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The work plenned under this contract had three stated objleectiven:

i

2,

3.

The cbjechives can be logically grouped into substudies is the follow-

Te compare experimental results using ERTS-1 date with predie-
tions of analyticel model: for interaction of light with vege-

INTRODUCTICH

tation.

Te determine the seasconal chenges of the various crops and soils

in Hidalgo County, Texus and diseriminete them by meens of

reflectance measured from ERTS-1.

Po gain experlence developlng an oparationsl system of sabellite

date snalysis tailored t¢ the needs of the U.8, Depertment of

Agriculture.

ing cetegories:

L,

2.

Crop viger and potentisl crop yleld

Ba
b

Ce

Reletion to leaf avea index {(LAL) end to MBS signal strength

Iron defieclency detection

Crop vigor categories within erops end thelr relation to

yield.

Crop diserimination

8
B
()
d.

€

Cotton versus sorghun

Among vegetables

Optimum time of yeay to discriminate cltrus
Dominant rangeland plents

Rangelend condition

e e ] -

1 T e e et meir e viem e n



3. Bell
&, Bare versus cropped land
b. Major scll types

¢, Bpectral contrast betieen freshly irrigated and nonirrigated
sell

d. Spectrunm of seline soll and distribution of selt-affected
g@ilo

The erop vigor and potentlal crop yield etudies ere besed on
labeoratery and elreraft expevience that resulted in an wderstandlng
of the lnteraction of light with vegetation and the subseguent definitien
of most useful wavelengthe for indicating physicleglesl stressg and for
digoriminating smong ¢rop genera. Anslyticael medels weres also prodused
relating reflectance to ercp vigoyr and leaf area index,

The second and third groups of studies are besed on computer idenw
tification procedures. Procedures develeoped using film optical densities
and aireraft scenner dets are haing refined and spplied to ERTS-1 date,

GROUND DATA CCLLECTION

Hidalgoe Counbty, Texes hag been chosen &8 the buse aves from which
dote are collected arnd mnalyzed. The complete County was chesen as the
bage unit becnuse this is the governmental unit by vhiech egriculiural
census date are collected and summarized, and iz the wait by whieh crop

gllotment end acreage restrictions are wmost commonly sdminilstered,

Bepause of the need for erxtensive ground truth representative of
the County toc use s a basis for comparing the rellabllity and accuracy
of the ERTS-1 date interpretations, stetisticians of the Statistical
Reporting Service, USDA, were asked to design a sound sawpling procedure
for the County that would ellow e valid summary of date for the County




from the gsample, Hidalge County contalns three major agricultursl areas
vwhiech wey be designated ms Northern, Centrael, esnd Southern. The Horthern
region is mainly pesture and rangelend with a little irrigated ferming
located arcund local water supplies. The Central yvegion is practlically
ell under irrigaticn. The cultiveted land is generally broken into small
flelds, of typlecally medium-textured terrace solls devoted to mixed fleld
and vegetable rov-crops, cltrus, and mlscelleneous farm enterprises., The
Southern reglon of Hidalgo County is generally fine-textured soll that is
used extensively for winter vegetable production. The majeority of land
in the Bouthern reglon is Irrigated. Urban end other non-agricultural
areas ore found meinly in the Central region. The urben sreas are not
included in the gurvey.

The sempling procedure used wae to divide the County inte approxi-
mately 160-pcre segments and assign each segwent 2 number. By the
vandom gtert end increment methed, four interpenetrating semples of
43 pegments emch were selected., These were distributed through all
three regions. TFour more interpenetrating samples were selected, bub
cnly the sepguents located in the Bouthern reglon were designated
geupling sites. These 25 additicnal segments in the Scuthera region
were chosen beesuse of the concentration of winter wvegetables in the
Southern region when few crops ave growing in the other regions. A
total of 197 sampling segnents was chosen from the 3,927 segments
listed for the County. The pampling area is thus approximately 43 of

the total area,

Bach of the 197 segments was located on a2 buse aerlal map of the
County and sssigned o unique mumber designation. Eeck field in each
segment 1s belng ground-truthed and each is numbered. Filelds are, by
definition, plots of land devoted to the same crop or use, The mumber
of flelds fluctuates slightly. The total number of flelds being ground-
truthed each setellite pass is spproximaetely 1,400,




After each seuple segment hes been visited, the field information
is coded by the technlelen in charge of ground-truthing end recorded
on B0-column computer punch cards. The dete on the computer cards are
later edlted and stored on magnetic tape for use in the analysis of
the satelllte data, A print-out of these tepes is given to the ground
truth personnel. The umoagnetic tepes and computer cards are stored in
geparate bulldings te minimize the chances »f data loss,

Conulderable informaetion of egricultural importance can be extracted
from these ground truth deta; however, the main regson for cvlleciing
guch & complete met of records is thelr use & an independest sdata set
to judge the reliabllity and aceuracy of the county-wide interpretation
of ERTB-1 data. Buch date also provide the training fields wsed in
computerized recognition algovithms. The verious steps in processing
computer compatible {CCT) ERIS-) tepes at Weslaco are deseribed in
Appendix C of the Type I report for the period Decembex 19, 1972, to
dJune 18, 1973.

RESULTS

Technligue Development

Satellite Band Ratio Procedure

An ERTS satellite bend-rublo procedure has teen developed at
Weslage, Texas thet enhences line printer gray maps for more efficient
experimental test site location. The ratie process was developed while
locking for preprocessing techniques that would iwmprove crop and soll
dlgerimination for the December 16, 1972, ERDS overpass using digital
deta from satellite COT {one of the continulng research objectives
listed in the Weglaco Type II Report; Decewber 19, 1572, to June 19,
1573},
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Uging the three training cetegories vegetables, citrus, end a
cotegory composed of immature row cerops, bare soll, weeds, und grasses
(December 16, 1972, ERTS overpass) discrimination results were compiled
for &ll possible pairwise ratios of the 4 MSS ERTS bands. As cen be
geen in Teble 1, the ratio of M8 (5/6) and MSS (5/7) each gave an overall
gorrect recognition of B86.9%, Teble 1 alsc shows that the highest overall
correct recognition ewong all b bands taken singly wes bend T at
81.4%, Ancther interesting aspect of the results from Teble 1 io that the
rable of a visible band te an infrared band yvields relatively high
recognition results (BL.7 to 86.9% recognition) while a retic of the two
visible {4/5) or the two infraved (6/7) bende yield relutively low
recognition results (T4.€ and 58.3% recognition). These results support
previcus resulte (Type II Report; Decewber 19, 1972, to June 19, 1973) thut
the visible ERTS bends 4 and 5 and the infrered ERTS bands & end 7
ere gpesctrally interdependent.

Pable 1. Pattern recognition results from ERTS Decepber 16, 1972, date
for the three training categories vegetsbles, clirus, end a
catepgory composed of lmmature row crops, bere soll, weeds, and

grasges,

All possible Overall Overall
pairvise rebtios recognition ERTS bends recognition
of ERTS bands results teken singly results
45 Th,6 b 60,0
476 81.7 5 6h.l
L/ 82,5 6 Thed
5/6 86.9 T 81.h4
5/ 86.9 - -

6/7 58,3




From these results it uppeared thet the ratic of & visible band
and an infrarved ERTE bend prebably would meke o useful method of enhaneing
ERIS scenes. Bpecifically, line printer grey meps using ERTS MSS ratios 5/6
or 5/7 would be very ugseful for identification end locetion of ERIE experie
mentel sites in the CUP. A comperutive study using the ERTS Mss (5/7) ratio
was made with line vrinter graey meps such as Figs. 1, 2, and 3. These
figures ave groy maps of one typlceal experimental site (segment S177). The
rutio range is determined by the mean plus and minus two standard deviatlens
of ail data values encountered in the CCT. The grey mop display iz wede up
of & gymbols that differ Iin amount of printer paper obscured per sywbol.
Figure 1 ig a display of band 5 dete velues only; Fig., 2 is a display of
bend 7 date values only; end, Fig. 3 is a displey of the 5/7 vatic data
valueg.

The displey of band 5 {Fig. 1) shows good contrast in land featuvres,
but the river boundery cannot be discerned. Band T (Fig. 2) shows the
river boundery, but land features ave not as distinet as in Fig. 1, The
ratio of 5/7 expresses the best of both bands; that is, the river boundary
is distinct and the lsnd features have good contrast. As a result of {hese
comparetive studies, gray weps using the MSB (5/7) ratio have been used to
locete the 197 experimental sites in the Weslace ERTS investigations (Data
Anelysis Plen). Several sites that eould not be loceted on single band
gray wpaps have now been loceted and the boundaries of other tentatively
located sites have been corrected, indicating the usefulness of this image
ddspley technique.
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Figure 1. Five level line printer gray map off sepument 5LTT using ERIB

MSS bend 5. December 16, 1972, ERTS ovarpass.
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Figure 2, Five ievel line printer gray mep of segmeut SJ.‘TT using ERIS

MSS band 7. December 16, 1972, ERIS overpass,
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Three-Dimensieonal Display of ERTE Data

Two methods hove been developed %o prepent BERYS MBS signel styengbhs
in three dimensiong. One wmethod dioplays the polnts in o two-dimensional
dreving reprecenting the distribution three varlgbles would toke in three-
dimenslonal space. The proportions and angle of perspective ave adjusted
to meteh the limits of a single page of computer printeut. Beth ende of
e rectangular box are drewn by the computer and the edge lines are indi-
cated on the drawing. Date points ave loceted within the box in proportion
to thelr veetor lengbths along the X, ¥, and € axes. The vectors along the
three sxes can repregent slgnal strength, ratios between signal strength,
nurerieal differences between slgnals, variation from the mean signal
gtrengt® . oy proportion of the total pignel strength from each channel.
Ay 1 e three oxes cen repregsent any of the desirved verlebles.

The date for the ground-truthed ereas in Hidelgo County are grouped
into categories that represent simllar ground cover, For example, one
grouping used is: vegetebles, eltrus, forage, weeds, fleld erops, bare
go0il, harvested fields, snd non-egricultural aress, A three-dimensicnal
diagram can be generated frem each category, or any combination of cate-
gories.

