essential and this is
often lacking or in error. For example, a couple of
years ago in Texas many wheat farmers anticipated a
viorld price of around $2 a bushel and chose not to
harvest a marginal crop. Had the probable picture on
world production been better known a more realistic
price would have bean assuried and the crop, poor
though 1t was. would have heen harvected

The earth-looking satellite offers a new vantage
pomnt from which to conduct resource surveys and this
1n turn can lead to improved information because of
the sophisticated instrumentation carried aboard such
satellites. This paper deals with a major experiment
in applying the capabilities of such a satellite to
the very practical problem of inventorying agricul-
ture crops.

*From a public anncuncement by Dr, William L. Ruble,
Deputy Administrator, Management, Agricultural
Stabilization and Conservation Service, U.S. Dept. of

?g;gcu]ture at the ERTS-B Press 8riefing, January 14,

ORIGINAT, PAGE IS
OF POOR QUALITY



. i
-

In anticipation of such inforration nesds the
remote sensing commuenity has for several years been
developing a new technology for conducting large-
scale nventories,

The major evenis in the development and application
of this technology were as follows: In tne late
1950's surveys of agricultural terrain were carried
out by black and white aerial photography using
camouflage detection f1lm sensitive in the reflec-
tive infrared wavelengths; in the early 1960's the
development of azirborne multispectral scanners and
large-scale digital-processing techniques made
possible compuier-a1ded classification of ‘wheat

and other crops which was first successfully done
in 1966, alse 1n 1569 the Apolio multiband canera
experiment (5-065) simulating Landsat spectral
bands was flown and the first computer-aided clas-
sification of wheat and other crops using satellite
data was carried out, n 1971, a corn blight watch
experiment was the first large area agriculzural
effort and used both image analysis ana compuier-
aided analysis of atrborne multispectral scanmer
data; then, beginning in 1972 with the Taunch of
Landsat 1, nunterous 1nvestications 1nto crop 1den-
tification using satellite data were carried out
and it 1s these investigations on which the present
experiment is building.

Interest in pursuing inventiory techmiques was 1n-
“tensified by gran-production shortfzlis in seme
areas of the world 1n 1972 and 1973 and by an 1in-
crease 1n consurption during thoss years. This
interest spurred planning activity in NASA, USDA,
and NOAA, and by 1974, the time was Judged appro-
priate for a large-scale experiment, This experi-
ment 15 called the Large Area Crop Inventory
Experiment {LACIE) or LACIE for convenience.

Wheat was selected for the LACIE for a number of
reasons. Principal of these 1s that considerable
experience has been acquired over the past decade
in the use of multispectral remote sensing measure-
ments to jcenti1fy wheat. Additionally, wheat tends
to be, relatively, a less complex crop for which
yield 1s controlled primarily by temperature and
available moisture, thus allowing simpler approaches
to the estimation of yield. Also, wheat has Tang
been one of man's most important crops and 15 cer-
tainly the most mportant in 1nternational trade.
Wheat is the national food staple 1n 43 countries
around the world {Reference 1) and provides about
20 percent of the total food calories of the people
of the world and i1s second only to rice, which pro-
vides on the order of 21 percent of the total food
calories, The land area under cuttivation for
wheat far exceeds that of any other grain crop.
Because wheat 1s grown extensively throughout the
world, 1t merits observation somevhere af virtuaily
all twmes of the year. Thus, an 1nventory of wheat
makes good use of the global and repetitive cover-
age capabilities of earth-orbiting satellites.

An underlying phitosophy of LACIE 1s that the con-
tribution which remote sensing technology can make
most immediately ts the provision of nore accurate
and more timely information on a global scale,
Given this philosophy, 1t is not the intent of
LACIE to provide extremely accurate domestic

astimates as does the Statistical Reporting Service
(SRS} of the USDA. Ra<her, the goals are oriented
to large areas; that is, multicountries, as follows:
the first goal is to develop and exhibit a capaoil-
ity to make estimates of wheat production at harvest
time; a second goal is to establish how accurately
production estimates can be made with this approach
earlier 1n the crop year; a third geal 15 to develop
and exhibit a capability to handle the quantity of
data reguired to inventory wheat on a global basis
1n a timely manner; a fourth goal is to develop 4
information and other support data to support the
design and cost effectivensss apalysis of a future
protoetype systen.,

LACIE is being conducted jointly by the NASA, NOAA,
and USDA to prove oqut an economically imporiant
appTication of remote sensing from space. The
agencies involved placed a high priority on accomp-
Tishing the stated objectives of LACIE as soon as
feasible, and resources were made available to pursue
the LACIE objectives vigorously with a goal of
delivering at the culmination of LACIE, proven
technology plus & definition of the key problems to
be solved prior to the implementation of an opera-
tional 1nventory systenm.

