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INTRODUCTION

Leaf area index (LAI) and total dry weight (DWT) are used
often by researchers for monitoring and recording crop growth
and development, Field measurement of LAI and DWT is tedious
and time consuming, sample dependent, and subject to sampling
biases. Overall LAI and DWT are especially difficult to esti-
mate for non-uniform crop stands., Remote sensing techniques
have potential for non-destructive estimation of crop growth
parameters such as LAI and DWT that would regquire less labor
and time, be subject to fewer sampling errors, and could be
applied to large geographical areas,

Some research has already been conducted to determine the
relationships between satellite-, air-, and ground-based spec-
tral data (including data from a wide variety of electromagnetic
wavebands and linear combinations of these data) and various
crop growth parameters. ZEach study has suggested various
methods of spectral data transformation. The idea of a four-
dimensional Ygreenness index" involving LANDSAT multispectral
scanner (MSS) data was developed by Kauth and Thomas (1976).
lSince then, greehness indices for ground-based reflectance

data have been developed over wheat (Triticum aestivum L.)

canopies (Rice et al., 1980; Jackson, 1983).

The purpose of this study was to apply the greenness
coneept to ground-=-based reflectance data taken over seven crops
(sweet and field corn (Zea mays L.), grain sorghum (Sorghum

bicolor (L.) Moench.), pearl millet (Pennisetum americanum L.),

pinto bean (Phaseolus vulgaris I.), soybean (Glycine max (I.)




Merr.), and sunflower (Helianthus annus L.)) near Manhattan,

Kansas in 1981 and 1982 to determine reflectance data-LAI
and DWT relationships, and to see if these relationships were
crop=-specific or could be more generally applied to several

Crops,



LITERATURE REVIEW

Leaf area index (LAI) is the ratioc of the total leaf area
of a plant canopy to the land area on which that canopy is
growing, Leaf area index 1s used in crop models for estimation
of yield (Hodges et al., 197%), dry matter accumulation
(Heilman et al., 1976; Hodges et al., 1979), evapotranspiration,
photosynthesis, plant vigor, disease, so0il salinity, and
moisture stress. Field measurement of LAI is tedious and time
consuming., Leaf area index measurements are very sample de-
pendent, so are subject to biases in sample selection or error
due to non-uniform crop stands., Remote sensing techniques
have potential for non-destructive LAI estimates that would
require less labor and time, be subject to fewer sampling
errors, and could be applied to large geographical areas,

Reflectance and radiance measurements in the visible and
near-infrared regions of the electromagnetic spectrum are
indicative of the amount of vegetation present (Rlair and
Baumgardner, 1977)., Low spectral reflectance and radiance
(high absorptance) in the visible region of the spectrum (0.4 =
0.7‘ym) is due to absorption by leaf pigments (primarily the
chlorophylls, but carotenoids, xanthophylls, and anthocyanins
also have an effect) and is inversely related to the in situ
chlorophyll density (Gates et al., 1965; Tucker et al., 1975).
High spectral reflectance and radiance in the near-infrared
(0.7 = 1;3me) is due to the refractive index discontinuities
among cell structures in leaves (Gausman, 1977) and is directly
related to green leaf density (Gates et al., 1965; Tucker et al.,
1975).



At any given wavelength, once asymptotic levels of spec-
tral reflectance or radiance have been reached, further in-
creases in the vegetational density or biomass will have no
change on the canopy spectral properties at that wavelength.
This is because the canopy is of sufficient density and thick=-
ness to prevent penetration of incident spectral irradiance
with additional (and canopy lower level) biomass. The contri-
bution of the soil spectra to the total (soil + vegetation)
spectra is then minimal at that wavelength (Tucker and Miller,
1977). This asymptotic spectral reflectance or radiance is
reached at two to three times lower levels of vegetation (ILAI,
fresh biomass, dry biomass, etc.) in the 0,63 to 0.69 ym (red)
region than in the 0.75 to 1.00 pm (near-infrared) region
(Tucker, 1977).

Various linear combinations and ratios of spectral reflec-
tance or radiance data have been used to estimate such crop
growth parameters as LAI, fresh and dry biomass, percent soil
cover, and intercepted photosynthetically active radiation.
Jordan (1969) used a ratio of 0.8 um/0.675 pm energy reaching
a forest floor to determiﬁe the LAI of forest canopies., Colwell
(1974) concluded that a ratio of near-infrared/red radiance
somewhat normalized the effect of soil background spectral
differences, Holben et al, (1980), relating red and near-
infrared radiances and several crop growth parameters of soybean,
found the most significant correlation to be between the near-
infrared/red ratio and green wet leaf biomass, green dry leaf
biomass, and green IAI (r = 0,93, 0.92, and 0.92, respectively).

Most of the work relating spectral properties of a crop



canopy to crop growth has used satellite-collected data from
the LANDSAT multispectral scanners (MSS) or data from spectro-
radiometers (ground- or air-based) that stimulate the NMSS
wavebands, Multispectral scanner wavebands are those four
spectral regions shown in Fig. 1 as bands MSS4 (0.5 - 0.6 um),
MSS5 (0.6 - 0.7 pm), MSS6 (0.7 = 0.8 pm), and MSS7 (0.8 = 1.1
_pm). Kanemasu (1974) found a reflectance ratio of MSS4/MSS5
to be better at indicating crop growth than the MSS6 reflec-
tance using ground-based data collected from wheat, sorghum,
and soybean, Wiegand et al. (1973) had LANDSAT MSS5 and MSS6

data collected over cotton (Gossypium hirsutum IL.), sorghum,

and corn., They found band 6 alone to be superisr to the MSSS/

MSS6 ratio and the (MSS6 - MSS5) difference at correlating with

LATI of mature sorghum and corn., The sorghum.and corn data were

combined since a single linear relation fit both crops. A

quadratic relation using the (MSS6 - MSS5) difference was the

best indicator of cotton vegetation density. Maxwell (1976)

found the most significant variables for monitoring rangeland

were the MSS7/MSS5 ratio or the MSS5 data. The ratio reduced
random frustrations caused by source variations and atmospheric
conditions, Pollock and Kanemasu (1979) used LANDSAT data in

an emperical model derived by Kanemasu et al. (1977):

LAT = 2,677 - 3.694(MSS4/MSS5) - 2.309(MSS4/MSs6) + 5.751\mss4/
(2 x MSST)) + 0,43(Mss5/MSS6) - 2.692\Mss5/(2 x mss7)| +
3.071ﬂgmss4fmss5) - [ﬁss4/(2 X Mss75][ﬁss4fmssiy] where

M554, MSS5, MSS6, and MSST represent LANDSAT MSS data for each

corresponding waveband, to estimate leaf area in Kansan wheat
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fields, They found that their model worked well for LAI values:
above 0,5 and poorly at values below 0.5 (overall R2 = 0,68),

Rouse et al, (1973), using LANDSAT-1 MSS5 and MSS7T
radiance data, developed the "band ratic parameter" (BRP), later
termed the "vegetation index" (VI).

VI = (MSS5 - MSS7)/(MSS5 + MSST)
This normalization procedure was used to eliminate seasonal
sun angle differences and to minimize the effect of atmospheric
attenuation. To avoid working with negative values and the
possibility that the ratio variance would be proportional to
the mean values, they developed the "transformed vegetation
index" (TVI).

I = (vI)9*? + 0.5
There was a high correlation between TVI and moisture content
(R2 = 0,99) and green biomass of vegetation (R2 = 0.89) (Rouse
et al., 1973). Ashley and Rea (1975), monitoring forested and
agricultural areas of the eastern United States, found the VI
represented seasonal vegetational changes better than the indi-
vidual MSS5 or MSST data., The VI increased with increases in
| foliage and decreased with senescence.

Kauth and Thomas (1976) transformed LANDSAT MSS four band
data into linear combinations representing four orthagonal unit
vectors in four space., The four transformations or indices
developed were "soil brightness" (SBI), "greenness" (GVI),
"yellowness" (YI), and "non-such" (NS).

SBI = 0,433(MSS4) + 0,632(MSS5) + 0.586(MSS6) + 0.264(MSST)

GVI = =0,290(MSS4) = 0,562(MSS5) + 0.600(MSS6) + 0,491(MSST)
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YI = =0.829(MSS4) + 0,522(MSS5) - 0.039(MSS6) + 0,194(MSS7)

NS = 0,223(MSS4) + 0,012(MSS5) = 0.543(MSS6) + 0.8l0(M3S7)
The SBI is that area of 4=-space in which soil data are found,
The value derived from the greenness index (GVI), or greenness
value, for a given vegetation point in 4-space, would be the
orthogonal distance from the vegetation point to the soil space,
and is indicative of the amount of green vegetation present.
Shifts in yellowness and non=such are diagnostic of the physical
state of the atmosphere (Kauth and Thomas, 1976). Jackson et
al, (1983) showed that yellowness and non-such are essentially
independent of wvegetational:. changes and that yellowness is
sensitive to haze conditiéns and non=such is sensitive to water
vapor absorption,

Soil brightnéss and greenness indices were used by Thompson
and Wehmanen (1979) to develop the "green index number" (GIN)
which was effective in monitoring water stress over large areas
of semi-arid wheat-growiﬁg regions in Australia and the
Us Se Se R, Badwar and Thompson (1983) developed a model
using LANDSAT MSS data and the spectral greenness of XKauth and
Thomas (1976) to estimate spectral emergence of small grains at
- the pixel (field) level,

Richardson and Wiegand (1977) developed two-dimensional
indices to describe LANDSAT red (MSS5) and near-infrared (MSS6
or MSS7) data, They found that data for bare soil, cloud tops,
and cloud shadows followed a highly predictable linear relation
(s0il background lines) when MSS5 and MSS6 data were plotted
(R® = 0.986) or when MSS5 and MSS7 data were plotted (R® =

0.974), Vegetation data collected over sorghum were found to



lie away from the soil line, The perpendicular distance from
a vegetation point to the soil line was indicative of the
amount of vegetation present (measured as LAI)., They developed
two "perpendicular vegetation indices",

pv1 = {(Ree5 - Rp5)? + (Reg? - Rp7)Z] O
ERggB - Rp5)® + (Rgeb - 396)2:)0‘5

where Rp represents the reflectance of a candidate vegetation

. PVI6

point for LANDSAT band MSS5, MSS6, or MSS7 and Rgg is the soil
background reflectance corresponding to the candidate vegetation
point, The highest correlation was between MSS6 data and LAI

(r = 0,877). Correlations of LAI with vegetation indices

were highest for PVIé (r = 0,812 and GVI (r = 0.808). They
concluded that vegetation indices are more capable of making
temporal (season-to-season) comparisons of vegetation amounts
and conditions than independent waveband data (Richardson and
Wiegand, 1977).

Deering (1978) reported the VI6 and TVI6 (VI and TVI cal-
culated using MSS6 in place of MSS7) were slightly more signi-
ficant with respect to green biomass of rangeland than PVI or
GVI, Wiegand et al, (1979) found TVI, GVI, and PVI to all be
gignificantly linearly correlated (r = 0.70 to 0,95) with
measured LAI of winter wheat from LAI = 0.3 until senescence.

Tucker (1979) compared the capability of wvarious ratios
and indices using green and red bands with similar ratios and
indices using near-infrared and red bands and found the near-
infrared-red combinations to be much more significantly re-
lated to crop growth parameters of grass than the green-red

combinations, Aase and Siddoway (1980) reported that the
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vegetation indices of VI, VI6, PVI, and PVI6 provided more
adequate year-to-year comparisons of winter wheat vegetation
amounts and conditions than simple ratios or individual MSS
bands, All indices were linearly related to LAI and leaf dry
matter and adeguately delineated differences in ground cover
(stand densities) to determine winterkill and make decislions
concerning the necessity for reseeding of spring grains in
Montana.

Aase and Siddoway (1981) also showed that general rela-
tionships existed between seasonal dry matter accumulation of
winter wheat and the vegetation indices through the end of
tillering, but after tillering, the relationships collapsed due
to increased contribution to the dry weight by non-leafy material
(stem, head, grain, etc.).

Soil brightness and greenness indices similar in form to
those of Kauth and Thomas (1976) but using ground-based reflec-
tance data for wheat rather than LANDSAT MSS digital counts
were developed by W. 4. Malila and J. Gleason in 1977 and first
published by Rice et al. (1980). These indices are called

"reflectance brightness" (RBI) and "reflectance greenness" (RGI):

RBI = 0,32362(RF{) + 0.48521(RF,) + 0.56304(RF3) + .
0.60949(RF4)

RGI = =0.48935(RF) = 0.61249(RF,) + 0.17289(RFs) +
0.59538(RF,)

where RFl, RFZ, RFB’ and RF4 represent reflectance factor data
for radiometer bands corresponding to MSS4, MSS5, MSS6, and MSST

wavebands, These indices were later applied to soybean to
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develop temporal-spectral profile models and to study vegetation
detection thresholds (Rice et al., 1980),

For Xollenkark et al. (1982), soil color and moisture
strongly affected ground-collected soybean canopy reflectance
data corresponding to the individual MSS wavebands, The near-—
infrared/red reflectance ratio and the reflectance greenness
(RGI) were less affected tharn the individual bands by changes
in soil background. ILeaf area index and percent soil cover were
more highly related to the ratios and greenness than either
fresh or dry biomass and the relations determined relating
growth parameters to reflectance greenness were:

% s0il cover = =12,79 + 5,47(RGI) = 0.065(RGI)2 R%=0.98

LAI = 0,143 + 0,02(RGI) + O.OO46(RGI)2 R®=0, 86
total fresh biomass = 89.59 - 16.07(RGI) + 3.99(RGI)% RZ=0,81

total dry biomass = 28,13 - 7.476(RGI) + 0.986(RGI)2 R%=0.74
They also found that greenness increased asymptotically once
LAI values reached 5.0 for soybeans., Greenness is better cor-
related with LAI and soil cover than fresh or dry biomass
because LAT and soil cover are primarily functions of the green
leaves of a canopy. Total fresh and dry biomass are functions
of the green leaves as well as stems, pods, seeds, and other
plant stfuctures that are not spectrally detectable (Kollenkark
et al., 1982).

Hatfield et al. {1982b) related reflectance greenness and
the MSS7/MSS5 reflectance ratio to LAI in multiple planting
date and irrigation frequencies in wheat., There were more -

variations in the relationship of the ratio to LAI over dif-
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fering planting dates and irrigation fregquencies. Greenness
values saturated and plateaued for LAI values above 4 and

did not return to the origonal bare soil level after complete
senescence, Hatfield et al, (1982a) found a better relation-
ship between reflectance greenness and intercepted photosyn-
thetically active radiation than between greenness and LAT

in wheat, although separate models were needed for the growth
phase and the senescence phase of the growing season.

Daughtry et al. (1983) compared the abilities of reflec-
tance greenness and LAI to estimate solar radiation intercepted
(SRI) and found that reflectance greenness was able to estimate
SRI better than LAI. Greenness increased asymptotically for
LAI values above approximately 5. Since 90% of the incoming
solar radiation should be intercepted by corn canopies once
LAI reaches approximately 3.0 (ILinvill et al., 1978), the
importance of accurately estimating LAI greater than 5.0 for
corn canopies is diminished. Greenness estimated SRI was then
used in a model involving meteorological data to estimate corn
yields with R = 0.68 (Daughtry et al., 1983),

Jackson (1983) described a method for calculating the
coefficients for n-space indices by using an approach similar
to that of Kauth and Thomas (1976). To calculate soil bright-
ness and greenness coefficlents for reflectance measurements,
only three data points are required: one reflectance measure-
ment taken over wet bare soil, one over dry soil, and one over
green vegetation, He demonstrated his method by determining

reflectance brightness and greenness for wheat.
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Jackson's RBI 0.3285(RF1) + O.3731(RF2) + 0.5779(RF3) +
O.6473(RF4)
-0.4480(RF,) - 0.6896(RF,) + 0.0670(RF;) +

0.5650(RF4)

Jackson's RGI

Though this greenness index and that published by Rice et
al. (1980) were determined over wheat canopies, and most of
the work relating greenness values to crop growth parameters
involved wheat, some applications have been made to soybean
and corn (Rice et al., 1980; Kollenkark et al., 1982).

An understanding of the reflectance properties of the
leaves of different species would help determine which crops
have similar greenness-crop growth parameter relationships.
Near-infrared reflectance is affected by refractive index
discontinuities within leaves. The most important discontinuity
is the cell wall/air space interface, although discontinuities
among cellular constituents also affect near-infrared reflec-
tance (Gausman, 1974)., Differences in cell wall/air space
arrangements are most determined by leaf mesophyll arrangements.
A leaf with a compact mesophyll structure reflects less light
than a leaf with a "spongy mesophyll" because there are fewer
hydrated cell wall/intercellular air space interfaces to refract
the light (Gausman et al., 1970). Mesophyll arrangements for
the crops involved in this study are described in Table 1,

Sinclair et al, (1971) found trends in reflectance differ-
ences between monocotyledons and dicotyledons, For example,
soybean reflectances were significantly greater than those of

the monocotyledons, yet the differences were less than 5%.



They found reflectance spectra of fresh green leaves very

similar, regardless of the species,

14
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MATERJALS AND METHODS

This research was conducted on the Ashland Evapotrans-
piration Research site near Manhattan, Kansas in 1982, An
independent test was made with data collected in 1981, A
description of the 1981 plots and conditions is given by
Hattendorf (1982),

For the 1982 study, the s0il was Eudora silt loam, a
coarse=silty, mixed, mesic Fluventic Hapludoll, ZXudora soils
are well drained, neutral to moderately alkaline, friable and
easily worked. They are naturally fertile and have medium or
high available moisture capacity. They were formed in coarse
§ilt loam or loam alluvium (Jantz et al., 1975).

The plot design was randomized complete block with six
crops {field corn, pearl millet, grain sorghum, pinto bean,
sunflower, and soybean) and three replications per crop. Two
remaining plots of a 4 by 5 grid were planted to sweet corn.
Table 2 lists the scientific names and varieties of the crops
grown., Fig. 2 shows the 1982 plot arrangement. ZPlots were
14 m long and 12 m wide with 3 m alleys between plots, There
were 16 rows per plot and the row spacing was 0,762 m,

On 3 May, the entire plot area was fertilized with 205
kg/ha of actual N in the form of ammonium nitrate., On 5 May,
TreflanTM (a,a,a-trifluord-Z,6-dinitro-N,thipropyl-p-toluidine)
was preplant applied to the soybean, pinto bean, and sunflower
plots which were disked immediately after application. A
Tassol ! (2~chloro-2‘,6'-diethyl-N(@ethoxymethyi} acetanilide)
+ Bladex?m(z-[]}-chloro—G- %thylaminé}-s-triazin-z—yi}-aminﬁl-
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Table 2, Scientific names and varieties of crops grown in
1981 and 1982,

Crop Scientific name Variety/hyvbrid
Field Corn Zea mays L. PVT76S

Grain Sorghum Sorghum bicolor (L. )Moench PV535GR

Pearl Millet ©Pennisetum americanum L.  79=-2094/78=7088 in 1981
81-1107/78-7088 in 1982

Pinto Bean Phaseolus vulgaris L. UIll4
Soybean Glveine max (L.) Merr. Cumberland
Sunflower Helianthus annuus L. IS907
Sweet Corn¥*  Zea mays L. Merit

¥No LAL data WEre collected Tor sweet corn in 1051,

Table 3., Planting dates for crops in 1981 and 1982,

Crop Planting date for: 1981 1982

Field Corn 21 May 20 May
Grain Sorghum 2 June 11 June
Pearl Millet 2 June 11 June
Pinto Bean : 22 May 20 May
Soybean 22 May 20 May
Sunflower 22 May 20 May

Sweet Corn 21 May 20 May
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2-methyl=-propionitrile) tank mix was applied to all corn plots
immediately after planting., Milogard' '(2-chloro-4, 6 bis
[;sopropylaminé}-s-triazine) was applied to the sorghum and
millet plots immediately after planting, Table % lists the
planting dates for both years.