The completed scabter diegram shows the reletlion between the three
veriaebles chosen. The center of the cluster of polnts for each cutegory
is indicated by a distinctive syubol so the center of the various elusters
czn be compared with clusters formed by cther catepories,

The other three-dimensional technigue is & cuble histogram in which
the three edges of & eube are ratioed to three variebles similer to the
isecmetrie drawing. The eubd is divided inte cells arranged in rows,
columns, and layers along the three axes., The nurber of duta polnts
falling into each cell within the cube is counted as the deta are read by
the computer. %When all data points have been read, each layer of the cube
is printed as a two-wey histogram with the nunber of deta points in each
rev and column shewn for each layesr.

i B e P ——
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Where the deta are divided Into multiple caotegorles, two cubeg are
generated simulteneously. One cube contelns the number of deta polnts
falling in eoach cell; the other lists the categories having dete falling
in each eell. The two cubes are printed side-by-side, layer-=by-layer
making 1t poseible to loeate clusters of datu pointe eleng the three axes
and to tell which cateporles are represented in each cell, Clugters of
dute points end their distribution pattern are thus readlly apparent 8s
well ag overlapping of clusters and the categories included in the over-
lepping.

Acreage Estimates of Mejor Land Uses in 1673

Epring-Summer Crop Setson

Acreange data have been compliled for all the cotten, sorghum. eltrus,
rangelend end improved pesstures found in the 197 segmente used for ground
truth, The 197 sewmvents comprise approximetely 40,000 aeres. ‘The citrus
was coneidered in three cetegories--oranges, gravefruit, and mixed (plentings
of more than one vericty in en orchard).

Teble 2 lists acreages for each crop by interpenetrating sample seriss,
The total acresge for each crop or land use is alsc given. Estimates on
a county-wide basls were calculated from the interpenetrating sample series
acreage uging instructions supplied by the SR8, To estimate the acreage
of cotton, . r example, anreage for each of the 1000 to 4000 series wes
multiplied by 91.3256 (the factor supplied by SRS). The grend total of the
four series wes then divided by four to yleld the County estimete, 129,71k
eereg. sheym in Teble 2, Teble 2 gives the County estimate in acres for
each ecrop considered. The estimabtes include the farmeble land devoted te
turnrovs .,
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Table 2. Acresges deveted tu varicuz crops and lend uses in Hidalge
County in 1973 as ground-truthed in four Interpenetrating
gample serles end the resultant estimete for the whole County.
Auzust ground truth used to estimate acreages.

BERIES counTy

CROP 1000 2000 3000 1000 ESPIMATE
----- o= e JOPEE o o e o o oo
Cotton 1i70.36  1256.89  1537.35  L716.77 129,714
Serghum 1070.87  1277.43  3220.59  2436.87 182,783
Mixed Cltrus 792,91 717,17 461,98 391.09 53,95k
Orunges 287,82 166.36 86.93 200, 35 16,929
Grapefruit 145,33 85,15 192,27 18h, 42 13,863
Rengeland 3596.17 2629,46  2515,41 2867, 86 137,8L5
Inproved Pastures BB, 95 2616,11 392,11 TTh. 09 574169

A study vas mede cn & few selecbed segments to determine the amount
of farmgvle land devoted %o turnrows for certain erops. On the averege,
8.18% of the area in cotton fields wes devoted to turnrows, Not encugh
date were aveileble to debtermine the percentage for clirus. The small
smount of date available for surghvm suggested that, on the average, 8%
of the fields was used for turnrows. The acreage estimate for cotton
of 129,71l acres reduced by the B.18% used for turnrows leaves an
estimeted 119,103 meres ecivally planted in cotton. The Agriculiural
Stebilization and Qonssrvetion Service of the USDA reported s total of
113,348 ecres in cobton in Hidulgo County in 1973.

It iz plonned to classify all of Hidalgo County by computer for the
Jermery 21, 1973 {(scene I.D. 1182-16322) snd Mey 27, 1973 (scene I.D.
1308-16323) cloudless overpasses end compare the acreege estimates cbtained
from the ERTS~-1 MSS date clessification with those of the ground truth for
as many spectral categories as c¢en be distinguished.

R
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Fall-Winter Crop Season

The predicted acreage of the three most extensively planted winter
vegetebles in Hidelgo Ccunty, Texas, as of Decerber 11, 1873, were
sebbage, 11,300 & T25b; carret, 8,800 + 4uB6; and, onion, 12,500 * 6376
acres.

Between August 25 and December 13, 1973, the sample segments were
ground-truthed seven tinmes.

Flgure 4 shows that cebbege was the first of the three orops to be
plented, Cobbage seedlings were cbeserved firet on Auzust 25, while firet
onions were observed on Octobeyr 18, 1973,

The major portion of the cabbage was planted the latter part of
October and the early pert of NHovember. By December 12, 1973, about 150C
acres had been haervested at leasgt once end 1000 acres hed been harvested
tulee,

The mejority of the carrots were planted during the month of Howvember,
However, earliest fields were being harvested by December 1l.

Mozt of the onilons were also planted during November., Harvest will
net ovcur undtll spring.

The planting patterns in 1973 were affected by the weather. Rainfall
et Weslaco totaled 7.4 inches in June and 10,22 inches in August. Hence,
1t was September or leter before flelds were dry enough to plent in meny
cases.

ERTS-1 overpasses on Decewber 1) and December 29, 1973, cecurred under
cloudless conditiong so that ERTS-1 MSS CCT tapes should become avellable
for studying the acreapge of fall vegetables.
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CABBAGE CARROT

Acreage egtimute cof three winter vegetables in Hidalgo County,
Texas, from County sample segments observed on ERTS-1l overpass
dates August 25 through Decewmber 11, 1973,
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Detection of Iron-Deficient CGruln Sorghunm

A study wes conducted to determine if multispectral date from ERTS-]
could be used to detect differences in chlorophyll concentration between
iron-deficient {chlorctic} and appsrently normal {green} grain sorghum
{Serghum bicolor (L.) Moench} plants in a 340-scre (139 hectares) field.
Channel 5 {0.5 tc 0.7 um} data were selected, representing the chlorephyll
choorption band at the 0,65 um wavelength. Chlorotic sorghum areas 2.8
seres (1.l hecteres) or larger in size were identified on & coupuber
priantout of channel five dats. This resoluticn ls gufflclent for prac-
ticel applications in detecting iron-deficient sopghum in otherwise
uniform fields., The complete munuseript for publicetion in Photogrammetrie
Engineering describing this work is included es Appendix A of this report.
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Vegetation Density Deduced from ERTE-L MBS Reupovage

Allen and Richardson ("Interaction of licht with a plant cancpy,”
J. Opt. Boe. Amewr, 58:1023-1028, 1968} showed thecrebieally that
reflectance frem plant cunoples, as meagured from space, in the 0.75-
to 1,35-um wavelength interval could be used to predlict leaf ares
index (LAI) of vegetution. Since LAL is & well known indiecator of
plant meturity end vigor, inferences based on space lmagery should

be possible regarding the meturlity and probable yleld of crops, or
the enimal-ecarrying capacity of rangeland.

In this contract, the digitel counts memsuyed in ERTS-1 bands
L, 5, 6 end 7 are being related to the LAL snd other plant parameiers
such as plant height, plant population, end plent cover messured in
b corn, 10 serghum, and 10 cotton fields to test the relation between
LAY messured in these selected fields snd the predietions of the
mathenstical medel, and to determine the extent to which the ERTS-1
M35 digltal counts are explained by the plant perameters messured in
ground~-truthing.

Work on developing an operational eystem hes regulred essessment of
ways to differentiste among fields of the sade crop that differ in
amcunt of vegetative cover. It has been found that the ratio of band
5 4o band T {5/7) or bend 7 minus band 5 {T=5) relates tc differing
cover conditions. This allows a glven crop to be subdivided inte
aarrover spectral categories depending on stage of maturity cor vigor
clesgs, or conversely to estimubte ground cover or green vegetation
density from ERTS~1 bands 5 end 7 in asbgence of growund informetion.

The paper presented at the Third ERTS Symposium in Washington, Dec.
10-1%, 1973, is included as Appendixz B of this report.
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Detection of Dry Plant Debrig and Dead Vepetation

A Beckman model DK~2A spectrophotometer, equipped with a reflectunce
attachment, was used to meesure the reflectance over the 0.5~ te 2.5-um
wavelength intervel of dry avoeado, eltrus, corn, cotton, grein sorghum,
and sugercane leaves and the veflectance of respective solls on which the
fry lewves were lylng. The largest reflectance difference between dry
leaves and goil and the vorresyonding wavelength for each erop were
evocade, 15.7%, 1.05 um; eitrus, 15.3%, 0.95 umy corn, 24,5%, 1.3 um}
cotton, 18.1%, C.9 um; gruin sorghum, 22.1%, 0.95 um; and sugarceane,
16,2%, 1,9 ym, With the exception of sugarcane, the largest reflectence
differences between dry leaves end soils for the crope occurred on the
neer-infrared plateau over the 0.75= to l.35-pm wevelength interval.

The leygest reflectence difference for sugarcene on the nesr-infrared plee
teau wes 18.7% at the 0.8 pm wavelength.

These results suggest thet the differences in reflectance between dry
crop dsebris on the soil surface and the soil itself might be large enough
in certain wavelengtis to detect the difference in satellite data.

A qulck check wag run on this possibility using datae from the December
16, 1972, ERTS-1 CCP. The dabe were selected from among fields thet differed
in percent dry plant debris at the time of the setellite overpass,

The reflectance date from MSS channel 6 were plotted ageinst percent
diry plant debris cover., The plotted data points formed e line that hed zereo
slepe, When the date trom MSS channel § wes raticed to the data from
channel 6 the data poinmts formed a line with at most a 2° slope.

These preliminary results suggest that discrimination between plant
debrls snd bare soll using ERTS-1 MSS date needs further study. ©Such g
study is in progress even though the wavelengths aveileble on ERTE-1l are
not the most appropriate ones, as indicated by the leboratory reflectance
deta cited. Dry vegetation is algo of interest in estimeting winter renge
conditions, especially where ranchers depend on the dry forage to overwlnter
thelr stock. Sugercene and other agricultural erops are also gusceptible
te damage or destruction by freesing temperatures. Thus freeze deammnge
assessment, along with the other applications mentioned, are werthy uses
of data involving spectra of dry vegetaticn.,
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Rangeland Seement Characterizetion

Bight of the segments in the rangeland part of Hidelgo County are
being studled to determine the total percent ecover and percent ceomposition
of woecdy species. They represent 4 principel renge sites. Besed on Scil
Conservation Service (5CS) soll umps the range sites are distinet end
generally uniform., ALl these pegments are natlve rengelend areas on
which no brush gontrol methods have been prasticed.

