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Abstract:
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ERTS-1 data during 1972 and 1973. Multispectral scanner satellite data were used in conjunction with
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Algorithms were developed to use the ERTS-1 data in specifying , greenness, foliage height or
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nonirrigated rangeland) in the test plots. Methods are presented to indicate feasibility of
computer-assisted crop identification and inventory over broad areas by using satellite data.
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ABSTRACT

Methods are described for the detection of phenological events
in Western United States (especially vegetation development - green
wave, and vegetation senescence - brown wave) for certain crops using
ERTS-1 data during 1972 and 1973. Multispectral scanner satellite
data were used in conjunction with ground data collected at more than
30 test areas consisting of 3 subsites at each of the 10 main test.
sites. - ' :

" Algorithms were developed to use the ERTS-1 data in specifying .
greenness ,foliage height or biomass, and specles for-cértaiﬁ crops -
"(especially irrigated alfalfa, dryland winter wheat, and nonirrigated
rangeland) in the test plots. Methods are presented to dindicate -
feasibility of computer-assisted crop identification and inventory over
broad areas by using satellite data. -




INTRODUCTION

As we conpinué'to ﬁlace greater”demands on the gafth's resources,
it becomes increasingly iﬁbortant to inveﬁtéry and.uddefsﬁand the
"available plant resources. This investigatioﬁ is mainly concerned with
the'pfoduativé cycle and'time-distributién of plant life in thé Western.
United States. Hdwéver, the techniqueé described herein are feadily
adaptable for investigation‘of‘othef earth resources. |

fhe Earth Resourceg Technology Satellité (ERTS-l)‘daté and some
of the ground data for this investigétion were coliected in cbﬁjunction-
with the ﬁAéA4funded Phenology Satellite Experiment. Under contract’
number NASS-21781, NASA funded the ekperiment to invgstigate the timing
of the green wave's northward movemenf abro;s thé United S;atés in
springtime and the brown Wévéfs southward ﬁévgment in aﬁfu@n. .Als;,
techniques to monitor the general phenological status of the earth's "
surface on a broad gcale.were to be develoféd if po;sible.

A coordinated network of 24 ground observations sites was estab-
lished to collect appropriate ground-truth data for comparison with. .
the satellite data. Fourtéeﬁ of these siﬁes were in two ''corridors"
in the Eastern Uniteé States and ten sites (each having 3 sub-sites)
were in twyo corridors in the Wgstern United Statés.'

Most of the information contéined herein is rélgted to tHé:'
investigations in Western United States wheré informatioh.waé goilécted'
for irrigated'alfalfa, nénirrigated &iﬁter wheat, and nonirriga;éq

rangeland. A few test plots also covered spring planted barley,
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conifér forests, and an.irrigated-range plot, bﬁt ﬁue to insufficie;t:
replication of these test plots the data were not aéalyzed as were
.fhe data from alfalfa, wheat, and range plots. The eastérnﬂdorridoré
provided information mogtly on deciduous forésts:'. |

As funded .by NASA; ?hé ?Heholbé&ﬂéatéllite-ﬁxpé}imépf was.a
tembdralnstudy of plant.pfoperties andntheif-aéséciated sfeCtral
emissions. 'Tﬁe broadléimfbf.this invesfigationlwaé to:obéefvé‘£he
_,tempgral_and'g;ogfaphicai-progressiqn of Eheqplan£ 1ife‘cyé1e duriﬁg~
'fhé'anﬁual seasons in‘the.Uniﬁed Sféfes by usinglERTS-l'data.. o

" Also reportéd hefein ére theleffértslaﬁ&.resulﬁs'of attéﬁpté
to uée satellite data fqr the computer-~assisted idenfification of
crop species, inventory of crops by area,‘and detérmination.of

.planﬁ height or biomass.




REVIEW OF LxTERATURE

Charles Mérren, a Belgian botanist, appears to be one of the L
first to use the tetml"pheﬁology". In 1853 he applied the Lérm to
-tﬁat branch of ‘science which studieé the ﬁeriodic“phéhomena.iﬁ.the
plant and animal world insofar as they depénd upon the climate of any
lécality. A complete defiqition of phenoiogy may‘be hard.tq find, but
"W, P, Lowry (1972) calls it "the study of the‘time éatterns associatéd _
with fhe developmental sequences of orggnisms". Daubenmire (1959)
says '"phenology embraces all studies of the relationships between
climatic chtprs:and periodic phenoménazin organisms",

Phénological,studies seemed to be popular in Europe ﬁefore they
became popular in the United States, Pioneering work in éﬁeﬁolog&
was done, by the Swediéh_naturalist, Carolus Linnaeus. His famous

book Philosophia Bofanica_(Linnaeus 1751) suggested local phenolog-

ical calendars and phenological networks in Sweden. F. Schnelle
(1948) studied phenologicalvrecords from a network located..in Ger-
many from 1936‘to 1939 using rye as the principal indicator species.
One éf the most notorious early American phenologists was A,
-D, Hopkins who published his famous Bioclimatic Law in 1918“and
extended it in 1938 (Hopkins 1918, 1938), By the mid-1950's, J. M.
Caprio had established an extensive phenoiqgical network in Western
Uniéed States (Caprio 1966) which provided the impetﬁs for new aﬁd |
expanded networks in the western, nor;hCentral, and northéastern re-

gions using clonally propagated plant material. These networks now
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cover 40 states and 5 Canadian Provin;eg with several thousand
observation sites (Detheir, 1974, page 5);

In recent years the study of plant related phenological
events has been done from severél types of aircraft. By far tﬁé
.most popular.means of recording these data has been by photographic
methods. The mostlused forms have progressed thfough black and white
film, color film, black and white infrared film, and color irnfrared -
film., Now the practice of recording these data via‘a multispectral
scanner (MSS) has bécqme popular and useful. lBaumgardner (1956)
explains the operation of multispectral scanners (MSS)‘ffém airéraft
and spacecraft.

A four=-channel multispectral recording'éystem is described by
Johnson, et. al. (1969) using four cameras, sensitive to blue, ?ed,‘
green, and infrared light. This instrumentation is roughlylequivé-
lent to a MSS system and is relatively inéxpensive. For the cameras
operating in the visible spectrum, a simple‘filter over the lens
specifies the band of wavelengths being recorded.

More complicated and powerful MSS systems using various types
of electronic and color enhancement on digitally recorded dafa are
prgsented in Purdue Univefsity Research Bulletin 873'(Anoﬂymous 1970).
This publication also.descriges evaluations of data and computerized
analysis techniques.

It has been difficult for many people to realize that MSS.can
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provide information within ;he visible spectrum which thg ﬁuménhéye
can not détecti This stems from the sega?a;ion of thé% spec£rﬁﬁ-£nto
several discféte béﬁds,b? MSS. 1In genéfél; the more bands, the mo%e
‘information that can bé-detected. Thiéﬁapproaches'tﬁe prinéiplés of
-analytical spectrpséop&. |

The Phenology Sate11ite Experimentl(sponsored by ﬁASA) using"
ERTS~1 data was érobably the first significant attempt at monitoring
earth's plaqt phenology from a satellite  (Dethier 1974). HoWever;
tremendous amounts of remote sensing data were available to indicate
feasibility of the experiment before the satellite‘Was lauched.

Immediately prior to the time EﬁTS;l data became aﬁailabie,fof
phenological studies and research, a comﬁréhensive céﬁpilation of state-
of-the-art ¥emote sensing techniques was puﬁlished in éonjunctign with
a symposium presented by Forestry Remote‘Sensing Laboratory personnel
frqm the University of California, Berkeley (Anonymous i972a): Within.’
this-pubiicgtion are '"Basic Coﬁsiderations of Remote Sensing' by R. N..
.Colwell, MAgricultural Land Use, Stereoscopy, and Manual Imége Inter-
pretation Techniques" by D. T. Lauer, and discussions of crop inve;tory,
vigor, and yield analysis by W. C. Draeger. Cbl&ell'é paper (pgges
17 and 19) suggests the use of multispéctralltone signatufes on'éhoto-

graphic film for monitoring crop features:
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Two-Band Signatures

Pan=-25A Film . 1R-89B Film

Crop (.58 to .72 microns) - (.72 to .89 microrns)
Hardwood trees Dark : Light

Conifers ‘ Dark . S Dark

Four-Band Signatures

Pan-47B Film Pan-61 Film Pan-25A Film IR-89B Film

Crop . (.40 to .48) (.47 to .61) (.58 to .72) (.72 to .89)
Alfalfa: ’ ‘
Healthy Dark Dark Dark Light
Unhealthy Dark Light Very Light Dark

Haas and Watson (1971) indicate apblications of color IR for
distinguishing species of.woody plants, Their data were taken
by aircraft flying at 4000 feet,

Prior to launch of the ERTS-1 from Lompoc, California on July 23,
1972, extensive plans were made fof agricultural studiés using satel-
lite data (Anonymous 1972)., Applegate (1972) indicates that some of
the studies planned were the use of the satellite data to determine
kinds of vegetables (by C. L, Wiegand, Weslaco, Texas) and yields of
corn, milo, alfalfa and wheat (by‘V,'I. Meyers, Remote Sensing
Institute, Brookings, South Dakota). |

Unfortunately, the three-channel "TV system" malfunctioned and
only four bands of the mﬁltispect;al scanner éystem were available
for research,

Before the ERTS-1 was launched, about the only opportunity to
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remotely study the earth's surface from epececfaft was wieh data from
Qeaeher satellites. Qfmsby and Detﬁieéz(i970) publﬁshed’e biblidgraphy‘A
mainly concereed wifﬁ interpeetationubf elequ, But’mos£ of the sateliite
.data and associated resea;ch done prior to 19%0 are'referenced.fhereiﬁ.

| ‘Now that-da't'a from_-ERTs-l, ERTS-2, aﬁd skylab are a.veile'bl:e,,
“much aéricultural researeh;ie being conducted with'satellite data and
‘related ground tfuth information. -Soﬁe recent ground based invespi-'
getions have proQidee information whick should be valuable in making
use of’satellite data, Kanemasu (1974).ag¥ees with Bowers and Hanks
. (1965) thatilqnger Wavelengths are more strongly reflected from'green
foliage. Kanemasu‘fﬁfther,reports‘% cover equations developed from his
studies of reflectance af a height of 1.5 to 2 meters.abevela‘wheat

test ﬁlot:

. : . R
% Cover = 109.88 x .(ratio) - 63.71 .87
% Cover =

2.85 x (NIR) =19.24 .72

where (ratio) is approximetely equivalent to the ratio. of ERTS-1
Band 4 and (NIR) represents near infrared reflectance. R is the corre-
Band 5 . .
lation coefficient. He concluded that "reflectance ratio .alone does
not discriminate between crop species, but should be a valuable para--
meter when used .with other recogmition processes'.

Gausmén, Allen, Cardenas, and Richardson (1973) found thaE

"increasing leaf age of corn within four growth stages had iiftie

effect on near infrared. (.75 to 1.35’microﬁs) refiectance'whereas
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maéﬁne'ieaveé of cétton had highe¥ ngar'Ikziight:refiectance.thaﬁ o
young leaves”%' |

Caﬁrio‘(1973) ﬁublished.a prelimiqéry ﬁoael of th;-green wave
timing fof the world by #sing‘ ﬁetgoroiogical data aﬁd his Solaf
Thermal Unit Theory.. This and his éthéf worldwide maps~kCapriq 19745
should be valuable in correlating specific satellite phenology studies
with good,trutﬁ fo? use on a worldwide basis.

SincevERTS-lvdaEa ﬁave become'availéble, geveral pubiications
have appeargg Wﬁﬁch actually make satellite_data usefﬁllfor pheno-.
1oéicai observations; The most comprehensive of these is the
.Phenology Sa;ellite Egpériment FinalZRepﬁft (Dethief £§74) which'
includes stqdies in Eastern and Weste?n United.States.> Cérisoﬁ and _
Fenton (19755.have shown how ERTS-~1 dafé have been useful in determ-
ining Iowa's agriculturéiﬂresources. Carneggie; Degloria, and Colwell
(1974) have indicated usefulness of ERT841 and aircrafé data £o moniEér
California's pasturelands. Wiegand, Richardson, Gerbermann, Gausman,
and Cuellar (1975) have developed a reflectance model felating reflect;'
ance to proportions of ground area covered by vegetation, exposed to
sun, and occﬁpied by piant shadows, for use with ERTS -data.

Some of the studieg referenced above have described how ERTS
data can provide brac;ipél information. Hopefully, this‘studf will
make a significant contribution to encourage practical,applicétions of

phenology using satellité data.
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. MATERIALS AND DATA ACQUISITION:

Satellité'Dafa
The ERTS-1 safellité:data availablé_fof use in aécompiishing_
H the objectiﬁes'stated preQiously'werg“ag follows: |
Four discrete bands.of éledtrqﬁagnetié réaiétipﬁ
'Withiﬁ the'visiﬁle.and near infrared-spebtrpﬁtwg;é édlleé?éd:
by the sa;ellite's multispectral scanner (MSS) and réiayéa_-
via the data distribuﬁion system tbfvariAus usérs (Anonyméuél
1971). |
| Band 4: .5 to ;6'microns'wavéiength < covers mosfr
greens.and all yelloﬁs
Band 5: 6 to .7 miéroﬁs wavelength - cpvefs most ;;-
orangés,'all reds,'and'sqme very near.infré-.
féds : |
Band 6: .7 Eé .8 microns wavélength - coveré near
iﬁfrareds |
Band 7: .8 to 1.1 microns Qavelehg£h - cpﬁeps neaf
infrareds
(Bands.code& 1, 2, and 3 were éésigned to a System whichl
malfunctioned on ERTS-1).
The data from the four bands is firs£ recorde& in digital form -
(discrete steps) on a magnétic tape agoard the satellite. At apprép-'
riate intervals the data are thén traﬁémitted té.eafth st;tionﬁfand

recorded on computer cbmpétible tapes‘(still'ih digital form) for
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distribution to users.

Each of the sensors for the four bands provides a makimum ot:'
128 voltage levels to represent the full range of-refiected energy inl;
each band. Therefore, users of the data cannot expect to receive
smooth (analog) transitions from ome 1nten51ty 1eve1 to another,
such as the eye or a: photograph might simulate. However; the dis~
crete intensity leévels are displayed and distributed in a simulated
analog system as photo transparencies. | |

This simulated photographic image 1s.created by causing a
computer to provide the appropriate inten51ty 1eve1s to a cathode‘
ray tube (like a b1ack and white telev1sion tube) aslits control
circuits scanned rapidly across the face of the tube. (This method
of dfsplay might be called 'digital TV'..) A photograph is taken of |
each displayed image for distribution to users. Figures 1, 2, 3, and
4 are prints of typical transparencies from bands 4, 5, 6, and 7 of
the satellite, respectively.

Thus, all data recorded by the satellite multispectral scanner
(MSS) are available from NASA as either magnetic tape recorded digital’
data or as photo transparencies of those data displayed.to form an
"apparent' photo-image. ‘Each transparency ﬂavailabie in 70 m or
9.5 inch size) of the data from a single MSS sensor covets'an'earth
area approx1mate1y 100 nautical miles square. In addition to the

above output products, the NASA Data Proces91ng Facility (NDPF) also
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Fig. 1 Print of a Transparency from ERTS-1 Band &4
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2 Print of a Transparency from ERTS-1 Band 5

Fig.




Fig. 3 Print of a Transparency from ERTS-1 Band 6




o

Fig. 4 Print of a Transparency from ERTS-1 Band 7
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prov1des color transparenc1es and color prlnts by asslgnlng a unlque

”false color” to each of ‘the bands, ;Superimposed and printed, these

_ create a ”false color composite" for a particular image. Further-

details on the types of output data available from NDPF and cor-

rection processes (to preserve preciseness of the .data) are outlined

in section 3 of the ERTS Data Users Handbook (Anonymous 1971);

Ground Twuth Data

Ground truth data were taken at ‘10 main 1ocat10ns throughout

the western states. At each of the 51tes, three or more test plots

" were spec1f1ed. These Lest sites (establlshed for the NASA contract

hy'Dr. J. M. Caprio w1th the as31stance of‘cooperatbrs in the several
western states) were arranged in two 'corridors”

The flrst corrldor, named the ”Rocky Mountain Corrldor” begins
near Browning, Montana and runs approximately southward through
Idaho, Utah, and Northern Arizona. TIts sitee are at an approximate.
altitude of 4800 feet.

The other corridor, called the "Columbia Valley Corridor'" begins
near Havre, Montana, and runs westuard through Idaho to Bickleton,
Washington, Its sitee.are at an approximate altitude of.3000 feet.
Appendix 1 gives more deteiled location and altitude information for
all the sites.

Two items‘of ground data were taken at each plot within eaoh

site on 6-day intervals: Crop height and color photographs to ‘indicate
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fraction greeﬁ 6r stagé:of plant devéloﬁﬁént.: fheéé 6-day intérVals
were synchvoniéed with thé 18-day ”rébeafiné orbit" interval of the
sate}lite to collect ground data, as néariy as possible, af the same
time the satellite data were taken. Approximate yields fot small
‘grains and alfalfa:production at each'cuttiﬁg wefe recorded'at harvest
time.

In using the available satellite data, the most deéirable ground
information is the comprehgnsive status of plant conditions. at the‘
. time of the 6verpass. It also is desirable to record the reflected
radiation near the grbﬁnd in exactly: the same way it is recorded on“
the satellite to indiéate anomalies in the.data due to atmqspheric
or other causes.

Acquisitiion of Satellite Data for Analyses

In this study, ground data (plant height, fraction green ground
cover, and crop species) are compared directly to the satellite data.
The satellite data were ;orrected for sun angle ;nd distortion by
NASA and the. Texas A and M Remote Sensing GCenter (RSC).