Two neutron access tubes of 0.D., 4.13 cm and wall thick-
ness of 0.09 cm were centrally located in each plot, Neutron
probe data were collected with a Troxler 2601 series probe
approximately every 10 days to a depth of 3,05 m in 15 cm
increments. Concurrently, two gravimetric samples were taken
from the 0 to 76 mm layer of esch plot., The samples were
weighed, dried 48 hours at 105 C, and weighed again for the
determination of water content by weight., Water content data
were used in a water-use study not involved in the analysis
presented here.

Periodically throughout the season, stomatal resistance
measurements were taken using a transient porometer, canopy
temperature was measured with an infrared field thermometer,
and small leaf samples were collected from nonspectral locations
for determination of leaf water potential, osmotic potential,
and turgor pressure using thermocouple psychrometers and a
dew point microvoltmeter, Those data are also not involved in
this analysis.

Spectral reflectance data were collected with an Exotech
4-band radiometer, Model 100A, equipped to simulate the four
LANDSAT multispectral scanner (MSS) bands MSS4 (0.5 - Q.GIym),
MSS5 (0.6 - O.7_pm), MSS6 (0.7 = 0.8‘ym), and MSS7 (0.8 - 1.1

Pm). Those plots over which spectral data were collected are
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indicated in Fig. 2.

The radiometer was mounted on a boom truck modeled after
LARS (Bauer et al., 1980)., The boom was held at a 45° angle
so that the instrument was aimed over the crop canopy in the
vertical nadir position, 7.4 m above the ground., After 16
July, the boom angle was 43° and the instrument was 7.2 m
above the ground., Calibrations were taken over a barium
sulfate panel of size 1.2 x 1.2 m approximately every 15 to
20 minutes, Reflectances were calculated using bidirectional
reflectance factors measured at an irradiance zenith angle
of 10°, |

Reflectance data were collected only during clear sunny
periods, TFor each set of data collected, three observations
were taken per plot, with the exception of the first two sets
taken in 1981, when only one observation per plot was taken,
On several dates, more than one data set was collected, so
for each date, the mean of all reflectance measurements
collected over any one crop for one waveband was used as the
reflectance value for that date, crop, and waveband,

Plant samples were taken from a nonsﬁectral plot approxi-
mately once each week for the determination of above ground
fresh mass, dry mass, and green leaf area index (LAI). ZFarly
in the season, 2 or 3 m of row were sampled, but as plant size
increased, the sampling length was reduced to 1 m. Green leaf
area, in cmz, was obtained with a Type AAMS Hayashi Denko
leaf area meter, Ieaf area index was calculated by dividing
the total area of green leaves in the sample by the ground

area, in cm2, represented by that sample site, Fresh mass was
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recorded for the entire sample, The plants were separated
into leaves, stems, and reproductive parts, dried at 80 C for
one week, and weighed to determine dry mass of plant parts.
Fresh and dry mass were converted to Mg/ha.

Stepwise multiple regression analysis (MAXR option) was
conducted by the Statistical Analysis System (SAS Institute
Staff, 1979) on LAI and above ground dry weight to day of
year/108 to determine the field predicted values of LAI and
dry weight for each date that spectral data were collected.

A modified form of the procedure described by Jackson
(1983) was used to calculate the coefficients for 4=-space soil
brightness and greenness for the 1982 reflectance data, Green-
ness values were calculated for each date that spectral data
were collected. Multiple regression analyses (GLM and STEPWISE
procedures) were conducted by SAS to determine relationships

between greenness values and IAT and dry weight,
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RESULTS AND DISCUSSION

Because measurement of leaf area index (LAI) and above
ground total dry weight (DWT) did not coincide with the dates
that spectral data were collected, equations were needed that
would estimate LAI and DWT from the day of the year., Leaf
area index and DWT were each regressed against the first
through the fourth order of day of year/100 (D) by using step-
wise multiple regrecssion analysis (MAXR option) of the Statis-
tical Analysis System (SAS Institute Staff, 1979). For all
crops, the equations derived when regressing LAI against D
over the entire growing season estimated LAI very well at the
beginning and end of the season, but always underestimated LAI
during mid-season when LAI values were at their peak., ILeaf
area index was again regressed against the first through the
fourth powers of D, but separate equations were derived for
data up to maximum LAI (inclusive) and after maximum LAT
(inclusive), These two-equation models estimated IAI as well
during mideseason as they did during earlier and later parts of
the season, The models for DWT showed no such seasonal biases
when derived over the entire growing season. The two-equation
models for estimating LAI and the equations for estimating DWT
from D are given in Table 4,

Leaf area index and DWT data were plotted against D along
with the model estimates., There were still a few values for
early-season grain sorghum and millet and end-of-season soybean
that were best estimated from a hand-drawn curve through the

actual data points, Those hand estimated values are listed in
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Table 5, Exceptions from regression equations (see Table 4)
for indicated days of the year/100 (D) when LAI and/or DWT
were predicted from field data for regression against ’

greenness, /
Crop D LAT DWT (Mg/ha)
Grain sorghum 1.84 —— 0,105
1.88 ——— 0,499
Pearl millet 1,80 0,05 0,098
1,84 0.85 05 295
1,88 1,56 0.623
1.97 —— 2.23
Soybean 245 2430 —
2453 0.88 -
2463 0,13 ——
2.65 0.10 ————
270 0,00 —
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Table 5., With those exceptions, LAI and DWT were estimated
from the models given in Table 4 for each date spectral data
were collected, I called these the field estimated wvalues of
LAT and DWT.

To determine coefficients for soil brightness and greenness
from the four-band reflectance data, a modified form of the
procedure described by Jackson (198%) was used. Jackson's
method uses only two four-dimensional data points collected
over bare soil to determine the soil brightness coefficients,
Those two points should preferably differ considerably in re-
flectance (one taken over wet soil and one over dry soil). The
soil brightness coefficients are determined from the equation
for the line through those two points, I modified the Jackgon
(1983) procedure by using all soil data collected (i.e., N =
17 for Eudora silt loam in 1982) and deriving a set of coeffi=-
clents by using the linear equation for each possible pair of
two soil points, In the case of the Eudora soil, I had 136
possible soil data pairs, so I determined 13%6 sets of coeffi-
cients and then calculated the mean of all 136 coefficient
estimates for each waveband, The estimated mean values and
standard errors of the means for soil brightness coefficients
are given in Table 6. Along with those I estimated for the
Fudora and Muir soils are those previously published by Rice
et al, (1980) and Jackson (1983)., The determined soil bright=-
ness index for the Eudora soil is

SBI; = 0.3296(RFy) + 0.4111(RF,) + 0.5082(RF3) + 0.6414(&1«‘4).

The next step was to calculate the reflectance greenness

coefficients for each crop using the 1982 data. To accomplish
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this, Jackson (1983) used the determined soil brightness co=-
efficients and one four-dimensicnal data point taken over green
vegetation, The Gram=-Schmidt process (Freiberger, 1960) is
used to determine the unit vector orthogonal to soil brightness
and in the direction of the green vegetation data., The 1982
crop reflectance data were taken from an Eudora soil location,
so I used the Fudora SBI .for the greenness index calculations,
I modified Jackson's procedure by using all data collected over
each crop., Greenness coefficients were determined for each
waveband by using each of the data points, resulting in a
greenness index for each point. EXach greenness index was
tested for orthogonality by calculating the dot product of the
greenness and soil brightness indices., If the absolute value
of this dot product was less than 0«05 then the indices were
bonsidered orthogonal, Only those N indices that were ortho=-
gonal to the soil brightness index were used to calculate esti-
mated mean values and standard errors of the means for each
waveband for each crop. Those coefficients formed the "indivi-
dual greenness indices"™ for each crop. I calculated an “over-
all greenness index" by using the same technique on all reflec=
tance data taken over all crops (N = 76). The coefficients for
each crop's individual greenness and the overall greenness are
listed in Table 7 along with those previously published by

Rice et al. (1980) and Jackson (1983), The overall greenness
index was calculated and included in further analyses to deter-
mine if the ability to estimate LAI and DWT from spectral re=-
flectance greenness depends upon having indices derived for

each crop specifically or if a more general index, derived over
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several crops, can be used. The indices from Rice et al., (1980)
were included because they are currently used by a number of
agencies (Kanemasu, 1983).

For each date that spectral data were collected, the re=-
flectance values were transformed through the individual green-
ness index, for each respective crop, to determine the individual
greenness (IG) value for that date., Reflectance values were
also transformed through the overall greenness index and the
greenness index published by Rice et al, (1980) to determine
"OG" and "RG" values, respectively, for each crop and date.

To determine the relationship between LAI and reflectance
greenness, for each crop, regression analysis (GLM procedure)
was conducted by SAS on the field estimated values of LAI
against IG, 0G, and RG values by.using 1982 data. Strong
linear relationships were found (model significance < 0,001)
but intercepts were not significantly different from zero (p 7
0.05). The GLM procedure was again performed (NOINT option) to
find the no=-intercept models that estimate LAI from greenness
values for each crop., The results are numerical values I have
termed "crop factors" that, when multiplied by the greenness
value, estimate LAI (3225.0.94). Crop factors were determined
for each crop using each of the possible greenness values (IG,
0G, and RG). Table 8 lists the crop factors, their standard
errors, and R2 values for each crop and greenness combination.

Figures 3, 4, and 5 show the leaf area index values pre=
dicted from spectral data (by multiplying the appropriate crop
factor by the IG, 0G, and RG values, respectivély) plotted
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against the field estimated values of LAI. Judging from the
results in Tables 7 and 8 and the strong similarities bhetween
Fig. 3, 4, and 5, models using the more general overall green-
ness, or that of Rice et al. (1980), were just as effective

at estimating LAI as those models using individual greenness,
It is, therefore, not necessary to use specific greenness co-
efficients for each of these crops.

I noticed similarities among the crop factors for the
four grass crops (i.e., for overall greenness, crop factors =
0.199, 0,187, 0,218, and 0,175 for field corn, grain sorghum,
pearl millet, and sweet corn, respectively) and then similar
values among the broadleaf crops (0.120, 0,109, and 0,127 for
pinto bean, soybean, and sunflower, respectively). This was
not totally unexpected, as Wiegand et al, (1973) had found a
single relation to fit both corn and sorghum spectral data in
estimating LAI and Sinclair et al. (1970) had found trends in
reflectance differences between monocotyledons and dicotyledons,
I repeated the GLM procedures, grouping all data for the grasses,
then all broadleaf crops, to determine generalized crop factors.
Those are also listed in Table 8,

To demonstrate the ability of the "crop factor x greenness"®
concept to estimate LAI over the entire growing season, Fig. 6
through 12 show the leaf area index estimates from spectral
data (by multiplying overall greenness x the crop-specific
factor and overall greenness x the more general grass or brpad-
leaf factor) along with the actual field measured IAI data,
plotted against the day of the year for each crop. During mid=-
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season, greenness estimated LAI values tended to reach satura-
tion levels, These levels varied from LAI values of 5,0 = 6,5

in the grass crops and 4,0 - 5,0 in the broadleaf crops., At

the end of the season, as field measured green LAI reached

zero for field corn, sweet corn, pinto bean, soybean, and sun=-
flower, greenness estimated LAI stayed slightly higher than

zero (0.4 = i.O). This was due to plant dry matter still
present, but no longer green, so that the soil was not completely
bare,.

As an independent test, Fig, 13 through 18 show spectrally
estimated LAI and field measured LAI plotted against day of
the year for each crop, using the 1982 determined models on
1981 data., No field data had been collected on sweet corn in
1981, Unfortunately, due to weather and field conditions, no
spectral data were taken for days 193 = 219 in 1981, Again,
the crop factor x greenness concept estimated LAI quite well,
particularly for grain sorghum and field corn,

Pearl millet showed considerable variability in both the
actual and spectral LAI values for both years., In the 1982
figure for millet, Fig. 8, greenness estimated LAI had a more
stable trend through the season. than field measured LAI.

Peafl millet tends to vary considerably in growth rate, tiller-
ing, heading, and is even difficult to plant at an even rate,
There was consliderable variability in LAI within plots. Since
field measured LAI was taken from only one location in a plot
each time data were collected, but greenness LAI was estimated

as the mean of three or more observations (at differing loca=-
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tions within a plot) for each date, greenness may be a better
estimator of overall pearl millet LAI than the field measure-
ments., Likewise, im 1982, greenness estimated LAI for grain
sorghum had a more stable trend through the season than field
measurements,

There were some problems in greenness estimating soybean
LAT for days 220 =~ 245 and sunflower LAI for days 220 = 223
in 1981, This could be due to variability between the 1 m
sampling locations and the spectral data collection locations.

I attempted to determine relationships between the green-
ness values and DWT over the entire season. For each crop,
stepwise multiple regression (MAXR option) was conducted by
SAS on the field estimated values of DWT against IG, 0G, and
RG values to the first through the fifth order.- For field
corn, pinto bean, and soybean, no significant models could be
determined (p*»0.1l) by using any of the greenness possibilities,
For sweet corn, one model was determined by using the greenness
from Rice et al. (1980) that was barely significant (p = 0.09).
The other greenness values were not significantly related %o
sweet corn DWT. Significanf models were developed for grain
sorghum, pearl millet, and sunflower by using each of the green-
ness possibilities., Those had R° values between O.45 and 0.69,
and are presented in Table 9, I also determined greenness-DWT
relations for the grass crops combined (also in Table 9) but
there were no significant models for the broadleaf crops com=
bined. Kollenkark et al. (1982) also determined that greenness

is better correlated to LAI than DWT because DWT includes stems,



92

pods, seeds, etc, that are not spectrally detectable., Aase
and Siddoway (1981l) had similar problems in determining
relationships between seasonal dry matter accumulation of
winter wheat and vegetation indices, They could determine such
relationships up to tillering, but after this stage, the re-
lationships collapsed due to increased contribution to the dry
weight by non=-leafy material,

Models that could estimate DWT during the first part of
the season, when the plant matter present is due almost entirely
to lezfy material, might be possible to determine. I chose
the date of maximum leaf area to be the cut-off point for these
first-of-season models., DBecause only three to eight data points
were taken for each crop prior to maximum leaf area, I believed
I did not have sufficient data to determine croﬁwspecific
greenness=-DWT models, but that I could use the combined grass
data and combined broadleaf data to determine general models
for early season, Using SAS regression techniques (STﬁPWISE
and GLM procedures), only the first order greenness values
were significant (p< 0.05) and intercepts were not significantly
different from zero (p>0.05). The no-intercept models for
estimating DWT from greenness resulted in general DWT crop
factors for grass crops and broadleaf crops presented in Table
10, Those DWT crop factors, multiplied by appropriate green=-
ness values, estimate dry weight in Mg/ha (RZ?LO.91). Fig. 19
shows the dry weight estimated from spectral data (by multiplying
the grass or broadleaf crop factor by the overall greenness

values) plotted against the field estimated values of DWT.
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Fig. 20 through 26 show the DWT spectral estimates for the
first of the season (until maximum leaf area) along with
actual field measured DWT values for the entire season, plot-
ted against the day of the year for each crop. The greenness
models estimated DWT quite well, but unfortunately, only con=-
cern a small part of the growing season,

As an independent test on the general dry weight crop
models that were determined in 1982, Fig. 27 through 32 show
spectrally estimated DWT until maximum leaf area, along with
actual field measured DWT values for the 1981 season, plotted
against the day of the year for each crop., For the small part
of the season included, greenness estimated DWT very well for
all crops examined except for day 224 in soybean and day 192
in sunflower, On those dates, I also had difficulty in esti-
mating soybean and sunflower LAI from greenness. This may
also indicate differences between the vegetation densities of

the plant sampling sites and the spectral data sites.