GENERAL TECHNICAL APPROACH

The general technical approach to the LACIE is to
estimate production of wheat on a country-by-country
basis where production 1s the product of area and
yield. Imitial attention has been given to the U.S.
Both of these components, zrea and yijeld, are esti-
mated 7or local areas and acggregated to regional ard
country Tevels. Area 75 derived by c¢lassification
and mensuration of Landsat multispactral scanner
{MSS} data acquired on a sampiing basis over regions
in which wneat 1s a major crop. That is, wheat area
15 estimated from identification of wheat in ths
Landsat M35 data by knowing the spectral properties
of wheat. Maximum use 1s wade of computer-aided
analysis to provide the most timely estimates pos-
sible.

Yield is estimated from statistical models which
relate crop yi1eld to Tecal meteorological conditions,
notably precipitation and temperature. Initially,
these data are being obtained from the World Meteoro-
Togical Network of ground stations. As the experi-
ment progresses, supplemental meteorological data
from NOAA environmental satellifes will be used.

AREA ESTIMATION

The eritical contribution from the multispectral
scanner data 15 to.allow an estimate of the area
growing wheat. The time may come in the future when
crop condition and yield-related variables can be
interpreted from spectral data but for now LACIE
depends on such data only for a determination of
where wheat is growing and the areal exient. This
section w11l treat the instrumentation onboard the
satell1te and the tray information on wheat area 1s
extracted from the data.

The Multispactral Scamner (M5S) (Reference 2) gathers
data by imaging the surface of the earth in several
spectral bands swurultaneously through the same




optical system. The HSS for Landsat 71 and 2 is a
4-pand scanner operating in the solar-refiected
spectral band region from 0.5 to 1.1 micrometer
wavelength. It scans crosstrack swaths of 185
kilometers (100 nm} width, 1maging s1x scan Tines
across 1n each of the four spectral bands simul-~
tanecusly., The object plane is scanned by means
of an ascillating flat mirror beiwsen the scene
and the double-reflector, telescope type of opti-
cal chain, The 11.56 degree cross-track field of
view is scanned as the mirrar oscillates +2.89
degrees about 1ts nominal position. The scanning
arrangement is shown 1n (Figure 1).

The instantaneous field of view of each detector
subtends, from the nominal orbital altitude, an
earth-arez square of 79 meters on a s1de- The area
viewad ynstantaneously is referred to as a picture
element or "pixel”. Field stops are formed for
each l1ne imaged during a scan, and for each
spectral band, by the square nput end of an opti-
cal fiber. Six of these Tibers 1n each of four
bands are arrarged 1n a 4 x 6 ratrix.in the focused
area of the telescope, - -
Light impinging on each glass ¥iber is conaucted to
an individual detector through an optical filter
unique te the spectral band served. An image of a
Tine across the syath 15 swept across the fiber
each time the mirror scans, causing a video signal
to be produced at the scanner electronics output
for each of 24 channels. These signals are then
sampled, digitized and formatted nto a serial
digital data stream by a multiplexer.
interval 15 9.95 sec, corresponding o a cross
track motion of the nstantanecus Tield of view of
56 meters.

The along-track scan is produced by the orbital
motion of the spacecraft. The nominal orbital
velocity causes an along-track motion of the sub-
satellite point of 6.47 km/sec neglecting space-
craft perturbation and earth rotatien effects. B8y
oscillating the mirror at a rate of 13.82 Hz, the
subsatellite point will have moved 474 meters along
track during the 73.42 m111second active scan and
retrace cycle. The width of the along-track field
of view of six defectors is also 474 meters, Thus,
complete coverage of the total 185 kilometer wide
swath 1s obtained. The Tine scanned by the first
detector in one cycle of the active mirror scan
1ies adjacent to the 1ine scanned by the sixth
detector ¢f the previous mirror scan.