Satellite data for this study were available in Siﬁulated-g
photograph form direct from NASA or as a computer output in statistical
summary form. The statistical summaries of requested areas were avail-
able from RSC in the form of a ''Site Processing Report' such as shown
in Figures 5, 6; and 7. -fages 163 through 503 of the Phenolbgy Sate-

1lite Experiment Report (Dethier 1974) include all of the processing
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reports.

"It was necessary toispecifyﬁthé exaétﬁlocatioﬁ of each test
plot so RSC cduld progfém.their compﬁfer to prdcess only. those
digital data lyihg_witﬁip the test pibthbouﬁdariés.s This p?oved to
‘be a very difficult fask. Figure 8 is -an example éf'é gré&-scalg_
‘map.produced by the RSC computer, on which test plot loéainQS'wefe_
mgnﬂaliy marked. In order to determine the. correct plaées to ﬁérk,
the gréy-scgle maps for every plot.(more thaﬁ_30) were compéred with:

1. Available maps of the area including county maps, road
maps, -aviation maps, topographical maps,. etc.

2. Available aerial photographs of the area including U=2
aircraft overflights, Agricultural Stabilization and
Conservation Service crop phqtqs, etc.

3. Desqriptioﬁs of the appropriate‘afeas by workers. at.each
of the sites.

If necessary, oﬁ-gite compariéons of the land features_witﬂ
the g;ay-scale maps Wefe'made. |

Once tﬁe ;nitial location of each test plot_had.been.maéﬁéd_on
a gray-scale map as specified above, future locating procedures for
each overpéss'were simplified. The magnetic tapes (from NﬁPF) used

at RSC gave the approximate latitude and longitude of each data group -
(covering approximately 10,000 square nautical miles). An acetate
overlay made from a precious overflight image was then used to accur
ately locate the test plots on a new gray-scale map. As long as

successive overfligﬁf images were useful, (those with no clouds,

haze, or snow) the changes in each ensuing gray~-scale map were not
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drésfic enough to cause sgrious location problems. However, only
abouf 39% of the images for the 1973 growing season were useful.
Appendix Zlinaicates the usefulness ?f the images during the test:
‘ peribd.

After the broceésing report for each test plbt was produced at
RSC, the reports were sent to Montana State University for analysié.
éray-scalé maps (accomﬁanying the processing reports) were examined to
assure that the cor?ect data had been extracted by the computér at

RSC.

Acquisition of Grdund Data for Analyses

AUse'was made of 35 mm Ektachrome slides taken from a ﬁeight of
four feet above the ground, at an angle‘of 30 degrees'doWn from the
horizontal (Dethier 1974,'pages 108-126) to determine- how ﬁuéh of éhé
ground was éovered by gréeﬁ foliage at each of the 10 sites (30 ;ub- '
sites) in the Rocky Mountain and Columbia Valley corfidors. A panel
of seven individuals observed the slide préjectiéns on a screen and
each person judged the fraction of thé ground covered with gréen
foliage. The most éuitable series of photographs were used for each
subsite, and in each case the same photographic scene ﬁas observed
simultaneously by the seven panel members. Thus,‘whiie four different
30 degree photographic views at each rangeland site were availéble
(one in each compass direction), only a single directional view typical

of the area was considered and viewed by the panel. For alfalfa and
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wheat the most suitable of the two available 30 degree photographs
taken was selected in each case. Judgments of fraction green were not
modified to adjust for pﬁssible bias related to the fact that photo-
graphS'Were.not taken perpendicularly to the:gfound; |

The lowest and highest judgﬁentg ;f'gréﬁnd covered with green
foliage were dropped and a mean was computed from the remaining five
judgments. Figures 9 throdgh 28 give plpts of the mean for the
ffaction green judgments. Fraction green is plotted as ordinate gnd
time (from October 1972 through November 1973) as abscissa. Since
photographs were normally made every six days, date points are usually
six days aparé. There are.some zaps ip the l4-month time period,
éspecially during the winter of 1972—73 when most stations were not
oberétivé because of snow cover.

‘There are two figures for each of the sites. The first figure
gives mean percent green over time for each of the three subsites.
Thus, there are three lines on the graph for each site. The second
figure gives the average fraction green for the site throughout the
observation period based on the means of fraction green for alfalfa,
wheat, and range.

Tables in Appendix 3 1list the judgments made by the pénel of
fraction green groﬁnd cover created by the foliage.

Ground data for range plots used in the analyses are tgken from

sites where'onlyjone range test plot was originally specified for
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Fig. 9 Percent of Ground Covered With Green Foliage At Site RM-1 From October 1972 to

November 1973 for Alfalfa, Barley and Range.
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Fig. 18 Percent of Ground Covered With Green Foliage At Site RM-5 From November 1972 to
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November 1973 for Alfalfa, Wheat and Range.
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Fig. 20 Percent of Ground Covered With Green Foliage At Site RM-6 From October 1972 to

November 1973 (Average of Alfalfa, Wheat and Range).
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Fig. 21 Percent of Ground Covered With Green Foliage At Site CV-7 From October 1972

November 1973 for Alfalfa, Wheat and Range.
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Fig. 23 Percent of Ground Covered With Green Foliage At Site CV-8 From October 1972 to

October 1973 for Alfalfa, Wheat and Range.
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Fig. 25 Percent of Ground Covered With Green Foliage At Site CV-9 From October 1972 to

November 1973 for Meadow, Wheat and Range.
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Fig. 27 Percent of Ground Covered With Green Foliage At Site CV-10 From October 1972 to

November 1973 for Alfalfa, Wheat and Range.
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-analysis. Thus,.;ange data from sites RM-5 and CV-10 (Apﬁendix 1
specifies site locations) were nok uéea because‘multiple test plots
and conifer test piots were observed. Data from "extra' range plots
at site CV-9 were not included because ground observation and véri-
fication of the crop type were not available.
Excep&iops to using alfalfa and wheat data from all ten test
sites were:
1. No alfalfa data were available from the CV-7 and CV-9 sites.
The crops Ehere Qere mostly grASS'with sparce patchgs of
alfalfa and irrigated meadow grass forage, respectively.
2. No wheat data were available from RM-lrsife‘since the farmer
replanted barley after the 1éte-planted wheat winter-killed.
However, these data were included with the wheat data since .
only two satellite sample; (on &4 August and 10 September
1973) of .01 and .006 fraction grecn were involved.
Other ground truth data recorded in the field such as crop type
and plant height, were used directly (without any judgments rquired)

in making appropriate correlations with satellite data.




ANALYSES AND RESULTS

. In order to deveiop'an appropriaté method for data analysis,
several analytiéaliprbcedures were attempted. The method selected to
a&cnmplish the objectives; (green and brown’wavé, crop identity,
biomass, etc.) was thé incor?oration of all available data .from the
ground and satellite in a cdmputerized analytical procedure. However,
scme.of the other useful methods attempted (not using all satellite |
.data) are also reported.beloh with their results, 1imitations; and
advantages. |

" Criteria (or ground observation'characteristics) available to
develop or judge the algorithms include;'

1. Indication of fractiom green for the test plots. This
relates Eq.the overall progress of the green or brown waves
which can be considered on an indi&idual crop basis or on
a more general basis including all plant sﬁecies.

2. TIndication of a particular crop or p1ant type. .These data
might be used in'studies to identify or inventory certain
crops or plant species,

3. Indication of foliage height. These data can be applied to
e;timate totgl amounts of’biomaés available or‘crop yielqs.

In geﬁérﬁl; the simpler methods were attempted first and the

results were used to develop an improved method.

Visual Examination of Transparencies

The four black-and-white transparencies for each satellite .
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observation were examined under magnificatién‘to determiné'&hat:
A. no cloud, haze, Qr.smoke was obscurring the grouné test
site and thét
B. no malfgncﬁion had_oécurred to cause erroneous or missing:
data in the'fest site afeé.
Ail four of the tranéparencies'were simultaneously examined and
compared to thé appropriate ground data to look for corrgiatibns

that might lead to the objectives.

Limitations and Advantages of Visual Examination

The 9;By 9 inch transparencies could not be sﬁfficienty magnified
to accﬁrately locate the test plots at some of the sites. The most
useful magnification was about 7 or 8 power. .Ihis magnification can-
not (under most condigions)'isolate a 10 acre field out of £he trans-
parency thch cbvers-more'than 6,400,000 dcres. However, even for
the larger test plots (up to 40 acreé) which could be identified, the
objectives of this study'could not be fully satisfied by correlatioﬁ
between the ‘ground data and the transparencies. This method is use ful
in that it indicates gene?al conditions of the area and the presence
of reasonable satellite data. Thus, this "preliminary analysis"
should be performed before proceeding to other.apalyses.'

Color Enhancement

Color enhancement to obtain more information from the black and

white transparencies was performed by several methods, two of these
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are described below. |

Simultaneocus projection was made of two or more (of the four)
transparencies using a different colored light in each projector.
The projected images were -superimposed so that combination of the
colors could enhance Certain objects. Tﬁe colored light for each
projector is easily obtained by using a colored band pass filter next
to the transparency or in front of éhe lens.

In a similar manner, each black and white transparency-can-bé'
copied (by the Diazo procegs) to make 8 "color transparency'.’ These
can then be "stacked” to produce color enhancement of certain pbjécts.

"Limitations. and Advantages of Color Enhancement

Although three or more transparencies coﬁld be projected simul-
-taneously, usually two is the maximwm useful number. Likewise, three
transparencies is about the limit in stacking the colored transparencies.
Thus, color enhancement is feasible and useful'when combining two or
three transparencies, but if more channels of data are useful, some
other means of combining them is appropriate. Ihis method can bg use-
fully adapted to detect percent green cover by combining two channels
(such as bands 5 and 7) but precise measurements are difficult. Light
sources cén be combined to produce a white color (such as thrée pro-
jectprs emitting red, blue} gnd green) while stacked colored filters

(or transparencies) in appropriate combinations (such as red, blue,
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and yellow) produce>black.

These methods of color enhancément‘could indi.cate whére green..
foliage exists, but it is estimated that measurements of-green cover
Wduld be no better thén + 30 percent. Color enhancement would appear
to be useful fo; synoptic studies indicating large areas of densé,
vegetation.

Color composite pripts are examined in a manner similar to that
described for ﬁrahsparencies. Three of the four channels. (usually
numbers 4, 5, and 7) are assigned a false color and are combined to
produce a single print. The colors used are approximately red, blue,
and yellow. This method is good for a céarse look at a large area,
but does not lend itself to easy enlargement or accurate densito-

" meter analysis on each of the data channels. It would be a simple
method for detection of the green and brown waves if tﬁe land were
flat and good cloud-free imagery could be obtained during the rela-
tively short time it takes for the green wave to travel about 100
miles. Since these conditions generally do not occur, this method is
only good for detecting the green wave associated with a few precise
crops at test plots of equal altitude located in an area of approxi-
mately 10,000 square nautical miles.

Use of Densitometer on Transparencies

The four black and white transparencies are examined with a

densitometer to determine the "exact' shade of gray at the location of
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" of the test plot. Thué;'it is not nécesSary to depend on human
judgment to détegmine thé value of the reflectéd energy from the
test plot.

Limitations and Advantages of Densitometer Use

This method réquires a densitqmeter with an unusually smail
aperature. Ash}ey and Rea (1973)déscribe methods for performing -
thié measurement. An obvious advantage of this ﬁethbd is that no
computer or magnetic tape readef is required to process the data.
However, the.da#a is nét as preciéely presented in a transparenc&
. because all 128 1¢v¢is of the digital data cannot be indicatéd in a .
photograph of.a céthdde ray tube which is displaying the digitai
dataf Furthermore, test plots must be larger than about 20 acres.
A serious problem would occur where this methéd.must.benused on
many test plots. The time required for each measurement would be
prohibitive.

Use of BRP, TVP, 5'/7', and 6'/7' Parameters

The band ratio parameter (Rouse 1973)1is defined as:

) _Band 7.~ Band 5
BRP Band 7 + Band 5

The transformed vegetation parameter is TVP = (BRP +_0.5)%
According to the June 1973 Progfeés Report on the Phenology
Satellite Experiﬁeqt from Texas A and M's Remote Sensing Cénter

(Rouse 1973), the full utility of fHese parameters has not been deter-~

mined, however they have correlated well with green biomass measurements
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in other studies'. Since it has been used before, BRP was one of the
first,parametere investigated for use in relating satellite-data to
fraction green cover of the ground.

In ehoosing an algorithm that will indieate passage ef tbe green
wave or brown wave over all.foliage in éenefal, it is desirable to
select a single equation which, when applied to the satelllte data,
'w111 show about the same statistical results for all types of follage.
The equation must previde‘reasonable correlation between satellite
data ana fractien green; Thus, it is desirable to have an equation
iwhich is not crop speeifié. It would appear that equations containing
very few of the bands or band ratios aremorelikely to fill these
requirements.

Table 1 is a partial listing of regression equations and their
statistical indicators that were calculated on a computer to relate sat-
.ellite MSS information to ground &ata.The first column gives the equar,'
tion code. The fivst letter in columms 1 and 2 of the table indicates
the type of ground paraﬁeter (the "calibration standard" or dependent
_variable) against'which the MSS data were regressed to develop the lin-
ear algorithms.tabulated. The standatds are fraction green (G), plant
height (ﬁ), and fraction green times plant height (GH). Abbreviations
used in each of the three parts of the code are explained on the secon&
page of the table. The second~c01umn lists the regression equations.

The third column specifies crop type. Columns & through 6 contain
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pertinent statistical information on.the regression equations.

Of all the regresgsion equations developed and listed in Tableﬁl,
it appears that an eqqétion wﬁich relates BRP to fraction green coula
meet the criteria specifed above. Equations G-A-BRP, é-w-BRP, and
G-R-BRP in Table‘l for aifalfa, wheat, ané range, respectively, have
about - the same resﬁonse for 1oﬁer values of'fractibn green. These
equations are: .

Equation G-A-BRP: G'=1.128 BRP + .2817 (alfalfa)

Equation G~W~BRP: G==i.190 BRP + .2679 (wheat)

Equation G~R~BRP: G==0f665 BRP + .1758 (range)

where: G = fraction green as established by ground photo- .

graphy and

..« Band 7 - Band 5
RP--=
B Band 7 + Band 5

Figure 29, showing the relation between BRP and fraction green
according to theée.equations, indicates that the three equations could

be closely approximatéed by just one equation, at least in the part of

the graph where fraction green values are low.

J. M. Caprio (19745) has determinéd that visual field observations.
of time of '"predominant greenness' on the landscape in the spring corw«
reépond to the time when about 10 percent of the ground is covered
with green foliage as recorded by the ground phbtography used in this
study. The value of BRP at 'green wave occurrence' was thﬁs determined
by solving the appropriété.BRP equation when fraction green.equals 0.1..

This procedure yields a value for BRP of -.114 for rangeland at the




Table 1

Equations and Statistical Indicators Relating Ground Observations to Satellite MSS Data

Equation ) . ' Statistical Indicators
" Code Regression Equation Crop Type _R2 - F N
G-A=BRP G = 1,128 (BRP) + .2817 Alfalfa .483 34, 6%k 39
G=A-TVP G = 1,680 (TVP) - ,8745 Alfalfa . .447 29, 9%%% 39
G-A-ABIO G = ,5270 (ABIO) + .1892 " Alfalfa © 4337 18, 3%%* 38
G-A-12R G = f£; (12 Band Ratios) + 1,382 Alfalfa .703 4,93%%% 138
G-W-BRP G = 1,190 (BRP) + .2679 - Wheat = ,359 25, 2%%% 47
G=W=TVP G = 1,646 (TVP) =-,8839 Wheat «363  25,7%%* 47
G=W=ABIO G = ,4931 (ABIO) + ,1296 Wheat 2197 10, 8%%* 46
G=W=12R G = f, (12 Band Ratios) + ,4516 Wheat . .518 2,95%% 46
G-R-BRP G 2 ,6651 (BRP) + ,1758 ‘ . Range .212 8,90%x 35
G=R-TVP G = ,9117 (TVP) - ,4661 Range .223 9,.48%%% 35
G-R=ABIO G = -,0089 (ABIO) + .1316 Range .000 0.43 NS 35
G-=R=12R G = f5 (12 Band Ratios) + 19,12 Range . 665 3,48%% 35
G-R~-12RA G = £, (12 Band Ratios) + 4.198 Range . 517 4,37%%% 62
G=-R=-12RN G = f5 (12 Band Ratios) + 9.756 Range 4540 3.23%%% 46
G=R=-ABION G = ,003 (ABIO) + ,1090 Range .004 0.19 NS 46
GH=A=BRP GH= 2082 (BRP) + 175.4 Alfalfa '«363 20,5%%%- 38
GH-A-TVP GHz 3023 (TVP) - 1893 Alfalfa = ,321 17.0%%% - 38
GH-A-ABIO  GH= 715,6 (ABIO) + 80,57 Alfalfa .385 22, 6%%% 38
H=A-ABIO H = 7,185 (ABIO) + 3,409 Alfalfa .391 23, Ld¥k 38
HeW=ABIO H = -6,301 (ABIO) + 9,579 Wheat .030 0,68 NS .24
H-R-ABION H T 9,743 (ABIO) + 12,55 Range .038 - 1,74 NS 46
H-R-12R H = fg (12 Band Ratios) + 1105 - - Range "« 755 2,82% 24
H-W-12R H 3 f5 (12 Band Ratios) + 336.2 Wheat $524 © 3,03%% 46
H-A=12R H = fg (12 Band Ratios) + 717.1 Alfalfa .556 2,61% 38

. Table 1 is continued on the next page.