63

"ERBP TRST 91} uo slapouw gghT Jupsn faved ayg jo Lep g qsupee pogqo! furoo prory aog

UOSEOS DILGUS DN} I0A0 TRy POINSTOW PTOTY PuR [y Umurpxem Trqun JMa pegrugso Arrnajoods

Hu3L 40 Add

O0E 062 092 0¢2 092 052 Ohe Dfe ~02Z Ol2 002 061 081 041

, , 031

o=
SHSNUY  'NULLUHNUW
1861 NHOD 01314

HOLJUd SSHUO IHII3IM AHA X SSINNIIYI 1IUHIA0 HOUJ 031IICIYd @
1HII3M AHO Q3UNSY3IU *

L A

oo

‘00" h

00°9

00°8

00°01

00°21

00 "Rl

00" 91

00°81

00 °0¢

lHII3M LHO

(e4/3W)



64

‘unidaos uredd goy qug ')z cdrg gv eumg 9 a o

%mm» 40_.i8d

00€ L 062 082 0¢e 092 0S2  Ohe Dfe “0Ogz 0l2 002 061 081 0/1 091

@
= 7]

SHSNUX  'NU1 LUHNUW L]
1861 WNHIYOS NIYW9

HO1J44 _SSUHI LIHITIN AHO X SSINNIIHD 1IHYIAO WOYY 0I1IIA3Y4 ©
1H9I3M AHO 03UNSHIY *

0s

x\ﬁlLI*+!lrle|!mD.c

00" 2

00k

00°8

00°01

00621

00°hI

00°91

00781

00°0¢e

1lHII3IM LHO

(e4/3W)



65

*qoTTrw [avad dof quq Lz *Jrg se aumg 4z *Sig
o4l 40 Aiud

00E 062 082 0¢2 092 0S2 OnZ 062 022 02 002 061 081 0ZI 091

SHSNUY  ‘NUILIHHNUW
1861 L13IM

HOLJBd SSHYO LHIIIM 1HO X SSINNIIHI TTUHIA0 WOH4 G3L1II03Hd °
LH9I3M AYO Q3YNSHIW *

do"o
00°¢

00 " h

1H3I3M LH0d

(eyq/3W)



66

00€

cueaq oquid Jdoy gnq Lz ey ‘0L *drg

Hydl 40 Add i
,06c 08¢ 0/2 092 0Se¢ Ohe 0gc 022 O0l2 002 060 081

su aumwg

‘NUL1UHNBY
NU38 OLNId x @

SHUSNUY
1861

H01Jbd4 JY370U0HE LHSI3M ABO X SSINNIIYI 1IHYIAO HWOH 031710344 ©
IH9I3IM 1”0 OIUNSYIW *

300
002
00" h
00°9
00°8
00°01
00 ° ¢l
00" hl
00°91

00°81

0002

IHIISM AHO

(ey/3u)



67

*ucoqfos doy g *Ly *dry sv oweg g *Dry

L

SHSNUM
1861

. o3l 40 i”d
00E 062 082 0¢2 092 0S2 Oh2 Otz 022 Ol2 002 061 081 0/i 091
: M TR
»
‘NULLUHNUH x o
NU3E10S “ "

Y01JY4 4H370U0HE IHOIIM AHO X SSINNIIUI 1HHIAC WOW4 031IIGIMd °
IH9I3AM AHO 03UNSHIN *

00" 2
00" h
00" 9
00°8
0001
o0 21
00" f1
oo~ ar

0081

00°0Z

LHII3IM AHO

(eyY/3W)



68

fIAnOTFIMS doF uq Ly cdgg se swng  cgg *Urg

HUdl 40 idd
00E 062 082 0¢2 092 0S2 OR2  0f2 022 0[2 002 08I 081 0/ 091

SUSNUM  ‘NUL1BHNUW
1861 YIMOTANNS @

HO1JU4 4H30U0HE LHIIIM AWO X SSINNIIHI 1THYIA0 WOW4 GILITIAIHd ©
IH9I3M 14O Q3YNSHIAW *

: ...T].il,&c ‘0

-00°2

009

00°8

00°01

00°cl

00" hi

00791

00°81

00°0¢

LH3II3IM AHO

(e4/3W)



69

SUMMARY AND CONCLUSIONS

By using a modified form of the procedure described by
Jackson (1983), four-dimensional reflectance greenness indices
were determined for each of seven crops (field and sweet corn,
grain sorghum, pearl millet, pinto bean, soybean, and sunflower)
and an overall greenness index was determined from the data of
all crops combined., Greenness values were highly correlated
with the 1982 leaf area index (ILAI) values, whether the index
used was derived for the specific crop involved, for all crops
combined, or in an independent study (Rice et al,, 1980).
For each crop examined, the relationship between greenness and
LAT was significant (p<0,01) and linear, with the slope equal
to what I have termed the "crop factor", The intercepts were
not significantly different from zero (p>70.05)., The resulting
numerical crop factors, when multiplied by the greenness values,

estimated TAT with R2

= 0,94, The seven crops were grouped
into grass and broadleaf classes and the dafa used to determine
general crop factors. When multiplied by greenness values,
the grass and broadleaf factors are able to estimate 1982 LAI
values with RZ 20,94,

The greenness indices and crop factors determined with
1982 data were applied to an independent data set from 1981
(involving a different row direction and soil type) and esti-
mated LAI quite well, particularly for grein sorghum and field
corn, There were tendencies in both seasons for greenness
estimated LAI to reach saturation levels., Those levels varied

from LAI values of 5,0 to 7.0 in the grass crops ahd 4,0 to 5,0

in the broadleaf crops.
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Significant relationships could not be determined between
greenness values and total dry weight (DWT) over the entire
1982 growing season, This 1s because DWT includes stems,
pods, seeds, and other plant parts that are not spectrally
detectable, Significant relationships were determined between
greenness and DWT for the grass and broadleaf classes up until
maximum leaf area (p <0,05). These relationships were linear,
and their intercepts were not significantly different from
zero (p 70.05). The resulting DWD crop factors, multiplied
by appropriate greenness values, estimated total dry weight in

Mg/ha with R®

2 0,91, The 1982 determined crop factors for
DWT until maximum leaf area were applied to the 1981 data and
estimated DWT quite well for the small part of the season con-

cerned.

The greenness x crop factor concept is a simple but effective

method of transforming remotely sensed spectral data into esti=
mations of DWT until maximum leaf area or LAI that are not so
labor or time consuming or prone to sampling biases as conven-
tional field measurements of DWT and LAI, Remote sensing of
greenness would allow research on a wide assortment of crop
models requiring LAI or DWT as an input to be applied to larger
areas or at more frequent intervals than conventional sampling

technigues.



Tl

LITERATURE CITED

Aase, J., K., and ¥, H, Siddoway., 1980, Determining winter
wheat stand densities using spectral reflectance
measurements. Agron., J. 72:149-152,

hase, J, K., and ¥, H., Siddoway, 1981, Assessing winter
wheat dry matter production via spectral reflectance
measurements, Remote Sensing Environ, 11:267-277.

Ashley, M. Ds, 2nd J. Rea., 1975, Seasonal vegetation dif-
ferences from ERTS imagery. Photogram., Eng. Remote
Sensing 41:713=719.

Badhwar, G. D., and D. R. Thompson, 1983, ZEstimating emer-
gence date of spring small grains using LANDSAT spectral
data. Agron. J. 75:75-78,

Baver, M, Esoy L. L. Biehl, and B, F. Robinson., 1980, TField
research on the spectral properties of crops and soils,
Vol., I. AgRISTARS Final Report No. SR=-P0-04022,

Blair, Bs 0., and M. F. Biumgardner. 1977. Detection of the
green and brown wave in hardwoeod canopy covers using
multidate, multispectral data from LANDSAT-1l, Agron. J.
69:808-811,

Colwell, J, E., 1974. Vegetation canopy reflectance, Remote
Sensing Environ, 3:175-183,

Daughtry, C. S. Te, Ko P, Gallo, and M, E, Bauer. 1983,
Spectral estimates of solar radiation intercepted by corn
canopies, Agron., J. 75:527=531.

Deering, D. W. 1978, Rangeland reflectance characteristics
measured by aircraft and spacecraft sensors., PhD.
Dissertation. Texas A & M University, College Station,
Texas,

Esau, K. 1965, Plant anatomy., (2nd ed.). Wiley, New York,
Freiberger, W. F, 1960, (ed.) The international dictionary
of applied mathematics. D. Van Nostrand Co., Inc,,

Princeton, New Jersey.

Gates, Do Me, H. J. Keegan, J., C. Schleter, and V. R. Weidner.,
1965, Spectral properties of plants, Appl. Opt. 4:11-20,

Gausman, H, W. 1974, Leaf reflectance of near-infrared.
Photogram. Eng, Remote Sensing 40:183%=191,

Gausman, H, W. 1977, Reflectance of leaf components. Remote
Sensing Environ., 6:1=9,



72

Gausman, H. W., W, A. Allen, R, Cardenas, and A, J. Richardson.
1970, Relation cof light reflectance to histological and
physical evaluations of cotton leaf maturity. Appl. Opt.
9:545=-552,

Gausmen, H, W., Wo A, Allen, C, L, Wiegand, D. E. Escobar,
Re. R. Rodriguez, and A, J, Richardson, 1973, The leaf
mesophylls of twenty crops, their light spectra, and
optical and geometrical parameters., USDA Tech., Bul. 1465,
59p. U. S. Gov. Printing Office, Washington, D. C.

Hatfield, J. L., G. Asrar, and E. T. Kanemasu, 1982a., Inter-
cepted photosynthetically active radiation in wheat
canopies estimated by spectral reflectance, AgRISTARS
Tech, Reports # SR=-M2-04342, NASA, JSC, Houston, Texas.

Hatfield, J, L., E. T. Kanemasu, R. D. Jackson, P. J. Pinter,
Jre, Re J. Reginato, and S, B, Idso, 1982b, Leaf area
estimates from spectral measurements over various planting
dates of wheat, AgRISTARS Tech, Report #SR=-M2-04341.
NASA, JSC, Houston, Texas,

Hattendorf, M. J. 1982, Evapotranspiration relationships and
crop coefficient curves of irrigated field crops. M. S.
Thesis, Kansas State University, Manhattan, Kansas.

Heilman, J. L., E. T, Kanemasu, and G, M, Paulsen. 1976.
Estimating dry matter accumulation in soybean., Can. J.
Bot. 55:2196-2201,

Hodges, T., E. T. Kanemasu, and I, D. Teare. 1979, Modeling
dry matter accumulation and yield of grein sorghum,
Can. J. Plant Sci, 59:803-818,

Holben, B, N., C. J. Tucker, and C. J. Fan. 1980, Spectral
assessment of soybean leaf area and leaf biomass,
Photogram, Eng., Remote Sensing 46:651-656,

Jackson, R. D, 1983, Spectral indices in n-space. Remote
Sensing Environ., (in press).

Jackson, R. D., P, J. Pinter, Jr., R. J. Reginato, and S, B.
Idso. 1980, Hand held radiometry. USDA=-SEA, Agricultural
Reviews and Manuals, ARM=W-=19,

Jackson, R. D., P. N. Slater, and P. J. Pinter, Jr. 1983,
Discrimination of growth and water stress in wheat by
various vegetation indices through a clear and a turbid
atmosphere. Remote Sensing Environ. (in press).

Jantz’ D. R., E.. F. HarnEr, H. T. ROWland’ and :D. fi. G‘iEr.
1975, Soil survey of Riley County and part of Geary
County, Kansas. USDA Soil Conserv. Serv,



7>

Jordan, C. F, 1969, Derivation of leaf-area index from quality
of light on the forest floor. ZEcology 50:663=-666,

Kanemasu, E. T. 1974. Seasonal canopy reflectance patterns
of wheat, sorghum, and soybean, Remote Sensing Environ.

334547,

Kanemasu, E., T. 1983, Spectral input into crop growth,
development, and yield modeling for wheat and barley
and use of measured soil moisture data in crop growth,
development, and yield estimation., Final Report # NAS
9-16457. NASA, JSC, Houston, Texas,

Kanemasu, E, Tey Jo L. Heilman, J. 0. Bagley, and W, L., Powers.
1977. TUsing LANDSAT data to estimate evapotranspiration
of winter wheat. ZEnviron. Mgt. 1:515=520,

Kauth, Rs Je, @and G, S. Thomas, 1976, The tasselled cap =
a graphic description of the spectral-temporal development
of agricultural crops as seen by LANDSAT, Proceedings
of the Symposium on Machine Processing of Remotely
Sensed Data., LARS, Purdue,

KOllenkark, Je Co, G S M, Daugh‘try, M. Eo Bauer, and s Lo
Housley, 1982, Effects of cultural practices on agronomic
and reflectance characteristics of soybean canopies,

Agron, J. T4:751-758.

Linvill, D. E., Re F. Dale, and H, F, Hodges, 1978, Solar
radiation weighting for weather and corn growth models.,
Agron. Jde 703257-2630

Maxwell, B, L., 1976, Multivariate system analysis of multi-
spectral imagery. Photogram, Eng. Remote Sensing 42:

Pollock, R. Bey, and E, T. Kanemasu, 1979, Estimating leaf=-
area index of wheat with LANDSAT data., Remote Sensing
Environ., 8:307-3%12,

Rice, D. P., Es« P, Crist, and W. A, Malila, 1980, Appli=-
cability of selected wheat remote sensing technology to
corn and soybeans., Final Report NASA CR/ERIM 124000-9-F,

Richardson, A. J., and C. L. Wiegand., 1977. Distinguishing
vegetation from soil background information. Photogram,
Eng., Remote Sensing 43:1541-1552,

Rouse, J. W., R. H. Haas, J. A. Schell, and D. W. Deering.
1975, Monitoring vegetation systems in the great plains
with ERTS, Third ERTS Symposium, NASA SP=-351,

SAS Institute Staff, 1979, GIM procedure p, 237-263, and
STEPWISE procedure p, 391-396, In J. I. Helwig and K., A.
Council (ed.,). SAS user's guide, 1979 edition, SAS
Institute Inc., Raleigh, N. C.



T4

Sinclair, T. Res Re M. Hoffer, and M, M., Schreiber, 1971,
Reflectance and internal structure of leaves from several
crops during a growing season., Agron, J. 63:864-~868,

Thompson, D. Re., and 0, A, Wehmanen. 1979. Using LANDSAT
digital data to detect moisture stress, FPhotogram,
Eng. Remote Sensing 45:201-207.

Tucker, Ce Js 1977. Asymptotic nature of grass canopy spec-
tral reflectance. Appl. Opt. 16:1151-1156,

Tucker, Co Jo 1979. Red and photographic infrared linear
combinations for monitoring vegetation. Remote Sensing
Environ. 8:127=-150,

Tucker, Ce Jey, and L. D, Miller., 1977. Soil spectra contri-
butions to grass canopy spectral reflectance. Photogram.
Eng. Remote Sensing 43:721-726,

Tucker, Cs Jey Lo D. Miller, and R. L. Pearson., 1975. Short-
grass prairie spectral measurements, Photogram. Eng.
Remote Sensing 41:1157=1162,

Wiegand, Cs L., H. W. Gausman, J. A. Cuellar, A. H, Gerbermann,
and A, J. Richardson, 1973, Vegetation density as
deduced from ERTS-1 MSS response, In Third ERTS symposium
1:93-116, NASA SP-351, U. S. Gov, Printing Office,
Washington, D. C.

Wiegand, C, Le, Ae J. Richardson, and E, T. Kanemasu., 1979,
Leaf area index estimates for wheat from LANDSAT and
their implications for evapotranspiration and crop
modeling. Agron. J. 71:336=34Z2,



APPENDIX

9



76

The following notes apply tc Tables 3A, 44, 5A, and o4,
TIME = time of day, Central Standard Time.

M354, MSS5, M3S6, and MSS 7 = percemt reflectance for
the respective wavebands,

SOLAR AZIMUTH = angle between sun and direction South,
in degrees,

SOLAR ELEVATICN = angle between sun and hecrizon, in
degrees,
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1981 VEGETATICN MASS AND GREEN LEAF AREA TMDEX

DAY CF
YEAR
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167
174
181
191
1gé
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230
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10.75
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6. G0
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Te15
11.73
10,29
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0.95
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2.77
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Te72
0.C2
0. 17
Ca T4
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4,23
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5.58
10.20
15.75
17,15

LEAF AREA
INDEX
0.09
0«54
1.94
3.93
4.52
Je&?
4e36
4.16
3.83
4,12
3.37
2.09
0.06
0.63
2.48
4. 79
4.51
5.55
3.59
5.27
4,08
4.85
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0.10
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4y 48
3.52
4017
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Table 1A.
1981 VEGETATIOMN MASS AND GREEN LEAF AREA INDEX

DAY CF CRCP ABJOVE GRUOUND VEGETATIGN

YEAR DRY MASS LEAF AREA
MG/HA INDEX
247 GRAIN SCRGHUM 19,10 3.28
159 SOYBEAN 0.03 0.04
167 SOYBEAN 0.15 0.20
174 SOYBEAN 0.39 Q.51
181 SOYBEAN 0.83 1.35
191 SOYBEAN 1.96 2.69
196 SOYBEAN ' 2,19 3.08
203 SOYBEAN 3,43 5. 06
210 SOYBEAN 5,01 6.21
218 SOYBEAN 6.62 6.27
230 SOYBEAN 8.09 5.15
240 SOYBEAN 10,538 524
247 SOYBEAN .63 3.39
159 SUNFLOWER 0.03 0.0é
167 SUNFLOWER 0.36 0.45
174 SUNFLOWER 1.28 1,61
181 SUNFLOWER 2.73 3.36
191 SUNFLOWER 5020 3.73
196 SUNFLOWER 6,86 3445
203 SUNFLOWER 7.83 5.25
218 SUNFLOWER 11.52 4076
230 SUNFLOWER 10.72 2.51

240 SUNFLOWER 8.03 1.47
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1682 VEGETATICN MASS AND GREEN LEAF AREA INDEX

DAY OF
YEAR
154 FIELD
o8 FLELD
lee FIELD
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182 FIELD
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393 FIELD
195 FIELD
200 FIELD
207 FLIELD
215 FIELD
225 FIELD
229 FIELD
237 FIELD
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173 PEAF L
199 PEARL
182 PEARL
188 PEARL
193 PEAPL
195 PEARL
200 PEARL
207 PEARL
Z2i5 PEARL
227 PEARL
237 PEARL
244 PEARL
293 PEARL
259 PEARL
270 PEARL
276 PEARL
264 PEARL
154 PINTG
159 PINTC
166 PINTC
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182 PINTO
188 PINTC
193 PINTC
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CORN
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DAY OF
YEAF
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1«71 249€
4454 5427
5.13 .51
6.40 477
TeT2 4487
$.78 bLeS2
S, 18 2et3
9430 279
11,19 2 .08
8. 78 0e53
10,18 0.07
0.00 0.01
0.02 Oe 04
0.04 Qel5
Ot b Q.85
1.00 2409
1. 70 2,53
2-8"; 4-29
5.68 6eT2
Ea? 4,65
9,38 2423
Te23 3440
13.06 3,77
12.472 Bek?
15.42 Zwl?
. 2,01
15,71 1.93
16449 1.67
15,2 1.33
.04 0e04
0.05 .03
9 5 | Dell
0.25 032
0e 36 De45
0,63 0.97
1.19 1.75

He45

o



Table 2.0,
1682 VEGETATION MASS AMD

GREEN LEAF AREA [NDEX

DAY CF
YEAR

193
195
200
207
211
218
227
237
244
293
259
270
154
159
166
173
179
182
188
193
195
200
207
211
218
221
227
237
244

CROP

SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOVYBEAN
SOMBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SOYBEAN
SUHFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWZR
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER
SUNFLOWER

—===ABROVE GROUND VEGETATION=——-

FRESH MASS

MGJHA
i0.11

930

Ledd
18.46
22418
27,72
23.04
33.31
2735
19,78

19«95

DRY MASS
MG/HA
i.09
1,40
2.09
3.69
4058
5.37
510
T.52
608
5.88
€.92
5.70
0.01
.04
Q.19
0.79
1l.59
Z2e23
4e33
€.08
S5.15
6422
10.76
9.€6
12,22

-

S 75
10.72
Te24
.76

LEAF AREA
IMDEX
2437
2.3C
24865
4a4C
4455
4426
2.7¢&
2.9C
2452
D.88
De26
0.0C
0.02
O'C-’r
0.22
0.97
2.C8
3e45
402C
5.€2
2415
4el12
4e28
3404
3.02
2e4E
2.02
1.19
De22

81



DAY QOF
YEAP
231
233

TIME

1120
1059

82

Table 34.
BARE SOIL REFLECTANMCE fFOR 1981

MS 5S4 M5585 MSS5é6 MSST SULAR SOLAR

: AZIMUTH ELEVATION
6. 03 Be36 1126 17.55 55,80 50,72
5. 41 740 10,80 15.01 60,75 46485



Jable LA.