The MSS spectral bands are

Band 1 05 to 0.6 micrometers
Band 2 0.6 to 0.7 micrometers
Band 3 0.7 to 0.8 micrometers
Band 4 0.8 to 1,1 micrometers

Bands 1 through 3 use photomultiplier tubes as
detectors; band 4 uses silicon photodiodes. The
analog video outputs of each detector are sampled
by the multiplexer during the active portion of
the west-to-east sweep of the mirror.

The sampling _

¥

The video outputs from each detector in the scanner
are samplec and commutated once in 9.95 microseconds
and multiplexed inte a pulse amplitude modulated
stream. The commutated sampies of video are either
transmtted directly to an analog~to-digital con-
verter for encoding or, for Bands 1 through 3, are
directed to a legarithmic signal compression ampli-
fiier and then to the encoder. This selection is
made by ground command. Encoding for either the
Tinear or compressed mode s to 6 bits, The signal
compression mede is normally used since the photo-
multiplier detectors have a be*ter signal-to-noise
performance,

A very detailed treatment of the instrument ¢harac-
teristics 15 given in Reference 2. The instrument
platform 15 the Landsat spacecraft (formerly known

as the Earth Resources Technology Satellite or ERTS).
The Landsat, Figure 2, is an earth-pointing,
stab1lized spacecraft with subsystems that provide
the power, envirorment, orbit maintenance, attitude
control, and Infermation flow required to support the
sensors for a peried of onz year 1n orbit. It weigns
approximately 2100 pounds (953 kg} and has an approxi-
mate overall height of 10 feet (3.04 m) and a dram-
eter of 5 feet (1.52 m), with sclar paddles exterd-
ing out to a totai of 13 feet (3.96 m).

Data is relayed to the ground either directly or by
playback from a wiceband video tape recorder. Three
domestic ground stations are in aperation in the U S.
and several other couniries have or are installing
thair own statiens to avail thewselves of Landsat data.

The MASA Data Processing Facility at our Goddard
Space Flight Center in Greenbelt, Daryland, processes
and stores the MSS data and disseminates it to users
in the form of film 1magery or computer compatible
tapes.

Analysis of Landsat Data is key to the estimation of

wheat area. The basic premise in the anaiysis of

MSS data 15, of course, that different features on
the earth (such as wheat) display different spectral
stgnatures (or combinations of reflectance levels 1r
the various spectral bands). If these signatures
vere very stable for a given crop then the stored
signature data bank approach could be taken and whezf,
say, could always be 1dentified just 1ike a chemical
compound can be from 1ts characteristics observed on
a mass spectrometer. Unfortunately, the situation 1s
not so swmple. Wheat, to take a single crop, disnlays
vastly different reflectance characteristics depending
on the plant maturity, the extent of ground cover
{never 100%) and hence the sovl color, the varety,
the state of health, the ciarity of the atnosphere,
etc. All these causes of variation wmake 1t necessary
to extract a "local™ signature and use this to train
the classifier. In sore cases limited application

or extension of such local signatures can be made to
adjacent or analogous sites.

The c¢lassification subsystem design 1s based upon the
Judgement that wheat can be separated adequately from
other crops by analysis of up to four acauisitions of
Landsat data during the biological development of
wheat, The biostages chosen are (Figure 3):

]
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a2, Crop estabiishment: planting to jointing
{with & gap during dormancy for winter wheat.)

b. Green: jointing to heading

¢. Heading: heading to soft dough

d. Mature: soft dough to harvest

Signatures obtained on one calerdar date within a
biostage are not necessarily valid for other acqui-
sition dates within the same phase,

The analysis of the MSS data 1s being intentionally
carried out without the current ground data. Ground
observations w11, of course, be used Tor evaluation
purposes but the only data used operationally will
be those typicaily available in real time over iarcge
areas from exi1sting sources. This self-imposed
constraint makes it necessary to train the clas-
sifier using Landsat datea themselves together with
crop calendar information, that 1s, tnformation
which defines the stage of growth of the crop at
various times during the grouing season. To ennarce
the utility of such information, seasonal adjustments
are made to the crop calendar using current year
weather data.