These rongelund segrents were chosen because they represent
the majorlty of the rangelands in the ERTS study area. They will be
used a8 tralning semples for automatic clussification (computer) of range=
lands,

To determine percent cover and percent composition of weody species
present, the line transect method descrited by Canfield {Canfield, R. H.
19k1, Application of the line interception method in range vegetation.
J. of For, 30:386-39h} was used., This method consists of ten linmes 100
feet long loceted rendomly within each range type. The name and digtance
along the line cccupled by any weody species lntercepted by the line is
recorded on a field deta gheet. From these date both percent cover and
percent compogition are caleulated,

The deep send range site represenbed by segments 3087 and 3088 is an
open, brushy site with wany grasses and forbs apsccieted with Nueces,
Sarite, and Felfurries soils. This site is best characterized es a
savanneh type with large mature mesguite (Prosopis glandulcse Tory.) trees

seattered in swall mobtts, or singly over grasslands. The totel percentage
of woody cover for thls site is 23%., Although mesguite is the dominent
species here, other woody pisnts are granjeno (Celtis paliida, Torre ),
catelay (Acacla preppll Grey), tassjillo {Opuntie leptocaulis DC.), and
lotebush (Zizivhus cbtusifelia (T end ) Gray}. It hes moderabe to heavy
herhaceons ground cover with little bare ground visible.

The improved rengeland sites typified by segments 2047 and 2051 have teen
cleared of netive brush end have been seeded to buffelgrass (Cenchrus ciliarig

Lo ). Approximately 90% of the plants are butfelgrass, the remaining percentage
belng netive grasses and forbs. Little bere ground ls visible cn this site,
s the herbaceous cever 1s guite dense.
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The gray sandy loem renge sites represented by segments 1022 and 2065
are mixed brush sites asscelated with Brennen, MeAllen, and Fharr fine
gsandy loam soils., The brugh is thick end it is cowmposed of a large variety
of woody specieg, The woody cover for this site is 50-557. Mejor weody
gpecies here ave Cenizo (Leucophylium frutesecens (Berl.) I.M. Johnst. ),

mesquite, grenjeno, resin-bush (Viguiera stencloba Bleke.}, blue salvia
{Sulvie baliotaeflore Benth.}, and bleckbrush (Acecie yizfduls Benth,).
This site is very productive and supports a large variety of natlve prasses
and forbs with wniforam plant cover; little bare ground ig visible,

The yed sendy loam range site typlfied by segments 1003 and 4132 is a
mixed brush site assoclated with Delmita-Randedo soils, It is best
described as rather open with mostly low birush species except for oceasional
large uesguite trees. The percentage of woedy cover is 244, Dominent
voody species ure wesguite, blackbrush, lime prickly ash (Zanthouylum fagarae
Barg. ), end bluewood condelian {Condalis hookeri M, D. Johnst.)}, This site
is enly felr to moderate in productivity and has muny bare areas between

plant ground cover., It supports e varlety of natlve grauses end forbs,

Figure S deplets the average raw digltal counts for U different range
gsites on 3 dlfferent ERTS-L overpass dates., The figure deplets cnly one
gel of deta for each range site:; however, more than one gset of data was
extracted for each from the CCT, and they were in close agreement,

The date for channels B and 7 were closely grouped within channels
for all dates sugpesting range sites differ 1little in these 2 bends. Date
in chennels 5 and 6 verled more within channel and mey contain usedbie
information. .

The red sandy loam range site hed the highest reflectance on wll dates.
This high reflectance could be caused by low vegetebtive cover. The gray
sandy lean ratge site bhad the lowest roflectance on ell dates. The low
reflectance agrees with ite high percent woody cover causing e large
percent of ground shedow; shadow areas have low reflectance.
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The deep sond site and the buffelgrass site had gsimller spectral
signatures, A large amount of herbuaceous ground cover (grusses and forbs)
is commonr to both sites.

The digitel counts for channel 5 are closer to those for chennels U and
€ on the Junuvary 21, 1973, overpass than they are on the December 16, 1572,
overpass, A hard freeze occurred between Deceimber 16, 1972, and Jenvary 21,
1973, caueing most of the vegetation to be defoliated. The loss of the
leaves eliminated chlorophyll ebscrpionce in channel 5 (red light) end
reduced near-infrered light reflectance in chunnel 6. The net effect

appears to have been a reduction in the band 6 response in Januery coupared
with December.

The higher overall reflectance values Tor the Mey 27, 1973, date is
probebly due to sun mngle (higher incident solar energy) and seesonal
vegetation production differences, In Moy 1973 the rangelunds had maxisum I
graen hilomass due to ample antecedent rainfell.




2d

Eimultoneously Aequived Aireraft and ERTS- MSS Date

Multispectral scanner {M8S8) detn simulteneously collected by the NASA
2h-chennei MSS {(flown at 10,000 feet, 3.048 km} and by Herth Reasources
Technology Satellite {ERTS=1) on Januery 21, 1973, were used to compare
erop recognition resulis and acreage estimates using the twe data sources,

Optimum chennel selection progrume selected airereft channels 3, 9,
and 8 (0.466-0.495 um, 0.588-0.643 um, and 0,770-0,81C um, respectively)
and spacecvaft channels 4, 5, and T (0.5-0.6 y, 0.6=0.7 ¥, 0.8-2.1 u,
regpectively) os the best chennels for distingulshing among five vesetal
categories: carret, cabbage, onion, broceoll, aud mixed shrubs, Corre-
lations ewong alrcreft, spacecraft, snd ground truth {plant cover, maturity,
height, and condition) data indicated a closer relation between aireraft
and spacecraft MSE deta then between MSE date and ground truth. The wire
craft MSE date were slightly better releted to ground truth data then
gspececraft MES data. The overall recoganition performance using & maxie
muis likelihood classifier on the date for 94 egricultural test flelds was
iow for both aireraft and spacecrait deta (61,8 and 62.8%, respectively),
but Inddvidual field classifications sgreed closely between alreraft and
ERIS-) date gources. The main difficulby was that crop fields that head
low vegetetive cover were misclessifled us bare soll, the category they
are spectrelly most like., Recognition maps and acreage estimates for
both aireraft and spacecraft data, of cne elreraft flight line {61.6
squere kilometers) indicated thet sgricultural surveys using spacecraft
date are compareble in reliebllity to alrersft surveys.

A comprehensive sunmary of this work 1s presented in Appendix C.
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PROGRAM FOR THE REMAINING CONTRACT PERIOD

Activities for the remoining conbtreet period will inelude:

L.

3.

Btudy the difference In spectral signatures betveen lying plent
debris and bare solls and the effect of dyy standing vepgetabion
on estimetions of rengeland green biowmass.

Study ground date and gpectral signetures in the rengeland

part of the County and produce techniecal articles on range-
land regources of the County ineluding extent, vegetation compo-
gition, and discriminabllity ond mepaebllity of major range sites
using ERIS-1 deta.

Improve training sample signature gelection through the use of
the band 5 to band T ratio end incormorate this, scene stratifi-
cation, and other procedures intc improved ERTS data processlng
procedures.,

Locate test sepgments and individual filelds in May 27 overpass CCT,
determine recognition vesulis on both this and the January 21,
1973, overpass for each of the approximebeiy 1400 flelds on whieh
detailed ground truth is avelleble. Determine effects field
gize, surfuce meisture condltions, row &irvection, and other
varizbles have on clagsificetion resulis.

Produce County=-wide esgtimates of acresges devoted to varlous major
crops end lund uses from Jenuary 21 and May 27, 1973, overpasses,
Compare acreages with those determined from the ground truth statis-
tical estimate for the County. Also, compare estimates obtalned
uging a single training set for the whole County with composite
estimates obteined using training signatures representative of
southern, central, and northern subsectlions of the County,
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9.

Prepare manuseripty on charucterlotic field sizes, lond usey,
asrenges in variousg crops, crop celendnrs, farmuble versus
legal degeription acreapes, cleud cover c¢onditions end other
factora and considerations discevered or studled during the
ERDS=1 investigelion,

Continue to investipate relotions omong MSS diglitel counts
and varlious ground truths to identify the most meaningiul
ground truth in terms of the BHTS-1 MSS sipgnuls ond to
determine the extent that ground truth explalns the ERTS-]
COY digital counts.

Further examine the analytical model for predleting leaf ares
index (LAI} from the ERTS-1 MSS CCT deta, with emphesis on
derliving coefficlents in the medel from the ERES dig’al date
end on sun engle snd weasured ploaut paremeter effects on

the obzerved M58 digltal counte.

Examine gpectrel slgneture differences wmong major soil types
in the test County (Hidalgo) and the effect of this background
silgnel on discerimination of erops and vegetebtion dypes.

CONCLUSIONS

Bee individual sppendir contribubions.