=25 -
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Table 1 continued:
Dependent Variables (Ground Truth)
= Fraction Green

G =
H = Plant Height . .
GH = Fraction Green x Plant Height

Other Symbols
A represents Alfalfa (crop type)
W represents Wheat (crop type)
R represents Rangeland (crop type)
fy = multiple regression coefficients with Band Ratios tabulated
in Table 2 .

Independent Variables (Satellite Data)
Band 7 - Band 5
BRP = Band 7.+ Band 5

TVP (BRP + .5)li
ABIO = (0.5 + (,964 « 6'/7') + ( ,567 - 5! /4')) 6'/5'
12R = a function of all 12 Band Ratios

Statistical Indlcators

R¢ = Square of the regression coefficient
(Multiple regression coefficients for equations using 12 Band
Ratios and simple regression coefficients for 'all other
equations)

F = Test of statistical significance
* indicates better than 57 confidence level
*% indicates better than 1% confidence level
*%% indicated better than ,5% cenfidence level
NS indicates not .significant

n = Number of ground truth samples used in the regression
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occurrence of the green wave. Similar processing of G-A-BRP for
alfalfa and G-W-BRP foriwheat gives BRP values of -.16i and -.141,

* respectively, at the time of g?een wave occurrence. The computations
are:
G-R-BRP = .1 = ,665 BRP + .173é or

. -.0758.
BRP at Green Wave = 665 - -.114 for range

G-W-BRP = .1 = 1.19 + .2679

_ -.167%
BRP,.,, = _-1079
W T.79

G-A-BRP = ,1 = 1.128 BRP + ,2817

~-.141 for wheat

]

_ -.1817
BRP = =
GW 1,128

-.161 for alfalfa

Since the value of the BRP parameter at green wave occurreﬁce
for wheat is about midway between the values of BRP for range and
alfalfa, it is probably best to use the vaiue of BRP ='-,141 as the
generai green wave indicator. In some areas like Montana where two-
thirds of the area is rangeland, it may be appropriété to use thé,
value of BRP = -.114 from the range equatioh. (Wheat and élfalfa'gen-
erally become green before range.) However, the R2 (square of the
regression coefficient) wvalue of .21 for the range equation is much
lower than the R2 value of .36 for the wheat equation (as indicated in
Table 1).. The relatively low value.of R2 for range may be somewhat
misleading since the range equation is based on sites having a multi-
tude of plant épecies. Appendix 4 lists the plant sbeciés within each

test plot. The large number of plant species involved in the range-
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. land gresn wave, lends added support for utilizing the G-R-BRP equation
in spite of the relatively low RZ? value.
The total deviation in the BRP parameter for the thres crops is
29 percent at fraction greén equals 0.1. (G equals .114 for range . and
.161 for alfélfa). If the G-W-BRP algo;ithm_(for wheat)'is choseé:fdr
the general green wave indicator, the error in the BRP is 12 Peréent
and 19 percent for alfalfa and’range, respectively. |
"TVP is a nonlinear equation which uses tﬁe BRP paraméter:
. TVP = (BRP + b,é)%. Neither TVP nor BRf c%n sétisfactorily be used
by itself as a fraction green indicator, bup TVP is more suitgble.
BRP and TVP in the eéuations within Table 1 can be éseful as green
wave indicators.
Since TVP equations are the only ones listed in Table_l that are
nonlinear, it is appropriate to make a comparison to détermine.their
uscfulness. The comparison may be made by examiﬁing tﬁe following

equations extracted from Table 1:

Identifierx Equation RZ F
G-A-BRP (Alfalfa) G =1.13 BRP + .28 48 34, G
G-A-TVP (Alfalfa) G = 1.68 TVP - .87 .45 29, 9%**
G-W-BRP. (Wheat) G = 1;19 BRP + .27 . .36 - 25.2***
G-W-TVP (Wheat) G = 1.65 TVP - .88 .36 25, 7%H*
G-R-BRP (Range) ' G = .67 BRP + .18 .21 8. 90"
G“R-fVP (Range) G = .91 TVP - .47 99 9487
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Qomparison of the statistical indicé£ors, Rzland F, for the three
pairs-of equations listed above indicates that the use of TVP has né
significant advantage over use of BRP in the equations. However,'thg
value of R2 and other statistical indicators fluctuated excess{vely
when ground truth data near the limits of the data range were included
or excluded:while making the regressions. Since the relationship oﬁ
fraction green to BRP might be.quite.noniinear near the extremes 6f
the data range, an equation using squared and‘cubed‘termé.of-the BﬁP
factpr was developed}

G-A-(BRP)? (Alfalfa): G = .656 (BRP)> + .205 (BRP)2‘+

.950 (BRP) + .259 where RZ = .53 and F = 134
"As noted above, éhe statistical indibators for the G-A-BRP (Alfalfaf
equation are almosg as good:

RZ = .48 and F = 34,6™%
Therefore, the nonlinear terms do nét offer enough improwement to make

the more complicated equation, G-A—BRPB, useful,

BPand 5 ‘ Band -6

- Equations developed:using the parameters Band 7 and

" Band 7 °F€
listed below with the G~R~BRP equation for comparison. The statistical
indicators are similar, but the less complicated equations appear

slightly more suitable for fraction greem detection on rangeland than

the equation using the BRP parameter.
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1/

Identifier Equation 2 . .E
G-R-5'/7' (Range) G = -.312 5'/7' + .491 .23 10, 05%%% 35
G-R-5'/6' (Range) G = -.453 5'/6" + .577 .23 9. g0 35
G-R-BRP (Range) G = .67(BRP) + .18 21 8.90%* 35

For areas having mostly rangeland, the most‘suitable-equation (of
the three listed above) for detectiﬁg the green wave occurrence is the

G-R- 5'/7' equation.
" Band 5

- Rogt gt o =
Thus: G+R-5 17 1= 31 g i18-.
or: %iﬁ%"% at Green Wave f :ltéiilg = -.258 for range.

BRP and TVP were.also tested for use in determining fraction green
times height as an indicator relating to biomass for alfalfa. The re-
sulting equations, extracted from Table 1, are listed below:

Identifier Equation 33 F

ek

GH-A-BRP (Alfalfa) GH = 2082 BRP + 175 .36 20.5

GH-A'-TVP(Alfalfa)  GH = 3023 TVP - 1893 .32  17.0%%*
The TVP equation listed above offers no particular advantage and is not

recommended for use. Another 'GH" equation using ABIO reported here-

inafter is preferable to both of the above equations.

Limitations and Advantages of BRP, TVP, 5'/7'. and 6'/7' Parameters

TVP offers no advantage over BRP unless an attempt is made to

1/ 5'/7"' is equivalent to Band 5/Band 7. All primed numbers are band "
numbers and the appropriate data should be inserted in their places.
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usé Ehe parametefs.theﬁselﬁes to indiéaﬁe fraction green. Thié'Would
yield unsatisfactory results.

BRP used in the G-W-BRP equation offers a relatively simpie method
of determining fraction'green over general.areas from only two channels.
of satellite data. It is not very crop specific. Thus, the recommended
valﬁe of BRP as an indicator of the general green wave occur¥ence is:

Band 7 - Band 5
BRPgy = ~.141 =
W Band 7 + Band 5

The most sultable indicator for determination of green wave occurrence
over rangeland is:

Band 5 = -, 258
Band 7 -

The BRP. parameter is,useful for determining fraction green times
height for alfalfa. However, another.equation reported in the next
section offers greater precision with a slightly more complicated
equation incorporating data from all four satellite channels.

) Develqﬁment and Use of the ABIO Algorithm

At the bottom of each processing report, such as in Figure 5, is
a graph of the mean radiancé value for each of the four channels
representing all pixels (smallest increments of data recorded on the
satellite) examined by-the computer on a particular satellite image. If
transparent copies of each graph‘were nade for a parficular crop in var-
ious phenological conditions, some clues to ghe correlation between:the

data and the crop may appear by superimposing or ''stacking' the trans-
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parent graphs. This proceaure was followed for alfalfa, wheat, and range.
"Typical "average' graphs which resulted from stackingiare illustrated in
Figures 30, 31, and 32, (see Jones 1975).

Comparison of the_spectral graphs representing data recorded by
the satellite on two succeséive days indicates that the spectrai graéhs
retain thei; shape buf are often shifted up or down. Thus, a bias Br
level-shift of the data from ome day to the next is evident.A However,
careful examination of the ratio of data from each channel to data from
every other channel will show that a crop in the same condition giyes
aboutnthe same ratios éach time, even though a bias or level-shift in
the data may have occurred.-

. It is not the purpbse of this investigation to explain the bias
or ievel-shift, However, the use of band ratios proved to be far sup-
erior to use of absoluteivalues of data from esch .channel to establish
correlafiéns‘With ground data.

Visual comparison of'all the graphs.from the processing reports
with the appropria;e groﬁnd data indicated that the following situa-
tions exist:

1, Bands 6 and 7 (near IR) have approximately the same

value over green crops. Alfalfa is an especially good
reflector of near infrared radiation;

2. The tratio of data values froﬁ band 6 to band 5 is-

especially related to biomass and fraction green.
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3. For predominantly green crops, band 4 is greater

than band 5.

The factor called "ABIO" was deVelopéd for use'in‘identifica-'
tion of alfaif; and estimation of biomaés,'along with plant heiéht
and fraction green, This factor is the result of an atfémbt to.ob-."
tain a crop-specific linear algorithm using only a few ratios of
‘relativé.fadiance data (ratios of one band value to another within
the same observation). Several “"good" alfalfa crops from various
sites were selected to prgvide the “standard".forvbuilding the equa-
tion. Test plot logations,wereAcarefully checked on computer print-
out gray-scale maps (to assure énalysis of the correct data) to
select test plots having more than 0.95 fraction green,

Graphs of these déta were compared Qith eaéﬁ other, with data
from less-green 51fa1fa and with data from nonalfalfa samples (in-
cluding haze, snow, bgre.ground, etc.). One sample_incnfgd daté from

a test plot where the uncut alfalfa had retained much of its biomass

but had ldst most of its green color. Tﬁe ratio, EEE%-? remained
an

relatively high even though the fraction green (ground truth) was -
significantly decreasgq.

The twglve band ratios were ''culled" to retain only those which
consiséently'(in spite of noise factors mentioned above) vary directl&

with fraction green and biomass of alfalfa crops only. The ratio,
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%gﬁ%_g, was found tolyary most with. f?actioq green or biomass and was,
therefore, made a multiplicative factor. Two other ratios, 6'/7° and
5"/4" were found to always be within a certain fai#ly narrow range of
values and were inverSely‘proportional to fraction greén. These two
ratios Wereluéed as -""enabling' factors in the equation by subtracting
them from their minimum values which were found to occur at a fraction
green of approximately 1.0, A bias constan£ of 0.5 was chosen to adjust.'
thé range of fesultant values. Those resultant values'é¥eater than 1.0
are used only in bioméss.determinations;.but'are limited to 1.Q maximum
for fraction green indicatién. The resultant algorithm is:

ABIO = (0.5 + (.964 - 6'/7") + (.567 - 5'/4%)) 6'/5'1/

As a partial test of the ability of 'ﬁBIQ" to feject crops other -
than alfalfa, regression equafions G-W-ABIO and G=R-ABIO (in Table 1)
were run for wheat and range, respecfively, to compare with a similar
Midentity'" test for alfalfa (equation G-A-ABIO). Statistical indicators

and the regression equations extracted from Table 1 using ABIO as the

independent variable are as follows:

Identifier Equation EE - F n
G—A—AEIO (Alfalfa) G = + .527 (ABIO) + .189 ~ .337 18, 3%k 38
G-W-ABTIO (Wheat) G = + .493 (ABIO) + .130  .197 . 10.8%% 4
G-R-ABIO (Range) G = -.0089 (ABIO) + .132 . .000 N.S. 35

1/ sv/7t 1s equivalent to Band 5/Band 7. All primed numbers are band
numbers and the appropriate data should be inserted in their places.
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Since R? and F for wheat and range are much lower than for alfalfe in
the ABIO regressions above, the é-A-ABiO equation might serve as an ine-
dicator to distingoish elfalfe from wheeé‘end range, I1f the G-A-ABIO
- equation (alfalfa) had been used on the-wheat and range crops instead
of the besséfit ABIO'equations,‘G-w-ABiO and G-R-ABIO, the rejection “
of_nonalfalfa sites would be more dramatic since the values for R2 and
F would be even lower than those listed above for the nonalfaifa.cropsn
ThUS, equation G-A-Aﬁlo_is a possible identifier for alfelfa, especi-
ally where snow; bare ground or unclear atmospﬁeric conditions exist,

As a furfher'test of the ABIO factor to defect fraction greeo for
alfalfa, a regression.was computed using oniy'alfaife‘groond truth
data in which there Qerelno noise factors such asAsnow ofshaze. Fur-
ther, only data from dense and pufe stands of.alﬁalfa were used,. The.
resulting eqoation using  ABIO was: ’

G-A-ABIOS (Alfalfa) G = ,9826(ABIO) - ,0061
where R2 = ,926 and F = 212,7%%% with n = 19"

Under special conditioos this equation would be excellent for
use in view of,the exceptional vaiues for Rz'and F. Since the coef=-
ficient and intercept'in.the'above equation are close to 1.0 and
zero, respectively, the ABIO factor can be used'by itself ﬁo.idenf
tify fraction green for pure alfalfa. Thus: G =:ABIO for alfalfa.

(G is limited to é maximum value of 1.0),

An‘effort was made to test the ABIO equation in a crop identi-
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fication procedure for alfalfa. Figure 33 is an averaged ground
truth of the Pefcent green and plant height for alfalfa, wheat, and
range. Appendix 5 giyes the complete data graphs which contributed
to Figure 33. The pergént green gfound cover for alfalfa rises rap-
i&ly as plant height increases. By the time the alfalfa is about 12
inches high, the percent green is nearly 100 percent. .Therefofe, a
computer assisted method to identify the alfalfa crop area is to take
satellite data on a date in the spriﬁg'when the crop should be show-
ing about 100 percent green. Thege data could then be used in the.
G-A~ABIO equation to indicate'fraction green éf the entire area under
'study. If thé computer output indicafed a fraction green mear 1.0,
the crop.could be coﬁsidered to be alfalfa. If the fraction green
indicated for any pixel was significantly less than 1.0, the crop
would not be alfalfa. (A pixel covers approximately one acre.) The .
~above procedure is adapted to computer operation for inventory of the
total acreage of alfalfa in a given area having a somewhat homogeneous
climate. The procedure would be improved by specifying each pixel
accepted as alfalfa must be adjacent to another pixel accepted as alf~
alfalfa. (Farmers generally do not plant alfalfa in isolated one acre
plotsu)A

The ABIO factor was developed to be crop-specific for alfalfa and
is therefore, not useful with other crops escept to reject them as non-

alfalfa crops. The equations listed below from Table 1 are for plant
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height and fraction green times plant height.

H-A-ABTO: H = 7.18 (ABIO) + 3.41

where R2 .39 and F ='23'.1"‘*-’-'r
GH-A-ABIO: G x H.= 7.16 (ABIO) + 80.6

where R2 = .38 and F.= 22.6™%%
. The H-A-ABIO is perhaps preferableliﬁ view‘of its slightly higher
values for RZ and F. The ability of these equations to indicate plant
héight is strictly limited to alfalfa as shown by the values of R2 and
F for wheat and rangé crops indicated below (from Table 1):

H-W-ABIO: H = -6.3 (ABIO) + 9.6

where RZ = ,03 and F = .68 NS

H-R-ABION: H = 9.7 (ABIO) + 12.5
where RZ = ,04 and F = 1.74 NS
The ABIO factor performs as intended for alfalfa by indicating

biomass and fraction green. Tts ability to perform these functions

should continue quite well even under "difficult" conditions such as
partial snow cover and haze, etc., since that kind of 'noisy' data
was used in the development of the ABIO factor.

Limitations and Advantages of ABIO Algorithm

Complete testing of the ability of the H~A-ABIO eguation to
indiéate biomass for alfalfa has not been accomplished. However, the
equation has a fairly high R2 value of .39 and an exceptionally high
F value of 23.1%*, 1This F value is even more significant than the F

value for the H-A-12R equation using all possible ratios as reported
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in the next secfion. The biomass of alfalfa crops is desirable.infdr-,
mation, but most of the earth's biomass would remain unknown since
alfalfa represents only a very meager portion of the earth's total bio-
mass.

Perhaps . the most iﬁportant potential of the ABIO faéfor is its
ability to identify alfalfa through snoﬁ, haze, and other ﬁoise factors.
Use of the ABIO factor in this way needs furfher testing to détermiﬁe
actual reliability.

For good (pure) stands of alfalfa tﬁe fraction green'ié perhaps
best indicated by G #® ABIO. For mixed stands of alfalfa the G-A-ABIO
equation is possibly more applicable.