BARE SOIt REFLECTANCE FOR _19R2

DAY OF TIME MS 34 M555 M358 MSS7 SULAR SOLAR
YEAR AZIMUTH ELEVATION
197 853 7.39 9,54 12.36 17.40 85, 39 40.01
le7 852 7.33 9,57 12.91 1T7.46 85.29 40,01
197 845 be 34 8.30 10.12 132,89 86.T4% 38.46
197 935 6. 51 B35 1ll.41 1l6.24 7757 48,05
197 .935 be &6 8,33 11.38 16.19 TT.57 48.05
197 935 e 46 8.35 1l.41 16,24 7757 48,05
197 936 6.10 TaBl 10.62 14.96 T7:26 48.24
197 1016 6,83 892 12.00 1l6.986 68.08 55.63
l97 101é 630 BelD 10.90 15,35 68,08 55,63
197 1103 8.68 1l.32 15,33 21.13 52.98 63.57
197 1104 T« 24 F.28 12,50 17.18 52.59 63,73
197 1203 10.22 13.09 18.01 23.89 21.29 T0.72
197 1203 9219 11.81 1lé.44 22,38 2l.29 T0.72
197 1301 10.85 13.94 18.B6 24,97 =20.&0 T0.79
197 1301 10.52 13.55 18.74 25.05 -20.860 T0.79
197 1408 1le30 14473 19.57 26.05 ~-55.,24 62.61
197 1459 8.80 11.34 16.23 2i.71 -70.58 53.90
201 1008 10.33 13.19 18,85 24,85 6920 33,67
201 1008 12,07 15.61 22.38 29.74 69.20 53.67
204 B4& 6+ 80 B.56 12.7& 18,02 85.18 37.82
204 847 7. 29 9,25 13.56 18,62 85,01 33.01
204 9lé 9.72 12.70 17.10 22.8% T9.78 43.58
204 917 B.60 11.0! 15.05 20,07 79.59 43.77
204 1003 T.29 9,32 13.02 17.84 69.66 52.35
20% 1005 8.12 10,21 14,13 19.13 69.17 52.72
204 1045 1la60 14,95 19.79 25,52 57.65 59.65
204 1046 11,58 14.88B 19.11 24,55 5Te31 59,81
204 1228 10.77 13.77T 18.58 24.04 3.37 T0.38
204 1229 14.01 17.81 22.74 28.78 2.67 70.39
204 1328 11.95 15.26 20.29 26.11 =-35.22 67.07
204 1329 13,99 17.67 23.12 29,16 =35.75 66,96
204 1424 13,00 16469 21.92  27.91 =58.72 59.06
204 1425 14419 17,95 23,37 29.38 =59,05 58,20
204 1525 13.37 17T.8T7 23.38 29.50 =T4.74 4R.19
204 1526 1l.86 14,98 20.24¢ 25,86 ~-T74.96 48400
209 937 9.23 12,08 16.00 21.233 T4.22 46,36
209 933 8.78 11.38 15.34 20.68 74,00 47,05
209 1214 11.92 15.21 19.58 25,16 12,39 AB.B7
209 1215 1l.45 14,67 13.30 24,38 11.74 48.91
209 1428 10.21 13,20 17.40 22.58 -58.50 57.56
209 1428 9.20 11,89 15.80 20,60 =58,50 3Te56
210 934 9.59 12.5! 168.59% 21.91 T4, 57 46.16
210 925 Be B4 1l.47 15.20 20.32 74,35 46.35%
214 1018 1Ce 53 13.48 17.39 22.69 62.63 53.47
2la 1019 9. 64 12,37 16.06 21,27 624325 52.64
214 1156 ll.64 14,78 18.T6 22.99 2,35 66.61
214 1200 10.992 13.89 17.77 22,91 20,04 £6.35
215 1305 12.51 16.24 19,20 24,38 =z0.04 56.59
215 1306 11.99 1%5.48 18.57 23,73 =-20.62 66.52
215 1419 1l.12 15,01 17.99 22,91 =53,.74 57.30
2%5 1420 10.%52 13,21 17.19 22,10 =54.08 57T.64
215 1546 1Ca21 13.04 16432 21,86 =To.l6 42,45
215 1547 3,99 1ll.4e 15.30 19.94 =T6.2¢ 42.20

215 1700 Re24 12453 14,37 1Ba71 =B89.21 28,25



DAY CF
YEAR
215
221
221
230
230
231
231
31
231
242
242
245
245
245
245
245
245
245
245
245
245
245
245
253
263
265
265
265
265
265
265
265
265
265
265
265
265
270
270
280
280

TIME

1701
1040
1041

913

913

845

846
1236
1237

918

919

922

923
1018
1020
1152
1153
1250
1251
1401
1401
1617
1618

832

821

941

945
1016
1018
1146
1147
1238
1240
1343
1344
1438
1439
1045
1046
1006
1007

Table ééo

BARE S5SNIt REFLECTAMCE FQOR 1982
MS 54 MS S5 M556 MSS7 SULAR
AZIMUTH
T 07 Bse91l 12,36 16.46 =-89.37
12.83 146,17 21.77 28.17 53.36
11.62 14.B5 20,04 26.34 53.03
10,61 13,22 19.60 26.07 72423
8,33 10.51 15.37 21,13 72.23
1l 64 14,51 19,95 25.81 77.35
Se52 11.96 16.89 22.72 77.16
12.12 15019 20.50 26450 "'4005
13.57 17.24 22.45 28.84% 66,53
12.89 16e46 21.93 28.54 66.31
l4. 16 17.94 23.55 29.97 E4e 44
12.75 16.38 21.66 28,43 64422
14,40 18.31 23.70 30.23 50,17
13.00 16.40 22.11 28.89 49,59
15.07 19.08 24,42 30.91 15433
14,06 17,72 23.00 29.56 14,89
14,93 18,87 24.29 30.96 =1l.42
12,99 17.66 22,89 29,58 =~-11.87
14,62 18,44 23,60 29.75 =40.10
13469 17.25 22,30 28.47 =40.10
12,99 16412 22.24 28.14 =-74.,20
11660 14,63 19479 26.18 =T4.38
£ 51 Be49 10,77 1l4.14 1155
T.13 879 13,08 17.29 6983
1264 16,11 22.10 28.46 51,98
11.00 14,14 18.93 25.12 50, 99
12,09 15,14 21.84 28.4! 42,73
10,80 13.72 18.71 24.93 42,16
12,71 16e.11 21489 28,08 12.53
11,61 14,78 19,55 25,53 12.15
13.26 16,87 22.16 28.37 =Te 66
11.88 15,08 19.80 25,81 =-31,49
12,35 1575 20.55 26483 -47.68
6. 86 8,91 1l.42 15.06 32.32
6.85 8+87 1l.32 14,99 = 32,00
14,48 18,20 24.74 31,55 40 434
14,03 17.95 22.94 29,36 40,08

54

SCLAP
ELEVATICN
28.09
5H.T79
55.94
39.10
39,10
33.70
33.89
6280
6279
37.8¢C
37.97
37.90
38.07
4T7.02
47.33
57.04
57.09
57.42
57.38
5l.34
51,34
29,07
28.88
2T.34
23,35
36.42
37.032
41.40
41.67
49,57
49,62
49.95
49.94
45,75
45.65
38,97
38,83
43.30
43.41
35.76
35.88



85

Tetle Si.
FEFLECTANLE FOF 1681

DAY CF  PLITY Cann T1.4E HE o a5t HS56E M3S57 SCL AR SCL AR
YEAF AZIMUTH  ELEVATIODONH
l164d ) FIZLL Caprnb 15ap 5.84 B.46 G.tl 22,57 =72.5: 56.28
170 2 FIELL CouN 23582 4o 25 e 20 TeS6 2le42 =-10.7¢ TRe43
19z i} FIELD £oan T6d1 1.62 4sl% 1.E5 56,97 =T72.,44 52, B9
lae2 8 FIZLL COL 1621 le81 4,06 1.96 55,325 =72,4¢ 53.89
192 b FIZLD CC=2N leyl 2019 4.90 1,92 62,08 =T72,44 53,89
220 8 FIELD QRN i5.% 2,17 Zabh 2.68 27,40 =51,12 57442
220 E cIELD CORM 1515 2.07 350 255 36.%7 =31.,12 57.42
22C a8 FIZLD COPK 1515 2426 3.8 2.71 40,37 =51,:2 57442
224 8 FIELl CCPR 1l2e 2. 10 .64 261 33.07 E3.7¢ 54.71
22 & FIZLD COFN 112¢ 2.10 3.72 2ete I E.83 53,70 54,71
224 2 FIELO CORN 1126 2,08 3463 260 34,52 53.7¢ 54. 71
221 A FIZLD CCPY | 1105 2.18 3. 68 3.28 7,26 59.98 4R .26
231 B FISLD CORN 1105 2.05 2.59 2.04 38.2¢6 Ee,o08 43426
231 B FIELD CG2N 1105 2. 00 3. 65 Jebb5 IT9.E9 59.98 43.26
223 g F1zLD COQRN 1054 2416 4,00 2,56 25.43 62402 46e 0O
232 2 FIELD CCPH 1054 1.94 3.60 2.52 35.23 62.02 46+00
232 £ FIZLD CO=2N 1054 1.93 3.43 3.34 22,49 62.02 454 00
232 g FIELD CORN 1550 1.93 2.18 3,62 22,9« =58,22 4B, 34
223 g FISLD COPRN 1550 1,83 3.07 3421 34.02 =-5B.22 48,34
232 & FIELD CORt 1550 2.26 2.94 3«73 2B.4D =-%8,22 43,34
245 8 FIZLD CORN l4l6 2.71 4,56 5.64 25,99 =22.91 56.21
248 e FIELD CORM 14168 2e47 4.009 5«36 20,12 =22,9 58.21
2';?5 8 FIEL(‘ cao=y l‘r:.b e el 4423 5.17 22.06 2291 56.31
251 8 FI®LD CORR 1003 2.65 4,95 1.04 1e867 66,45 22.4%9
251 E FIZLD COR”n 1003 2.15 3.98 5.86 18.62 66,45 22,49
2F g riZ LD CGCRY 1003 2.51 bl 6.04 22.55 £be 45 33,49
251 & FIELD CORN 1107 2.78 5.23 6.61 Z2.12 £l.10 L4, 09
251 8 FIZLD COPN 1107 2ebl 4,56 H61 19.33 51.10 4b4, 09
251 & FIZLD (D3N l1lo8 2.106 3.75 5440 lé.lc 50483 Gy 24
251 g FIELD CORN 1244 3.00 4481 652 19,47 17.2¢ 54,79
251 g FISLD CORM 1245 2.95 4o 4B Ge22 1€.632 lo.84 S5%. B85
251 13 FIELD COPN 1245 2.T1 4,08 6429 15,54 16,84 54, 85
252 2 FIELL CORN 1247 3.0° 5.03 729 1E.76& 15,43 54,25
253 8 FIZLD CAORM 1248 2«82 4e65 Tel0 17.47 15,01 T4, 31
253 & FIELD CORM 12489 2,24 5.49 T«86 19.05 14,59 54,35
1&° i5 ZARL MILLET 1546 2.05 12,41 15.75 22.62 =T2.77 564,20
170 15 PEAFL MILLEY 1353 6.07 S.23 1l.8B8 18B.42 =20,53 73,36
192 15 PELRL MILLET 1602 2.67 &.12 295 62.37 =T2.60 53. 71
132 15 PELRL MILLETY 1602 2e47 595 2e84 6C.86 =~T2.68 2,71
192 1% PEAFL MTLLET l&02 2e 7% €. 20 3.06 65,16 =T2.8P 23.7!
220 18 PEARL MILLET 151e Zeb3 4,16 292 40055 =51,4¢ 57,26
220 he PEAPL MILLET i5le 2.52 4e33 304 4Co50 =5le4o 57.26
2z2¢C 2 PEZavL “MILLET 151¢ 2461 4e&aB 3.0B 41,52 =5l,46 57.26
224 15 PTAFRL "MILLET 1128 24258 4401 2.84 325,58 e th 5532
224 15 PEALL MILLET 1128 2eE2 4. 6% 23.27 37.81 53.12 £5.2:2
224 e PEAPL MILLET 1138 2e40 4,37 2.94 37,11 2.l 55,02
231 15 PEATL MILLET 1107 2433 %a 07 3.39 37.9 59,44 48455
221 15 PEAFL MILLET 1107 2.1 Za72 2419 24,49 59,44 4,59
232 el PEARL ™MILLET 2107 2al 2.82 Zal2 27.24 fR.44 L3,5¢
232 15 PEARL MILLET 1085 2015 4e 04 .25 35.36 61.77 +5e 17
232 15 PEARL MILLET 1055 254 4ol T.E3 ZT.E4 61.77 &b, L7
233 15 PEAFL "ILLET 1055 2413 3.86 .21 23,22 £1.77 464,17
233 1= pEroL AILLET 1548 a4 LoD 355 33, 7F ~R7,67 45,67
223 15 PEAEL MILLET 1542 2.35 4407 3,77 38,40 =57.67 43,57
223 2! PrARL MILLET 15438 7ol 2. 59 328 235.¢) -5T7,67 L3,e7
25 15 PEAFL <ILLLT 14.7 DiwikT Ze9l 2.52 3l.322 =22.33 56413



Teble 54

PEFELECTANCE FDOR 19R]

DAY UF PLCT Lr0pP T IS I*554 M552 ME3A ¥5ET7 SCLAF SOLAE
YEAF AZIMUTH  FLEVATION
245 15 pPEAT L ATLLET 1417 2.31 4el5 2,80 322,05 =22,232 56013
245 15 PSAPL MILLET 1417 2232 4a15 3.80 21,92 =I3.37 86,135 .
2535 15 PEARL MILLET 1304 1.52 2« 88 2ef7 2649 bf o 24 33,80
281 15 Pzafrl AILLCT 1004 133 3.513 3.4l 20467 bbe 2t 32. 56
252 15 PZ2PRL “ILLET 1005 1.99 3.50 2,5 Z2B.56 602 23,54
251 15 PELPL MILLET 1115 l.67 3.64 3.4 ZE,B8 48,83 «5,27
251 15 PEARL MILLET 1115 2637 Gakl 4406 23,1° 48.85 45,27
251 i5 PEAFL MILLET 11158 2e30 4o 16 3.58 3l.18 40,85 45,27
251 1z PEAPRL MILLET 1245 2.30 3. 82 2,72 2Be45 lge 84 54, &5
251 b PEAFL MILLET 1245 2.19 Z.80 .61 29.5C ibe.E4 54.85
251 15 PE2RL MILLET 1245 2430 2.92 4.08 28,17 lb.64 54,85
253 8 PLARL MILLET 1240 2425 3.90 3.,8C 29.07 14,59 54,325
253 15 PEARL MILLET 1249 2ehD 4a 50 445R 31,45 14,59 54435
253 15 PEAXL MILLET 1251 2455 4051 4,53 31.29 12.7F 4ebb
leP T PINTC BZAM 1547 €.10 G, 39 9«76 27,55 =72.28 56.57
le2 7 PINTCO BEAM 1558 159 5.54 loeS T2.36 =T1.72 54,45
192 7 PIMTC BEAM 1558 1.50 5a.22 1.0 55,71 ~-71,.72 S4,45
220 ki PILTC DR AN 1514 2,31 €s12 2.67 . =50.77 5757
220 T PIMTC RZAN 1814 2022 5. 30 2.56 . -50.77 57.57
224 7 PINTL BEAN 1514 2e24 5.92 254 . =50,77 57.57
224 7 PINTC 3ZAM 1135 2422 Eell 2.53 61l.2% 54,.C8 B4 ,5¢F
224 7 PINTC REAN 1135 2e12 5.81 242 59,61 54,08 54,55
224 7 PINTT REAN 1135 2003 S.7€ 2:3C 611.06 54,08 54,55
231 7 PINTZ 5EA% 1103 2410 ekl 2eT6 60,02 60, 51 47,52
231 T PINTL 3EANM 1l02 -e 98 5.12 2e67 BH.69 €052 “7e62
231 7 PINTC BEAN 1103 2.07 5.02 2.76 1.60 60451 47.92
233 T PINTY: CEZAM 1052 Zelé 5,532 2:98 57455 62.2F 45,32
232 T PINTC BEANM 1053 2.09 5,39 2485 54,02 62.28 45,382
2 T PINTD BEAN 1053 201 5.37 273 57.85 62.2 45,82
233 7 PINTU BEAN 1851 le931 4o b4 2¢63 54&4.T0 =5B,49 ~Belf
232 .7 CINTO BEAN 1581 2.08 5.02 2¢93 5l.40 =—-5Bg4C +8,18
233 7 PINTC REAN 1551 2e22 5.z¢@ 2.99 57,27 =58.49 48,18
245 7 PIMNTC ETAL 1414 2047 5.¢7 4,65 321,08 =22.05 56,56
251 T PINTL 3EaM 1Q02 2,02 5.80 €a23 21462 66,66 33,31
251 7 PINTL: BZAL 1003 2,60 Ge&2 TeQ6 19,60 LY PR 23,49
251 7 PINTO 3ZTAN 1100 3,48 6e22 T.08 2C.82 51.38 42,94
251 7 FINTO DEAN 1107 2.67 .53 7.78 20.21 51,10 44,09
251 7 PINTCR BEAM 1244 2.63 S, 33 T.21 1!18.9C 17.26 54,7¢
251 7 PINTC SEAN 1244 2.38 6e25 Be22 17464 17.2¢ 56,79
28z 7 PINTC RIAL 1244 deb3 6o 9L CeBE 1E8.T7F lea 67 54,089
28T 7 PINTO BEAK 1246 Lq32 T« 00 G.E2 1B, 17 15,84 4,20
1u9 ilé GRAIr SJIRGRUM 1551 Be98 1Z.,40 1é&.0! 23,6. =T73,2¢% 55,23
170 lé GRA TN SOTGHUM 1355 B.o BT Bs31 10.89 16,18 =22,0¢ 73.22
152 le GRATN SCRGHUM 1603 2.89 6. 68 2,18 83,12 =T72.9% 23.5Z
192 lo GRATIC SURGHUM 1623 2.23 5. 42 2eTL 46,71 =72,92 £3.52
132 i6 GRATN SORCHUM 103 2etl 6.02 2400 6C.80 =T2.%91 f3.52
Tel 1é CRATIL 3TFGHUS 1517 2.31 B.27 Sed4l 48,17 =£1,91 57,11
220 le Goo I SGRosEde 15T 282 «23 2,27 46,74 =G0l.81 £7.11
222 i6 SHEA T SCRGREJIY 1517 Z.0R §.50 2LT7 . =Hl.82 57.11
2 lo whally STFGRUM 1129 277 5. 65 2.58 47,20 ety L 55,17
224 ¢ GEo M S7AEHY 1129 Ze37 4,98 2.5 4le 4l 5214 5%.17
224 le EALL SCTLEYt 1i3e 2.6C Fede& 2,26 44,F1 Bl.7¢ $5.1
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Table 54.