RECOMMENDATIONE

Nene,
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AFPERDIX A

USE OF ERTS-1 TO DETECT IRON-DEFICIENT
GRAIN SORGHUM

H., W, Gausman, A, H, Gerbermann, and €, L, Wiegand

Agricultural Research Seprvice
U, S, Department of Agricultuve
Weslaco, Texas

ABSTRACT

This study was conducted to determine 1f multispectral data from
ERTS-1 zould be used to deteot differences in chlorophyll concentration
between iron-deficient (chlovotic) and normal {(green) grain scrghum
(Sorghum bilsclor (L.) Moench) plants, Band five (0.6 to 0.7 um) data
were selected, representing the chlovrophyll sbscrption band at the
0.65-Mu wavelength, Chlorotic sopghum areas 2.8 acres (1.1 hectare) ov
largep in size were identified on a computer printcut of band flve data,
This resolution is sufficient for practical applications in detecting
iron-deficient sorghum in eothepwise homogenous flelds,

Grain sorghum {Sorghum bicolor (L.) Moench) is cne of the annual
crops most sensitive to iron detfliciency (Krantz and Melsted, 1964).
The deficiency symptom is easily identified; leaves are yellow with
dark-green veins (Amadey et al., 1870), The interveinal chlorosis
{striping) extends the full Ieéngth of the blades, When iren deficiency
{chleroziz) is very severe, plants become white, stunted, and die,

»The iron chlorosis problem ls common whenever scrghum is grown on
alkaline soils (CGauch, 1972}, Because sorghum is a drought tolerant
plant and soils of most semiarid and sub-humid regions are alkaline,
iron chlorosis occurs throughout the world,

Chlorotic areas in scrghum fields are easily detected con aerial
photographs taken frow aiveraft (Gausman et al,, 1974%). This imagery
is useful to identify sorghum areas that Tequive foliar applications
of ivon (Krantz et al,, 1862) to attain maximum production and to
survey large areds to determine the acreage of iron-deficient sorghum,

This study was conducted to determine if wultispectwal data from
an orbiting satellite (ERTS.-L1) could be used to detect differances in
chlorophyll concentpation between iven-deficient (chlerotie) and
appavently normal (green) graln sorghum plants,
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HATERIALS AND #HETHODS

A 340-acre (138 hectares) commercial grain sorghum (Sorghum bicoler
{L.) Moench) field was selected at Faysville, Texas that contained
areas of normal and iron.deficient (chlovotic) plants, Chlorotic arveas
ranged in size foom 4 very small fracticn of an acre to 21 acres
{&.5 hectaves).

Hultispectral scammer data used were from an ERTS-1 overpass of the
Faysville area on May 27, 1973, at 1130 central DST, during cloudless
and hage-free conditions, At this time, the grain sovghum was in the
early heading stage. The iron deficiency was moderately severe-o
essentially all leaves of affected plants were yellow, but stunting
was not evident,

On Hay 25, two days pricr to the ERTS-L overpass, plaats in the
lapgest chlorotic avea and in the normal area (Plate 1) were sampled
for total chlorephyll analysis (Horwitz, 1965), Within each area, a
typical plant was selected every 860 feet (18,3 meters) until 10 plants
had been sampled; a top leaf was ercised from each plant, Leaf samples
were placed on ice immediately and transported to the laboratory where
they were stoped in a freezer at -15°C overnight, ALl samples were
analyzed for total chlorvophyll on May 26.

Alsco on May 25, a ground based, Exotech Model 20 Spectroradiometerl
described by Leauwsr et al, (1973) was used to measure reflected radia-
tion from chlopotic @nd mormal plant canopies in the field over the
0.4~ to 0,74-ynm wavelength intepval, Heasuvements wevre made 20 feet
(6,1 meters) sbove the plants, with a 15° field of view, Spectroradi-
ometric measurements were made to aid in interpreting ERTS-L wultispec-
tral scanner imagery,

The sorghum ficld was aepially photographed by exposing Kodak
Aevochrome infraved film 243 at £8 for 1/500 sec at an altitude of
6,000 feet (1,830 meters) during cloucless and medium-haze conditions
on May 30, 1973, at 1142 central DST. A Hasselblad 500 EL camerd was
used equipped with a 120-mm lens and Hasselblad cowbination 2X CB6 and
X 0 viltevs,

' Mention of company or trademark is for the veaders' benefit and does

not congtitute endorsement of a particular product by the U,S.
Depariment of Agriculture over others that may be commercially
available, :
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Computer printouts (gray maps) were obtained from ERTS-1 magnetic
tape; symbols wewe used to vepresent increments of digital counts (see
Plate 1 caption 7or explanation of symbols). Chlorotic aress on comi-
puter printouts for bands 4 (0.5 to 0.6 um), 5 (0.6 te 0.7 ym), 6 (0.7
to .8 pumd, and 7 (0.8 to 1.1 um) were identified by compaving the
printouts with aerial photographs,

Chlovotiec areas on photographs were planimetersd to determine the
smallest acreage that could be identified on the printouts.

To test the statistical significance of mean differences between
ERTS~1 digital counts of the noymal area and the largest chlcerotic
area {Plate 1), 15 resolution elements were randomly selected from
printouts of each awea fopr each of bands 4, 5, 6, and 7, and the
unpaived t test was applied for each band (Snedecor, 1958),

RESULTS AND DISCUSSION

There was a statistically siguificant (p = 0.01) difference between
mzan total chlorophyll concentrations of chlovotic (iron defieient) and
apparently normal green sorghum plaants., Chlorvophyll concentrations in
leaves were 9.4 & 1,05 (standapd deviation) and C.4 % 0.15 mg/g of
plant tissue on a dry weight basis for novmal and chloretic plants,
respectively,

Chlorophyll concentrations of chlorotic and normal plants signifi-
cantly (p = 0,0L) affected reflectance measuvements made in the Ffield
with a spectreoradiometer (Fig, 1). Reflectance was 9.4, 27.7, and
26,3 percent higher for chlorectic than for normal plant canopies at the
O.45-um (chlorcphyll absorption band), 0.55-im (green reflectance peak),
and 0,65-um {chlorophyll absorption band) wavelengths, vespectively.
These reflectance differences were caused by the chlorophyll cencentia-
tions because chlorotic and normal plants had the same soil hackground,
and their size and geometry were essentially the same,

The upper oblique photo in Plate 1 is a positive print of an infra-
red transparency that readily shows the coler diffevence between chlo-
rotic and normal areas; chlopotic areas appear white, and normal areas
appear magenta, Obligue photographs delineated chlorctic areas better
than overhead photographs., The lower photo in Plate 1 depicts the come-
puter printout for band 5 (6 tc 7 um}, Although there was a statisti-
cally significant {p = 0,01) difference in mean digital counts between
the normal area asd the lapvgest chlovotic avea for all bands (4, 5, 6,
and 7), band 5 was salected because it contains the chlowophyll absorp-
tion band at the 0,65-lm wavelength; differvences in mean digital counts
were 5,3, 7,7, 7,2, and 2.4 for bands 4, 5, 6, and 7, respectively,

e o e ey e g e g okl | e A et s A S s ey P L o hmmes sea
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A couparison of encircled aveas in the lower photo of Plate L with
the chlorctie areas in the upper photo shows that most of the chlorotic
areas capn be identified on the computer printout of the ERTS-L band 5
data., Chlorotic areas on the printout have higher digital counts
{higher reflectance) than normal aveas (see Plate 1 caption for expla-
nation of symbols). This occurved because chlorotic plants had less
chlorophyll than normal plants, and therefore, chlorotic plants absorbed
less radlation than normal plants at the 0.65-m chlorophyll absorption
band,

Chlorctic aveas were planimetered on photographs, and their size
was caloulated, From these results it was determined that chlorotic
areas 2,8 acres (1,1 hectave) or larger in size could be identified on
the band § printout in Plate 1, This resolution makes practical appli-
cations feasible, For example, ERTS-1 multispectral data could be used
to detoct chlorotic grain sopghum growing on alkaline soils throughout
the werld.

Results show that ERIS-1 multispectral data detected differences in
chlovophyll concentration between chlorotic and apparently normal sor-
ghum plants, Chlorctic areas 2,8 acpes (L.l hectare) or larger in size
were identified, This resolution is sufficient for practical applica-
tions in detecting ivon-deficient sorghum in otherwise howogenous fields,
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Figure 1, Reflectance of normal and chlorctic graln sorghum cenopies
measured in the field with & spectroradicmeter at the 0. b
to O.Th-im wavelength interval.
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APPENEBIX -

VEGETATION DENSIT> AS DERUCED FROM ERTS=1 M58 RESPONSE

C. L, Wlegand, H. ¥, CGausman, J. A, Cuellar, A. H. Gerbermann, and
A. J., Richardson

USDA, Agricultural Reseavch Service, Weslaco, Texas

ABSTRACT

Reflectance from vegetation increages with increasing vegetation
density in the 0.75~ to l.35-um wavelength interval. Therafore,
ERTS~1 bands 6 {0,7 tc 0.8 um} and 7 (0.8 to 1.1 ym} contain
information that should relate to the probable yield of cyops and
the animal carvying capacity of rangeland. On the other hand,
reflectance from vegetation is typically less from vegetation than
from bare seil and is essentially censtant in the visible wavelengths
as vegetation density ineveases; consequently, the decpreased response
observed in ERTS bands 4 (0.5 to 0.6 um) and 5 (0,6 to 0.7 pm) as
vegetation increases ls mainly caused by vegetation cbscuring soil
veflectance. The ratio of band 5 to band 7 (5/7) or band 7 minus
band 5 (7-5) are, in addition to bands €& and 7, practical indica-
tors of vepetative covepr and density for users of ERTS-1 data.

The results of an experiment designed specifically to test the
relations among leaf avea index (LAL}, plant population, plant
cover and plant height, and the BRTS-1 MSS wesponses for 3 corn,
10 soprghum, and 10 cotton fields are also given., Because of clouds,
enly cne ERTS-1 pass (May 27, scene 1308-16323) yielded MSS data
and that for only bands 4, 5, and 6., The coefficient for the
linear correlation between LAI and band 6 digital counts was
0.823%% for the 10 cotton fields and 0,8u41l%% for the combined
sopghu and corn fields. The correlaticn cecefficient between LAI
and band 6 minus band 5 digital counts was 0,888 for cotton
fields and 0,758% for the corn and sorghum fields. The four
plant parameters explained 87 tc 93% of the varisbility in the
band 6 digital counts and from 59 to 30% of the variation In
bands 4 and 5, Plant population was as useful as LAI for char-
acterizing the sorghum and corn fislds, and plant height was as
good as LAL for characterizing cotion fields. These findings
generally support the utility of ERTS~1 data for explaining vave
iability in gween bicmass, harvestable forage and other indica-
tors of preductivity.

PRECEDING PAGE BLANK NOT FILMED
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INTRODUCTION

The earth's vegetation iz one of its most valuable pesocurces. Plants
are the traceable source of mest of the food and fiber needed by humans
and other animals, and past generatlons of plants provide the enorgy
regserves of cecal and patroleum that concern us today., Plants are also
Intimately involved In the hydrologle and energy balances of the eapth.