Development of Algorithms Using 12 Band Rgtios

It would seem reaSonablg that ali 12 ratios of data from the
satellite would correlate with changes in the observed crops. Multiple
linear regressién equitions using the 12 ratios (12R) were éalculated
on a computer.and are tabulated in Tables 1 ana 2. Pertinent'mztﬁﬁigal
information for these eéuations is listed in Table 3. The relative
importance of each of the 12 possibie band ratios, for indicating
fraction green cover or plant height on each of the three test plots,
is indicated by the order of magnitude of the t-tests in Table 3. The

tabulation below is determined from information given in Table 3 for




Table 2

Regression Coefficients for 12 Band Ratio Equations (Tabulated in Table 1)

Equation
- Code

G-A-12R
G-W-12R
G§R;12R'
G-R-12RA
G=R-12RN

H-R=12R

HeW-12R

H-A-12R

fi(lZR)
£,(12R)
£5(12R)
£4,(12R)
£5(12R)
f6(1éR)
£5(12R)

£g(12R)

s 6,723
+1,.292
+11.02
2 5.451
+3.246
- +1.674
2-2,934
+1,273
4,762
2=,5185
+,9494
-.9519
= ,8209
+4,058
+1.098
==105.3
-12,.62
-230.9
= 353.1
-448,5
+749.8
2=263,2
+97.65
-337.1

(5'77')
(7'74")
(4'/75")
(5'77")
(7'74")
4'75")
(5'77")
(7'74%)
(4'/75")
(5'/7")
(7'74%)
(4'/5")
(5'77")

£7'74")

(4'/75%)
(5'77")
(7'74")
(4'/5")
(5'77")
(7'74%)
(4'/75")
(5'77")
(7'74")

(4'75")

+1.820
-.1151
-3.302
-2.327
4,956
+1,763
-7.407
-2.758
+.2067
-1.427
-.8348
+.6421
-3.355
-3.661
+209,0
«77.18
-587.5

-77304

+286,3
-206,1
-81,72
-270.8
+5.654

(4

with Band Ratios

/6")
(6'/7")
(6'/5")
(4'/6")
(6'/7") .
(6'/5')
(4'76%)
(6'/7")
(6'/5")
(4'76")
(6'/7")
(6'/5")
(4'76")
(61/7")
(6'/5")
(4'/6")
(6'/7%)
(6'/5')
(4176")
(6'/7")
(6'/5")
(4'76")
(6'/7")
(6'/5")

-3.289
-7.644
~4,223
-1.151
-9.793
2,510
+.6279
5252
+2,893

-.03596 (4'/7') -1.928 (5'/6')

-1,161
+.3540
-1,679
-3.906
+1,081
=117.9
=60.11
+569,0
+178.5
-546.0
-168.7
+110.2
-209,6
+97.09

4'/7")
(5'74')
(7'/75")
4'77Y)
(5'74%)
(7'75")
4'77")
(5'74")
(7'75")

(5'/4%)
(775"
(4'77")
(5'74")
(7'/5")
(4'/7")
(5'74")
(7'/5")
(4" /7")
(5'74%)
(7'/5")
(4'/7")
(5'74")
(7'/5")

+8,978
4,416
-6,798
+3.063

+9,881

+,4960
=5,287
+4,759
=6,925

+1,771
-.5731
-3.603
+2,508
-3.745

(5'76)
(6'/4')
(7'/76")
(5'/6')
(6'74")
(7'76")
(5'/76%).
(6'74")
(7'76')

(6'74%)
(7'/6")
(5'76")
(6'/4")
(7'76")

-174.4 (5'/6")
+244,5 (6'/4')
-781.6 (7'/6")
+1037 (5'/6")
-356.3 (6'/4")
-406.2 (7'/6")
-183.2 (5'/6")
+178.1 (6'/4")
+124.6 (7'/6")

n69—




Regression Coefficients,
Independent Variables

t-Values and Ratic

Means for Equationé Having All 12 Band

63526

Ecuation Band Ratios
Cede 445 4/6 41 sl6 s/l &[T 5/% &/ L4 §/s . 15 s
G-A-12R +5.723 -4.576 -3.289 +8.978 +1.292 +1.820 -7.644 -4.416 +11.02 -.1151 -4%.223 -6.793
2 G-W-12R +5.451 -3.302 -1.151 +3.063 +3.246 -2.327 -9.793 49.881 +1.674 -4.956 -2.510 +,4580
S G-R-1ZR ~2.93&% +1.7863 +.6279 -5.287 +1.273 -7.407 -.5252 +4.759 -£.762 -2.758 42,823 -5.613
5 G-R-12RA -.5183 +.2067 -.03596 -1.928 +.94%4 -1,£27 -1.161 +1.771 ~-.9519 -.8348 +.355%3 -,571L
o G-R-12RN +.3209 +.6421 -1.679 -3.603 +£.058 -3.355 -3.906 +2.508 +1.098 -3.661 +1.081 -3.7=3
S H-R-12R  ~105.3 +209.0 -117.9 ~-174.4 -12.62 -77.18 -60.11 +244.5 -230.9 -587.5 +569.0 -75..¢
S B-%w-123 +333.1 -773.4 +178.5 +1037 -448.5 +286.37 -546.0 -356.3 +#749.8 -205.1 -1a%.7 -408.2
H-A-12R  -263.2 -81.72 +110.2 -183.2 +97.65 -~-270.8 -209.6 +178.1 -337.1 +45.65% 497,09 =12:1.5
G-A-12R  +1.323 -.5453 -.4351 +1.006 +.2133 +.2440 -1.186 ~-.4357 +1.306 -,0172L{ -.8296 -1.,2%9
G-»-12R +1.029 -.,5895 ~-.2914 +.3986 +.5906 -.2793 -1.885 +1.446 +.2248 -,95386 -,4757 =.0323%
= G-R-12R ~.9536 +.3923 +.2073 -.9938 +.3962 -1.184 ~,1430 +1.447 -1.177 -.9504 4+ .32-2 1,237
E G-R-12RA +.2343 -.09702 -.02268 -.6728 +.4595 -.5822 -.4536 +.6668 -.3085 -.392%4 +.1367 ~.133)
s G-R-12RN +.3161 +.2713 -.9239 -1.0i1 +1.374 -1.297 =~1.217 ~+.8385 =+.3244% -1,357 +.3055 -1.0%7
i H-R-12R ~.5725 +.8543 -.6690 -.61%9% -.05609 -.2342 -.2584 +1.302 -.9763 -3.576 .+2.516 -2.312
~ H-W-12R  +1.490 -3.086 +1.010 +3.016 -1.824 +.7683 -2.349 -1.166 +2.251 -.8865 ~-.7206 -1.l4l
"H-A-12R  ~2.021 -.3799 +.59£9 -.8007 +.6289 416 -1.268- +.6854 -1.559 +.03305 +.76217 = 021%
G- A 12R° 1.398 .8729 L9413 .6526 L7124 1,044 L7237 1.232 1.228 1.791 1.805 .94697
¢ G-W-12R 1.157 1.148 1.368 1.003 1.197 1.177 ..8728 .8822 L7548 1.026 ° .83%15 L8459
¢ G- R 12R 1.214 - 1.195 1.401 L9851 1.158 1.165 .8286 .8466 L7269 1,023 L8731 .852¢
= G-R-12RA 1.169 1.143 1.370 .9840 1.187 1.194 .8655 .8832 .7476 1.028 L8724 L8L1)
S G-R-12RN 1.168 1.140 1.365 L9817 1.184 1.192 . .8661 .8857 L7535 1.028 .8798 LSEL3
o H-R- -12R  1.239 1.199 1.400 L9679 1.130 1.159 .8108 .8650 L7300 1.0&1 .900% L8358
= H-W-12R 1.157 1.148 1.368 1.003 1.197 1.177 .8728 .8822 L7548 1.026 L8813 LBL3D
-A-12R 1.398 .8729 L9413 7124 1.044 .7237 1.232 1.228 1.791 1.803 L9637

oL =
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the-12'ratios:l/
For alfalfa fraction green, the most important band
ratios are 4'/5', 7'/4%, 7'/6', 5' /47, 5'/6".
For wheat fraction green, thé most.iﬁportant band
ratios are 5'/4', 6'/4', 4" /5",
For range fraction green, the most important band
ratibs.are_G;/4', 7'/6', 6'/7V, 7'/4".
It is interesting to note that band ratio 5'/6' is most important
(has the highest t-test value) only in the‘alféifa eqﬁatioﬁ. Ratié
6'/7; is likewise most important only in the raﬁge equation. Ratios
5'"/4' and 6'/4' are more important in the wheat equation than are any
of the other ratios in their respective equations. The above inform-
ation derived from the t-tests indicates a'strong.possibility for
unique equations using some or all of the 12 ratios to specify fraction
green for alfalfa, wheat, and range; | |
Simple linear equations that do not depend on absolﬁte'magni-
tudeé or calibration of the satellite instrumentation are desirable,.
Therefore, all possible ratios of the satellite data were retained fof
use in the equations. |

Excepf for equation G-R-12RN (the '"N'" in the equation code means

1/ 5170 46 equivalent to Band 5/Band 7. All primed numbers are band
numbers and the appropriate data should be inse;ted in their places...
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"no clouds" in the site area) all equations listed in Table 1 were
developed by regression of MSS data against ground data for dates when
cloud cover was "nmonexistent" or "probably thin". The similar equation
G~R~12RA was developed from "all" data which included data where cloudsA
were near the site and some.thin haze or cloud éover might exist over
the site.even though it was not detected by visual examination of the
associated iﬁagery. Apparently there was some ?undetéctable" haze or
cloud cover with nearby ciouds affecting Ehe data  since the RZ value of
.52 for equation G-R-12RA was lower than the value of .54 for R2 with
the G-R~12RN equation as tabulated in Table 1. Equétion G-R~12R had

an even higher value of R2 = ,67 because the 'no cloud" data were
Svither screened to-delete dafa which were not taken exactly ceﬁtered
over the test site.

Fracfion Green Using Band Ratios

Results-presented.in Table 1 indigate #hat relative data values
in a linear algorithm can give reasonably high correlation and highly
significant ¥ values (at better than .5 percent confidence levels) for
indicating fraction green on alfalfa, wheat and ;ange, Three of the
equations for indicating fraction green, identified in Table.1 by
codes G-A-12R, G-W-12R agd'G-R-lZR are as” follows:

Equation G-A-12R: |
G =+6.72 (4'/5') - 4,58 (4'/6') - 3.29 (4'/7') +8.98 (5'/6")

+ 1,29 (5'/7') +1.82 (6'/7") - 7.64 (5'/4') - 4.42 (6'/47)
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+11.02 (7'/4") - .11 (6'/5') - 4.22 (7°/5') - 6.08 (7'/6")
+1.382 with R2 = .70 and F = 4.93%** for n = 38,
Equgtion G-W-12R:
=+5.45 (4'/5') - 3.30 (4"/6") - 1.15 (4"/7") + 3.06 (5'/6%)

+3.25 (5'/7") - 2.33 (6"/7') - 9.79 (5'/4') + 9.88 (6'/4"

+1.67 (7'/4') - 4.96 (6'/5") - 2.51 (7 /5%) + .50 (7 /6 )

'+ .4516 with RZ = .52 and F = 2.95"* for n = 46.

Equation G-R-12R: )
= -2, 93 (4'/5 ) +1.76 (4! /6 ) + .63 (4 /7 ) - 5.24 (5! /6 )
+1.27 (5 /7 ) - 7 41 (6'/7') - .53 (574! ) + 4 76 (6'/4') -

~4.76 (7'/4') - 2.76 (6'/5') +2.89 (7'/5') - 6.93 (7'/6")

+19.12 with X% = .67 and F = 3.48% for n = 35.

Note: Primed numbers are band numbers and values to be entered are
mean radiance values for the bands.

The true test of the usefulness of any of thesé equations is the
closeness (correlation) of,thé ground obserﬁation data to theedgomi;hﬁ
results usiﬁg satellite data. Of the 15 fraction green equatioﬁs
1listed in Table 1, the fhree equafions refefenced above will correlate
most closely to the fraction green (ground data) as indiéa;ed by the
.higher R? and F values for these three'equétions. | |

Since these three algorithms are all éuite different from each
other, they might be used for crop identification or inventory. An

example of this procedure for'alfalfa is presented above with the ABIO




- 74 -
,algprithm. The G-A-12R équétion cduld.Be used 'in élace of the ABIO
algorithm,

An attempt was made to discard one ornmore of the least important
band rations according to the computea t-teéﬁs (Table 3) for each
regression coefficient in thex12 ratio equations. The resulting R2
value dropped dramatically. An examplg for alfalfa? wheat, and range

~is listed below.- Listed for comparison, prior'to each equation which
was developed using iess théﬁ 12 band ratibg, is an equation which was -
develqﬁed - from thersame selected data for all 12 band fatiés:
G-A-12RS (Alfalfa):

a

G, = 17.00 (4'/5") -20.00'(4'/6;) +3.814 (4'/7") + 24.25 (5'/6")

- 4,181 (5'/7") .01863 (6'/7') - 9.409 (5'/4'5 - 1.206 (6'/4")

+ 14.95 (7'/4")

4,951 (6'/5') - 5.167 (7'/5') - 7.653 (7'/6")

874, F = 13.37%* 4 = 36,

- 6.801 with R?
G-A-6RS (Alfalfa):

G, = 3.088 k4'/5') - 3.029 (4'/6") + 1.739 (5'/6') - 1.476 (6'/5")

+,5572 (7'/5"') - .7139 (7'/6') - .0750 with RZ = .615, F'=.7.73**f

n = 36. | |
"With the above equétions, reduction of the ratios used, from 12 to 6,
caused RZ to drop from .8?4 to .615.

A similér.procedure in selécting ratios based on computed t values

gave the following:
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G-W-12RS (Wheat): G = 3.137 G'/5%) < .7106 (4'/6") - 1.375_(4'/7')‘
| +1.444 (5'/6") + 2.521 (5'/7') - 1.459 (6'/7').
~8.404 (5'/4')48.572 (6'/4") + 1.520 (7'/4")
~4.528 (6'/5') - 1.276 (7'/5") - 1.b93 (7'/6').
+1.816 with K2 = 447, F = 2.42 *; n = 49,
G-W-5RS (Wheat): Gy = -.05798 (5'/6') + .5587(5"/7') + .7956 (6'/7")
- .1128 (5'/4') + .3700 (6'/4') - .2553
‘with R2 = ,355, F = 4.738%%%, 5 = 49
With the above pair of equations, reduction of the ratios used, from
12 to 5, caused RZ to drop from 4447 to .355.

The computed t values for selective reductioﬁ of the numﬂer of
band ratios (used to SPécify fraction greén) for rdangeland gave the
following results: .

G-R-12RS (Range): Gy = -.2345.(4'/5') - 1.754 (4'/6%) + 1.410 (4°/7")
- 1,116 (5"'/6%) + .3459 (5'/7') -2.368 (6'/7")
- 4991 (5'/4') +3.775 (6'/4") - 3.965 (7'/4")
-'1.457.(6'/5') + 1,361 (7'/5') + 1.176 (7'/6")
+3.375 with R2 = 504, F = 3.73%**, n = 57
G-R-3RSS (Range): Gy = - 1.609-(4'/6') +1.027 (4'/7') +1.995(7'/6")
- 1.072 with R2 = .395, F = 5.658%"*, n = 30.
With the above pair of equations,.not all data used to develop the
twelve ratio equation were used to develop the three ratio equation.

The reduction im RZ was so great that some of the questionable range
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data were omitted to improve the R2 value. The improvement was still
not enough to make the three ratio equation useable.

In general, the computed t test for each coefficient in the
twelve ratio equations can be_used to cull out a few of Ehe twelve
ratios. .However, for all thfee .rerops, the ﬁalue for R2 bécome s0
much worse that the effort to leave out some oflthe ratios is not
justified. The 6, 5 andl3'ratio equations are not redommendéd for
use. They were obtained by using specially selected data and are
included only to indicate the desirability of including.all 12 rétios

in the eguations.

Plant Height and Biomass Using Band Ratios
.Regpession equations were computed comparing satellite data to- 
plant height and fraction gréen times height. These heightleqﬁations
(in inchesj Tisted below for alfalfa are extracted from Table 1. .
H-A-12R (Alfalfa): H = - 263.2 (4'/5') - 81.72 (4'/6") + 110,2(4'/7f)
- 183.2 (5'/6') + 97.65 (5'/7%) - 270.8 (6'/7%) -~ 209.6
(5'/4") +178.1 (6'/4") - 337.1 (7'/4") + 5.654 (6'/5")
+97.09 (7'/5') + 124.6 (7'/6') +717.1
where R2 = ,556, F = 2.61%, n = 38.
H-W-12R (Wheat): H = 353.1 (4'/5') - 773.4 (4'/¢") +178.5 717"
| + 1037 (5'/6') - 448.5 (5'[7') +286.3 (6'/7") - 546.0
(5'/4') - 356.3 (6'/4%) +749.8 (7'/4") - 206.1 (6'/5")

- 168.7 (7'/5") - 406.2 (7'/6") where RZ2 = .524, F =
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3.03%%, and n = 46.
H-R-12R (Range): H = - 105.3 (4'/5") + 209.0 (4'/6') - 117.9 (&'/7")
- 174.4 (5'/6") - 12.62 (5'/7') - 77.18 (6'/7') - 60.11
(5'/4") + 244.5 (6'/4') - 230.9 (7'/4") - 587.5 6'/5")
+569.0 .(7'/5') - 781.6 (7' /6 ) +1105 where B% = ,755,
= 2,82%, and n = 24.

Limitations and Advantages of 12 Ratio Equations

Of all the ratios listed in Table 1, the 12 eatio equations

~ gave the highest.R2 values,. The only equation specified previously
which gave a greater R2 was the G=-A~ABTOS equation which gave an R2
of .926 on selected stands of relatlvely '‘pure" alfalfa.

Equations G-A-12R, G-W-12R, and G-R-12R are good for detecting
the fraction green for alfalfa, winter wheat, and range, respectively.
This is also true for the height equations H-A-12R, H-W-12R and
H-R-12R. These equations are crop specific and should not be expected
+to work well on all crops, bgt they cedld be used as greeﬁ and brown
wave indicators for their respective crops. |

The exact relation ef biomass to plant height‘or fraction green
times height is.mot specified here. Further study would be required
to spe01fy the exact relation for each crop. However plant height
or fractlon green tﬁmes helght should be expected to give a. relatlve
,indication of biomass.

Although thejIZ ratio equations afe'slightly more complicated
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than some of the other equations, they give consistently good
results., The height and fraction green equations could be used in
a computerized crop identification and inventory system proposed in
‘, the summary which foiléés. In general, the 12 ratio equations main-

tain higher R2 values for data near the limits of the data range,
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SUMMARY AND CONCLUSIOﬁS
Sevéral;algorithms‘were developed utilizing satellite.data frmm.