FLFLFCTANCE FOF 1621
Ay OF  PLOT T P eME A5 5% e M3L6 ¥$357 S7LAP SOLAF
YEar AZTAUTH ELIVATICH
231 1la GRS OSLTGRUM 1108 2.9 5.17 2475 4E.56 59,17 43.76
251 le GRAIM SDRGHUM  11(8 2052 5,08 4,15 48,54 558,17 43, T¢
232 iF GRAIMN SDRLEUM 1108 0 2,39 4. ARG 3483 &2.85 5€4,17 42,748
Fear lo GEATH STwGHUM 1057 2el5 be b 2eB3 41,17 wleZf “ha51
et ib L2 [ic S507GHJIY 1057 2.37 4,92 2.00 41,40 Gla.26 46e51
237 l¢ SRATN 32RGHUM 1057 2040 5.02 404 42,04 El.26 46,51
22z le CR& I SOEGHIM 1547 oSl 4,89 bo2l 44,25 =37.,40 2,83
2% %] GRAIN SPRGHUK 1847 2. 64 4e65 3,92 42,41 =5T,40 48.82
223 le GRMLIN SOPGHUY 1547 2.55 4495 4223 42,50 -5T7.40 434 82
245 14 CFL I SOFGIUM 1418 2.35 438 “eld 3FL.28  =23.75 55. 05
2«5 1¢ GRATEH SDPGHUM 1418 233 4439 Ge24 25,89 =23,7E 56,05
245 16 CrzI* 3JFGHUM 1418 2e23 26 ST 237,73 =ZIL75 56,053
251 1a GRA LIy STRGHYM 1005 1.90 2.7 3,9% 32.02 65,02 33,84
251 le CrATLN SCRGHUM 1005 1.95 2,75 4,25 22,19 €6.02 33,84
251 186 GrRAINM STTEHUM 100 1.74 3e o 3.F1 31.20 65,82 24,02
251 lo G2 IH SORGHUM 1116 °Z Ge 26 G156 34,79 484 5E 45,432
<52 16 GRAIN SORGHIM llle 2.17 4010 3.P5 33.38 48,5¢ 45,42
251 le GRIAIN SCFEGHUM 1116 2034 Gatrl 426 32,77 48,56 L5, 42
251 16 GRE LM ZTRGIHUR 1246 Z.38 sla 4o22 I3.68 16,42 54,91
231 1¢é GFA TN SORGHUM  124¢ 2032 4,09 «28 31.77 le,a? 54,61
251 le GFAIMN SOFGHUM 1246 2,31 4ol 4ol 32,42 15442 54,091
28z 1 GFA 1M S52%GHUM 1251 2. 30 4e13 4036 22.72 13475 a4t
252 le chRa I STURGHUM 1252 2e45 he T 4,49 S4. 2% 12,32 54,46
25z 8 GreTIs SCrRGBM 1282 2.4% 4459 4,59 34,82 23eZd 54,46
le s 1 cuyazay 154¢ 7,95 10,77 13.54 2C.%38 =-72,02 SE.75
122 1 SOV BREAY 1556 2.09 £.97 4.18 1.3 =71.2T 54,31
le 2 STYEZ Al 1556 1.98 44 83 229 406433 -T1,23 54,51
1le2 1 SIYZEAM 1B%p 1491 4,59 1.97 45,19 =T1,23% 4,81
2:‘3 1 oY BEA’I 1513 l -g? 3. 98 Z.U‘r L ’SO-“Z 57.72
220 2 SEaYBzaN 1513 1,98 3,20 ZeD4 . =-504462 57.72
220 1 SCYBREAY 1BLiz 2.21 4,28 2as2b . =50,42 57.72
2% 1 SCYREAN 1135 2. 03 4e1l 205 5B.62 54,08 54,5
224 2 Sy Bcam 11z5 2018 4. 3R 2.24 62,(9 54,C8 £a,55
2z 3 SCYLCAN 1135 1,95 3492 1,95 4§8,08 54,08 Bae.55
221 1 SCrezay 101 2a 33 3.78 2,29 56,17 0l.02 47,509
eIl i STYRE AN pAre 1,90 .79 2e43 58,27 £1.02 £7,59
i 1 SIvaLe 1103 l.82 3. 62 2.32 55,64 6l.03 *7 458
2z2 : SCYBEAY 1052 ~.85 .78 2+35 5£449 62.78 “5,43
222 2 soypPcsaAn 1051 1.95 3,90 2e51 G5T.47 £2.T8 45,48
232 i SIYEL AN 1051 2.09 wel2f 2462 ©0.55 62,78 af,.48
235 = scypea 1554 2elt “ole 2.78 6l.77 =59,30 4T .68
2332 1 Slywkzau 1554 l.E1 3.37 2.2T 45,89 =59,30 4T, 58
23: 1 SC¥PLAY - 554 1.8 3.52 o2& 54,54 =50,30 &7 6B
245 1 sSLyrgav 1413 1.95 46 37T 2ol 43,00 =21.62 BT -
2e’ 3 STY BRI AL IRTD 1,7¢ Ge 57 Jebé &l Bc =21.82 C 85,43
245 1 SCYzE Al 1413 225 5.16 3402 28,90 =21.62 SHel
c8l 1 sty actan 1050 2,20 £e 23 4,20 4(C444 £T.08 32,95
2518 : INYRELN l1o00 2047 te&S f.,1f 3B.34% €T.00 F2.95
£52 1 SOY EE A 1lps 2423 6 5% 474 23,83 51,65 L3, TS
251 1 S5CY R A 12058 2.15 5.E7 &£,23 349,32 51.¢5 43,756
252 1 s e R 2298 Seld £s32 508 DRI 5l. 36 43, %4
252 1 SOYEZ M shga 227 5. 75 49 7d Zle4b 17e6% Ba,T4
251 2 SCrnzan 12£3 Jel2 5,09 L,25% 25,38 17.068 54,74
255 1 STYFEL ) 2eud 5.17 2.7R 24,47 1768 S5ae "4
253 1 EQYET.LN 12&2 2.71 be 35 €23 239.6% 17.59 5349t
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STynzTar

SOYBE AN

SUMFLOWER
SUNFLOWE®R
SUJFLCUER
SUMFLOMER
SUNFLOWER
SUNFLOLER
SUMTLOWESR
SUNFLOWEPR
SUNFLTYEF
SUNFLOvEFR
SUHELGWER
SUMFLSWER
SUNFLOWER
SFIELTWMER
SULFLOWER
SWIFLOWESR
SUNFLOWED
SUMFLGWER
SUNMFL SHCR
SUMFLOWEPR
SUNMFLT @ED
SUNFLOrER
SUFLGER

Teble Sh.

REFLECTANCE FOiF 1981
GINE H554 U552
1243 :‘ . S De 386
1244 2e7a the B4
1855 .19 9,C?
13249 5,37 10,09
lede 2. 27 627
16X¢ ~e38 8.21
1600 2.77 Te &4
1524 294 5. 68
1524 3.35 .81
1524 3.20 €. 28
1115 3,26 be 39
1115 297 e 98
1115 3021 Ge bt
1103 ZL.1B 684
11907 2475 5.90
1102 2491 €.02
1559 267 S.13
15549 2455 b 66
1559 2o 9% 5,86
1422 3.65 5.50
la22 356 4,92
1422 2,55 5.16
1008 S.1% de 00
1C0¢ 5. 05 Te73
1009 Go4T 6o bl

#S36

£.8%
€72
1C.57
10.29
MY
3.54
2.17
2a64
Galis
2.290
5,332
4,89
5.21
5.25
Gotr]
£.01
Golits
4e27
4.23
Ta37
7 &2
7425
10.28
G,.97
Q.12

32.34
23,62
26,13
3C,49
28,20
24496
24425
34,91
14,72
12.86
13,22
19, 55
12,10
16,81

SCLAF
AZIRUTH
17.0¢9
“6.57
- Ted2
"73- 6i
-T3e 61
"73- 61
-54. 15
-5%. lf"'
-54,15
57.23
57.23
57,22
5,70
5%9.73
53,70
—Hd, 6:-
=60.061
-25.42
_24. 42
655440
€5.18
£5. 18

SILAF
ELEVATION
54, 04
54,28
55.08
TZ.62
52,97
582,97
£2.97
56, C2
546,02
5£.03
49,731
49,91
49, 21
47.52
4752
47.52
b4EoSi
45, Be
“be 84
55,73
E5,73
55.72
36,37
34455
34,58



DAY UF
YEAR
18¢C
AR-To]
180
184
184
1 B4
igs
18a
.84
188
1388
188
197
1e7
197
197
197
197
i97
197
197
157
157
1e7
157
197
197
157
197
197
197
157
197
197
197
197
201
201
201
204
20«
204
204
204
204
204
204
224
234
204
204
204
204
224
204
204

PLCT

FIZLD
FIELD
FIELD
FIELD
FIELD
FLlELD
FIELD
FIzELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIZLD
FIELD
FIZLD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIZLD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIZELD
FIELD
FIZLD
FIZLD
FIzLD

FIELD.

FIFLD
FIZELD
FIELD

CROP

CORH
CORN
C ORN
CORN
CORN
CORH
CORN
CURM
CORN
CDRN
CORN
CORH
CO2M
COrN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
CORM
CORN
CORN
C3RN
CORN
CORN
CORN
CORN
CORN
CORN
CURN
CORN
CORN
CORN
CORN
C ORN
CORN
CGRN
CORM
CORN
CORN
CORN
CIRK
CORN
COR’N
CORN
CORN
CORN
CORN
CORN
CORN
CGRN
COFRN
CORK
CGRN

Teble She
FPEFLECTANCE FCR 1982

TiMc M>54 M555 MSS56
1218 5.33 5,16 21.560
i22¢0 5.40 5.3%9 19.41
1220 5.13 490 20.45
028 4,00 3.44 21.91
loz9 4o 0% 3.47 22.05
102¢ S.86 3.32 22.80
951 5.02 4028 33.61
G852 5.05 4+45 36.79
952 5.16 4,45 323.22
1236 5.03 4.28 28,31
1237 4,83 4423 27.64
1238 S5e45 4s B0 29.22
840 3. 48 2.66 2T7.18
840 2.15 2,38 26.02
841 3.19 2.49 24,58
s32 3.28 25T 26425
933 3.27 2:50 27.49
933 3.07 2035 25.18
1¢l2 347 2.68 27.07
1012 3e19 252 2Z.4%
lol2 Z.28 2059 25.90
1101 3.82 2,73 27.13
1101 3.45 2062 27.32
1102 3.63 2.84 26.35
1200 3e43 2.T2 26458
1z20¢C 3.39 2.7T4 2€.07
1201 3.148 2.50 24.62
1259 3.52 2.T3 28.11
1259 3.86 3.00 25.35
1200 3.70 2.93 28.02
1405 3.48 2.863 27.04
140¢& 3.83 2,99 29.21
1406 3.22 2.52 25.79
1456 3.90 2.08 29.58
1457 3.67 2.95 28.07
1457 3.09 2e4B 24,69
1004 3.18 2.61 25.02
1005 cs92 2427 2646
1005 3.31 2.84 25,27
841 3.54 2,78 2¢€.20
842 2.52 280 27,49
842 284 2421 264,50
S20 4e12 3.47 29.11

20 2498 2438 24.54
921 3.26 2.7l 25.32
1011 3.65 3.01 27.23
lol2 2.26 2461 25,30
1C12 3.30 2.68 25.24
1049 3e 66 2.97 26.47
1049 3.11 2.47T 285.52
1050 3.40 Z2eT6E 25.40
1232 3. 54 3,17 26.T0
1233 3.19 2.59 2£8.90
1222 2.59 2.92 26437
1332 3.59 2.9 27.16
1323 2.51 2.B7 2t.38

557

2%.91
26.22
28.41
21.63
33,21
23.87
53.19
4EL6T
51.73
42,99
42.78
44,18
41,53
41.01
37.81
36.83
4257
38,77
42,04
4C, 20
4Cal6
4C.82
41,57
39.77
4Ce 49
36.57
27.28
42.65
44,88
42621
4Cabb
44453
35.87
45.14
43,68
3B8.79
36,56
42.27
4C. 04
4C.84
42.89
41,98
48,15
“Csl2
40. 24
42,12
40.54
4C.02
40.5%4
4C. 29
36,72
4Ce 94
41,31
41435
«2.02
41,89

SOLAR
AZIMUTH
S.97
8-34
8.34
66,88
66,59
66.59
75.606
T5. 44
TS5.44
-3.59
-4 ,38
=-5,17
ET.57
87.57
B7.40
7B.18
T7.97
T77.97
69.13
69,13
69,12
53.76
.53.76
53.38
23.29
23.29
224 €3
-19,.23
=19,23
=54, 11
-5‘0. ‘09
=54.49
-69,84
-70-09
-70.09
70, 20
£9.95
69.95
86,03
85.8%6
85.8¢
79. 01
79,01
78.81
67.65
&6T.39
6T.12
56.28
56.28
55.93
O.5¢
=0, 14
-On 1"‘
"37-31
-37- 83

SOL AR
ELEVATION
T3+ 69
73.75
T3.75
59.20
59.38
55.38
5204
52,22
52.22
T3.10.
T3.09
73.07
37.49
37.49
37.69
47 .48
47.67
47467
54,91
54,91
54,91
63,26
63,26
63,42
70.50
T0.50
70.58
T0.92
T0.92
T0.85
63.09
62.93
6293
54435
S4. 16
S54.16
B2+ 94
53.12
53.12
36.85
37.05
37.05
“4é44 34
b4 ,34%
44,53
53.80
53,97
54,15
&0.30
60.30
60. 46
TO0s 4l
TOe &1
T0.41
66.61
66.49



90

Teble &4
DAY UF PLLT cRap TIME MS554 MS5S55 M8S6 MSST SCLAPR ‘ SOLAR
YEAR AZIMUTH ELEVATION
204 18 FIELD CORN 1333 3.06 2.51 23.98 3B.27 =-37.82 65449
204 18 FIELD CGRN 1429 3.41 2:T2 26,867 41.89 =-60.32 58,23
204 18 FIELD CORN 1429 3.55 2:87 26.86 &2.B8 =-60.32 58,23
204 18 FIELD COARN 1430 3,15 2453 24,61 38.97 =60.6€3 58, 06
204 18 FIELD CORN 1530 3e42 2+82 2T.12 42,01 =-75.80 47,25
204 18 FIELD CORN 1530 3.20 2.58 27.08 42.62 =T5.80 4T.25
204 18 FIELD CORN 1531 2.72 2622 22.92 36.85 =T76.01 47,06
206 18 FIELD CORN 955 4e 79 3.99 324,18 52.70 7016 50.18
209 18 FIELD CORN 956 3.59 3,027 2795 44,43 69.92 50. 36
209 18 FIELD CORN 958 2.72 3.13 28.TT 4622 69,44 50.73
209 18 FIELD CORN 1229 4a 54 3.96 27.04 41.92 2: 49 69. 24
2¢9 18 FIELD CORN 1231 4404 2,45 2€.T9 42.31 1.15 69,25
209 18 FIELD CORN 1232 3,58 3.15 24.68B 35.21 0.48 69,26
209 18 FIELD CORN 1440 4,20 353 2£.46 4065 =62,14 55.54
209 18 FIELD CORN 1442 3.73 3,12 27.00 42.23 =62.72 £5.20
2ue 18 FIZLD COR’N 1443 2.80 2038 22.46 35.30 =-63.00 55.03
210 18 FIELD CORN 949 4.02 .46 26.TB 41.97 Tl.2¢ 48494
2.0 18 FIELD CURN 950 2.36 2:87 26.24 4l.46 Tl.03 49,12
2l0 18 FIELD CO3N 952 4,03 .40 29.65 464,43 T0.56 49,49
2l4 18 FIELD CORN 91g 4062 4,20 26,91 41,35 T6.66 42.58
214 18 FIELD CORN 9l9 3.72 3.15 326423 41.50 Toatrb 42. 77
2l4 18 FIELD CORN 920 3.47 3.02 25.64 40,69 T6.2¢ 42.96
2l4 p FIZLLC CORN 102¢ 4,58 407 26,45 4C.83 60.34 54,83
214 18 FIELD CORN 1027 3,68 3,22 25.95 41.82 &0. 04 55, 00
214 i8 FIELD CORN 1028 3.72 333 26,863 42,54 59.74 55.17
214 18 FISLD COBN 1206 5.1C 4,T0 26.01 3B8.94 l6.48 6T7.25
214 13 FIELD CORN 1208 %q.52 3.84 28.42 44.04% 15.27 67.35
214 8 FIELD CORN 1209 4o 40 3.T6 2Bs51 4&44.77 14,67 6Te 40
215 18 FIELD CORN 1312 6.05 5.86 24426 35,76 =24,02 £6,08
2.5 18 FIELD COBN 1312 5,84 5,22 3057 46480 =24.57 66,00
21l% 18 FIELD CORN 1314 5,23 4,54 28,68 44,07 -25.12 65,932
215 18 FIELD CORN 1427 6.15 5.82 28.07 &4l.20 =56.38 56053
213 18 FleLD CORN 1428 5,78 5.16 30.47 &é€.B9 =56.69 56437
215 18 FIELD CORN 1429 5.41 4,54 321,47 48.13 =5T7.01 56.20
215 18 FIELD CORN 1553 S.B5 5«46 25,19 42,01 =T7.55 4lel?7
215 18 FISLD CORN 1554 5655 4695 2%.86 46al)l ~TTa74 40,98
215 .18 FIELD CORN 1555 4,12 3,61 25,27 3%5.55 ~=T7.93 4079
215 18 FISLD CORN 1737 5.83 6,00 2é.932 4&C.21 =90.31 26493
215 18 FIELD CORNM 1708 &.00 5,85 31.49 47.75 =90.4T7 26.74
215 18 FIELD CGRN 1708 4455 4el8 26495 41.29 =90.47 26.T4
221 13 FIELD CORN 1045 40b4 5.24 18B.14 26,73 51,69 56456
221 18 FIELD CORN 1045 e L7 3.94 22.24 33.86 51,69 S6.56
221 18 FIELD CORN 1046 3,65 3.19 21.%4 33,72 S5le34 56071
220 158 FIELD CORN Q28 4,00 4,29 lé.05 22,17 69.03 &l.84
230 18 FIZLD CORN 930 2.50 3.39 1B.7T9 27.52 68+ 59 42420
230 ls FIELD CORN 93¢0 4 400 369 24,11 36.92 63,459 42.20
224 13 FIZLD CORN 855 3,95 413 15.59 21l.81 75.45 35.58
231 18 FIZLD CIRN 856 4009 3.87 2Ce48 265475 T5.26 35,77
231 i8 FIELD CORN 857 24,41 2,18 21.83 32,49 T75.07 35. 98
231 18 FIELD CORN 1248 44,46 4.98 15,93 22.80 -9.88 62.53
221 18 FIELD CORKN 1249 & o 40 4,50 21.29% 3C.Té& =10.40 62,49
231 18 FIELD CORN 1251 3.52 3,30 20,81 31.36 =1ll.45 62.42
242 18 FIELD CCRN 9219 4e 34 4,99 15,27 22.12 644 07 3G, T3
242 .3 FIELD CORN 329 3.52 3.95 15.27 232.26 64,07 39,73
242 i4d FIZLO CORN G131 4,67 bLebb 25.06 36,76 63.61 40,08