Net assimilation, or dyy matter production, by vegetation is related to
the number and photosynthetic avea of leaves. Fortunately, the spectral
response observed when viewing vepetation from space is deminated by the
leaves, Thus the spectral respense of vegetation in the ERTS-1 data is
worth examining in terms of vegetation cover, vegetation density, and
cther productivity indicators of range, forest, and crop land,

Agriculturalists, foresters, and range scientists ugse varlous parameters
to indicate the vepetation density or potential productivity of vepeta-
tion. Foresters usge tree girth, crown diemeter, tree helght, leaf area
index, and timber volume, Range scilentists use havvestable forage and
animal carrying capaeity (acres or hectaves vequired to maintain an ani-
mal vear pound)., Ecologists use estimates of biomass., Agriculturalists
use leaf avea index (LAI), percent ground cever, plant height, plant pop-
ulation per unit ground area, and other measures of vegetation condi~
tiomns.

The purposes of this paper are (a) to peint out the inferwation avail-
able to ERTS users about vegetative cover and density in the ERTS-1
multispectral scanner (MSS) data and (b) tc veport data relating the WSS
vesponse to leaf apea index (LAY), plant population, ground cover, and
plant height.

LITERATURE REVIEW

ERTS=1 bands 4, 5, and 7 color composites yleld images with color tones
similar te those ef color infvaved photographic film. Themas et al.
(1866, 1967) and Stanhill et al. (1973}, vespectively, have shown that
light veflectance from cotton and wheat fields is strongly affected by
the amount of plant material or percent ground cevered by the vegeta-
tion, In their studies, light trensmission of colop infraved £ilm
accounted for 75 and 49% of the variation im cotton lint and wheat grain
yields, vrespectively.

Von Steen, Leamer, and Gerbermann (1969) found statistically significant
correlations among preharvest yield indicators {open bolls, number of
plants, percent ground cover, plant helght, weight plant material per
plot) and optical denmsity of aerial infraved £film for cotton, grain sor-
ghum, carpots, cabbage, and onilons,
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Stoner, Baumgardner, and Cipra (1972) pelated the LAI of corn te the
vatic of visible and peflective infraved channels of alvepraft optical
wechanical scanner data on two £light dates in July. The combined M8S
date for the twe flight dates yielded a coefficlent of determination,
R?, of 0,966 between LAI, that ranged fvom 0 to Y4, and the vatio of two
MSS channels (1.0 -~ L.4 Mia/0.BL - 0,70 um).

Pearson and Miller (14$72) developed and tested both a twe=channel ratio-
ing technique and a multispectral pattern recognition technique to com-
pave spectral blomass estimates of grassland with biomass valuas taken
from clipped plots. Bilomass estimates were made with an accuracy
greater than 25% with a two-channel spectral vatlo method using a small
hand-~held radiometer. Eighty to 90% of the variation in blowass values
taken from clipped plots along a flight line could be explained by the
alvborne MSS data over the same avea. Kanemasu (In Press) found that
the ratic of reflectancas at 0.545 and 0,655 clossely followed crvop growth
and development and concluded that it wes a good indicator of sell
exposure and epop maturlity.

A number of practical epplications of the ERTS-1 data to determining
vagetation types and amcunts, or seasonal effects wepre previously
veported (Freden, Mevcanti, and Becker, 1873). For exuuple, Carneggie
and DeGleria {1978) cbtained information from the ERTS-1 scenes of
California on the distribution, yleld, condition and availability of
forage. Seevers and Drew (1973) identified gross diffevences in forage
dengity and range conditien within glven range sites in the sand hills
of Nebpraska. Heath and Parker (1873) used computer-aided interpreta-
tions to classify timber stands and range plants in the Housten avea.
Dethier (1973) peported that the bvown wave {fall vegetation senescence)
ceuld be veadily detected in the Appalachian and Missiseippl Valley
corridors and sugpestec that specific phenological events such as cvep
maturdty and leaf fall could be mapped for specific sites and possibly
entire regions from the ERTS-1 data.

PRINCIPLES

The wavelengths of light that ave effective for photosynthesis cover the
interval from 0.4 to 0.7 um. Bands 4%, 5, 6 and 7 of the ERTS~1 MSS
correspond to the spectral intepvals 0.5 to 0.6, 0.6 te 0.7, 0.7 to 0.8,
and 0.8 to 1.1 um, prespectively. Laboratory datz on the spectral
reflectance of leaves in terms of the numbsp of leaf layers Is glven in
Fig. 1, taken from Allen and Richardson (1868}, except that the ERTS-1
MSS bands have been superimposed. Notiece that in the 0.75- to 1.35-um
interval, the reflectance of vegetation is very high and that the
signal strangth inevesses as the number of leaf layers, or the vegeta-
tion density, increases. This finding indlcates that ERTS-1 band 7
vesponses, and to a lesser extent band 6 wesponses, should clearly
indicate differences in vegetation density.
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Theve is a one-to-cne corvesgpondence between yleld and vegetation
density of cvops grown for hay or forage. For plants gvrown for their
sead, frult, voote, or fiber, there is usually a clese corvelation
between potential production amd plunt vigor. Aniomatically, healthy
nen-stressed plants develop lavger and more dense canoples and yield
better than thoze growing under suboptimal conditions.

The ERTS-1 vesponses can be welated te the stage of erop developient,
Spectral ercp calendars useful in temporal analyses are possible
(Steiner, 1970; Lauewr, 1871). The ERTS-l yesponses can also be divectly
related to pervcent ground cover, plant helght or other crop parvameters
that are correlated with reflectance.

Figure 1 also shows that ia the interval 0.5 to 0.78 um, the veflectance
from vegetation is virtually the same vegawvdless of the numbexr of layers
of leaves in the plant canopy. The implication here is that the phote-
synthetic potential of green plants can not be deduced diveetly from the
photosynthetically active wavelengths. Physicleogical disturbances in
plants that decrease chlorophyll centent may be detectable; ccwpaved with
healthy plants, hacause chlovephyll Is a strong absorber of visible
ight., Thus, the BSRTS-1 bands 4, 5, and € ave valuwable to help identify
deviations from healthy plante. Plants with physiologiecal disturbances
are less vigorous than healthy plants as menifested by fewer leaves op
folizy discoloration (Wiegand, Causman, and Allen, 1972). The inferma-
tien about plant demsity inferrved from the reflective infrarved bands 6
and 7 and the infepmation sbout plant plgmentaticn ebtained from bands 4
and 5 complement each othew.

In ERTS~1 bands 6 and 7, the cbserved veflectance of the soll backgrouwnd
is usually less than that of vegetation whereas in bands 4 and 5 it is
typleally greater than that of vegetation. Therefore, In ERTS-1 band 4
and 5 wavelengths, the soil background deminates the signal up to a
fairly high vegetative covar.

Becausa the EXTS-1 MSS signals vecorded for varizble ground cover condi-
tions {vegetation density conditions) ave a mixed sipgnal for solil and
vegetation, the watio of band 5 tc band 7 (5/7) or band 7 minus band §
(7-5) are practical indicators of vegetative cover and demnsity for users
of ERTS-1 data. The decreased radiance observed in ERTS~) bands 4 (0.8
to 0.6 um) and 5 (0.6 to 0.7 pm) as vegetation density inereases is
mainly caused by the increasing ameunt of seoll obscured by the vegaeta-
tion.

Vegetation density ig alse dependent on stage of the growing season, opr
time of the year. Deciducus trees shed their leaves in fell but conifers
vetain theirs. Thus the two ave best contrasted when the deciducus trees
are doymant, The progress of the vernal advance {green wave) and fall
senescence (brown wave) can be assessed fopr natural stands of plants and
cultivated peremnials. Development of annual crops can alsc be woni-
tored and be interpreted in welation to wajor weather events such as
freezes, drought, and rainfall distributien.



Figure 2 prasents the cbsgerved radlemetric respense of the MSS bands 4,

5, and 6 for one covn and two scrghum flelds in ERTS-<1 scene 1308-16235
that had ground cover of 55, 90, and 90% and LAI of 2.4¢, 4.08, and 6,92.
Also shown is the spectrun fov bave sell (Mepcedes clay). The pradiances
(Botter, 1972; couversion factors From digital counts to rvadiances ave
19528, .15748, .13858, and .2u286 for bands 4, %, 6, and 7, vespectively)
decrease in bands 4 and 5 with increasing vegetation density, enpressed as
LAT, or with the increasing amcunt of soll ebscuved by the plants. The
radlances in band 6 are in the eprder of LAI. The miesing band 7 yadiances
gheuld be about the same or slightly higher than those for band 8, but
unlike band 6 they sheuld be purve veflective infrarved pesponses and not a
mixture of vieible and reflective infyaved signals. The band 6 radiances
do yield spectra similar in shape to the data for stacked leaves measuved
with a laboratovy spectrophotometer givem in Fig., 1. The radiance values
for bave soll vere obtained from a bave field close to the grain sorghum
fields in the ERTS-1 scene. Compared with othex ERTS-1 seenes, the pradi-
ance in band & is high for the pavticular bave fleld vepresented in

Figo 2.

THEORY

Allen and Richardson (1968) applied the Kubelka-Mupk theory to veflec-
tance ef light by plant canoples and produced the equation

{a-R}{1-aRkg) [1]

In GReyCi-ak)

for predicting leaf avea index (LAI) of plant cancpies from thely reflec-
tance measured vemotely. The equatlon applies over the reflective infra-
yved plateau wavelength interval, 0,75 to 1,35 um., In eg. [1]1, R is the
canopy reflectance, Rg ls the reflectance of the soll background, and a
and b are optical constante that have been determined for many plants
(Gausman and Allen, 1973; Allen, Gausman, Richardsoun, and Wiegand, 19%0;
Gausman et al., 1973},

A completely different total reflectance wodel in terms of foactional
plant cover can be expressed by

Ry = £ Re + (1-£) Rg [zd

wherein R, is total veflectdnce, Re is vegatation canepy veflectance, Rg
is soil background reflectance,; and £ is an indicator of plant density,
such as, percent ground cover, LAL, or plant helght.

3
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Upon rearvanging eq (2],

Ry = Rg + (Re-Rglf, (3]

Comparing eq. [3] with the standard linear vepression wodel

Rp = a, - al £ Y]

it is seen that

Rg = agy the reflectance intercept ifhen £ = o, and

(Re-Rg) = 8y 80 that Re = by * 8y

Re is the veflectance characteristiec of the crop or plant community che
data are from. If £ 1s oxpressed in LAIL, then it is the reflectance of
the canopy with a leaf area index of unity., If in percent ground cover,

it is the peflectance of the canopy when ground cover is 1%. In the
ERTS-1 MSS signals, Ry is a mixed sipgnal for the vegetation end soil back-
ground. The simplified mudel presented enables one to estimate Rg, and
the regression ccefficient (Re-Rg) identifies the pate of change of veflec-
tance pey unit change in f.