-the foﬁr ERTS-1 bands (data channels)-to determine fraction green,
plant height and fractign green times plant heightr The equations
were developed by using as many ground trufh samples as possible

from all sites in the Rocky Mountain and Columbia Vailey Corridors.
"This introduced additional_noise into the system, but the resulting
algorithms should be more useful on a broad scale. .Applications of
the fraction gregn‘algérithms utilizing the satellite daté include:

1. Determination of fraction green cover resulting from
foliage on the land surface.

2. Timing of the passage of the green wave northward in )
spring and its recession (brown wave) southward in autumn.

3. Detérmination of the time between green and brown wave
passage (growing season).

4., Crop identification and inventory.
Applications of the plant height algorithms include:
1. ‘A rough indication of relative biomass.

2. Crop identification and inventory when used with fraction
green algorithms.

An application of the fraction green times height equations is to
provide a rough indication of relative biomass.

Fraction Green, Green Wave and Growing Season

' Determination of fraction green for all foliage in general can
be accomplished by employing the equation devéloped for winter wheat

using BRP i.e., G = 1,19 (BRP) + .2679. This equation is not as crop
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specific as the other types of equations and it fits.quite'well
between the values for alfalfa and range at lower values of fraction
green-as depicted in Figure 29. Its use at higher values of fraction
green would be'queétionable.
Assuming the green wave or ‘brown wave occurs when the landscape

is one-tenth covered by green foliage, the value for the BRP at gréen

Band 7 - Band 5
Band 7 + Band 5°

wave occurrence is BRPgy = -.141 =

For the detection éf the gfeen or brown wave resulting from
other crops, the appropriate crop-specific equation frdm Tables 1
and 2 should be used. For alfalfa, either the G-A-ABIO .or the
G-Ar12R‘equation if satisfactory. For pure stands of alfalfa, the
equatioﬁ G = ABIO is appropriate. For wintef'wheat, the G-W-12R
equation is suitable. If a simpler equation.is needed fﬁr'wheat,
the G-W-BRP is not as good, but is adequate. The equation G-R-12R
should be used for rangeland. It is doubtful that the equation
G-R-BRP Would be satisfactory due to its very low R? value.

Figures 9 through 28 are graphs of the ground truth data
(taken every sixth day) for fraction green on alfalfa, winter wheat,
and rangeland. The fraction green algorithms for each crop should
be gxpected to produce results equivalent to these figures if enough
samples of satellite data are available. These graphs also clearly
identify the growing season (see Appendix 2) for each crop. How-

ever, the ERTS-1 data available for this investigation could not have
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"exactly" duplicated all of Figures 9 through 28 since the satellite
data were takén only on every eighteenfh day and an average of 61
percent of the satellite data were not useful because of cloud cover.
(See Appendix 2.)

Plant Height and Biomass

Plant height for alfalfa can be determined by using the sat=-. .
ellite data in the H-A-12R or the H-A-ABIO algorithms listed in
Tables 1 and é. For winter wheat the most appropriate equation is
H-W-12R. The H-R-12R is likewise the equafion most applicable for
plant height on rangeland. These fouf equations can be expected té
'givg only a relativé iﬁdication of the biomass for each crop.

Tﬁe fraction green times plant height equation GH-A-ABIO,
listed in.Table 1 can aIso-be expected to provide a relative indi-
cation of biomasé for alfalfa. Other equations could be generated
by multiplying the: |

G-A-12R equétion by the H-A-<12R gquation,

G-W-12R equationlby the H-W-12R equation,

, é-R-lZR‘equation by the H-R~12R equation.

Crop Identification and Tnventory

As indicated in the section entitled 'Development and Use of . the
ABIO Algorithm", a fraction green equation by itself could be used
undér certain circumstances to identify and inventory the acreage of

a certain crop. At best; this method would only be applicable
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for alfalfa. Either equation G—A—AﬁIO or G-A-12R (from Tables 1 and
2) could be used to determine fraction green from satellite data
taken when the alfalfa crop’Was known to be mbre than ‘12 inches.high.
Agcording to Figgre 33, the fraction green for such a crop would be
' near 1.0. Thus, any pixel of satellite data which gave a fractidn
green ﬁear 1.0, when using either of the above ﬁamed equations, would
be counted as alfalfa. There are several‘pfoblems with the above
system, but one major problem ié obtéining satellite information on
a date.when the crop is more than i2 inches high.

The same system could be used with wheat and range, but the
fraction greéﬁ never reaches 1.0‘aﬁd determination of fraction green
over broad areas would be difficult. However, this problem could be
overcome if the plant height'ﬁere évailabie'(from ground truth
sources or phenological history) and Figure 33 could then indicate
the relation.between fraction green and plant height.
| A more appropriate method requiring only sateilite‘data'would
be to use algorithms for fraction green and plant height simultaneously
on each pixel or group of pixels. This method does not reqpire that
the height of the crop be krown, as in the above method, but would
use satellite data to determine both height and fraction green. A
"calibration curve' for each crop would be required, such aé the .
three curves in Figure 33. Then thé value of fraction éreen and

plant height from any pixel must fall on or near the calibration -
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curve for that-crob.' Eor example, if‘it ié desired to know the total
acreage of wheat in a certain area, satellite data for that area is
injected into algorithms G-W~12R and H:W-IZR'to determine which pikels
produce points falling on. or near,the wheat curve in Figure 33, This
system can function even though the crop never produces a fraction
green cover of 1;0 and ground truth or phenological history is not
available indicating plant height, The reliability of both methods -
proposed above has not been adequately tested, but the methods shoo a
feasibility for determination of crop identity and acreage from ERTS-1,
This investigation has provided some definite and some pos-
'51ble answers to the question of what ERTS 1 satellite data can to
to provide certain phenolog1ca1 information about plants from approx-
imately 500 miles away. For the three crops, irrigated alfalfa, dry-
land winter Wheat and rangeland, methods have been presented whereby
satellite data will indicate the fraction green ground cover and plant
height., Furthermore, the feasibility exists whereby these crops may
be identified and inventoried from satellite data. The ability of
these equations to rejeot‘data from pixels where the sobject crop does
not exist needs further'testing. Will the G-A-12R equation reject
clover? Will the G-W- 12R equation reject barley and other simall -grains?
Perhaps not, but equations presented in this investigation will almest

_cerhainly differentiate between alfalfa, wheat, and rangelando
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Site Location, Altitude,
Satellite Overpass Schedule, and
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ROCKY MOUNTAIN CORRTIDOR

*Actual Overpass Date

Montana:

" Browning (48°44'N, 113°11'W)
480q Feet
bares

November 2, 8%, 14, 20, 26%
December 2, 8 14%, 20, 26
January L%, 7, 13, 19%, 25, 31
- February 6%, 12, 18, 24%
March 2, 8, l4%, 20, 26
“April 1%, 7, 13, 19%, 25

May 1, 7%, 13, 19, 25%, 31

Montana:

Logan (45°47 N, L1L°27'w)
432q)Feet
Date

Ocrober 31

November 6%, 12, 18, 24%, 30
December 6, 12%, 18, 24, 30%
January 5, 11) 17*,. 23, 29
February 4%, 10, l6, 22%, 28
March 6, 12% 18, 24, 30*
April 5, 11, 17%, 23, 29

l'd aho:

Camas (43°58'N, 112°18'W)
4800 Feet
Date

October 31

November 6%, 12, 18, 24%, 30
December 6, L2*, 18, 24, 30%
January 5, 11, 17%, 23, 29
February 4%, 10, 16, 22%, 28
March 6, 12%, 18, 24, .30%
Apri{l S, 11, t7%, 23, 29

Utah:
Gnowz%lle (41 59'N, 112°39' W)

Ddte

October 31

November 6%, 12, 18, 24%, 30
Becember 6, 124, 18, 24, 30%
Janonary 5, 11, 17%, 23, 29
February 4%, 10, 16, 22%, 28
March 6, 12%, 18, 24, 30*%
April .5, 11, 17%, 23,29

~Time of Overpass ~ 1056 LST
Date )

June 6, 12*%, 18, 24, 30%
July 6, 12, 18%, 24, 30 .
August 5%, 11, 17, 23%, 29
September 4, 10%, 16, 22, 28%*
October 4, 10, l6*, 22, 28
November 3%

Time of Overpass ~ 1045 LST
Date

May 5%, 11, 17, 23%, 29
June 4, 10%, 16, 22, 28%
July 4, 10, 16%, 22, 28
August 3%, 9, 15, 21%, 27
September 2, 8%, 14, 20, 26%
October 2, 8 14%, 20, 26
November 1*

Time of Overpass ~ 1046 LST
Date

May. 5*%," 11, 17, 23%, 29

June 4, 10%, 16, 22, 28%
July 4, 10, 16%, 22, 28
August 3%, 9, 15, 21%, 27
September 2, 8%, 14, 20, 26%
October 2, 8, l4*, 20, 26
November 1%

Time of Overpass ™ 1047 LST
Date

May 5%, 11, 17, 23%, 29
June 4, 10%, 16, 22, 28%
July 4, 10, 16%, 22, 28
August 3%, 9, 15, 21% 6 27
September 2, 8%*, 14, 20, 26*
October 2, 8, 14%, 20, 26
November 1%
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ROCKY MOUNTALN CORRTDOR

*Actual Overpass Date

ptah:
Kanosh (38°49'N, 112°33'W
- T 4760 %t. > )
Date

October 30

November 5%, 11, 17, 23%, 29
December 5, 11*, 17, 23, 29%
January 4, 10, 16%*, 22, 28
February 3%, 9, 15, 21%, 27
March 5, 11%, 17, 23, 29%
April 4, 10, 16*, 22, 28

Arizona:

Date

October 30 .

November 5%, 11, 17, 23%, 29
December 5, 11%, 17, 23, 29%
January 4, 10, 1é6*, 22, 28
February 3%, 9, 15, 21%, 27
March 5, 11%, 6 17, 23, 29%
April 4, 10, 16%, 22, 28

Time of Overpass ~ 1041 LST
Date

May 4%, 10, 16, 22%, 6 28

June 3, 9%, 15, 21, 27%

July 3, 9, 15%, 21, 27

August 2% 8, 14, 20%, 26
‘September 1, 7%, 13, 19, 25%
October 1, 7, 13%, 19, 25, 31%

Coloraao City (36°59'N, 112°59'W) Time of Overpass ~ 1030 LST
4950 Ft, ‘

Date’

May 4%, 10, 16, 22%, 28

June 3, 9%, 15, 21, 27%*

July 3, 9, 15%, 21, 27

August 2% 8, 142 20%, 26
September 1, 7%, 13, 19, 25%
October 1, 7, 13%, 19, 25, 31%
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COLUMBIA CORRIDOR

*Actual Overpass Date

Muntana:
Havre (48°27'N, 1.09°47'W)
2900 Ft,
DaLe

October 3]

November 6%, 12, 18, 24% 30
December 6, (2%, 18, 24, 0%
daovuary 5, L, 17%, 23, 29
Fobruary 4%, 10, 16, 22%, 28
March 6, 12%, 18, 24, 30%
Apritl 5, 11, 17%,-23, 29

Montana:
Charlo (47°27'N, 114°09'W)
. 3030 Ft.
: Date
November:3, 9%, 15, 21, 27%
December 3, 9, 15%, 21, 27
January 2*, 8, 14, 20%, 26..
February 1, 7%, 13, 19, 25%°
March 3, 9, 15%, 21, 27
April 2%, 8, 14 20%, 26
"May 2, 8%, 14, 20, 26%

Ldaho:
flelmer (46°50'N, 116°27'w)
2910 Ft,.
Datd

November 4, L0*, LG, 22, 28%
December 4, 10, 16%, 22, 28
January 3%, 9, 15, 21%, 27 |
February, 2, 8%, 14, 20, 26%
March 4, 10, 16%, 22, 28
April 3*, 9, 15, 21% 27
May 3, 9%, 15, 21, 27%*

Washington: :
Bickleton (46°03'N, 120°13'W)
3000 Ft.

Date

October 31

November 6, 12*%, 18, 24, 30%
December 6, 12, L8%, 24, 30
January 5%, 11, 17, 23%, 29,
February 4, 10%, 16, 22, 28%
March 6, 12, L8*%, 24, 30
April 5%, 11, 17, 23%, 29

Time of Overpass ~ 1045 LST

Date
May 5%, 11, 17, 29%, 29

June 4, 10%, 16, 22, 28%

July 4, 10, t6x, 22, 28
August 3%, 9 15, 21%, 27
September 2, 8%, 14, 20, 26* °
October 2, B, 14*, 20, 26
Novamber 1%

Time of Overpass v 1056 LST

Date

June 1, 7, 13%, 19, 25

July 1%, 7, 13, 19%, 25, 31
August 6%, 12, 18, 24*, 30
September 5, 11%, 17, 23, 29%*
October 5, L1, 17*, 23, 29
November 4%

Time of Overpass ~ 1002 LST

June 2, B, 14%, 20, 26

July 2%, 8, 14, 20%, 26
August 1, 7%, 13, 19, 25%, 31
September 6, 12%, 18, 24, 30%
October 6, 12, L8%, 24, 30
November 5%

Time of Overpass v 1019 LST

Date

May 5, 11*, 17, 23, 29%
June 4, 10, 16%, 22, 28
July 4%, 10, 16, 22%, 28
August 3, 9%, 15, 21, 27%*
September 2, 8, 1l4*, 20, 26
October 2%, 8, 14, 20%, 26
November 1, 7%




Appendix 2
Usefulness Rating of Satellite Imagery and.

Site Clarity




. Site
Designator

RM-1
. RM-2]
RM-3
| RM-4
RM-5
. RM-=6
cv-7
ev-8
 Cv-9

Cv-10

‘10

15

20

15

"5
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Site Clarity for 1973 Growing Seath

Growing

Season .

Mar

Mar

Mar

to

to

to

to

to

- to

to
to

to

‘to

1

20

15

20

30

30

10

30

15

5

Oct

Nov

Nov -

Nov

Nov

Nov,

Nov

Nov
Nov

Dec

Clarity

# of Over- # of Totally

pass Dates Clear Imapes* .Factor
9 4 419

13 3 3/13

| 12 3 3/12

13 8 8/13

13 9 9/13

16 6 6/16

12 5 5/12.
1% 2 214

14 5 §/14

15 5 5/15

* Visual inspection of images indicated no clouds, haze; or

system malfunction were in area of test site to degrade quality

or visual clarity.
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Usefulness Rating of Satellite Imagery
Relative quality determinations include these three categories:

++ Good,'thg‘image includes tﬁe test site-and is of
high quality with little or no ¢loud cover

+ Fair, the image includes the study site but the

photography is of low quality or contains excessive
cloud cover '

- or -- Poor, the image is of little or no value due
to poor clarity at the test site or malfunctions in
the data acquisition system

RM-1 Site: . ’
Satellite Clarity in % Cloud
Overpass - Vicinity of Cover on the
Date Test Site Totgl Imagery
8-58-1972 =+ 0
9-15 ; - 75

10-3 + o 5
10-21 S : 3 50
11-8 +“+ . 50
11226 ie | “ 80
12-14 + 20
1-1-1973 | e 100
1-18 . + : 50
1-19 ++ S .20
2-3 - | 80

2-6 : o+ 0
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Site RM=1 (Continued):

Satellite Clarity in ~ % Cloud _
Overpass Vicinity’of Cover on the
Date _ Test Site Total Imagery
22421973 - e | . .50
3-13 - -- o 65
34 4 © o so
3-31 . - - ' 50
41 i- o - 55
4-18 - ++ 20
419 . - " Co 90.
s - 35
5-7 R - 50
5-24 - | s
=11 + trace ,I
6-12 _ - ' .40
6-29 - B 10
6-30° - 75
T 7-17 - 80
7-18 o+ ' 0
8=5 - ” 60
9-10 | ++ § 1
9-28 +H 0
10-16 - - | 65

11-3 _ - 75




Site .RM-2:

Satellite Clarity in % Cloud
Overpass Vicinity of Cover on the
Date . Test Site. Total Iwagegxl‘
8261972 4+ . ' trace
9:13 - : 0.
19;1 . | ,.' + trace
116, ' + o 0 .
1124 . | 80
12-12 s - _" | S0
12-30 ‘ Ho 10
1-17-1973 4 10
2et -- 65
2-22 =+ | 0
3-12 . L _ trace
3-29 +- | 30
3-30 + 45
417 - | 80
55 - 60
6-9 -+ 45
6-10 - - 70
627 4. 60
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6-28 + . 20

7-15 I : 10
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Site RM-2 (Continued):

Satellite Clﬁrity in . 7% Cloud
Overpass . Vicinity of - Cover on the

- Date Test Site Total Imagery ' .
7-16-1973 ++ . 5
9-8 | -- 95
9-26 - _ 5
10-14 ++ - 65

11-1 ‘ - 85
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© Site RM-3:

Satellite Clarity in

Overpass .  Vicinity of

. Date - Test Site’
8-26-1972 -
913 i
| ip-i_ ) o | -
1041 S
T o -
- 11-24 T ee
Ci2e12 _ -
12-30 .
"igs36",‘-i e
1-17-1973 -+ ;5
- 2-4 - -
24 . . e
2-2é‘ . o : '?‘
3-12 . ; | +
3-12 o Coa
._"3':_‘30' o | S,
3-36., S o
417 . -
s.s -

5.5 . - - =

% Cloud - -
Cover on the

. . Total Imdgery

.5
0
50
30
" 70
60
45
.70
70
70
85
85
25
75
20
20—’
.5q
80
60

40
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Site RM-3 (Continued):

Satellite Clarity in % Cloud

Overpass Vicinity of . Cover.on the
Date ' Test Site . "Total Imagery
5§23419i3 - o
5.23 . 80
6-10° o+ w0
628 . - s
7-16 o+ 20
9-8 = -- ' 95
9;26 | -+ 5
10-14 | + 10
10-14 L - 0
11-1 | - o 45
11-1 S 75
11-10 B , 90

Where duplicate dates exist above, successivé samples of the
satellite imagery overlapped enough to provide duplicate

coverage‘of the test site on the same date.
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Site RM-4:

Satellite
Overpass
Date

8- 7-1972

© 9-13
.'9730 :
10,1".
) 10-18
12
 11-§
11-23°
11-24
C12-11 -
12-12
12-29-

12-30°

1-17-1973

2.3
2-21

. 2%22,4

- 101 -

’Clarity;in .. % Cloud
Vicinity of Cover on .the
‘Test Site_"- Total Imagery ‘“
':'++ | 0’
‘- -10
" s
+ 5
-t . 0.
o o
- 60
e :75;
- o8
- 0 -
++ 5
- 30
Fe - 0!
. 90
o+ 60
-;. 20
- 40
.- 30
+ ib
+ 10




Site RM-4 {(Continued?:?