245 1s FIELD CORN 933 5.02 £.32 15.50 23,77 61.93 39,80



Table bA.
PEFLECTANCE FOR 1982

DAY CF PLLT crap T1AE 1S 54 M835 M556 MSS7? SOLAF SOLAR
YEAR AZIMUTH ELEVATION
245 18 FIZLD CORN 934 4o 13 S.14 l4.l4 22.03 6l.69 39.97
245 18 FIZLD CORN 935 4,17 4437 15.26 31l.34 6l.45 40. 14
245 18 FIELD CORN 1025 5.03 6.27 1l4.51 21.48 48,10 48, 06
245 18 FIELD CORN 1¢27 4. 79 5.88 15.60 23.42 &Te 49 48434
2%5 lg FIZLD CORN 1028 4,83 5.62 20.02 32.37 47.18 48,48
245 18 FIELD CORN 115¢ 5.97 7e22 1T«41 25.28 12,18 57.36
245 18 FIELD CORN 115¢ 5.88 Teld 15.41 28.00 12.18 57.36
245 lg FIZELD CORN 129C 4,25 4,83 15480 24,87 11.73 57.40
245 18 FISLD CORN 1256 6.25 TeB4 1Te4l 24,82 =14.13 57.16
245 la FIELD CURN 1257 5.93 T.18 15.81 26,2 =-14,.58 57.11
245 18 FIELD CORN 1258 404l 4,99 1lé.T&% 2€.18 =-15.03 57. 086
245 18 FIELD CORN 1410 5045 6487 16,31 24.44 =43.12 50.18
245 18 FIELD CORN 141l 5. 82 Te58 17.66 25,83 =43.4%4 50.04
245 18 FIZLD CORKN 1412 4o 26 Ge 652 1789 2%5.44 =43.77 49, 91
245 ls FIELD CORN 1625 S5.47 6,65 18.00 26.12 =75.68 27.57
245 18 FIELD CORN 1626 5.02 5,72 18B.31 27.C6 =T75.86 27.38
253 18 FIELD CORN 208 6. 06 7298 15.95 22443 b4.30 33.79
252 18 FIELD CGRN 91¢ 5.69 Be52 20.26 2B.48 63.87 34.1%
253 18 FIELD CORN 9il 5.26 T.04 14,15 - 21l.11 63.65 34.32
180 ls PEARL MILLET 1215 13442 16459 22.75 28440 12,369 T3.58
180 16 PEARL MILLET 1215 17.39 21.71 28.32 35.38 12.39 73.58
180 lé PEARL MILLET 1216 16.4C 2037 28.29 35.20 ll.58 73,62
lo4 lé PEARL MILLET 1024 5.74 6.38 12.15 15.%2 68.00 58,49
184 lé PEARL MILLET 1025 6. 56 Tabl 1l6.48 21.%4 67.73 58.67
184 le PEARL MILLET 1025 6,08 650 16,51 22.19 6T T3 584 67
188 le PEARL MILLET 945 .73 10.52 20.65 42.45 T76.95 50.91
188 lé PEARL MILLET G4& 9. 35 9.58 35.01 45.45 TobeTh 51.10
188 le PEARL HILLET 947 8.77 8.96 33.12 46,45 T6.52 5l.28
lE8 16 PEARL MILLET 1232 8.75 .42 23.54 31.86 =0s 40 T3.13
188 1 PEARL “ILLET 1233 Be 31 8435 27,38 37.91 -1.,20 73,13
188 lé PEARL MILLET 1233 T b4 TeST 25.85 36.22 -1.20 T3.13
197 16 PEARL MILLET 836 4209 3.32 29.90 44.27 BB.22 36.72
187 lé PEARL MILLET 836 4093 3.49 32,20 465.35 88,22 36.72
197 i PEARL MILLET 837 5.36 3.75 35.03 5l1.10 88.06 36,91
197 16 PEAKRL MILLET 9ze 4. T7 3.56 29,01 42.42 TB.97 46.72
187 ie PEABL MILLET c28 4 TT 3.46 32.19 48.44 78,97 46,72
157 15 PZAPL MILLET S29 5425 3.79 33.42 4S.13 T8.78 46491
197 ls PEARL MILLET 1008 4,69 3,57 28,57 4&2.17 70.14 $54.18
167 le PEARL MILLET 1008 4,83 350 21l.67 4T.12 T0.14 54,18
197 16 PZARL MILLET 1008 5.39 2.91 23.97 5C.02 T0a14 54.18
197 l¢ PEARL MILLET 1058 5.05 3.82 28.98 41.58 54,90 62.79
197 16 PEARL MILLET 1058 5.13 369 33.11 48,43 54,90 62.79
67 lo PEARL MILLET 105¢ 5.14 2,76 Z1.90 46.51 54.53 62.95
197 16 PEAFL MILLET 1158 5.25 3.93 30.91 44.86 24.560 T0e35
197 16 PEARL “ILLET 11548 5.21 2487 33.01 48,75 24 .60 70,35
167 1e PEAPL NWILLET 1158 577 4,30 33.19 47.52 24450 T0.35
167 lé PEARL MILLET 1255 5.71 4439 2093 44,10 =16.45 Tlal6
187 16 PEARL 4ILLET 125¢ 586 4,35 34,51 45,70 -=17.1¢ T1l.10
187 lé PEARL MILLET 125¢ 6.12 4450 25.19 5C.64 =1T.1l¢ 7l.10
197 ls PEARL MILLET 1402 5.29 4,10 30,32 43.27T -52,65 63,56
187 lse PEARL AILLET 1402 S.30 391 33,47 48,94 =52,95 63,56
157 1l¢ PEARL MILLET 1403 5.57 4e12 3Z.98 49.£3 -=52,34 63.40
157 le PZARL MILLET l454 5.22 3.97 320.08 42.24 =-69.33 54,71
197 16 PEARL MILLET 1454 5.12 3.83 32,23 45,38 =-bG9,322 54.71

197 le PEARL MILLET 1455 5.29 334 22,20 4B8.67 =6%9.55 54,53



DAY CF
YEAR
201
201
201
204
204
204
204
204
204
204
204
204
204
204
20U
204
204
204
204
204&
204
204
204
204
20&
204
204
229
2909
209
209
209
209
209
209
209
210
210
2.9
214
214
214
214
2l4
214
2le
2l
214
215
215
215
215
ols
215
215

215

PLCT

16
16

" ls

16
la
16
1o
16
16
le
16
16
le
16
16
le
16
16
le
le
le
ls
lé
16
lé
lo
16
lé
le
le
1¢
1é
l&
le
16
16
le
le
1le
lé
16
16
16
16
lé
16
16
16
1¢

le
le
la
1é
16
le
le

PEARPL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEZRL
PEAF.L
PEARL
PEARL
PEAKL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEAKL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEAPL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEARL
PEATL
PEL AL
PEARL
PEARL
PEARL
PEAKL
PELRL
PEARL
PEARL
PZAPL
PZARL
PEAFL
PEARL

CROP

MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET

MILLET *

MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
MILLET
ATLLET
MILLET

FEFLECTANCE FOR 1982

Pz MS 3% M335
1000 4455 3. 61
1001 4439 3.38
1001 4,79 3.62
B29 4434 2,22
529 4,41 3.32
84C 3.97 2.97
S17 4456 3,44
918 b4 b6 3,43
Sl8 530 3.96
1005 4o TE 3.58
1007 4492 3.65
1007 5.02 3.79
l05%é& 4425 2.25
1046 4433 2,29
1047 4,36 3.30
123C 4469 3.52
1230 4,50 3.45
1230 & o 54 347
1330 &4.T6 3.58
1330 4.88 3. T4
1330 4 o 64 3.52
l4z6 4,27 3.26
1426 440 3,37
1427 4,37 3.29
1527 4,06 3.14
1827 4433 3.27
1528 Le 67 3,52
941 458 3.56
944 1,99 1,37
946 3,80 3,15
1217 4,82 3,88
1219 4e 86 4413
1221 4e BS 4,04
1430 1.21 0.9
1431 1.30 C.96
1433 3.98 3.15
g37 4434 3,59
g39 bGelle 3.40
840 3.%6 3,38
90y 3.85 3, 16
929 3.77 3.14
910 4,00 3.43
1020 3.81 3.29
1221 4,17 3. 60
1022 2,74 3,15
1200 4o 04 3.46
1202 4,22 3.67
1202 4,37 3,71
1307 4,72 4el3
1308 5011 Lol
1308 5.02 4. 25
1421 4437 3.68
1422 4,81 4,12
1423 4,58 3.80
1548 So48 3.89
1549 4e51 . 3.94

MS56

31.73
31.82
33.28
30.35
3l.41
29.17
21.28
33.51
35,21
31.92
33.77
24,02
28475
2S.83
30.41
320.70
29 .49
30.35
31.16
32.14
31.50
2547
3C.39
30.11
2G.02
30.08
232.36
31.79
11.89
28,51
30.84
31.09
31.37
T+50
T.82
27496
2%9.35
28.52
2T.94
2€.11
26.53
28,08
25.96
28.52

26453 .

2631
27 .99
28.53
27.81
25,49
3C.11
2730
25.51
29.58
2T.93
28.58

MS37

48,48
48,80
5C. 24
45.67
48.32
45,28
47.50
51.27
532.78
48439
52.14
52.32
43.7C
4&q 02
4E.93
4£.06
45.19
L4é.18
47.31
45,25
4867
b4e 76
4€s57
4€.15
44426
45,91
45,33
4Ba66
16.64
45.81
47.62
4B.58
45,43
10.86
11.27
42,78
45.97
44,50
45,01
42.C8B
42,59
45,82
42445
4&. €3
42,90
42,15
45,80
46,16
43.64
46,16
4750
43,1C
47431
4¢&.88
44,25
45,36

SOLAR
AZIMUTH
Tl.18
T0.92
70.92
86436
B6.36
86.20
79.59
7939
79439
69,17
68,67
684067
57.31
57.31
56,97
1.56
l.9¢6
1,96
-36.28
-36.28
-36.28
'59.37
-59.37
-59-69
-75.17
=75.38
T3.35
T72.69
T2.24
10.44
"9.13
T.81
=59,13
-59- 44
=-50,06
73,93
T3.49
73.28
78.61
T8.42
78.23
62,07
61.78°
61,50
20.04
18.86
1B.B6
'21.19
-21.76
=21l.76
"5"' 41
=54, T4
-55.08
-76.56
'76.76

O
o

SOLAR
ELEVATION
52.21
52.39
52.3%
36.47
36047
36.686
43,77
43,96
43496
52.72
53.08
53.08
59.81
59.81
59.97
T0e 40
70.40
70. 40
66, 84
66,84
66. B4
58.73
58473
58.56
47.82
4T.82
4Te63
4T. 61
48.16
4Bs53
68.98
69,05
69.10
57.23
57. 06
56.73
46a 72
47,09
47.28
40.69
40.88
41.07
52.81
53.99
54,156
66,89
67.01
67,01
66. 46
66.38
66,38
57.49
57.33
57.17
42.12
4l.93



Takle 6Ao
FPEFLECTANCE FCR 1982

DAY CF PLCT Crap TIME 554 MSS5 MS555 M5ST SOLAR SOLAR
YEAR AZIMUTH ELEVATION
215 16 PEARL MILLET 1550 4,59 3.99 30.44 47.99 =T76.96 4le Th
215 1s PEARL MILLET 1702 4462 4,20 26.39 45,84 =B9.52 27.90
215 le PEARL MILLET 1703 4. 24 3,89 ZB.l5 45,06 =B9.68 27.70
215 16 PEARL MILLET 1703 4o9B 4,34 34,22 52,29 -8%9,68 27.70
221 le PEARL MILLET 1042 3,82 3.23 24.39 3E.Bl 52.70 56,10
221 le PEARL MILLET 1043 32.90 3,27 24,93 365,48 52,36 56,25
221 16 PEARL MILLET 1043 4,05 3,41 27.26 44.36 §2.3¢ 56425
230 16 PEARL MILLET 915 3,57 2,13 2l.64 34,82 7l.81 39.47
230 16 PEARL MILLET 916 4410 2.54 264.79 39.51 Tl.561 39,65
230 16 PEARL MILLET 919 3,60 3.13 23.81 39.%7 70.98 40,20
231 16 PEAPL MILLET B4 8 3,39 286 20.54 32.70 T6.79 34,27
231 16 PEARL MILLET 849 2.27 2:B4 Zl1.72 35.14 T6e 60 34445
231 lé PEAFL MILLET 850 3,50 3.06 23.18 3£.48 Tbehl She b4
231 16 PEARL MILLET 1238 4.09 3,69 24,33 38,82 -4,.58 62.77
231 le PEARL MILLET 1241 4037 3.87 25.%94 4&1.29 -5.,18 62.72
231 16 PEAFL MILLET 1242 2.90 3.51 25.05 4C.88 =T .24 62.67
242 16 PEARL MILLET 921 4,01 3.B3 23.06 37,47 65.87 3B.33
242 16 PEARL MILLET g22 4,05 3.65 22.T4 36.20 65,65 38.50
242 16 PEARL MILLET G24 3.B8 3.49 24,lB 36,89 65.20 3B. 86
245 16 PEARL MILLET 924 3,61 3.31 19,98 32.78 63,99 318,25
245 16 PEARL MILLET 929 3,31 3.11 19.69 23,17 62.85 39.11
245 16 PEAPL MILLET 930 3.85 3,61 23.60 4&C0.05 62,62 3%.29
245 16 PEARL MILLET 1020 2,79 3.67 2l.14 325,83 49,55 47.33
245 16 PEARL MILLET 1022 4,02 3.TB Z21.T8B 35.96 49.00 47,62
245 le PEARL MILLET 1023 3.81 3.43 21.91 3&E.56 48,70 4T7.717
245 16 PEARL MILLET 1154 3,99 3.83 21.T1 3&.03 14,44 57.14
245 le PEARL MILLET 1155 4439 4,07 22,11 37.53 13.99 57.19
245 16 PEARL MILLET 1156 4471 4420 25.46 4117 12.584 57T.24
245 16 PEARL MILLET 1251 4e30 4,09 22.92 37.88 =11.87 57.38
245 lé PEAFL MILLET 1252 4e21 3,90 22.82 3740 =12.32 57.34
245 16 PEARL MILLET 1252 3,98 3.56 22.49 37.10 =~-12.78 57.29
245 16 PEARL HAILLET 1403 4469 4,59 22.86 37.09 =40.78 51.09
245 ic PEARL MILLET 1404 .76 3.64 21,11 38,11 =41,12 50,986
245 16 PEARL MILLET 1405 32.77 3.60 21.90 37420 =4&4l.46 50.83
245 le PEARL MILLET 1619 4,17 bolb 2187 35,99 =T4,57 28+ 69
245 16 PEARL MILLET 1620 3.72 3456 20426 33,386 =T4,75 28451
245 16 PEARL MILLET 1621 4,31 3.94 22,30 37,75 =T4.54 28, 32
253 16 PEARL MILLET 85¢ 2,07 2483 17.09 27.88 66420 32.21
253 le PEARL MILLET 900 3,55 3.52 16.97 33.19 65.99 32.39
253 16 PEARL MILLET 901 3,61 3,50 20.33 34,88 65.78 32.57
263 16 PEARL MILLET 838 2. 66 2462 13,50 22.59 66457 26.40
2632 lo PEARL MILLET 839 2.93 2,79 15.50 2E%.84% 66438 26.58
2¢3 16 PEARL MILLET 840 4.12 4,17 214464 36.26  b5.1B 2676
265 lé PEARL MILLET 947 3.97 4,16 18,41 3C.32 50.49 = 37.33
ZE5 18 PEakL MILLET G48 257 27T 12.95 22.¢&3 50.24 37.47
265 16 PEARL MILLET %49 3,02 3,11 14.37 24,89 49,98 37.62
265 15 PEARL MILLET 1018 2,10 3.47 15,14 26.T5 42,16 4l.67
265 le PEARL MILLET 1019 351 2,77 17.21 26.21 41,87 41.79
265 16 PZARL MILLET 1020 2.14 3.38 15.64 27.C7T 41.58 41,92
265 ° le PEARL MILLET lie7 3.89 4,31 16,77 2T7.56 12.15 49.62
265 16 PEARL AILLET li4B 3.89 4.19 17.39 28.28 11.77 49,66
265 16 PEARL MILLET 11458 3.39 3.60 1636 27.54 11,77 49,66
265 16 PEafL MILLET 124¢C 3.88 4434 1€417 25.90 -8.43 459,94
2565 lé PIAFL MILLET 1241 3,63 400 1£439 27.C5 -B.82 49,91