As shewn in Fig. 1 and discussed by Wiegand et al. {1971), the reflectance
of vagetetion in the visible veglen (ERTS-) bands ¥ and 5) is virtually
the same for leaves one layer deep or stacked in enough layers to insuve
infinite reflectance, R, (Allen and Richardson, 1968), and usually lowex
than that of scil. Thus Ry should be virtually constant for vegetation
once the soil is obscured, and (Re~Rg) in eq. [31 should be small and
negative. In the reflective infraved, however, Wy should inerease as the
vegetation density increases up to a LAI corresponding to R, requiring
that (Re-Rg) be positive.

Rp and Re are expressed in the ERTS-1 MSS signal by the digital counts of
the system-corrected digital tapes, by the date eupressed as radiance
{Potter, 1972), or as a normalized vesponse relative to the digital count
maximum (127 for bands b, 5, and 6 and 63 for band 7) for each band.
Calibration of the MS5 data directly in terms of veflectance needed for
ea, L1] is not available to the authors.

In practice ERTS-1 data users will want to espress the MSS respomses in
terms of quantitles that ave highly corvelated with reflectance--dyy
matter production, biecmass, LAI, percent ground cover, e.g. Once the
pelation is calibrated for a pavticular crep, plant community, or eco-
system of interest, the BRTS~1 data should be expressible directly in the
productivity estimator of interest to the user. Atmospheric conditicns
that vapy from one ERTS-L pase to ancther should shift the data along the
ares for any onhe band, but should not greatly affect the relative posi-
+ion of the data points to each other., If differences between two bands

e ———— e
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are used, such as buand 7 minus bund 5, atmospheric interferonce effecty
are veduced pessibly permitting pooling of data from muitiple BRIS-1
passes for analysis., A ratlo of responses in bands both in the visible,
as /5, or both mainly in the lnfraved, as 6/7, should minimize atmos-
pheric interfevence effects in the absence of vandom nolse sinece both
numeratoy and deneminator would be similarly affected by atmospheric
attenuation,

METHODS

Datae being praesented in this paper avise foom two diffevent sources,

One source is the ground truth that has been teken to support the ERIS-1
analysis cffort for one whole county. It was tuken o (a) have welle
docunented flelds to judge the accupacy of ERTSE~) classificaticn pesults
against, (b) provide ctatistical estimates of the dcreages devotad to
various cpops to compare with ERTS-1 estimates, and (&) help establish
vihet ground truths are meaningful in terms of the ERTS-1 gpectral data,
The data coneist of observations of the soll surface cvondition, species,
plant height, percent ground cover by the crop and by weeds, stage of
plant maturity, and cbsewvationg on the general condition of the crop, and
stresses in four Interpenetrating samples located throughout the county.
Almost 1500 fields ave invelved,

The cther source of data is an experiment conducted in the spring of
1873 specifically to deteymine the leaf spea index (LAI) of 3 corn,

10 grain sorghum, and 10 cotton fields selected from the 1500 filelds to
have a range in planting dates, hence crop maturity, over several ERTS
passes. The overall purpose wag to test eg. [1] using the ERTS-L data,
Ten average-sized plants were cut off at ground level at each of elght
gitas in each field, the leaves were pemoved, and the area of each leaf
was determined using a photoelectric plenimeter, The area of the leaves
was cumulated for each plant and sampling site and expressed as the ratio
of area of the leaves toc the ground area occupied by the plants. This
vatic is by definition, LAL,

The number of plants per 10 m segments of row was determined on four
adjacent vows at each of eight locations in each field to establish the
plant populiation and hence the LAI characteristic of each field. The LAL
determination was to be repeated each 2 weeks in each field between April
and June 4o insuve data near ERTS-1l covewpasses, Hewever, the lavge man-
power requirement for DAL determinations and heavy rainfall prevented
maintenance of the schedule,

The proccedure used to determine the percent of ground covered by the plant
canoples diffeved depending upon whether the crop plants produced a solid
canopy (bare soil expesed only in the inter-row area) oy an open canopy
{bare soil visible through the canopy as well as in the inter-row avea).
Fop the golid canopy crops, such as cotton and thick stands of corn and
sorghum, the bave soll width (BW) and row spacing (RS) were measured, By
definition, BW is the width of the bare soll showing between the leaf
cancpies of adjacent crop vows, and RS is the average spacing between crop
rows. For the sclid cancpy the percent crop cover is calculated from
these measurements using
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Fer the cpen canopy craps--such as onlons, immature cantaloupe, and comm
and soprghum planted to lew plant populations--the "open" canoples were
congldered solid, and the above formula was used to determine the percent
cover. 'Then a subjective estimate was made of the percent open spaces in
the leaf canopy by looking downward on them and this percentege was sub-
tracted from the estimate caleculated by the formula to obtain an estirate
of actual cover.

The computer compatible digital tapes {CCT) from the National Data Pro-
ducts Facility (NDPF} were displayed on a cathode vay tube (CRT), and a
cecrdinate system was oveplain 4o aid in locating the flelds of interest
in the CCT. 'The digital data corresponding to the approximate coocwrdl-
nates of the flelds and sample segments of interest were transferréd to a
secondary tape. These data were displayed as gray waps using a line
printer and were intensively studled to establish field locations and
field boundaries. The digital counts few the pixels, or instantanecus
ground resolution elements, within the test fields were averaged for

each M38 band.

The space data were used as (a) digital counts, {b) vadiance
(me/enl-gr-yum) using the conversion factovs provided by Potter (1972), on
{c¢) pseudo-reflactance by ratioing the CCT digitel counts by the maximum
possible count (127 foy bands %, 5, and 6 and 63 fer band 7).

RESULTS

Due tec excessive clouds, data ave available for only thres ERTS-1 passes,
Dec, 16; 1972, Jan. 21, 1873, and May 27, 1973, corresponding to scene
I.D. 1l46-16323, 1182-16322, and 1308-16323, pespectively. The May 27
scene is the only one for which LAI data ave available; ERTS band 7 data
for this scene delivered to date have a "venetian blind" effect in them
end are not uzseable. The NDPF is vedigitizing this scene.

Figures 3a and 2b present the velation between LAL and band € digital
counts, the band 6 minus band 5§ digital count differvence, and the ratic of
digital counts in bends 5 and 6 {5/6) sepavately for the combined grain
sovghum and corn fields and for the cotton flelds. LAI of sowghum and
corn account for 67.7% of the variation in band 6 digital count, 59% of
the variation in the 6-5 diffewvence, and 45.2% of the variation in the
band 5/6 ratiec. Thus band § alene is superior to the diffevence, and teo
the vratio of visible-to-infrared response,
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For the cotton fields, a quadratic equation was used to f£it the band 6,
and the band 6 minus band 5 cptical count difference but a linear equation
was fitted to the 5/6 vatio data. LAI explaing 83%, 90%, and 78% of the
variation in digital counts using band 6, 6-5, and 5/6, respectively,

For cotton, then, the band 6 minus band § digital counts were the best
indicater of vegetation density.

The gopghum and corn plants averaged 9% em high and weve approaching full
canopy development, whareas the cotton plants averaged only 37 cm in height
and wepe at oy very neapr fivst bloom stage of develecpment. The plants
alsc differ considerably in growth habit or awchitecture, Corn and grain
sorghum displuy thelr long curved leaves in umbrella fashion, whereas
cotton plants ave comical and their leaves are hellotropic. Such chavae-
teristic differences help to discriminate amopgz crops and plant communities
spectrally and must contribute useful information for texture analyses,
They also suggest that crops or plant cemmunities typical of a given
locale or reglon might be spectrally "ealibrated" against the ERTS=1 data
one or more times during the year; identifications in subsequent years
would be based on the calibratien so that extensive ground truth would

be unnecessary.

Host investigators use the ERTS-1 MSS digital counts as provided by the
NDPF system-corrected CCT, Table 1 presents the linear and quadratic
equations for the vegpession of CCT digitel counts (DC) on LAIL, For cot-
toni; the quadratic equation explained a statistically significant amount
of variance over the lineapy equaticn, but it did net for sorghum. The
eguations fopr band 6 ave repeated from Figs. 3a and 3b but the equations
for bands % and § are presented anew.

The sorghum and cowvn plants obscured the soll so the cewpvelation in the
vigible, whevre responses are due wainly to soil, are poor. Feor the cotton,
beth the exposed soll and the vegetation yielded an apprecisble signal so
that covrelation coefficients in both the visible and infraved ave signif-
icant at 0.0l probability level. The improvement in f£fit for cotton using
a quadratic expression is appreciable, and suggests that a more cowpli-
cated physical model is vequired when plant cover is incomplete. Three
considerations are sun angle as it affectes the length of shadows cast by
the plants, wow direction, and vow spacing.

LALI is only one measure that agriculturalists use to indicate vegetation
density. The simple correlations between LAI and plant population (POP;
plants per 40 meters of vow), percent ground cover (PC), and plant height
(PH} are given in table 2 as well as the wultiple regressicn equations
expressing LAT ag a funection of the other plant parameiers. LAI of cotton
is mest highly corvelated with PH (0.783) and least corpelated with plant
population (0.382), wuereas LAI of sovphum and corn is most highly corve-
lated with plant population (0.%29) and least corvelated with PH (0.155),
These data seem to indicate that diffevent plant parameters are needed to
characterize different crops.

e —rrremm— 3
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Any useful plant and soll pavameters for characterizing crop, vange, and
forest scenes must necessarily account for most of the variation in the
HES data, Table 8 summarizes vegression equations produced velating the
CCT digital counts to the vegetation ground truths: LAIL, plant population
(POP), plant cover (PC), and plant height (PH).