The inttial c¢rop calendar adjustment model implemsn-
ted for LACIE {operated at Washington, D.C, by HQ=A)
is based on the Pobertson model (Reference 3). This
model reguires measurements of raximum and minirun
daily temperature ard an estwrate of the planting
date. It 15 wused in LACEE te provide biweskly
updated estimates of the actual times at which var-
ifous grovth stzges are reacksd. 1In addition to use
1n training field 1dentifications, the outputs of
this model w1ll be used to specify time for Landsat
data acquisition to GSFC.

Fellowing rece1pt in Houston, Landsat digital data
over 5 X 6 mile sample secments is converted to

Tilm 1mage form and analyst interpreters select 40
to 50 training fields for wheat and for other agri-
cultural categories and provide a definition of the
boundary of such Tields to a data processing analyst
for the computer-aided classification. This repre-
sents manual analysis of about 10 percent of all
Landsat data acquired.

In these segments, the analyst interpréter {AD}
relies mainly on nterpretation keys which distin-
guish wheat from nonwheat based on tonal appear-

ance, change over the grcwing seasen and spatial
1nfnrm:ui'1nn such as field chape In zdditign, the

Al 1s provided with historical Croppirg pract1ce
data. In regions where wvheat has a crop calendar
distinctly different from other crops, the Al should
be able to accurately distinguish wheat from other,
provided he has an accurate knowtledge of the current
year's cropping calendars for the various crops.

The AI is provided with weather summary data (from
NOAA} each week summarizing meteorelogical events
known to affect crop appearance. Snoufall, heavy
precipitation or drought, and femperature extreries
will be the key variables of interest in the mete-
orological data.

White the Al procedures described above are the
backbone of the initial LACIE effort, the cencept
of extending signatures between regions known to be
"analogous” to each other 1s being investigated,

Procedures for the classification involve, basically,
a clustering of the training data to aid in selecting
suitable training classes. A feature selection pro-
cess can be employed to reduce the number of spectral
channels considered by the classifier., Finally, the
segment 15 ciassified pixel-by-pixel with 2 maximum
}ikelihcod classifier into wheat and nonwheat classes.
The fraction of each segment's area classified as
wheat 1s determined by raiioing wheat pixel count to
total pixel count. The details of this procedure

are provided in Reference 4. A high degree o7 ana-
lyst interaction 1s currently allowed but the intent
of the experiment 1is, eventuaily, to automate the
classification as completely as possible.

The key technology issues being addressed in the
classification of Landsat data are wethods Ffor
developing training signatures, methoeds for extend-
ing the develcped signatures over large areas, and
improved methods for estimating, wheat proportions
within the sample segments,

The technalogy required for LACIE represents a dapar-
ture from the existing technology base in that 1n
situ ground observaticns have heen traditionally usaed
To ®train" the classifier. The LACIE effort in this
regard 15 focused on 1rproving analyst interpretar
techniquas and the deveiopment of the "anaiog" area
concept discussed earlier.

A
Signature extension 15 key to LACIE in that manpower
expended per segment decreases drastically with 1n-
creasing ability to apply trainming statistics over
large areas. Signature extension is fTocused on; (1)
definition of metheds to determine signature strata;
that 15, geographic regiens for which multispzciral
signatures are sufficiently homogeneous so as to not
significantly degrade classification performance
{such strata vill most probzbly be uniform in so1l
spectral characteristics, crop development stage,
and agricuitural pract1ces employed) and on (2?
development of algorithas which permit signature
extension between areas with different environmental
conditions, for example, different atmospheric con-
ditions or sun angle, The area estimation procedure
is summarized graphically in Figure 4 for a situation
in which signature extension 15 not employed,