265 le PEAFL MILLET 1344 4. 05 4.61 1Tea44 2%5.15 =31,49 45,65



94

Ighle Gh.
REFLECTANCE FDR 1682

DAY CF PLOT CrROP TIME  MS55%«  MS555  MSS6 MSST SOLAR SOLAR
YEAR AZIMUTH ELEVATION
265 16 PELRL MILLET 1345 3,713 4,07 17ell1 27.83 =31,82 45,55
265 1¢ PEARL MILLET 1346 3.41 2,71 16.66 27.80 =~32,14 45444
2685 le PEARL MILLET l440 3.59 4e25 16.95 2530 ~47.9% 38, 68
2&5 16 PEARL MILLET 1441 4400 4,36 18.47 Z25.86 =—48,20 38454
270 16 PEARL MILLET 1127 3,29 3.9 12,87 232.86 18.28 46,78
27¢ 16 PSARL MILLET 1128 3,94 4ob1 18465 28,00 17.92 4b e 84
270 16 PEARL MILLET 1125 3,77 4e34 16428 28.17 17.57 46,4 90
280 ls PEARL MILLET 1c08 2,92 3,93 11.75 20.61 39,81 36.01
280 16 SARL MILLET 1008 3.72 4.72 15,14 25.64 39,55 36.13
280 16 PEARL MILLET 1010 4,63 5.98 18.08 31.10 39,28 36.25
284 16 PEARL MILLET 1035 2.76 3.66 11,05 19.13 31.20 37.81
284 16 PEARL MILLET 1028 3.55 4e59 14,09 24,22 20,34 38.11
284 16 PEARL MILLET 104C 3.97 §.15 15.62 27.00 29.76 38.30
265 le PZARL MILLET 1230 2.79 5,50 10.78 18.49 =8,11 38. 77
295 16 PEARL MILLET 1231 4,04 5.87 1ll.18 18,99 -5.42 3B.74
295 16 PEARL MILLET 1231  4.35 6.38 12.75 21e99 =6.42 38,74
180 2 PINTC BEAN 1208 6.37 S5.461 28.26 38.54 17.88 73.22
180 2 PINTO BEAN 1208 5,82 5.7l 1B.04 25.24 17.88 T3.22
180 2 PINTU BEAN 120% 5.81 5.91 16.87 23.04 17.11 T3, 28
184 2 PINTO BEAN 1020 4,94 4,00 28,283 38.67 69.09 57.77
184 2 PINTC BEAN 1C20 5.26 4e53 23,66 32,69 69.0% 57.77
184 2 PINTO BEAN 1020 5.17 4.264 25,13 35,53 69.09 57.77
188 2 PINTC BEAN S31 655 553 42.88 61.02 79. 81 48,25
158 z PINTOD BEAN 932 " T.97 Tedb 34.6B 5Co22 T5e61 4Ba sy
188 2 PINTD SEAN 923 7.30 b4l 3B.35 55,67 79,41 48.63
188 2 PINTO BEAN 122¢ b6.58 5.93 30.70 41,58 4e37 73.09
188 2 PINTD BEAN 1227 T7.10 6.37 28.52 39.47 3,58 73.11
188 2 PINTO BEAN 1227 6.7T1 552 22.63 44,73 2,58 73.11
197 2 PINTC BEAN 830 5.320 3,68 40.20 55.71 89.19 35,54
197 2 PINTO BEAN g3l 5.47 3.85 3¢€.82 51.79 89,03 35,75
197 2 PINTC BEAN - 831 5,89 4015 4C.77 5£.17 89,02 35.75
197 2 PIMTD BEAN 920 5,94 4.21 46,75 65.80 80,52 45,19
197 2 PINTD BEAN 920 6.1l 4e27 4Tulé bELES 80.52 45,19
157 2 PINTD BEAN 921 5,66 4,00 40,66 56,34 B0.33 45,39
197 2 PINTC BEAN 1000 5.48 3.94 44,01 62.06 T2.08 52.72
197 2 PINTO BEAN 1001 5.70 3.99 43,70 61.55 Tl.84 52,30
197 2 PINTO SEAN 1001 5.75 4a 0B 4l.64 58437 Tl.84 52.90
197 2 PINTO BZAN 1053 5.16 3.70 40.28 57.24 56,73 61,99
167 2 PINTC BEAN 1054 5.18 3,64 40,48 57.62 56,37 62.15
197 2 PINTD 4EAN 1054 5,31 3.77 38.20 532.42 56437 62.15
197 2 PINTO BEAN 1151 5,31 2,75 4l.98 58,89 29.04 6%.73
197 2 PINTC BEAN 1152 5,71 4,04 41,30 58.12 28,42 69.83
197 2 PINTC BZAN 1152 5.563 4.08 35,47 55.C8 2842 69, 83
197 2 PINTD BEAN 1250 6490 Se4b 46,45 68,82 =12,90 Tl.40
197 2 PINTO BEAN 125¢ 6+56 5.69 4l.24 61,19 =12,90 71.40
167 2 PINTC BEAN 1251 5.65 4,43 33,486 47.94 =-13,62 T1l.36
197 2 PINTO BEZAN 1358 5.38 4e02 29,99 56,72 =50.11 6462
197 2 PINTC BEAN 1355 5.68 4s20 38,03 53,59 -50,11 64462
197 2 PINTG BEAN 125¢& 5.65 4,25 27.30 52.26 =50.52 64447
197 2 PINTC BZAN 1449 5okl Ge1l]l 2B.46 54,16 =48.04 55.61
157 2 PINTL BEAN 1450 5.70 4435 30,89 52.22 -6B8.30 55 .43
197 2 PINTL 3EAN 145¢C 5.75 4e40 3B.20 53.34 -6£8430 55.43
201 2 PINTO BEAN 949 5,51 4elb 39,66 56,23 73.70 50.18
201 2 FINTC DBEAH 9465 5,71 4038 37.49 532,19 73.7C 50.18
201 2 PINTC BEAN 350 5,85 4e50 26481 51.45 T3, 48 50637
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Tzble 6A.l
REFLECTANCE FOR 15B2 )

Day CF PLOT CRaP TiNKE M55 M55 MSSé ¥SST SCLAR SOLAR
YZAR AZIMUTH ELEVATION
204 2 PINTO BEZAN 833 5.87 .16 42.T5 55.76 8T7.86 35.31
234 2 PINTO BZaN 822 6.C% 430 40,63 B5ta.d44 87.86& 35.31
204 2 PINTU BEAN 834 6. 07 4e42 3B.T4 52,25 87.20 35.50
204 2 PINTC 3EAN 9C8 5.81 4+11 40.30 56,17 81l.28 42.05
204 2 PINTL BEAN 909 6,02 4.21 41.52 57440 8l.1C 426 24
204 2 PINTC BEAN S0% 6.26 40861 39,86 55.17 gl.l1l0 42.2%
204 2 PINTO BEAN 3-8 5.63 4.01 39.36 54.57 Tl.58 50.89
204 2 PINTC B82AN e55 5.58 2494 3B.89 54,40 Tl.58 50,89
204 2 PINTC BEAN 957 5,89 435 37.23 51171 Tl.11 51.26
204 2 PINMTC BEAN 103& S5.68 4e27 3B.21 52.C8 60.55 58,15
204 2 PINTC BzaN 1037 5.71 4.04 3B.78B 53.T70 60.24 58.32
20« 2 PINTO aEAN 1037 6.06 4e45 37.64 51.88 60.24 58.32
294 2 PINTL BEAN 1206 5.71 4,20 37.22 5l.22 18.36 £€9.58
204 2 PINTC BEAN 1220 5.61 4. 07 326,14 50.34 8.94 70.21
204 2 PINTC REAN 1221 5.81 448 323,62 46.00 8. 24 70. 24
234 2 PINTU BEAN 1221 583 426 3BeB4 54,51 -31,39 67«81
204 2 PINTO BZAN 1321 599 448 37429 52.54 -=-31.39 67, B1
204 2 PINTD BEAN 1221 6.15 4,65 26.8B5 50.76 =31,39 67.81
204 2 PINTD BEAN l4l8 5.65 4.01 4C.05 55.41 =56.72 60,05
204 2 PINTC BEAN 1419 5.97 4035 37.94 352,70 =57.C6 59.88
204 2 PINTC BZAM l4l¢ 6.05 b4e 56 36,97 S5CaTl =57,08 5%.88
204 2 PINTC BEAN 1519 5.74 4.18 41.20 57.22 =-73.43 49,31
204 2 PINTC BEAN 1519 5.94 438 3B.96 54.15 ~-T3.43 49.31
204 2 PINTC BTZAN 1520 £.28 4,70 38,38 52.66 =T3.&5 49,12
209 2 PINTC BEAN 91¢% 6.27 4,64 38,51 52.42 77,91 43.48
209 2 PINTG 2EAN S20 4096 3.59 25.85 34,16 TTaT1 43,67
209 2 PINTC BEAN 922 2.82 2.00 12.43 .28 7732 . 44,05
209 2 PINTC BEAN 1159 6.10 4eb3 326,13 465,75 21.80 68,01
209 2 PINTC BEAN 1201 640 520 32.30 44,68 20. 58 6B. 15
z0% 2 PINTS BEAN 1202 6. 51 5.52 3l.65 &3,34 19.97 68,22
206 2 PINTC BEAN 14l¢ 6,08 4e65 35,51 4B.8l =54,51 59.50
209 2 PINTO BEAN 1417 6.75 5643 34,15 46,49 «54,E8 59.35
209 2 PINTC BEAN 1417 6459 5.56 322,16 43,54 -54,86 59,35
210 2 PINTC BEAN s21 6.16 4e94 34,73 47.57 T7.24 43,72
210 2 PINTG BEAN 922 6443 5.20 323.66 4&,65 TT.04 43,91
219 2 PINTC BEAN 923 5.63 560 322,66 46,24 76,84 44,10
21 2 PINTO BEAN 855 €.96 6409 321.57 43.80 81,03 38.21
214 2 PINTO BEAN 85¢ Tel2 €50 21.18 43,64 80.85 38.40
Zl4 2 PINTL BEAN B5e Tel8B Ta 07 29234 40.61 8Ce49 38.78
214 2 PINTO BEAN. 100e 7.12 6263 29,91 41l.16 65.84 5138
2la 2 PINTC BEAN 1007 Tat4 7.02 20.07 4&1.70 £5.58 51.56
214 ¥ PINTG BEAN 1068 Tebl 798 28425 3%5.01 65,32 £l.73
214 2 PINTC 3EAN 1142 8e36 8.32 320,07 4l.l9 30,04 £5.41
214 2 PINTL BEAN 1143 B8.22 8.38 3C.21 4l.E4 2S.51 65.51
214 2 PINTC BEAN ll46 T.93 8e61 27.49 37.91 27.91 65.78
215 2 FINTG BEAN 1254 9.1B 10.18 27,73 37.%55 -=13.52 67.21
215 2 PINTC BEAN 1255 8493 10.02 26,98 36.%96 =14,12 67.16
215 2 PINTC BEAN 1256 8499 10467 26.26 3&.12 =14,73 67.12
215 2 PINTC 3EAN 1410 9.06 9e83 30.02 41.325 =50.57 59.18
215 2 PINTDS 3ZAM 141C Beb4 9.34 29.14 4C.35 =-50,57 59,18
215 2 PILTC oZ Al 1411 889 10.25 27.8B4 38.25 =50.93 59,03
215 2 PINTU BIAN 1537 B.78 9.8 29,31 4C.3T =T74.32 44418
21 2 PIMNTC BEAN 1538 756 Bab7 27,62 32B.50 =74.53 43,99
215 2 PINTL BEA 15329 8.05 9618 26472 37413 =T4,74 ° 43,81
215 2 PINTZ BZAN 1650 9.01 Se%9 32,68 45,59 -=-87.460 30.22
215 2 PINTO BEAN 1651 B8.,03 Bslo 32,00 44,17 =87.7& 30.03



DAY OF
YEAR
215
221
221
221
180
180
180
B4
184
l84
lu8
183
188
ib8
188
188
197
197
187
197
157
197
187
197
197
197
197
197
197
197
167
1¢7
157
197
1e7
197
187
187
197
167
201
201
201
204
204
204
204
204
204
204
294
2ué
24
204
204
204

PLCT

LS T A R ]

19

16
1e
19
19
15
19
15
19
19
19
19
19

19
l9
i9
ls
13
19
19
19
19
19
19
19
1%
19
19
19

b ]
e

1g
15

19

19
l9
19
1e
19
19
19
19
lg
19
19
19
i9
19

19

PINTO
PINTL
PINTC
PINTC
SKEET
SKEET
SKEET
SWEET
SheET
SWEET
SKEET
SKEET
SKEET
SWEET
SWEET
SWEET
SWEET
SWEET
SWEET
SWEET
SWEET
SWEET
SWEET
SKEET
SWEET
SWEET
SKEET
SWEET
SWEET
SWEET
SWEET
SWEET
SRKEET
SWEET
SWEET
SWEET
SKEET
SKEET
SWEET
SWEET
SwWEET
SKHEET
SwIZET
SmEET
SWEET
SKEET
SWEET
SWEET
SWEET
SKEET
SWCET
SKEET
ShEET
SnEET
SKEET
SKEET

CROP

BE AN
BEAN
BEAN
BE AN
C ORN
CORN
CORN
COPRN
CIRN
CORK
CORN
CORN
CORN
COPN
CORN
CORN
CORN
CO2N
CORN
CCRN
CORN
CURN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
CORNMN
CURN
CORN
CORN
CORN
CORN
CORrRN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
CORN
COrN
CORN
LGRN
CORN
CORN
CORN
CORN
CCRN
CURN

FEFLECTANCE FCR 198

TIME

1651
1035
1035
103¢é
1221
1222
1222
103¢
1030
1031

953

954

§55
1239
1239
1240

842

842

843

934

934

35
1014
1015
1015
1102
1103
1103
1201
1202
1202
1300
1200
1301
1436
1407
1407
1457
1458
1458
1607
1007
1007

R&3

843

843

921

922

g22
1014
1015
1006
1050
1851
1051
1234

Table BA.
MS54 MSS5
B.BS 9.583
6. 80 B.1l6
EeT5 Ts 70
T.27 B. 85
5. 8C 4,87
5.83 5.53
5.52 4,93
4433 3. 3¢
3.68 235
4,45 2.65
5.68 46473
L 3.80
5.35 4o 36
5.77 4e61
5.45 4s45
5.73 5.07
524 4o 25
5,76 4463
S5.01 3.94
5o44 bo by
5,58 bo b4y
& 449 3. 54
4,97 4.06
4095 3.8B9
4,80 3.82
5.08 4el4
457 3.54
4 o 96 3.87
5.49 4.56
5.28 4.26
5.00 4,01
614 5.02
5.58 4065
S.38 4,32
5.7T1 4o 62
4497 3.82
5.06 4,01
5.88 4. 86
468 3.87
44T3 3.85
4,70 4433
4o70 4,38
4,75 &4a &0
5.92 .11
be 66 6,03
5.13 4.55
S5.69 4483
6. 1l6 5.46
44,79 4e29
5.50 4.70
5.96 5.10
5.20 4,51
5,95 5.06
5.98 .15
5,60 4,94
5.68 4,95

MS56

30.64
20.82
2l.63
20.70
28.29
22445
23 .48
26452
21.60
23,40
2B.12
31.80
32,01
32.65
30.43
27.19
33.30
37.32
2Z.16
33.45
35,52
31.30
30.38
29,96
28.88
33.01
30.02
31.82
32.63
32.43
30.62
38,36
32.98
32.25
3&.80
22.99
30.96
35.95
2%5.84
30.16
29.76
29.76
32442
34,79
2%.31
21.36
24,01
28.12
2G.B1
33.36
2753
3277
23.24
28.43
22.20

M357

42.22
2E.24
25 3%
27.98
3B8.51
3C.27
31.71
35.18
31,98
32,02
56.26
4B.B5
45,82
48,05
45,54
3%.48
48.60
54,87
46458
4ELT5
52.26
4T7.14
44,28
444,01
42.42

48.7G-

44,13
46,98
45,30
4734
45,57
52.72
4T.79
48,09
53.94
48.14
46429
52,82
44, 0B
44480
45,44
45,58
45,48
47.90
52,43
44,53
46492
51,49
43,61
45,71
45,88
41,18
48,68
46461
42.60
48.40

SOLAR
AZIMUTH
-87. 76

54.97

54.97

54,65

T53
6.T1
6.71

66.30

66430

66.01

75.22

T4.99

T4. 77

-5097

-5,97

-6' 76

B7e2%

BT.24

87,07

TT.T77

TT.7T7

7757

68461

68.35

68,35

53,38
52.58
52.58
22.63
21.96
2l.96
-19.92
-19.92
-20.60
=54, 49
=54, B6
-54,868
-70-09
“70-34
-T0s 324
69.45
694 45
69.45
85,69
B5.59
85,869
78,81
78.862
TBe 2
66 .86
66460
66433
55,93
55.58
55.58
~0.84

SOLAFR
ELEVATION
30.03
55.00
55.00
55.16
T3.78
- 73. B0
T3.80
59.56
58.56
59.74
52.41
52.60
52.79
73.086
T3.06
73,03
37.88
37.88
38.07
47,86
47.86
48,05
55.27
55.45
55.45
63.42
63.57
634 57
70. 5B
T0. 65
T0.65
70.85
T0.85
T0.79
62,93
62. 77
62. 77
54.16
53.98
53,98
53.49
53.49
53.49
3T7.24
37.24
3724
44,53
44072
44.72
54,33
54.51
54469
60446
60. 52
60.62
7040



Table &l
PEFLECTANCE FCR 1982

OAY CF  PLLT Crarp TIME M55¢4 MS55 MSs6 ¥S557 SOLAFR SOLAR
YEAR AZIMUTH ELEVATION
204 19 SWEET CORK 1234 6.23 530 22.38 4E8.47 =0.84 T0.40
204 1S SWEET CORN 1235 £.4C 4.T0 29.42 44,04 ~1.55 T70.40
2Ce 1% SntET CORN 1334 be24 5.39 33.89 5C.C2 =-38.33 65437
20& 13 SWEET CORN 1234 6.37 5.35 23.59 &B.81 =-38.33 66,37
204 1¢ SWEET COR; 1335 5.96 5.21 21.20 4é&.34 =38.84 66425
204 le SKEET C3RN 14320 6439 550 35.18 51,95 =60.62 58.06
204 19 SWSET CORN 1431 5.96 503 32451 47.42 =-60.94 57.89
204 19 SREET CORN 1431 5224 4e863 28443 42.48 =60.94 57.89
204 l¢ SheET CORN 1532 6.08 5.34 33,66 50,02 =T6.22 46088
204 = SKEET CORN 1532 6.03 5.05 23.30 4B.22 =76.22 46.88
204 19 SKEET CURN 1522 6.52 5.77T 332.90 5C.45 =76.22 46.88
209 19 SWEET CGRN 956 6.83 624 35.03 51.06 69,20 50.91
20% 19 SWEET COPRN 1001 6025 5.62 332.77 49.99 68.71 51.27
209 19 SWEET CUKRN 1602 5.61 5.19 2ZB.63 42,34 68.4T 51.45
209 19 SWZET CORN 1234 6094 6.49 23.28 46,15 -0.86 6925
209 l¢ SWEET CORN 1238 Ea.T6 €.53 30.20 44.88 =3,54 69.22
209 1% SKWEET CORN 1445 5.65 S.08 28479 4&2.10 =63.56 54.68
209 1.3 SWEET CORN 1446 tel2 Se¢29 29.86 42.75 =63.84 54.50
- 209 1s SWEET CORN 1448 5.56 5015 27432 3%.75 =64,39 54.16
210 19 SWEST CORN 953 6e64 £alb6 22,51 47.54 70.33 49,67
210 19 SWEET CORN 55 6,34 S.82 31.81 47.CT7T 69.8¢ 50.03
210 19 SnZET COFN 956 5447 5,18 26.83 3%5.47 69,62 5C.21
214 19 SWEET CORN G522 €.06 5.73 27.68 4C.72 T5.86 43,33
214 15 SKEET CORN 923 6.20 5.76 29.48 432,27 T5.65 43.52
2l4 19 SWEET CCGRN 923 5.39 5.26 25.56 38,20 75.65 43.52
214 1< SWEET CURN 1029 Te1B Tell 29.26 42.76 59.44 55.34
214 19 SKEET COAN 1030 6.52 6.35 29,07 43.19 59. 14 55.50
214 19 SWEET CORKN 1031 5.58 5.66 24.24 36.83 58.84 55.67
214 19 SWEET COPRN 1210 B. 06 780 20,76 43,85 14,08 6T7.45
214 19 SWEET CORN 1211 6.84 beb2 28,79 42.33 13.44 67.50
2.4 19 SWEET LORN 1213 5.50 5445 24.54 36.59 12.21 &67.58
z21l5 15 SWEET COPN 1315 T.95 Te95 27«57 38,26 =-25.617 654 B4
215 1s SWEET CORN 1316 786 Tohl 2S.89 42.59 =-26.22 65.75
21s 19 SWEET CORN 1317 721 €.96 28.00 41,23 =-26.76 65.67
215 1< SWEET COFN 1420 7.30 Teb4 2T7.26 3%5.50 =5T7.32 56.04
215 19 SWEET CORN 1431 65449 6.52 25,57 38.55 =57.64 55.88
215 lg SWEET CORN 1431 6.35 6e14 27,98 4C,95 ~5T7.¢€4 55.88
215 19 SAZET CUBN 155¢ T«27 Te4B8 28.04 4Ca80 =T8.12 40.60
215 19 SWEET CORN 1557 T.18 Te26 28,47 4C.9% =TB.32 40.41
215 ls SwEET CORN 1558 6434 6.18 2B.23 41.28 =-T8.51 40.22
218 19 SwEET CORN 1709 T.63 Te9€& 25.73 42,02 =90.63 26.54
215 19 SWEET CORN 1710 Tel4 Te26 30.1T7 43443 =-90,.79 26+35
215 19 SKREET CURN 1711 . 7.89 8.0l 23.27 4B.16 -90.94 26415
221 19 SWEET CORN 1046 617 694 16.79 28.56 51.34 56.71
221 1S SWEET CORN 1047 5.13 5.34 19.64 2B.84 51.00 56.86
221 19 SKEET CORN 1047 4 .94 4,95 20.95 3C.51 51.00 56.86
230 15 SWEET CORK 932 6.16 Te75 16.70 23.26 68.14 42,56
230 is SWEET CORN Q33 5.63 6.73 1€.80 22.20 67.92 42.74
230 lg SKWEET CORM G324 5.89 €a15 22,26 321.66 6T7.69 42.92
3L 1 SWEET COUFRN 35¢g €e93 S.02 1B.50 26.09 T4.87 36.14
231 19 SWEET COeN 859 S5¢44 6.58 16.57 23.42 Tha 68 36,33
231 19 SwEET CORN Su0 5.8 6,19 21.77 3C.99 Tée 4B 36.52
221 1s SWEET CCRN 1252 7.18 9.50 17.66 23,30 =11.S57 62,38
231 ls SWEET CORN 1253 6.19 8+.03 1&.54 22.91 =12.49 62.34
231 1% SwWEeT CORM 1254 6433 723 22.25 31.55 =-13.01 62.29