As edpacted, the plant pavameters explain move of the variation in digital
counts in the reflective infraved thaen in the visible. The vegression
coefficlent for the population term was zero for gerghum and corn in

bands 4 and 5, causing this variable to be drepped from the estimating
equation. Evidently the high coyrelation {r = 0,829) between LAI and POP
showm in table 2 caused plant population te contribute nothing to the
estimation of the digital counts that was neot explained by LAI. This
finding has practical consequences. Plant populaticn is easy to determine
by counting stalks at a number of locations in fields, or it can be esti-
mated from the amount of seed planted per hectare. Determination of LAIL,
on the other hand, is leboricus end the plants ave destroyed in the pro-
cess. Thus if plant population suffices to characterize corn and sorghum
fields in terms of LAl and ER1S~-1 vadiances, vewrifying ground twuth is
cagy to obtain. Of course, the plant pepulation remains constant once

a crop stand iy esteblished. The plants would grow and the radiances mea-
sured by satellite would change from one satellite pass to another as thes
plants develop. Heowever, the radianees for a given set of fields would
vemain in the same relative position to each other as the plant pepulaticns
do. Thus one population count sheuld be good for a whole growlng season
(several ERTS passes).

If theve iz a good relation between plant population or ERTS rediances and
yields, a procedure is suppested for determining the optimum population on
a regional basis. Then one can werk to get the optimum populaticn widely
adopted by growers.

As shown in table 2, PH for cotton was highly correlated with LAI.
Coefficients for the linear correlation of LAI and PH with DC ealeulated
in arriving at the equaticns of table 3 wepe:

Band & Band 5 Band §
________ P oo .o e -
ne ¥g LAT - T2G%E -, BB +, B23k
De ve BH -, 759%% -, B25E 925 WY

The similarity ameng correlation coefficilents for the correlation of LAY
and PH with DC in all bands and the very high ccefficient for the correla-
tion of DC with PH in band 6, suggest the possibility that PH can substi-
tute for LAI at least during the prebloom and early fruit set periods of
development of this crop.
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The 93.4% and 87.3% {R? x 100) of the variation in digital counts explained
ir bend § for cotton and the combined sorghum and corn, respectively, by
the plant parameters used to charvacterize the crops indicate that

{a) characteristics of the vepetation ave wainly responsible for the
recorded ERTS~1 signals, and (b) useful plant pavemeters ave available For
the crops studied.

As stated earlisr, one objective of this study was te test eq. [1] for
predicting LAL from the ERTS MSS data. Table 4 gives the optical con-
stants a and b, defined by Gausman and Allen (1973), needed to solve

eq. [1]. They are calculated from absolute wveflectance and transmittance
spactra obtained spectrophotometrically on leaves typical of the creps.
The values given for "sovrghum and corn' ave an average of values for each
of the two creps.

Inspection of eq. [1] shows that it iz limited to cenditions when the
canopy veflectance R is larger than the soil background weflectance,
Additienally, the last term becomes negative if 'a' gets very large.

LAY was calculated for band 6, using the digital count observed in the }S3
data divided by 127 to obtain a pseude-reflectance of the crop, R, and the
intercept of the pseudo-veflectance at LAL = 0 was used as the reflectance
of the soil background.

The coefficients for the linear correlaticn of calculated LAI with manually
measured LAL were high at 0.815%% for cotton and 0.872%% for sorghum and
corn, respectively. Howevar, the caleculated LAL never exceeded 2.0, Thus
the predictions of LAIL from eq [1] are not satisfactory,

The possible veasons for poor vesulis include (a) the congtents 'a' and
b ave in inappropriate units for this applicatien, {b) the pzeudo-
veflectance used is inappropriately normalized, (e¢) band 7 ¥SS data should
be used, {d) the reflectance for scll estimated From the intercept at

f = o 1s too high, (e) the theoretical vequirements of the equatien
(diffuse isctropic incident vadiation) arve not met, and (£) the row
pattern of crops distributes the leaves nonuniformly against the back-
ground. Optical constants derived from laboratory data have been
successfully applied to other fleld studies.

Efforts to use eq. [1] will continue because of the potential it has as a
practical tool for deducing biomass or yield from ERTS-1l and other remotely
measured nedr-infrared reflectance.

The second model proposed, typified by eq. [3], was alse applied. It
should describe the physical events better in the visible (bands 4 and 5)
than in the infraved; in the infrared i1t is toc simple to describe the
multiply-vreflected light fron successive leaf layers. In applying eq. [8]
the digital eounts from the ERTS-1 data, Ry, are plotted against any plant
parameter of interest such as fractional cover, LAIL, or even plant height.
Rg is the intercept on the Ry axis when fractional ground cover, LAL; ov
height of the plants of interest is zevo, that is, the soil is bave.

orm—  * b e A Tt R = o My R . — -5+ e e AL pre—— e o
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Table 5 gives the values of Rg, (Re-Rg) and Rp calculated from eq. [3] for
each MSS band for the three ERTS-1 scenes we hava data from. For the

May 27 pass, the calculated Ry value is given as a function of LAY, but for
the other two dates as a function of percent ground cover. The calculated
RT values increase from the Re value in the infrared bands as vegetation
density incpreases from LAL = 1, but decrease in the visible with incveasing
LAL above 1. Even though LAI for the cotton plots ranged up to 3,0, the
ground cover was only 1B to H0%; consequently considerable soll veflec-
tance sheculd be recorded in the ERTS signals., The measured LAI vanged up
tc 8.5 in the sorghum and corn fields, but the ground cover vecorded rvanged
from 35 to 90%, Consequently some soil (or shadow) signals were included
even for flelds with high LAX.

The Januvary 21, 1973, data vepresent 28 vegetable fields as follows:
broceell, 2; carrvet, 6; cabbape, 63 onion, 8; tomato, 3; lettuce, l; beet, 1l
and spinach, l. Ground cover rvanged from 2 to 90%, The December 16, 1972,
data vepresent l06 vegetable fields consisting of erop and number of fields,
respectively, as follows: lettuce, ld; pepper, 5; tomato, ll; onion, 26; cab-
bage, 19; carrot, 25; broceoli, 5; and beet, 1. Percent ground cover of
these fields ranged from 1 to l00%. The vepression ccefficient (Re-Rg)

is negative on all dates for the visible bands and pesitive Ffor the
veflective infrared bands.

The digital count values for the May 27 ERTS~l scene ave higher than for
the other two scenes., The predominant soll type fer the December 15 and
January 2L data is Havlingen clay and other heavy-textured alluvial flood
plain sells. The May 27 data wepe obtained from upland soils furthep

from the Rio Grande, which are ag light-textured as fine sandy lcam. Local
goils are generally mopre veflective the coarser the texture., This, cownbined ;
with the higher incident solap radiation in May than in December or January |
would account for the higher digital count values in the scene in May then |
in the winter menths. The higher» (Re-Rg) values in May than the wilnter
months for vegetation also agree with the lapger digital counts being due
to more incident solar radiation available for veflectance in May than in
winter, For all scenes, the ERTS-1 MSS operated on icw gain, hence MSS
gain is net a factor.

In summary, we have shown that the BRTS-1 MSS data do relate te vegetation
density and potential productivity and that vegetation pavameters euplain
mogt of the varlaticn in band 6 and 7 responses. We also prezented and
discussed two different equations for relating vegetation peflectance to
the ERTS-1 MS8 responses. We trust that cperationzl wethods for zssessing
the conditicn and animal carrying capacity of rangeland and the yield of
crops using space data will incovporete proceduves based on the princlples
pregented.
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Table 1. Lineur and quadratic equation vepressicns of ERTS-1 MSS
digital counts (DC) on leaf area index (LAI) for bands 4,
5, and 6, scene LD 1308-16323,
Covpalation
Crop(s) Band Repression equation coefficient
Cotton 4 pC = 43,8-3.5(LAL) v = -0, 7THER
BC = 47,5-11,0(LAI}42.,5(LAT)Z R= 0,867%
5 pC = 40,0-5.0(LAI) r = =0, 856%
BC = u2.6—lﬁ.3(LAI)+l.8(LAI)Q R = 0.B88%"
6 DC = 50,2+5,.L(LAI) p = (,828%
DC = 45,5+14,5(LAT)-3. L(LAT)? R = 0,91
Sorghum & b DC = 42,9-0.9{LAL} o= -0.441
Corn 5 De s 88.8-1.5(LAL) r = -0.464
8 DC = 44, W42,B8(LAY) p o= 0,84100

diStatistically significant

#Statistically significant

at the §,01 level.

at the 0.05 level.
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Table 2. Simple correlation cocefficients among LAL and plant populatien
(BOP}, percent cover {PC}, and plant height (PH) for cotton
and for grain sorghum and corn, and LAL expressed as a

funetion of the other plant parameters,

POP PC PH
CROP {Plants/4Om of vow)} % {cm)
--------- r...-upca.-n_.-
Cotton LAI vs: 0.382 0,589 0,783
LAL = =2,39%-0,00003{P0P)+0,0211(PC)+0.0829(PH)
R2 2 0,628
Sorghum LAT vs: 0,829%% 0, 555w 0,165
& corn
LAL = 0.23440.0023(P0OP)+0.0358(PC)-0.00U6(PH)
RE = 0,753

tigignificant at the 0,01 level.




rable 3. Digital counts (DC) in ERTS-1 bands 4, 5, and 6 as estimated
from foup plant pavemeters, LAL, plant populaticn {BOP),
percent ground cover (pCY, und plant helght (PH).

Crop Band Repression Bquation R

Cotton 4 DbC = M7.51=2.215(LQI)=.006(POF)+.SBQ(PC)—.QGT(PH) . Bag

5 DC = ua.uo~3.270(LAI)=.009(POP)+.006(?&)«.175(PH) L B30

& DC = 31.09+l.2u3(LAI)+.005(?0P)+.236(PC)+.391(PH} , 03yl

De = 53,38-.600(LAI}-.084{PC)-.098(BH) J5a0wns

=

Sorghum
& corn
5 pC = 56.11-1,049(LAL)-.023{PC)~.182(FK) L5580

& DC= us.93+3.og(LAI)-.oooalcPOP)u.111(PC)+.0@0(PH) L B3N

sfigionificant at the 0.01 level.
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Table 4. Optical constants a and b for cotton, sorghuim, and corn needed
te solve eq. [1] over tha ERTS-1 MSS wavelengths. Eg. [1]
applies bes% to the reflective infrared wavelength Interval
0.75 to 1.35 yum.