YIELD ESTIMATION

Y1eld predictions are made from models which 1nvolve
weather data, typically, precipitation and tempera-
ture. The developnant of the yi1eld models wvas
carried out by HOAA at the Center of Climatic and
Environmental Assessment {CCEA)} at Columbia, Missourt,
The 1nittal medels are statlistical 1n nature, 1 e.,
expressions for yiveld as a function of key meteorolog-
1cal parameters and were derived from regression
analyses using historical yi1eld and weather data over
each of a number of regions for which ihe dependence
of y1eld on veather is expected to be rather umiform
Twelve such ragions wvere identified in the U.S,

Great Plains, Within any one region, the same set of



regression coefficients in the model apply; however,
varying weather conditions at various locations
within the region result in different projected
yields. The operation of these wodels takes place
at NOAA facilaties in Washington, 0.C. Basic mete-
orotogical parameters currently available on the
Horld Mateorological Organization (\i10) network of
ground stations provide the input data to the models.

The equations are of the form: .

Yield = a + b (Preseason precipitation) + ¢
(temperature)

+ d {Seasona} precipitation) -

The coefficients for each region are determined
from existing historic yield and meteorological
data and vary frcm region to region because of
differences in c¢Timztological and agricultural

factors between regions.

The later phases of LACIE may employ yielcd models
of a more sophisticated type in wnich plant grouth
phenomena are taken 1nto account move explicitly.
Alsa, observations from environmental satellites
may be utilized to extend and interpolate the
meteoroiogical data from the WHMO network.

PRODUCTION ESTIMATION

The area and yield deteminations per stratum pro-
vide tha basic Inputs to a production estimate.
The LACIE system w31l produce monthly yield esti-
mates, arez estimates, and production estimates
for each rajor wheat-producing Crop Reporting
District, State, and Region under study. The
production estimaticn procedure 1s summarized
graphically in Figure 5.

SCOPE AND PHASING

The developrent of the LACIE system and its opera-
tion is being conducted 1n three phases, each tied
to the wheat-growing cycle and expanding 1in scope
as capab1l1ty increases. The Tirst phase covered
the 1974-75 crop year {in the United States) and
addresses area estiwates for mine wheat-growing
states in the Great Piawns. Over the same region,
yield rodels were tested and production feasibility
tests were made. <Classification tests were con-
ducted on representative segments in other wheat-
growing regions, and 29 intensive test sites in
North America were analyzed to provide one basis
for performance assessment.

The second phase from the fall of 1975 to the

spring of 1977 will include area, yield, and pro-
duction estimates for several wheat-growing regions,
a continuation of tests om representative sites
elsewhere and on 1ntensive test sites, and will
cover a Tonger crop cycie to include botn northern
and southern hemispnere wheat crops.

The thivd phase, from tha fall of 1976 to the spring
of 1978, w111 again provide area, yield, and pro-
duction estimates over several regions and w11l
incorporate those refinements to the technology
developed in the research efforts of the earlier
phases,

]
The schedule for LACIE is clearly very success-
oriented. This was considered necessary, however,
to exploit Tully the lLandsat 2 capability and to
deronstrate a large-scale application of space
remote sensing at the earliest possible time.

RESULTS ~ e

The first phase of LACIE was a peried of bringing
system components into eperation and testing their
ab17ity to meet experiment goals. Area estiratian
was performed 1n @ quasi-operational moce, yieid
and production estmmation in a feasibility test
moda,

The progress of the project during the first phase
can be best describad by a susmary of goals and
accomplishments. Such a summary is given 1n Table I.

The results, in terms of accuracy of the survey esti-
mates, are to be compared to a performance criteria
which calls fer an estimate of the production for a
country to be 90% accurate 90% of the time at harvest.

There 1s considerable confidence from the early
results that the area-estimation component of LACIE
w11l with planned modifications meet the project
goals., The principal questions rergining are the
reliability with which wheat can be separated from
other small grains, and the possible decrease 1n
accuracy of results when surveying areas with fields
smaller than those in the United States,

In the area of yield estimation, tests during the
Tirst phase 1ndicate that the yield-estimation capa-
bility will meet experiment goals.

The first phase wes a highly successful step in LACIE,
Results of the second phase to date are also very

premising and the 1mprovements made on the basis of
Phase I experience are working well.

Overall, substantial progress has been made n vali-
dating a crop-inventory system based on multispeciral
refote sensing and wathematical yield models., The
activity 1n LACIE has proviced the best demonstratien
to date that wheat can be identifi1ed and the area
measured by satellite remole sensing.