Satellite
Overpass

- Date
3-11-1973
3-12

3-29

3-30

416

5=22
5-23
6-9
6-10
6-27
6-28
7-15

7-16

9-26

10-13

- 102 -

Clarity in
Vicinity of
Test Site

-+

IR

+

ps

% Cloud
Cever on the

Total Imagery --

~ 100
40
75
25
45
85
85
20
o
30
s
25

5
45

25
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xSite'RM-é-(Codtiﬁued):
Satellite ~Clarity in L ,i Cloud

Overpass . Vicinity of =~ Cover on. the -
Date "+, Test Site . Total Imagery -

10-14. . ..o
10-31 e T 00

B A




Site RM-5:

. Satellite
. Overpass

87-1972 -

Date

 8-25

9-12

9-30

10-18

. 1le5,

" 11-23

12-11

12-29

© 1-16-1973

- 104 -

Clarity in

Vicinity of .
Test Site

A+

+

% Cloud
Cover on the

Total Imagery.

0
75
0
50,
05
. o
30
40
80
95
95
95-
75
80
35
0
10
15
‘ t;ace

60 .




Site RM-5 (Continued):

Satellite

Overpass
_Date

6-26-1973

6-27
-7=14

7=15

9-7

10-13

10-31

e . S I >

Clarity in
Vicinity of
Test Site

++

% Cloud
Cover on the .
Total Imagery

0

10

25

25




Aedoaudl,

lsite RM«6:

Satellite
Overpass

" Date

© 8=7-1972

' .8525A.l
9-12
$9-30
L io-iS, h
115
11-23
12411
12-29
| 1-16-1973
2-3
3-11
329
416
5l
5-22
iﬁ.gﬁ?'
U e27
 7¢15

9.7

- 106 -

Clarity in
Vicinity of .
"Test Site - -

++ .

-

o

2 Cloud - _
Cover on the
Total Imapery
0
..95
5
3.10
.;.95
40 -
45
35
- 255'-
40
90
%
.1 "
5
35

10

25

.10
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Site‘RM-G (Contiﬂded5:~

Satellite
- 0vgrpass
Date.

" . '10-13-1973 -

10-31

Clarity in

Vicinity of

" .Test Site

: ++. 

i

% Cloud

"-Cover o

n the-

Total Imagery :

.. 0 .‘ "

0




Site CV-7:

Satellite

. Overpass

-Date

8-25-1972

'8-26.

9-13

930

10-1 -

10-18

L1125

11-23

‘1124

12-6

12-11"

12-12

12-29

12430

1-16-1973

_‘273_

2=21

©2-22

- 108 - .

Clarity in

Vicinity of -

‘Test Site
'.*.+

-+

% Cloud:

- Cover on the . . ..

. 'Total Imagery

10
.
95
'-. 5.
20
55
T
100
50
55
20
95
50

95

10
35

70




. . Site CV-7 (Continued):
Satellite
Overpass
Date
3-11-1973
3-12

. 3-29

6-10
6-27
6-28
715

7416

9.7

~ 109 -

Clarity in
. Vicinity of
Test Site

++

£t

+

T 1

+ o+

-t

. % Cloud

Cover on .the
Total Imagery -

35
5
10
10 -
40
© 55
75
45
5
10
50
40

20 -

25
90

85

55




Sité'CV-7kaontinued)E

Satellite

« 110 = -

Clarity in
. Overpass . .Vicinity of . .
Date . Test Site
©10-14-1973 -

10-31 - - .

"% Cloud -

Cover.on the

Total Imagery
55

70
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Site CV-8:.
‘Satellite Clarity in % Cloud

Overpass ‘Vicinity of Cover on the
D&te o y”Tbst Site " Total Imagervy"

. 8-10-1972 - 4+ By
10
0

9+15 15

+
+
829 f""' - o+ ‘-' .5
-
10-3 +
B N
L1022 . . - os0 |
il;é“ L. " 95
7 - . 43
12-14 - 60
1-2-1973 " o - 10
1-10 . - es
'ié19 ' :' _  :' _',: 75
:1-29 o SRR w0
26 - e 50
27 - 1_ . H ‘1" B 0
2e24 S

34 -- 100
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Site CV-8 (Continued):

7% Cloud

Sdtellite Clarity in
Overpass Vicinity of Cover on the
Date Tgst Site Total Imagery
3-14~1972 L 100
4-1 -- 95.
4-19 + 50
5-7- - 80
6-11 | - 50
6-12 - 30
6-30 S 30
7-18 ++ 5
7-19 . trace
9-10° - 5
9-26 ++ 0
9-28 - 0
9-29 ++ 0
10-16 , - 50
+ - 35

-11-3




| Site CV-9:

Satellite
Overpass

Date

8=11-1972

'8-12
829
830
' 9-16
' 9-17
10-5
10-22

10-23

11-10
11-27
11-28
"12-15
12-16
,142n197é
1-3

1-21

2«26

bu2

Clarity in
Vicinity of
Test Site

L

t f t

% Cloud

- Cover on the
Total Imagery

0
5
5
5

85
50
0
50
45
55
45
0
90
100
10
35 .

40

. 10"..

80
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“ ,S£te CV-9 (C&ntinued);.ga
,'Sateiiite ‘:QIarity in
. Overpass’ ‘Vicinity of "

Date A "Test Site.
A473-1973 ,.f oy
bt 4
5-9 | . .-
5-26 | -n'. ST

',5-27: S 4

613 -
6514 o -
‘ ?ez N '-" .-
7.9
7e20 TS
9-12 o ++
9-26 S
9-29 . ++
9-30 R -
10-10 - 4
_10-17,.- 2: ++
16;18:- o

S

. % Cloud ,
. Cover on the ,
Total Imagery .-

10
80
,‘5 O
55
75
_126_
50
95
80
_' -tra'c"e.

100

75

25

'35

85 .




Al i,

. Site CV-10:

Satellite
Overpass -
Date '

| 814-1972
9-1
" 9-19
‘;1b-7.
10-25 .
i;;f2~-
5;1-30f
12418 .
1-5-1973
1-23
3418
_'a%s'l
4-23
. .5-11
5-29
6-16
74
'7f22_
._7;é7f,

8-14

- 115 -

Clarity in.
Vicinity of

Test Site

EEE

+

L

+

t 1

SN

% Cloud

. Cover on the

. Total Imagery -

.85
0
35

0

i

..50ru-
95 1'

': 85"

75

25

30

30

40

60

© 10

10 -

85

Sl
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‘Site CV-10 (Continued):

Satellite Clarity in -
Overpass . Vicinity of
.Date - Test Site
9-14-1973 -

10-2 -

10-20 ) -

11-7 . -

% Cloud
Cover on the

Total Imagery -

40'1
.5
50 .

95 -




_Appendix 3

GreenvCovef and Plant Height Ground Truth




Information on Plant Height and Percent Green for Alfalfa, Wheat
and Range in the Rocky Mountain and Columbia Valley Corridors

Plant héight measurementé were initiatea for éll three subsites
at each of thele sites with tﬁe onset of green grqwtﬁvin thé létg
wintér.or spring of 1973 and were continuea thfoughoqt the 1973
growing season, " These ﬁeight measurements were made by the obser-
vers at the time photégraéhs were .taken, .Thus, informat105 oh
pianf'height is usually available at 6=day intervals. ‘While these
height measufements,refleqt the average height of the plants in
the field, observers sometimes reported‘é range of heights and
these are given in the tables as reported. |

'Tables 1—30 list‘tﬁe height of the crops for éach of éhe
three subsites at all 10 sites in the Roéky Mountain and Columbia
Valley Corridors. Also included in the tables is tﬁe gésociatéd
percent of the foliage th;t'was,green (percent gréén) as eiplainéd
in another section wheré ﬁore complete inférmation on percent
green. is giveﬁ. Ipformation on percent green, listed along with
plant height in these ‘tables, could be helpfu¥ in evaluating the
probable height of plants during periods when height méasurements
are not recorded.

"plant height" times '"percent green" serves

The product of
as én "Index of Green Biomass" (not included in these tables)
which is one of the variables in some of the regression equations

reported elsewhere in this report,
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The date of obsef?ation is gi?én in cﬁlumn i. Plaﬁt‘heiéht
as measured by the observer, and notels ﬁade at the éime, are
given in column -2, Percent green is given in column 3,

fables 1-10 give blant height and percent green for alfalfa
at each of the 10 sites in the Rocky.Mountéin and Columbia Valley
Corfidors except for Site CV-9 where meadow is used instead of |
alf&lfa. Tables i1-20 give plant height and percent.green for
dryland,wiﬁﬁer wheat at qllhsités.in the Rocky Mountain'and Col~
umbia Valley Corridors ekcept-fof Site RM-1 where dryland spring
barley is gfown instead of wheat. Tables 21-30 give plan£ height
' and pércen€ green for range at all 10 sites in'thé Rbcky Mpuqtain
and Coluﬁbia.VQIIey Corridors.

As a very rough'estimate, Index of Green Biomass times 10~3
'is equivalent to tomns of harvestable alfalfa on the field.

For wheat, a very rough conversion is thé highest Index of
- Green Biomasé attained during the_gfowipg_season times 10'? is

equal to final yield of dryland winter wheat in bushels per acre,’

Al
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Table . l: Plant Height .and Percent Green .for'Alfalfa at Sit;-z RM-1

' ‘_.Dat:_e - ) o -H.eight .(Ipchég)" o 'Perc;ént Green.

Sl ;s;jf‘ gl U sy
5-13-73 T | . S 11.0
5419-730 T - j." 3 . ST s

26 o s T 75,0

6- 673 s L 92.0
6-18-73 e P

6-24-73 Lo 12 T v . 95.8

7= 673 S - os.8

7-12-737 . st 95.0°
S7-18-73 -0 T e L 33.0

730473 . - . cue A 12.0

Lveesa73 s Lo 130

8-11-73 - 6. - . 1o
8-17-73 . - 8 B © 30.0.

8-23-73 ' L . ) cut & grazed . 19.0.

1 8-29-73 . - . - . grazed : : . 10.0

9- 4-73 . . " no new growth - . 4,2

. 9-10-73 : . no ne'w' growt}; o 3.4
9-];6-.'73 . . o ~ no new growth | . 5.2
9-22-73 o Co no new growth 64
9-28-73 ' l . no new growth 4.4

110-"4-73, .  .no new growth : 2.6
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Table 1 (cont.) Alfalfa at Site RM-1

Date

© 10-10-73

10-16-73

10-22-73
'11; 9-73
11e15-73
11-21-73
11-27-73

12- 373

Helght (Inches)

no new growth

no
no
no
no'
no
no

no

new

new
ﬁew
new
new

new

growth

growth
growth
growtﬁ

growth

growth -

groWﬁﬂ

Percent Green
4
1.8

4
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Table 2: PiantﬂHeight'and Percent Green for Alfalfa at Site RM;Z

bate .- o . eight (Inches) .-' Percent Green

S O T S

o ?-30-73 S S
C4-05-73 ' . 1 o . .8
4-11-73 . I . o _ 1.8
4-17-73 AR I g -  : 6.2
' '4{23L%3'; , ‘,' L 1.15". , o ‘. TR 6.0
42973 L ST ' " 8.0

s-sa3 - 2 L S - 19.00
"_5-11775, ' L D2k . ._‘ :_-:' 32,0
.. 5-17-73 I s - ek

5-23-73 . c9 3 o 87:0 
Cse29-73 . S o - 9.0
6- 4-73 o 17 . 99.0
6-10-73 . 21 . T g0
6-16-73- . . o4 L 99,0
6-22-73 | _ . 28 o o 99.0

© . 6-28-73 , .30 : ' 99.0°
e 473 - cut - a 15.0°
7510-73f' K S eur 3 S VAN

L 7-16-73 7 et S 35.0
e T T o 74.0

7-28-7% . . 16 .. 92.0
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Table 2 (cont.) Alfalfa at Site RM-2

Date -
8- 3-73
3;15-73
8-27-73
‘9- 2-73

. 9- 8-73
9-21-73
9-26-73

10~ 2-73

10- 8-73

10-14-73

10-20-73

'11-19-73

11-27-73

Height (Inches)
23
26

cut

Percent Green )
99.0
99.0
44;0
30.0
39.0

79.0

96.4

98.2

95.6
3.6.

2.6
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Table' 3: Plant lleight and Percent Green for Alfalfa at Site RM-3

Date ': . ‘ .Hetfght (Inches) ' Percent Green

4-17-73

[Nl

1.0

4-23-73 ‘ !

_. [N

10.0

2913 2 : e - 15.0
5-5-713 - S 4 ’ : 2.0
5-11-73 . . o 5 _— . 34.0 -
5-17-73 Sy ' . S 630
5-24273 - T © L 6.0
6~ 4-73 . TR L 930
6-11-73 - SR U i _ 9.0 .
6-18-73 - T 23. o ‘ 99,0
6-22-73 .-5,' : EETE S 99.0

L 6-28-73 R ; o 99.0
7= 4-73 ; S 320 . R 99.0

- 7-10-73 . . . mowed B 9.0
7-16-73 - ' ' 3 S » 11.0
cge22e73” 7 S 6.0 -
72873 L. o1 L 26.0
8- 3-73 . B TR ' 51.0
8- 9-73A. - : .23 ’ b . 77.0
8-15-73 . . 26 - 0.0
8-21-73 - - 28 ‘ "_. . 99,0

9= 2-73 _ - in swath "L 24.0
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Table 3 (cont.) 'Alfalfa at Site RM-3

Date

' 9-20-73 h

9226273

10- 2-73

10~ 8-73
. 10-14:73°

- 10-20-73

10-26-73

11 12737,

11- 7-73

1 9-14-73

v

Height (Inches) . . Percent Green:

. S 28.0

S 6L 2.0

6 Lo 28.0 -

© 7 _ o " 26.0
6 ' 27.0
Tro e g
7 S 27,0
7 © '
| T s
11.0
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Table 4:

Date

3-24-73

3-30-73

4- 5-73

4-11-73

4-18-73
4-23-73
4-29-73

5- 5-73

5-11-73

5-17-73

5-23-73

5-29-73

6- 473
6-10-73
' 6-16-73
6-22-73
6-28-73
7- 4-73
7-10-73
7-16-73
7-22-73

7-28-73
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Plant lleight and Percent Green for Alfalfa at Site RM-4

Height (Inches)
dormant
dérmant
dormant
dormant

1%

3/4

1
4

11
12
16
21
25

- 27

10
. 16
20

28.

Percent .Green

0

38.0

61.0

o 92.0

99.0
99.0
99.0

.99.0

99.0

40.0
31.0
51.0
90.0
99.0

99.0

99.0




- 127 =

Table & (cont.) Alfalfa at Site RM-4

Date

8- 3-73

8- 9-73
8-15-73
8-51-73
8-28-73
9- 3-73.

9- 9-73

9-14-73 -

9-30-73
9-26-75
io- 2-73
10-26-73
11- 1-73
11- 8-73
11-13-73

11-19-73

Height (Inches)

33°

33

10

13

14

14
14
14
12
12

10

Percent Green
99.0
99.0
37.0. -
49.0-
72;0
86.0

94.0

97.4
96.6
95.8
.32.0
4.4
1.0

1.8




)

= 128

Table 5:° .Plant Height and Percent Green_ for Aifalfa at Site RM-5

Date“
- 4-73
4-16-73

L 4-22-73

4-28-73

5. 4-73

5-10-73

5-16-73

5.22-73,

5-28-73

6= .3-73
6- 9-73 -

6-15-73

6-21-73
- 6-27-73

" 7- 3273

7- 9-73

7-15-73

.7-21-73

7-27-73

8- 2-73
: 8- 873 -

814273

Height (Inches)

TR

1

2

12
14

16

18

20

20

20

- 18

Tl

cut

cut

cut

2 -

14

© 20

J Per?eﬁt-Green
1.6
5.2

12.0
28.0
47.0
72.0
96.4 -
:é9lp‘
99..0
99.0
99.0°
79.0
38.0 .
11.0
9.0
A
44
10.0
37.0
'89.0
990

99.0
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Table 5. (cont.) Alfalfa at Site RM-5

Date

'8-20-73

'8-26-73
9 173
'_9- 7§73
19-13-73.

9;;9-73
" 9-25-73

10- 173

_10- 7-73
10-13-73"°

10-19-73. -

10-25-73
10-31-73
11- 6-73

11-12-73

11-18-73 .