Wavelength - Cotton Soprghum and Corn

Hm a b a b
50 10.114% 12.4133 7.2980 28.2740
.55 8,3252 7.5888 §.9500 11.1809
60 12,4855 1k,.4815 7.,9804 34,5618
.65 13.0148 24,0333 9,8553 235,3162
.70 3.1282 2,9818 3.5587 3.9%962
+75 1.455) 1.4357 1.46358 1. 687
.80 1.3285 l.3l61 L.3193 1,2968
.85 1.3178 1.3024 1.2939 1.2706
+ 890 1.3446 1.325) 1.2914 1.2659
.95 1.4000 1.5736 1.3422 1.3082
1.00 1.3546 1.3318 L1.3013 l.270u
1.05 1.3C15 1.2825 1,2483 l.2224
1.10 L.3u62 1.3228 1.2702 1,2408
1.15 1.5284 1.4858 14426 1,3885
1,20 1.5337 1.L875 1.4426 1,38€2
1.28 1.5087 1.464%0 1.4038 1.3804
1.30 l.6882 1.6114 1.53380 L4595
1.35 2.0774 1.9230 1.80u6 1.86739
1.40 4.2764 3.5837 3.8571L 2.9117

SR B
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Table 5. Digital count values of Rg, Re, and Ry calculated using eq.[3]
fop ERTS~1 MSS bands 4, 8, € and 7 from three ERTS-1 seenes,

ERTS Scane
and Crop Band
Date Rg (Re-Rg} Rep

------ Digital Countg = = « = = =
1308-16323 Cetton b 43,8 =8,5 40,3 36.8 29,8 ~- =
5/2‘7/73 5 40.0 l=‘5!0 3500 3000 20;0 bt indad
B 50,2 +38.1 §5.3 BO.4 70,6 - e
Sﬁrghum L uﬁog "‘009 ”‘2.0 M’lol 3993 3?05 35.7
aﬂd 5 36.8 Hl.S 37.3 35'8 3?58 2938 2&98
Corn 6 4y.4 +2.8 uw7,2 50.0 55.6 61.2 6G.8
= .
DC %7 e e s e (PC(S) = = - ==
10 20 40 60 80
11.82-~16322 Vegetables 4 27.82 -,024% 27,6 27,3 26,9 26.4 25,9
1/21/73 (8 CK‘OPB; 5 25063 "0058 2500 24:5 2303 22}2 2100
28 fields) 6 20,69 +.180 22.5 24.3 27.9 31l.58 &5.1
7 26.59 +,187 28.5 9¢.3 34,1 37,8 MuL.5
1146~16323 Vepgetables U 31.35 -.037 3L.0 30.6 2¢.9 29.1 28.4
12/16/72 (&€ crops; 5 28,60 -,085 27.9 27.3 26.0 24,7 23.4
106 fields) 6 29.81 +.0863 $0.5 23lL.2 32.4 33.7 Q5.0
7 28.65 +.108 29,7 380.8 33.0 38.1 a7.3

v ————— e - - T gr . o\ L = m—— s e
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Reflectonce / Transmittance (%)

Pig' 1.

Reflectance (sclid lines) and transmittance (dashed lines) of

100 i [ ﬁ
ERTS BANDS
415616
| |f
50}
- ,{
!
|
|
!
/A
/C
0
0.5

Wavelength (um)

2, 4, 6, 8, stacked mature cotton leaves. The lines ave
theoretical; the circles ave experimental. (Allen and

Richardson, 1968,) Reflectance from vegetation is dependent
on leaf area index in ERTS bands 6 and 7 but not in bands 4

and 5,
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ERTS MSS bands 4, 5, and 6 radiometric respense for a corn, two
sorghum, and & bare soil fisld with leaf area to ground area
{leaf avea index, LAI) of 2.46, 4.08, 6,22, and 0.0, vespec-
tively. ERTS pesponse in bands 4 and 5 is mainly due to the
soil cbscured by vegetation, whaysas in the reflesctive infra-
red vegetation dominates the ERTS signals. HNote: Radlance of
bare seil is that cbserved in ERTS data for lone bare field
located near sorghum fields; its radiance,is b liegﬁd to be
atypically high by approximately 2 mw fm ~-sr —-lm

a

T BT S AR e g a1

53




5

100

80

&
o

Y
<

3%
<

DIGITAL COUNTS

Fig'. Ja.

' BAND 6 ¢ BAND &-5 !
SORGHUM & CORN
N Jd4 L vy=56+ 4.3(X) -
rég=0.59
— ~

’.s-
SORGHUM & CORN
. Yo 44.4 +2.8{%) 4 L
ré=0.677
) | | | § 1 1 {
V' BAND 5/6 L BAND 5/ |
COTTON ;
*¢=0.79 — O.14{X) 1
re=0.779

SORGHUM & CORN
- ¥=0.80-5.2(X) 1 41
réz0.452 i

[ { i [ [ { [
o] 2 4 6 8 iG © e 4 8 8 0 ‘

LEAF AREA INDEX )

Combivations of CCT digital counts (band &), digital count
differences {band 6 minus band 85}, and digital ecount ratios
{band S/band 6) for sovghum and coen conbined into one crop
type and for cotton versus LAT.
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Fig. 3b, LAL of 10 cotton fields versus band 6 digital counts and band

& minus band 5 count differences. In the regression eguations
Y symbolizes digital counts and X symbolizes LA, R2 % 100 is
the pepcent of variation attypibutable to the relation hetween
LAL and digital counts,
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Comprehencive Summary

LAND USE CLASSIFICATION AND GROUND TRUTH CORRELATIONS FROM
SIMULTANEOUSLY ACQUIREL ALRCRAFT AND ERTS-1 HSS DATA
A, J. Richardson, M, R, Gautreaux, R. J. Torline,

and €, L. Wiegand?

INTRODUCTION

Data simultanecusly collected by the WASA Zi-channel multispectral
scanner (MSS) on board the NASA NCL3UB aiveraft (flewn at 10,000 feet
altitude) and by the Ffirst Earth Resource Techneclogy Satellite (ERTS-L)
on January 21, 1973 were compared in an avea where detailed ground truth
was available. Specific objectives were to: (1) determine tlhe cptimum
M8S channels for both airveraft and spacecraft data for agricultural land
uge discrimination, (2) determine the degree of correlation between air-
craft and spacecraft MSS sensor signals for a set of common agricaltural
fields, and (3) measure the recognition performance of aircraft and space-
eraft data foer a common set of agricultural fields,

PROCEDURES

41l four of the spacecraft chamnnels and 10 airevaft channels were used
for this study, All aireraft and spacecraft MSS resclutlor elewents were
collected from a flight iine covering 94 agricultuwal fields {15 out of
197 sample segments in Hidalgo County, Texas)., BSeven of these fields and
a portion of the Rio Grande were used to determine classification training
statistics. ALl o4 fields were used as test fields to evaluate classifi-
caticn accuracy. Recognition accuracies for botu aivcraft and spacecraft
data were determined on per pixel and per field bases.

'The MSS data within each field were averaged for each of the 10 air-
craft channels, and each of che four spacecraft channels, These averages
were used to study the velation among the alrcraft, spacecraft, and
ground truth data,

RESULTE

Channel 8 yielded the highest vecognition results (71.4%) using the
aivcpaft teaining data, and channel 7 yielded the highest recognition

1

Contribution from the Soil and Water Conservation Research, Southern
Region, Agricultural Research Service, USDA, Weslaco, Texas., This
study was supported in pavt by the Natiomal Aeronautics and Space
Administration under Contract No. §-70251-AG,

Physicist, Coumputer Programmer, Computer Specialist, and Soil
Scientist, respectively, USDA, Weslaco, Texas 78596.
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results {87,9%) using the spacecraft trailning data. The overall recog-
niticn results for the aiveraft trainlag data reached the peint of
diminishing returns {g4%,1%) for channels in excess of the best three (3,

8, and 5; 0.466-0.495 u, 0.770-0.£10 ¥, and 0,588-0.643 #). The best three
ERTS channels (4, 7, 5; 0.5-0,6 ¢, 0.8-1.1 U, and 0.6-0,7 U) yilelded 95.3%
overall correct recognition for the spacecraft training data. Channel &
for the spacecraft M55 data was bad every sixth scan line and was not

used for this study.

The 94 fields studied totalled 2,244 acves, and consisted of 177,414
aivcraft pixels (0.0127 acre/pixel), and 1,542 spacecraft pixels (1.155
acres/pizel). Classification categories were: vegetables; immature
erops and mixed ghrubs; and bave seil, On & per pixel basis, recognition
for vegetables was 40,6 and 40.4% for alrcraft and spacecraft data,
regpectively. Recognition vesults for bare soil was 77.9 and 77.0% for
aircraft and spacecraft data, vespectively. The recognition of the
immature crop and mixed shrub category was 53.5 and 28,8% for airvcraft
and spacecraft, respectively. The low vecognition in the last category
wds expected bacause of the great variability within this spectral classi-
fication category; it consisted of vegetable crops that were young and had
low pepcentage ground cover, low density mixed shurbs, and a few weedy
fallow fields, Overall recogniticn results were 64.5 and 59,6% for air-
eraft and spacecraft, respectively.

The per field recognition results indicated an even closer association
between the airveraft and spacecvaft MSE data, The 28 vegetable flelds
were discriminated almost exactly the same (50,0% recognition for aircraft
and spacecraft data); the nuwmber of vegetable fieldsg classified into each
category was 14, 4, and L0 for the aircraft data, and 14, 5, and § for the
spacecraft data, respectively. The discrimination results for aiveraft
and spacecraft field classifications did not correspond as clousely for the
cother two categeries, but the overall recognition wesults did at 61.8 and
§2,8%, respectively,

Aircraft channels 8 and ¢ (0.770-0.880 1) had the highest siwple corre-
lation coefficients (0,704%% and 0,685%%, respectively) with spacecraft
channel 7 (0,80-1,10 t); they cover similar spectral intervals. Aivcraft
channel § (0,588-0.643 ) had the second hipghest simple correlaticn (0.77
and 0,817)%% with spacecraft channels 4 (0.50-0,60 ¢} and 5 (0.60-0.70 1)
they cover similar spectral intervals. GSpacecraft chaunel § for these
data had defective data every sixth scan line and correlatlon COEfflClEntS
with aireraft channels were generally lower than with the other three-
spacecraft channels, . o

The wultiple correlaticon coefficieats of spacecra&; channels 4,
and 7 with all aircraft channels were high (0.762%%,
respectively).
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