CONCLUSIONS

The Large Area Croo Inventory Experiment {LACIE) 1s
a major step in the application of the multispeciral
rerpie sanging technology developed guer the Tast

decade to the inventorying of agriculfural crops on
a worldwide basis.

An inventory system has been developed and testing is
underway. Results to date indicate that a useful
crop 1nventory system can be based on the LACIE
technology.

Future efforts will undoubtedly push 1n the direction
of operational systems surveying many crops on a
vorldwide basis and provide a new source of informa-
tion for wise stevardship of our planet's resources.
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TABLE I ~ PHASE I GOALS AND ACCOMPLISHMENTS

Goals

Accomplishments

Develop a system to test the components of the
LACIE technology

Conduct tests of the area-estimation capability
over selected area within the U.S. Great Plains

(the "yardstick" region)

Evaluate the feasibility of ‘wheat classifi-
cation over representative foreign locations

Conduct feasibility tests of the yield and
production-estimation capability

-Evaluate performance for accuracy, timeliness, '

and utility

Modify the technology as required for
Phase I1I

System developed and exercised successfully

Tests successfully conducted for the nine states
selected (the U.S. Great Plains)

Test conducted over segments in all LACIE coun-
tries. Experienced difficulties in some
countries with small fields, and with cloud
cover in some cases.

Yield models for U.S. Great Plains checked
historically over a ten-year period, production
tested for 1975. Basic approaches adeqguate.
Some improvements will be required.

Accuracy of results assessed as satisfactory;
evaluation being conducted by USDA to assess

timeliness and utility

Area-estimation technology revised and yard-
stick area reprocessed; areas for yield model
improvement identified. Phase II initiated

as planned.
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Figure 2 - Landsat spacecraft
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DEVELOPMENT OF WINTER WHEAT
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LACIE WHEAT~GROWING AREA
(WITHIN 8 COUNTRIES)

2-1/2% OF THE AREA WILL BE
IDENTIFIED AS SAMPLE SEG-
MENTS FOR LANDSAT DATA
ACQUISITION {(ABOUT 5,000
SEGMENTS, EACH 5x6 N MI)

ABOUT 10% OF THE FIELDS IN
EACH SEGMENT WILL BE
IDENTIFIED AS WHEAT OR
ANOTHER CATEGORY (40 OF
APPROXIMATELY 400 FIELDS).

6,000,000 SO W
15,000,000 SQ KM

150,000 5Q M
385,000 SQ KM

15,000 SQ M1
38,500 SQ KM

Figure 4 - LACIE ¢lassification and mensuration.

COMPUTER ESTIMATES TOTAL
AREA IN WHEAT FROM SAMPLING

MODEL.

{

COMPUTER CLASSIFIES EACH
PIXEL OF SEGMENT AS WHEAT
OR ANOTHER CATEGORY. DATA
PROCESSING ANALYST ASSURES
GOO0OD DATA QUALITY

{

COMPUTER 1S TRAINED ON

25
DATA FROM 75,000
OF TOTAL LACIE AREA.




P72 BOOTING STAGE

HEADING STAGE

3 MATURE STAGE

A METEOROLOGICAL
STATIONS

°  §X6N.MI. SAMPLE

SEGMENT

—-= STRATUM (CROP
REPORTING
DISTRICT]

vm== SUBSTRATUM
(COUNTY)

STRATUM YIELD = Yg = TREND + b{MOISTURE) + C(TEMPERATURE)
® | LARGE AREA YIELD = E WgYg = WEIGHTED SUM OF STRATA YIELDS

STRATA
STRATUN ACREAGE = Ag = z UgPg = WEIGHTED SUM OF SEGMENT WHEAT PERCENTAGES
o SEGMENTS
LARGE AREA ACREAGE = Z Ag = SUM OF STRATA ACREAGES
STRATA

STRATUM PRODUCTION = PS = Ag X Yg -

@ { LARGE AREA PRODUCTION = Z Pg = SUMOF STRATA PRODUCTION
STRATA

Figure 5. - LACIE approach to area, yield, and production estimattornt.
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