11-24-73

I1-30-73

Height (Inches)
©20.°

24

cut

cut

10

11

10 - 12

12

12
.ffosc bitten
frozen down
grazed
3A’grazed

grazed

7

Percent Grgen
99.0
99.0
33.0
2.8°
6.0
'32.0

52.0

60.0
42,0
36.0

24.0




Table 6:

Date
4= 4-73
4-10-73
4-22-73
4-28-73
5- 4-73

5-12-73

5-16-~73

5-22-73
5-28-73
6- 4-73
6- 9-73
6-15-73
6-21-73
6-27-73
7- 3-73
7- 9-73
7-15-73
7-23-73
7-31-73
8- 8-73
8-14-73

8-20~73

- 130 =~

Height (Inches)
1%

2

4%

6
10

14

19

28

31

cut

10

Plant Height and Percent Green for Alfalfa at Site RM-6

Percent Green

53.0 .

95.0
99.0
99.0
99.0
99.0
99.0
99.0

2.8

8.0

26.0




y
I
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Table 6 (cont.) Alfalfa at Site RM-6

Date

. 8-26-73

9~ 1-73

9-7-73

9~13-73

9-19-73 .

9~25-73
10- 1-73
10- 7-75
10-25-73
16—31-73
11- 6-73
11-12-73
11-30-73
12- 6-73
12-12-73

12-24-73

Height (Inches)

12

Percent Green
31.0 -
39.0
63.0
79.0

84.0
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Table 7: Plant Height and Percent Green for Alfalfa at Site CV-7

Date .Height (Inches) ’ Percent Green
5- 5-73 ~ 1% S . 10.0
5-11-73 4% 17.0
5-17-73 10 ' 28.0
5-23-73 12 44.0
5-29-73 16 ' 69.0
6- 4-73 . 15% . 87.0
6-10-73 . 26 - '95.8
6-22-73 alfalfa mowed 74.0
6-28-73 o "6 - 40.0
7- 4-73 T ' 41.0
7-10-73 - . 12 : 60.0
7-16-73 Co n 17 ' 68.0
7-22-73. 17 79.0°
7-28-73 21 80.0
8- 3-73 alfalla cut . 21.0
8- 9-73 | alfalfa cut 23.0
8-15-73 10 28.0
8-21-73 12 34,0
8-27-73 15 ' 48.0
9- 2-73 20 . .. s5.0
9- 8-73 20 70.0

9-14-73 L 20 66.0
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Table 7 (cont.) Alfalfa at Site CV-7

Date Height (Inches) Percent Green
9-20-73 ' 20 ’ - 63.0
9-26-73 12 48.0
10- 2-73 - - 24 - . 47.0
10- 8-73 - 22 39.0
10-14-73 ' o2 . 37.0

| 10-20-73 - 22 Co 29.0
10-26-73 ' 20 E S 14.0

11-13-73 . . 20 . ) - 5.0
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Table 8: Plant lleight and Percent Green for Alfalfa at Site CV-8

Date ) . Beight (Inches) Percent Green
3-21-73° - Y o .6
3-27-73 1 o ‘1.8
4- 9-73 _ ‘ 2 ' ' 6.2
4-15-73 - , 2% -3 24,0
4-20-73 . 2% - 3 33.0
4-27-73 | 3% o 43.0
5- 2-73 4 : : " 53.0
5- 8-73 6 - : 60.0
5-14-73 7 -8 : . 79.0
5-21-73 " 8- 10 - 84.0
5-29-73 12 - 14 92.0
6- 1-73 14 - 16 ‘ . fgs.g
6- 7-73 17 - 20 199.0
6-13-73 ' 16 - 24 - 28 - 99.0
6-20-73 20 - 28 : 99.0
7-.2-73 4 cut .8
7- 9-73 ' 4 : 7.2
7-13-73 4 -5 38.0
7-19-73 , 10 - 15 67,0
7-25-73 13 - 16 88.0
7-31-73 16 - 28 o 94.0

8- 6-73 9 - 23 ' 97.4
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Table 8 (cont.) Alfalfa at Site CV-8

Date

.8-12-73

8-18-73

8-24-73

8-30-73"

9711—73
9-17-73
9-29-73

- 10-11-73

.10-23-73

Height (Inches)

8 - 20
-8 - 20

8 - 17

Percent Green
36.0
2.6
4.0
20.0
44,0
48.0..
50.0
51.0

49.0.




= 136 -

Tahle 9: Plant Height and Percent Green for Meadow at Site CV-9

Date . Height (Inches) Percent Green
3- 4-73 - - " mo growth 3.4
3-10-73 no growth 5.4
3-16-73 0 6.4
3-22-73 C very little : 11.2
3-28-73 . 1 : '16.0 .
4- 9-73 4 1 E .25.0

" 415-73 2 51.0
4-21-73 o 2 ' . 70.0°
4-27-73 : 3 , 87.0
5- 3-73 3 ‘ , 95.8
5- 9-73 - "5 96.6

5-15-73 "9 , 98.2
5-21-73 ' 12 99.0
5-27-73 13 ' 99.0
6- 2-73 14 99.0
6- 8-73 14 ) 98.2
6-20-73 16 87.8
6-26-73 18 92.8
7- 2-73 harvested . 92.8
7- 8-73 - . 88.8

7-14-73 83.0

7-20-73 : 82.0
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Table 9 (cont.) Meadow at Site CV-9

Date Height (Inches) Percent Green

7-26-73 75.0
8~ 1-73 _ . " 60.0
8- 7-73 o 41.0
§-13-73 . - g , 4 ' 35.0
8-19-73 ) '_ ' C ' 24.0
8-25-73 h X o ' 18.0
8-31-73 ' - KX
9- 6-73 . ' S 1.0
9-12-73 ' ‘ 1.0
9-18-73 : .' 1.0
9-30-73 59.0
10- 6-73 : 40.0
10-12-73 S o 38.0
10-18-73 ' 39.0
10-24-73 51.0
10-30-73 ' 56.0
11-11-73 o . ' ' 58.0
11-12-73 — 156..0

11-17-73 : g 49.0
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Table 10: Plant Height and Percent Green for Alfalfa at Site CV-10

Date i Height (Incheg) Percent Green
4-5-713 2. : ‘ S 2.0
4-11-73 4 ' 38.0

© 4-17-73 5 50.0
"4-23-73 : ’ 6 ’ 64.0°
4-29-73 .7 ' : 4.0
© 5-11-73 , 10 . 88.0
5-17-73 : i? . 95,0
5.23-73 - _ 21 195.8
5-29-73 21 93.0
6= 4-73 21 92.0
6-10-73 . 25 o 78.0
6-16-73 s 84.0
6-22-73 s : 57.0
6-29-73 5 " 42,0
78593 ' §° < 37.0.
7-12-73 11 ' 11.0
7-16-73 & 12 - : 2.6'
7-22-73 14 " A
7-28-73 _ 15 . 9.0
8- 3-73 16 : 16.0
8- 9-73 : 16 25.0
8-16-73 cut 2nd time 18.0

[
—
w
o

8~21-73




I )
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Table 10 (cont.) Alfalfa at Site CV-10

Date

8-27-73

9 273

9~ 8-73

9-14-73

9-20-73

9-26-73 .

10- 2-73

10~ 8-73

10-14-73-

10-20-73
10-26-73

1i- 1-73

11-19-73

12~ 1-73 .

Height (Inches)
5
6 .

Percent Green
22.0
52.0
27.0
28.0
33.0
~37.0

- 35.0
39.0
38.0
38.0 -

34.0




Table 11:

Date

5-19-73

5-26-73

6~ 6-73
6-13-73
6-24-73
7- 6-73
7-12-73

7-18~73

-7-24-73

7-30-73"

8- 5-73
8-11-73
8-17-73
8-23-73
8-29-73
9- 4-73
9-10-73
9-16-73
9-22-73
9-28-73

10~ 4-73
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Plant leight and Percent Green for Wheat at Site RM-1

Height

T

1%

11

no

no

1o

no

no

new
new
ne.w
new
new

new

cut

cut

cut

no
no
0o
110
no

no

new

new

new

new

new

new

(Inches)

growth
growth
growth
g£owth
growth

growth

growth
growth
growth

growth

growth

growth

Pércent‘Green
5;2
14.0
36.0
48.0
6.0
55.0
52.0
44.0
27.0 .
b2
1.0.
1.0
1.0

1.8

1.0
1.0

1.0




Table 11(cont;) Wheat at Site RM-1

' Date
10-10-73

10-16-73

10-22-73"

10-28=73
11- 9-73
11-15-73
11-21-73
11-27-73

12- 3-73

- 141 -

Height (Inches)

blowed

no new growth

.1'10
no
no
no
no
no

no

new

new

new

new

new

new

new

growth
growth
gro&tb
growth
growth

growth

growth -

)

Percent Green
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Table 12: Plant Height and Percent Green for Wheat at Site RM~2

Date ’ Height (Inches) ’ Percent Green

3-24-73 % 1.0
3-30-73 . _ 13 , : 1.0
4- 5-73 o 2% . 1.0
4-11-73 3 ' 1.0
S 4-17-73 . 3% . 1.8
4-23-73 4 . 3.
4-29-73 A ' 6.0
5- 5-73 g 4% - 8.0
5-11-73 - 6% ) Lo 12,0
5-17-73° - 8% .. 16.0
5-23-73 10 25.0
5-29-73 12 ' 31.0
6- 4-73 ' 13 . 37.0
6-10-73 18 - 47,0
6-16-73 _ 19 . 71.0
6-22-73 n 66.0
6-28-73 : 33 58.0
7- 4-73 28" ' 51.0
7-10-73 o 31 - 47.0
7-16-73 : 33 . . " 20.0
7-22-73 ' 29 : 2.8
7-28-73 o 28 : .0

8- 3-73 28 g 0
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Table 12 (cont.) Wheat at Site RM-2

Date l Height (Inches) ’ Percent Green
'8-15-73 5 8 stubble T o
8-21-73 - 10 stubble ) 0
8-27-73 . stubble _ "0
9- 2-73 - 10 stubble ' 0
:9- 8-73 ‘ " stubble ' .2
9-15.73 - ' stubble .8
9-21-73 B stubble 1.0

" 9-26-73 : stubble _ 5.4
10- 2-73 : stubble ~ 11.0
'io- 8-73 4 ‘stubble ‘ 10.0
10-14-73 4 stubble . 11.0
10-20-73 ‘ . 4 stubble i2.0
10-26-73 " stubble . ' 26.0
11-13-73 © stubble o 26.0
- 11-19-73 stubble “

11-27-73 ' 4 stubble . 7.0
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Table 13: Plant Height qu Percent Green for Wheat at Site RM=3

Date
4- 5-73
4-17-73

4-23-73

5- 5-73

5-11-73

Height (Inches)

1

1

2 -

11

14
.is

17+

21

21’

21
20

21

harvested, stubble
stubble

stubble

_'plowed

Percent Green

b

T .8

" 11.0

25.0
35.0
46,0
65.0
57.0
61.0
61.0
39.0

17.0
13.0
10.0

9.0

6.2

6.2
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Table 13 (cont.) " Wheat at Site RM-3

Date Height (Fnches) . Percent' Green
9-20-73 3 . ' 6.2
9-26-73 : s : 6.2
10- 2-73 . _ s C s
“10- 8-73 N s s
10-14-73 ' 5 L 3.4
10-20-73 : s : . 2.6
102675 © - . s . - bl
11- 1-73 s ' P 1.8

11-.7-73 o L ' 1.0
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Table 14: Plant lleight and Percent Green' for Wheat at Site RM-4

Date Height (fnches) Percent Green
U3-24-73 7 ' dormant . 0
3-30-73 ' "dormant . 0
4- 5-73 o 0
4-11-73 1% .2
4-18-73 ' 3 ; ' 1.0 -
4-23-73 ‘ S 3 o 1.0
4-29-73 - . .3 o . 5.0
5- 5-73 g _ D 7.0
5-11:73 . © 5 . 10.0
5-17-73 5% R 14.0
5-23-73 o . 17.0°
5:29-73 ' 7 = 16.0°
6~ 4-73 9 22.0
6-10-73 10% ~20.0
6-16-73 , 12 _ 25.0
6-22-73 13 _ 24.0°
6-28-73 . 13 ‘ _ _ 21.0
7- 4-73 13 : 19.2
7-10-73 13 1.0
7-16-73 _ 13 b

7-22-73 ' 13 . 0

7-28-73 . : - 13 . : 0
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Table 14 (cont.) Wheat at Site RM-4

Date
8- 3-73
8- 9-73
8-15-73
8-21-73

8-28-73

9- 3-73

9- 9-73°

9-14-73
9-20-73
9-26-73

10- 2-73

10-26-73

11- 1-73

11- 8-73

©11-13-73

11-19-73

Héight (Inches)
13
13
13
13
13

13

Percent Green

0

1.8
1.8

3.4
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Table 15: Plant Height and Percent Green for Wheat at Site RM-5

Date ) Height (Inches) Percent Green
3-11-73 I io
' 3-17-73 o 2 1.0 .
3-23-73 4 2 1.0
4e 473 2 1.0
4-16-73 . P . 1.8
4-22-73" 3 . . ' 2.6
4-28-73 4 ' 4.2
5- 4-73 : 5 o 6.0
5-10-73 ~ P 8’ 8.0
5-16-73 | 9 T 11.0
5-22-73 10 , ‘ . 13.0
5-28-73 - o 12 S 1.0
6- 3-73. - 14 21.0
6- 9-73 . . 18 : : 2.0
6-15-73 18 25.0
6-21-73 24 '25.0
6-27-73 : 22 - 24 C 24.0
7- 3-73 2 ' 4.2
7- 9-73 24 0
7-15-73 _ 24 ' 0
7-21-73 20 harvesting 1.0
7-27-73 24 » 1.0
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Table 15 (cont.) Wheat at Site RM-5

Date . Height (Inches) Percent Green
8- 2-73 " cut " 1.0
8~ 8-73 o cut - 1.0 7
8-14-73 - © cut : 1.0
8-20-73 cut o 1.0
8-26-73 ' " cut » . 1.0.
9- 1-73 _ cut . 1.0
9- 7-73 . cut - - ,i.O
9-13-73 . " cut . 10
9-19-73 , cut _ ' .8.‘
9-25-73 oo cut .4
10- 1-73 . stubble . o2
- 10~ %-73 . cut . 0
10-13-73 ‘ . cut : o -
10-19-73 . dry .0
- 10-25-73 _ . dry stubble 0
10-31-73 stubble 0.
11- 6-73 * stubble ' 0
11-12-73 : dry C 0
11-18-73 : - ‘ dry ’ . 0
11-24-73 : ! dry , . 0

11-30-73 : - . ' 0




Table 16:

Date
4= 4-73
4-10-73
4-16-73
42273
4-28-73

" 5- 4-73

5-12-73

5-16-73

5-22-73

5-28-73
6- 473 .
6~ 9-73

6-15-73

6-21-73

6-27-73 "

7- 3-73
7~ 9-73
7-15-73
7-23-73
7-31-73

8- 8-73

8-14-73
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Plant Height and Percent Green for Wheat at Site RM-6

Height (Inches)
2
.3 ) o

4y

1
:—14"
19

27

30

33

33

Percent Green
33.0'
"42.0
47.0
51.0
I66.OV:
?g.q.
87.0
19040 -
92.0 -
90.0 |
76.0 "
57.0 -
40.0-
8.4 -

1.8

S

4
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Table 16 (cont.) Wheat at Site RM-6

Date
8-20-73
8-26-73

9- 1-73

9- 7-73

19-13-73
9-19-73
9-25-73

10- 1-73

10- 7-73

10-25-73

10-31-73

11- 6-73

11-12-73

11-30-73

12- 6-73

12-12-73

12-24-73

Height (Inches)

Percenf Green
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Table 17:

Date
4-17-73
4-23-73
4-29-73
5- 5-73
5-11-73
5-17-73
5-23-73

5-29-73

6= 4=73

6-10-73
6-22-73
6-28-73
7- 4-73
7-10-73
7-16-73
7-22-73
7-28-73
8- 3-73
8- 9-73
8-15-73
8-21-73

8-27-73
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Plant Height and Percent Green for Wheat at Site CV-7

Height (Inches)‘
1.~-2

v

3

11-
12

210 -~ 12

19
27
30
28
36
35
26

35

Percent Green
'3.4
2.6'

" 7.0
11.0
17;Q
24.0
36.0
57.0

75.0
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Table 17 (cont.,) Wheat at Site CV-7

‘Date Height (Inches) Percent‘Greén
9- 273, o 0
9- 8-73 - o 0
9-14-73 . 0
9-20-73 ' ' : 1 0
9-26-73 o B 0
10- 2-73 . 4
10- 8-73 - _ .8
10-14-73 1.0
10-20-73 , 1.8
10-26-73 _ - 2.6

11-13-73 : e .6




Table 18:

Date
3-21-73
3-27-73
4= 2-73
4= 9-73
4-15-73
4-20-73 .
4-27-73
5- 2-73
5- 8-73
5-14-73
5-21-73
5-29-73
6- 1-73
6- 7-73
6-13-73
6-20~73
7-'2-73
7- 9-73
7-13-73
7-19-73
:7-25-73

7-31-73
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Plant Height and Percent Green for Wheat at Site cv-8

Height (Inches)

’ 2;5
3 -~ 3%
3 - 3%
3% - 4
4 -5
.5 - 5%
‘5%
6
.6 -9
7:-9
8 - 10
10 - 13
12 - 13
13 - 16
17 - 19
14 - 20
13 - 20
17 - 20
17 - 21
17 - 20
17 - 21
17 - 21

Percent Green
4.2
11.0
14.0
20.6
26.0
36.0
4.0
49.0
1 62.0
63l0
53.0
55.0
49.0
66.0
67.0
68.0

36.0
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" Table 18 (cont.) Wheat af Site CV-8

Date
8~ 6-73
8-12-73

8-18-73

8-24-73

8-30-73

9-11-73

9-17-73 -

9-29-73
10-11-73

10-23-73

Height (Inches)
15 - 20

17 - 21

17 - 21

Percent Green
N
0

0




Ll
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Table 19: Plant Height and Percent Green for Wheat at Site CV-9

Date
3« 4-73

3-10-73

3-16-73

3.22-73
3-28-73
4= 973
4-15-73

4-21-73

5- 3-73
5- 9-73
5-15-73
5-21-73
5-27-73
6- 2-73

. 6- 8-73
6-20-73
6-26-73
7- 2-73
7- 8-73
7-14-73
7-20-73

7-26-73

4-27-73"

Height (Inches)

no growth

2%
3%

11

12
13
14
14
20
20
20
24

26

Perceént Green
1.0:
1.0
1.0
1.0'
1.0
1.0
1.8

2.6

28.0
43.0

55.0

73.0
79.0

90.0

34.0

2.6




Tahle 19 (cont.)

Date
8- 1-73
8- 7;73
8-13-73
8-19-73
8-25-73
8-31-73
9-_6-75
9-12-73
9-18-73
9-30-73
10~ 6-73
10-12-73
10-18-73
10-24-73
10-30-73
11-11-73
11-12-73

11-17-73
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Wheat at Site CV-9

Height (Inches)’

Percent Green
.6

0
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Table 20: Plant Height and Percent Green for Wheat at Site CV-10

Date Height (Inches) Percent:Greép
4= 5-73 6 - 33.0
4-11-73 9 : " 40.0
4_17_73 . 11 - : 46.0
4-23-73 13 T 51.0
4-29-73 } 13 o 59.0
5-11-73 o " 18 70.0

5-17-73 - 1 : o 70
5-23-73 | 20 . 84.0 .
5-29-73 22 o . 82.0
6- 4-73 - 28 _ 82.0
6-10-73 28 . - 68.0
6-16-73 . 28 , T S '53.0
6-22-73 . . 28 L '15.0
6-29-73 - 28" . . . . . 2.6
7- 5273 o 28 0"
7-12-73 ’ 28 ' 0
7-16-73 28 ' , 0
7-22-73 28 0
7-28-73 ' cut - 0
8- 3-73 - _ : 0
8- 9-73 - _ : . 0.
8-16-73 ' ' 0

§-21-73 - . o 0




Table 20 (cont.)

- Date |
8-27-73
9- 2-73
9- 8-73
9-14-73
§-20-73
9-26-73
10- 2-73
10~ 8-73
10- 1-73
10-20-73
10-26-73
11- 1-73
11-19-73

12- 1-73
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Wheat at Site CV-10

Height ' (Inches)

Percent Green
0

. .




Table 21:

Date
4- 7-73

4-13-73

4~19-73 -

4-25-73
5- 1-73
. 5- 7-73
5-13-73
5-19-73
5-26-73
6-18-73
6-24-73
7- 6-73
7-12-73

7-18-73

7-24-73 "

7-30-73
8- 5-73
8-11-73
8-17-73
8-23-73
8-29-73

9- 4-73
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Plant Height and Percent Green for Range at Site RM-1

Height (Inches)'

1%
1%

dried up

dried up

dried up

dried up

dried up

no

no

no

no

no

no

new growth
new growth
new growth
new growth
new growth

new growth

Percent Green
. N
0
.8
1.8

3.4

30.0
32.0
£ 33,0
28.0
14.0
12.0
5.2
A
2.6
2.6
2.6
1.0

1.0
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Table 21 (cont.) Range at Site RM-1

Date.
'9-10-73
9-16-73
9-22-73
9-28-73
10- 4-73
10-10-73
10-16-73
10-22+73
10-28-73
11- 9-73
11-15<73
11-21-73

11-27-73

12~ 3-73.

Height (Inches)

no new growth

no
no
no
no
no
no
no
" no
no
no
no
no

no

new
new
new
new
new
new
new
new
new
new
new
new

new

growth
growth

growth

growth
growth
grow&h
growﬁh
growth

growth

growth

growth
growth

growth

Percent Green
1.0
1.0

0
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Table 22: Plant Height and Percent Green for Range at Site RM-~2

Dat.e Height (Inches) Percent Green
3-24-73 o oy A .0
3-30-73 1 ' o 0
4= 5-73 : ST S o 0
4-11-73 ' S T 6!
4-17-73 . . . 1 a ) ' _- . -._8
he2sas L iy _ S
4-29-73 I ' i% ’ | 5.2
5- 5-73 2 : o ' 8.0
5-11-73 ' T o 12.0
5-17-73 3 - 17.0
© 5-23-73 4 , 27.0
5-29-73 5 _ 31.0
6- 4-73 6 - 38.0
6-10-73 , 6 32,0
6-16-73 6 36.0
6-22-73 ‘ 6 o 37.0.
6-28-73 6 33.0
7- 4-73 8 \ 34.0
'7-10-73 8 : 32.0
7-16-73 - 8 a 21.0
7-22-73 "9 16.0
7-28-73 12 : 9.4

8- 3-73 . 12 3.4
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Table 22 (cont.) Range at Site RM-2

Datg
8~ 9-73
8-15-73
8-21-73
8-27-73
9~ 2-73
9- 8-73
9-15-73
9-21-73
9-26-73

10- 2-73
10- 8-73
10-14-73
10-20-73
10-26-73
11-13-73
11-19-73

11-27-73

Height (Inches)

12

18 .

o~

~ &~ >

sage 8, grass 5
dry
- 24

grazed

Percent Green
.8
.8
.6
4

1.0

2.6

7.0
13.0
15.0
25.0

15.2

6.2

3.4
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Table 23: Plant Height and Percent Green for Range at Site RM-3

Date Height (Inches) Percent Green
4-17-73 - _ 64 ' 0
4-23-73 2 _ 0
4-29-73 : 4 , : 1.0
5~ 5-73 i .5 o 1.0
5-11-73 s ‘ 5.0
5-17-73 6 : ' 6.0
5-24-73 ‘ 6 " '1o‘.0
6- 4-73 ' 8 - T 13.0
6-11-73 . 9 e .15.6
6-18-73 10 15.0
6-22-73 10 L 15.0
6-28-73 10 : 12.2
7- 4-73 : 0 11.2
7-10-73 : 10 10.2
7-16-73 10 ‘ - 2.6
7-22-73 10 _ 1.0
7-28-73 ' 10 , 1.0
8- 3-73 . - 10 " . 5.2
8- 9-73 . 10 ‘ 5.4
8-15-73 10 . ' 4ot
8-21-73 10 - . 2.6

C9- 273 10 2.8

9-14-73 ’ - 2.8
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Table 23 (cont.)

Date
9-20-73
9-26-73

16— 2-73
10- 8-73.
10-14-73
10-20—}3
10-26—73
11~ 1-73

11~ 7-73
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Range at Site RM-3

Height (Inches)
7

7

Percent Green
- b

4

4

N

0
0




Table 24:

Date
3-24-73
3-30-73
4- 5-73
4-11-73
4-18-73

4-23-73

4-29-73

5- 5-73
. 5-11-73
5-17-73
5-23-73
5-29-73
6- 4-73
6-10-73
6-16-73
6-22-73
6-28-73
7- 4-73
7-10-73
7-16-73
7-22-73

7-28-73
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Plant Height and Percent Green for

Height (Inches)

10
10
10
10
10
10
10

10 ;-

Range at Site RM-4

Percent Green

1.0
3.4,
6.2

12.0

15.0

17.0

26.0

30.0

31.0

30.0

28.0

35.0

31.0

31.0

22.0
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Table 24 . (cont.)

Date '
8- 3-73
8- 9-73

. 8-15-73
8-21-73
8-28-73
9- 3-73
9- 9-73
9-14-73
9-20-73
9-26-73
10~ 2-73
10-26-73
11~ 1-73
11- 8-73
11-13-73

11-19-73
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Range at Site RM-4

Height (Inches).
10f
‘10
10
1
iO

.10
10
10
10

10
10
10
10
10
10
10

10

Pe;qent Green

‘5.4.'
4.4

1.8

1.0 .
1.0

1.0

1.0
11.0

17.0




Table 25:

Date
3-11-73
3-17-73
3-23-73

4= 4-73

4-16-73"

4-22-73
4-28-73
5= 4-73
.5-10-73
5-16-73
5-22-73
5-28-73
6~ 3-73
6~ 9-73
6-15-73
6-21-73
6-27-73
7- 3-73
7- 9-73
7-15-73

7-21-73

7~27-73

- 168 =

Height (Inches)

%

NE e

8. ~9

7 - 8 drying

6, dry
dry
dry
dry

dry

Plant Height and Percent Green for Range at Site RM-5

Percent Green
1.8
1.8
1.8
1.0
5.2

6.2

11.2
6.6

4.4
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Table 25 (cont.) Rangeé at Site RM-5

Date Heilght (Inches) ‘ Percent Green
8~ 2-73 dry .6
8- 8-73 ' ©T dry .6
8-14-73 : dry . .8
8-20-73 . . dry ' 4
8-26-73 " -+ dry ' : .2
9- 1-73 o - ary ‘ _ T2
9-7-713 ' ary ' "o
'9-13-73 ‘ dry . . _A_o
9-19-73 ‘ dry ' -0
9-25-73 . © dry : 0.

10- 1-73 ) . . dry L ) -0
10- 7-73 dry ' 0
10-13-73 , . dry 0
10-19-73 dry .2
10-25-73 ' . dry . 0
10-31-73 ‘ dry 0
11- 6-73 " dormant B 0
11-12-73 dry \ 0
11-18-73 ' dry 0
11-24-73 dry - 0

11-30-73 . ‘ ) dry . .0




Date
4- 4-73
4-10-73
4-16-73
4-22-73

4-28-73

5~ 4-73

5-12-73
5-16-73
5-22-73
5-28-73
6- 4-73
6~ 9-73
6-15-73
6-21-73
6-27-73
7- 3-73
7- 9-73
7-15-73
7-23-73
7-31-73
8- 8-73
8-14-73

8-20-73
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Plant Height and Percent Green for Range at Site RM-6

Height (Inches)

just starting to grow

12
17
.18
18

18

Percent Greén
5.2
8.0

9.0

17.0
17.0

. 17.0

23.0

26.0
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Table 26 (cont.) Range at Site RM-6

Date
8-26-73
9~ 1-73
9- 14733
9-13-73
91973
9-25-73

10-1-73

© 10 7-73

©. 10-25-73 -

10-31-73
11- 6173:'
11;12-73
11-30-73
12- 6-73
" 12-12-73

12-24-73

Height (Inches) . VPercenﬁ Green
29.0
, NN - "30.0
© Y 14
1.0
1.0
1.0

1.0




Table 27:

Date
5- 5-73
5-11-73
5-17-73

5-23-73

5-29-73-

6~ 4-73

6-10-73

6-22-73
6-28-73
7- 4-73
7-10-73
7-16-73
7-22-73
7-28-73
8~ 3-73
8~ 9-73
8~15-73
8;21-73
8-27-73
9- 2-73
9~ 8-73

9-14-73

1 S

Plant Height and
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Percent Green for Range at Site Cv-7

Height (Inches)

)

10
10

11%

13

16

.18

19
18%
20
20

21

21

21
21
21
21
16

16

Percent Green
- 1.0
1.8
5.0
6.0
" 8.0
.9.0

9.0

27.0
23.2
16.2
12,2
4.6
1.8

1.6

.8
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Table 27 (cont.) Range at Site CV-7

Date

9-20-73

9-26-73

10~ 2-73 -

10- 8-73
10-14-73
10-20-73
10-26-73

11-13-73

Height (Inches) Percent Green

A

M F >

12 .
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Table 28: Plant Height and Percent Green for Range at Site CV-8

Date

3-21-73

3-27-73

4r 2-73
4= 9273
4-15-73
4-20-73
4-27-73
5- 2-73
5- 8-73
'5-14773
5-21-73
5-29-73

6- 1-73

6- 7-73:

6-13-73
6-20-73
7- 2473
7- 9-73
7-13-73
7-19-73
7-25-73

7-31-73

Height
2

2

2

2 - 2%
3

4

A

4
-4% -5
5 - 5%
5% - 6%
P
7-10
;:-'14
8 - 15
7 -15
10 - 22
7 - 16
8 - 21
8 - 20
8 - 20
8 - 20

(Inches)

Percent Green
. R
W2
.O
.6

1.8
1;8
5.0
6.0
14.0
16.0
15.6‘
22.0
29.0
134.0
45.0
46.0
33.0
29.0
26.0
24.0

20.0
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Table 28 (cont.) Range at Site CV-8°

Date ' Height (Inch;s) . Percent Green
8- 6-73 o 12 --29 g s g
8-12-73 " : " cut 5.0
8-18-73 6 ' A 5.3
8-24-73 f 5 | 3.4
8-30-73 : 1.0
9-11-73 . ’ -8
9-17-73 , .8
9-29-73 ' .8

10-11-73 . ‘ .8

10-23-73 . . 1.0




Lo il
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Table 29: Plant Height and Percent Green for Range at Site CV-9

Date

3- 4-73.

3-10-73°

3-16-73

3-22.73

3-28-73

4= 9-73

4-15-73

4-21-73
4-27-73 -

5-.3573 -

52 9-73

5~15-73

5-21-73 -

5-27-73 .

6- 2-73
e 8-73
6-20-73
© 6-26-73
7- 2-73

7~ 8-73

7-14-73

7-20-73

7-26-73

Héight (Inches$
no gro&tb ,!
no growth
no gquth

very lietle

©.10

10 -

11

12

12

14

15

. dormant

3Pércght Green
.2

0

1.8
A
10.0
" 14.0

19.0 -
32.0
. 52,0
55.0
57.0
69.0
,71.0
58.0
42.0
37.0

9.0




Table 29 (cont.)

Date
fg- 1-73
8- 7-73
8-13-73
8-19-73 ‘
8-25-73
8-31-73
9- 6-73
9-12-73
9-18-73
9-30-73
10- 6-73
10-12-73
10-18-73
10-24-73
10-30-73

11-13-73

Range
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at Site CV-9

Height (Inches) Percent Green
3.6
1.8

1.0




L

Table 30:

Date
4- 5-73
4-11-73
4-17-73

4-23-73

4-29-73

5-11-73
5-17-73
5-23-73
5-29-73
6 4-73
6-10-73
6-16-73
6-22-73
6-29-73
7- 5-73
7-12-73
7-16-73
7-22-73
. 7-28-73
8- 3-73
8- 9-73
8-16-73

- 8-21-73
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Plant Height and Percent Green [br Range at Site CV-10

_Height (Inches)

T2

3

10

12

12.

12
12
12
12
12
12
12
12
'12
12
12
12

12

12

_Percent Green
1.0°
2.6
2.6".
4.2
8.0
7.0
8.0

11.0
12,0
12.0
12.0
12.d
7.0
4.4
2.6
4.4
2.8

2.8
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Table 30 (cont.) Range at Site CV-10

Date
8-27-73
9- 2-73
9- 8-73
9-14-73
9-20-73

9-26-73

'10- 2-73

10~ 8-73

10-14-73"

10-20-73
110-26-73
11- 1-73
11-19-73

12- 1-73

Height (Inches)
12 '
12
12
12
12
12

12

12

- 12

12

12

12
12

12

Percent Green -
.8

0

N

1.6

3.4




Appendix &

Speciés of Plants in the Range Test Plots’




Approximate Percentage of the Total Vegetative Cover for the
Predominant, Species at Each of the. Range Sites in the Rocky
Mountain and Columbia Valley Corridors.-

Scientific Name

" Percent . Common Name
RM-1 -Festuca scabrella 60. Range fescue
Festuca idahoensis 20 . Idaho fescue
Koeleria cristata 10 Prairie Junegrass
RM-2 Bromus tectorum 30 Cheatgrass brome
Stipa comata . 30 Needle-and-thread
Agropyron smithii 20 Western wheatgrass
RM-3 Stipa comata 90 Needle-and~t hread
Opunh'a polyacantha Trace’ . Prickley Pear
. Artemisia tridentata - Trace Big Sagebrush
RM-4 Agropyron desertorum 60 Crested wheatgrass
Bromus tectorum 20 Cheatgrass (annual)
Juniperus osteosperma 10 Utah Juniper
RM~5 Ranunculus testiculatus 60 Buttercup, testiculate
Bromus tectorum. 20 Cheatgrass
- Sarcobatus vermiculatus 10 Greasewood
RM-G Artemisia filifolia 30 Sand sagebrush
Gutierrezia sp. 20 ¢ Snakeweed
Bromis tectorum 20 Cheatgrass
Aristida sp. 20 - Three-Awns
CV-7 Stipa comata 40 Needle-and-thread
Bouteloua gracilis 10 Blue grama
Poa secunda 10 Sandberg bluegrass
Agropyron smithii 10 Western wheatgrass
CV-8 Poa pratensis 40 Kentucky bluegrass
Cirsium arvense 30 Canada thistle
Agropyron smithii 20 Western wheatgrass
€V-9 ‘Festuca idahoensis 70 Idaho fescue
Phleum pratense 10 Timothy
‘Bromus inermis 10 Smooth brome
CV-10 Poa secunda 30 Sandberg bluegrass
: Agropyron spictum 20 _ Bluebush wheatgrass
Chrysothamnus nauseosus 10 . Rubber rabbitbrush
Sitanion hyscrix 10 Bottlebrush squirreltail




Appendix 5

. Percent Green Versus Plant Height
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Fig. 34 Percent Green vs Plant Height of Irrigated Alfalfa-1973
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Fig. 35 Percent Green vs Plant Height of Dryland Winter Wheat-1973
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PERCENT CREEN VS HETGHT (IN INCHES)
FOR RANCGI, 19713
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Fig. 36 Percent Green vs Plant Height of Nonirrigated Rangeland-1973
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Fig. 38 Average Percent Green vs Height of Dryland Winter Wheat-1973
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