242 X9 SwZET CORN 33 5.85 B.17 13.76 15,48 63.15 40,42



DAY LF
YEAR
242
242
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
245
180
i80
180
184
1584
154
148
iEB
188
.88
188
les
167
1e7
197
197
167
197
197

197
197
157
197
197
197
i97
197
197
187
157
167
157
<97
197
167

PLOT

SWEET
SKEET
SKEET
SWEET
SKEET
SnEET
SwEET
SWEET
SWEET
SwceT
SKEET
SKEET
SKEET
SKEET
SWEET
SWEET
SWEET
SKEET
SWEET
SWEET
GRAIN
GRAIN
GRA LN
GRAIN
GRAIN
GRAIN
GRAIN
GRATHN
GKA [N
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRA IN
GRAIN
GRAIN
oRAIN
GRAIN
GRAIN
GRATN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GPRA IN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRALIK

CROP

CORN
CORN
CIORN
CORK
CORN
CORN
CORN
CORN
CORN
COURN
CORN
CORN
CCRN
CURN
CORN
CORN
CORN
CORN
COPN
CORN
SURGHUM
SOKGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SCRGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SCRGHUM
SORSHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SIRGHUM
SORSHUM
SORGHUM
SOPRGHUM
SORGRUM
SURGHUM
SIRGHUM
SORGHUM
SIRGHUM
SCRGHUM
SORGHUM
SLRGHUM

Table 64,
REFLECTANCE FOR 1982
TlkE MS 54 MS55

825 5.54 B.42

938 6,00 G.14

335 594 8.97

93¢ 554 8.33

S36 5,78 8.80
1030 €.23 S.40
1C31 6.26 S.32
1032 6.85 10.36
1201 T.00 10.26
1202 TeQ0 10.52
1202 Te22 10.T6
1259 Te3d4 10,71
1300 671 10.14
1300 6.84 10.03
1414 6+43 Q.47
1416 &6.27 9, 48
1419 5.24 Te 8T
l628 €.15 9.09
1630 5,93 9.30
1631 6e27 9.40
1217 18.53 23.30
1217 19,09 24,04
1218 17.88 22.45
1026 12.7T4 16.09
- 1027 Be52 10.37
1027 6. 04 6.598

948 16.95 2C.93

949 14,71 17.T70

950 10.38 12.04
1224 14.10 17.44
1225 12.77 15.26
1236 9,78 11.32

837 6.03 540

839 5.88 5.58

839 5.22 he 66

93¢0 5.79 5.23
- 930 5,94 5.71

930 5.14 4,52
1010 5.90 5.32
1011 595 5.63
1011 S5.24 4,75
1359 .20 5.59
1100 6425 6,04
1100 5.79 5.10
1159 6.36 5. 99
1159 580 S. 64
1159 S.64 4498
125¢& 759 Te34
1257 T.T72 T7.80
1257 5,80 S5.13
14903 T.39 696
1404 ce31 5.80
1405 5.75 5.04
1455 T.04 £.81
la56 3.10 Bel3
1456 6.00 £e35

M55é&

13.53
15.88
13.52
12.90
14,11
13,88
14,25
l6.34
14.89
15,31
16.68
15.27
15,03
16,07
13.59
14,20
13,15
13.38
14.50
18,71
28496
29.45
Z8.13
23.58
16.03
12.15
35.96
31.75
22.89
2T7.13
25.59
20.55
26475
22.44
20.93
24,81
22.76
Zl.1l8
25.81
23.78
2l.22
23.99
22.65
26.18
23.27
2222
30.65
23.45
30647
24.42
Z23.79
28,70
29.14
24.12

MSS7

19.40
22453
19.19
18+ 49
2C.53
19.24
19,60
2347
19,9%
21.22
232.26
2C.29
21.01
22437
18.31
1%.85
lé.62
18.09
21.17
2174
35,28
35.61
34.35
25.87
20.88
1€.20
47434
41.98
32.38
34,68
33,07
27.25
37.89
31.51
2%.35
35,81
31.96
25.82
3¢€.83
33,36
3C. 00
37.58
33,57
21.67
37.24
32.06
3l.C9
43,13
36,62
32.39
43,46
34,45
32,62
41,13
4Ce4T
32,65

SCLAR
AZIMUTH
62.68
61.97
6l.45
6l.22
6l.22
46457
46,25
45,94
11.27
10.8!
10.81
'15-‘?8
-15.92
=15.92
—44,4])
=45,05
-76022
"76. 58
-76076
10.78
10.78
9.97
67,45
6T.16
67.16
16,31
76.09
75.88
-2.00
=-2.79
-3.59
88.06
BT.73
87.73
7B.58
78.58
78.58
69-63
6G.38
69,38
54.53
54.15
54,15
23.55
23,95
23.95
=1lT.1&
-17.85
-17. BS
-53. 73
-54,11
=-69.59

O
63)

SOL AR
ELEVATIDN
40,77
41,28
40.14
40.31
40s 31
48,77
48,91
49,05
57« 44
57.48
5T7.48
57«01
5696
56e 96
49464
49,37
48,95
27.00
26.63
26444
T3.66
T3.66
73.69
58485
59,02
59,02
51l.47
5la66
5l.85
T3.12
T3.12
73.10
36.91
37.30
37.30
47,10
47.10
47.10
54,55
54.73
54,73
62.95
63.10
63.10
T0a42
T0s42
TO. 42
Tle 10
Tl.04
T1l.04
63.40
63,24
63,09
54.53
54,35
56,35



DAY CF
YEAR
201
201
201
20«
204
204
204
204
20
204
204
20~
204
2G4
204
204
204
204
204
20%
204
204
204
204
204
234
204
20%
299
209
209
209
209
2C¢%
9%
209
210
210
21¢C
214
21«

21
-

214
214
214
214
214
214
213
215
215
215
215
215
215
215

PLCT

17
17
17
17
17
17
17
17
17
i7
17
17
17
17
17
17
17
17
17
17
17
17
17

GRAINK
GRalN
GRATN
GRAIN
GRAIN
GRAIN
GRAIN
GR2IN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIKN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRATIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRA IN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIIN
GPAIN
GRAII
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRAIN
GRATN
GRAIN
GRAIN
GRAIN
GRATIN
GRAIN
GRAIR
GRAIN
GRAIN
GRA TN

CReP

SORGHUM
SGRGHUM
SORGHUM
STRGHUM
SORGHUM
SORGHUM
SURGHUM
SORGHUM
SORGHUM
SCRGHUM
SORGHUM
SURGHUM
SORGHUM
SQRGHUM
SORGHUM
SORGHUM
SOERGHUM
SORGHUM
SCRGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SCRGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SJORGHUM
SSRGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SDRGHUM
SCRGHUM
SORGHUM
SDRGHUM
3JRGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SORGHUM
SURGHUM
SORGHUM

REFLECTANCE FOR 1982

TIME

looz2
1003
10G4

B4C

840

841

519

919

920
1010
1010
1011
1047
1048
1048
1231
1231
1232
1331
1331
1332
1427
1428
1428

. 1528

1529
1529

948

S50

953
1223
1225
1227
1435
1437
1428

942

943

945

912

Sl4

9l4
1023
1024
1025
1204
1204
1206
1210
131¢
1311
laza
1425
1426
1551
1552

Table E4.

M5 54

6.30
7.06
6.11
5.55
5.69
5.11
5.74
5.34
5.16
5.46
5.46
5.30
5.13
5.34
5.25
5.84
S5.64
5.52
5.62
5.46
5.42
5.09
5.19
5.01
5.37
5.56
5.40
6.10
6.81
6+ 35
6,23
6,83
€.23
5.13
5.43
5.58
5.564
6.33
5.81
5.91
6.76
5.80
6. 04
6.35
5.86
Taels
6.99
6.06
8.26
7.92
6,79
T.50
Tal3
.38
6083
G 4T

K355

5.71
7.25
5.77
4,37
4,53
3.94
4,57
4.40
4a11
4435
4049
4. 22
4,16
4ot
4,09
4072
4,78
4,37
4e 60
4,48
4,29
4,23
4440
3.94
4o4]
4,59
4.27
5.03
5.56
5.16
Se42
6.18
5.38
4.28
4,50
4454
4e b4
5.29
4,81
4,84
5.56
462
4. 96
5.36
4.73
5-99
6.07
4.94
T 22
7.05
5.68
6.52
6e23
5.26
5.90
5.62

MSSe

20.07
27.10
26 o4 4
3C.22
28.57
2B.25
2l.56
26,93
26,61
30.19
2T7.02
26,39
28.08
25.60
27«48
30.55
26.89
27.76
29.88
ZT.75
26.79
2T .67
25.00
25,39
2947
27.75
2T.39
35.93
28.43
36.67
21.20
20.98
30,75
2T .97
27.87
29.58
32.28
33.30
2l.66
32.12
33.69
2l.56
22.85
321.59
31.67
33.44
3le67
31.38
3%5.05
33.24
32.04
33.32
31.01
22.11
2l.48
30.69

M5S7

&44.18
38.83
38.27
44,56
41,52
41,30
4€. 60
3%.29
36.01
44,66
36.25
38.46
41.02
36.44
36.70
44420
38,86
3%. 88
44,10
40.21
38.87
4C.28
35447
3¢.07
4£3.C8
36,486
38,90
54.C6
596
53.57
45,54
44,75
45,11
41.92
4C. 60
43,22
48,13
49,47
46,91
48,05
5C. 04
46,50
45,78
47.16
4T7.54
48.61
46,37
46425
S5l.61
48,26
48084
45,36
45,17
47.21
4€.T7
44,E7

SOLAR
AZIMUTH
70.68
T0. 44
70.20
86-26
86.2C
B&,. 03
79.20
79.20
79.01
67.90
6T.90
6765
5697
564,63
56.62

1.2¢
1.26
0.56
"‘36- 80
=36.80
=-37.31
-60,01
-75.38
"'750 56
"'75.59
Tl. 79
T71.33
T0.63
5.48
5.15
3.82
=6l.26
=61, 56
72.84
72.61
72.17
TTe84
T17.45
T7.45
6l.21
60.92
60.¢3
17.68
17.68
16.48
-22.,90
-22«90
=55,73
-56.,05
=T7.15

A0
(S8

SOL AR
ELEVATION
52.58
52476
52.9"
36.66
36.66
36.85
44,15
44415
L4,34
53.62
53.62
53.80
5%5.97
60.13
€0.13
TCe40
TC.40
70.41
66673
66473
66.61
58.56
5Ba.40
58.40
4Te63
476 44
4744
48.90
49.27
49,82
69.15
69.19
69,22
56,39
56405
55.88
47465
47,83
48,20
4le45
4l.83
41.83
54,33
54.50
54.66
67.14
67el4
67.25
66.24
66 24
b6.16
57.01
56.85
56469
41.55
4le 36
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Tzble Gk
) REFLECTAMNCE FCR 1982
DAY OF PLOT CROP TIME M554 MSS MS3Sé M3ST SCLAK SOLAR
YEAR AZIMUTH ELEVATION
215 17 GRAIN SUPGHJM 1552 Eeb7 5.59 33.85 4%.49 -=TT.35 4l.36
215 17 GRAIN SORGHUM 1T04 6,63 S.79 23,77 45.81 -89,84 27.51
215 i GRAIN SORGHUM 1705 6,04 S5.18 29.95 432,88 =90.,00 27«32
215 17 GRAIN SO0RGHUM 170e 6.75 5.64 36.3B 52,53 =90,1& 27.12
221 17 GRAIN SORGHUM 1043 5.60 4,74 20,15 44,91 52.3¢ 56,25
221 17 GRAIN SORGHUM 1044 573 4e 91 29.63 4£4.24 52.02 56440
221 17 GRATIN SORGHUM 1044 521 4e25 28.86 43,14 52.02 56040
230 17 GRAIIN SORGHUM 523 5.20 4ea0 28,76 43.59 T0.12 40,93
230 17 GRAIN SORGHUM 924 5.03 4,20 2730 41.77 69.91 4l.1ll
2320 17 GRAIN SORGHUM 927 bGe7 3.T74 28.54 40.33 69.25 4] .66
231 17 GRAIN SGRGHUM 851 5.01 4022 2737 41.00 T6.22 34,83
231 17 GRAIN SDRGHUM gs53 L - 4.03 25,62 38,50 T5.84 35.21
221 17 GRAIN SORGHUM 884 LY} 3,85 2T7.31 41.0% 7565 35,39
231 17 GRAIN SORGHUM 1244 573 4,98 29.55 43,58 -Ta 1T 62.65
231 17 GRAIN SORGHUM 1245 5.73 4.84 30,19 45,15 =830 6262
231 17 GRAIN SORGHUM 1247 5.12 4,30 28,79 42.85 -9.35 62.56
¥ 17 GRAIN SORGHUM 925 44.88 4,53 23,24 35.53 64,98 39,03
242 17 GRAIN SORGHUM 926 S5.24 4,57 26.93 40.54 64,75 3%9.21
242 17 GRAIN SDRGHUM QT 4,77 4,08 24,98 37,25 64,53 39,38
245 17 GRAIIR SORGHUM 931 4490 469 20,65 31.67 62.39 39,46
245 17 GRAIN SOKGHUM ‘932 3.93 3.69 18.83 28,25 62.16 38,63
245 17 GRAIH SORGHUM 932 4,68 4,11 24,50 36,73 62.16 39,63
2=5 7 GFAIN STRGHUM 1024 5.04 4., T4 22.45 34,89 48,40 4T7.91
245 17 GRAIN SJRGHUM 1024 5.67 5,50 23.68 35,83 4B4.40 47.91
245 17 GRAIN SORGHUM 1025 4aTT 4. 27 24.29 36,93 4B.10 48,06
245 17 GRAIN SJRGHUM 1158 &.38 650 22,92 33.87 13,54 57.24
245 17 GRAIN SORGHUM 1158 €.69 6,96 24,33 34,16 12.83 57.32
245 17 GRAIN SDRGHUM 1158 S.11 4,68 25,46 38.93 12.43 57T.32
245 17 GRAIN S0RGHUM 1254 5.07 5.01 21.58B 332,89 =132.23 57.25
245 17 GRAIN SORGHUM 1255 $.30 5s01 23,72 36.70 =13.68 57.21
245 17 GRALIN SORGHUM 12586 5. 39 4o 85 27403 41.1B =14,13 57.16
245 17 GRAIN SORGHUM 140¢& 4493 4,70 22036 35,21 =41,7% 50.70
245 17 CRALIN SORGHUM 1408 4456 G4,26 21,72 32,52 =42,46 S50. 44
245 17 GRAT! SURGHUM 1409 4.98 4e50 25,76 3S.11 =42,79 50.31
245 17 GRAIN SORGHUM 1822 480 4,60 22.15 344563 =-T75,12 28,13
245 17 GRAIN SJORGHUM 1623 4417 4,03 19,77 31.73 =75.31 27.94%
245 17 GRAIN SORGHUM 1624 5,43 501 27.27T 41.87 =T75.49 2T.76
253 17 GRAIN SORGHUM q02 3,83 372 16421 24,89 65.57 32.74
253 17 GRAIN SDRGHUM 90é& 3.42 3.52 15.28 24,01 64,73 23.45
253 17 GEATIN SURGHUM 907 445) 40,56 23,30 36,28 64,51 33.62
262 17 GRAI!N SURGHUM B42 286 2.78 13.85 22.¢62 65.78 2711
263 17 GRAIK SORGHUM 843 2,57 3.60 14,28 21.70 65,58 27.29
263 17 GRALN SORGHUM B4 4 4,00 “4e2B 204,58 32.69 65,38 27.46
265 ey GRATL SORPGHUM 949 3.62 372 15.76 24489 49,98 37.62
265 17 GPAIN SCRGHUM 350 3.80 4,09 17.31 2¢.71 49,73 37. 17
268 17 GRATIN SORGHUM 851 4,37 4,75 20,04 31,38 49 .47 37.92
265 17 GPAIN SORGHUM 1022 4,30 451 1%.89 31.33 41,00 42.18
265 17 GRAIN SORGRHUM 1023 4028 4eb6 16,52 30.C8 40.71 42.31
2¢5 17 GRAIN SURLHUM 1023 £.81 S5.24 21.C6 32.28 40,71 42,31
265 17 GRAIN SORGHUM 1149 b4 T4 4094 15,06 2E.59 11,36 49,69
265 17 GRAIN SORGHUM 1l15¢C 4o Th 499 Z1.,03 31.68 ll.00 49,73
265 17 GFAIN SCPGHUM 1151 3.89 4s 1T 1lELET 25.48 10.862 49,77
265 17 GRAIN SCRGHUM 1243 44,53 4.73 18.33 27.83 -9,59 49,84
265 17 GPALIN SDAGHUM 1244 4,33 4e61 19,17 2E.TS -9,67 49,81
265 17 GRAIN SORGHUM 1244 4433 4659 17.68 2¢.,83 -9,67 49,81

265 17 GAA TN SURCHUM 1346 4,39 4sB84 1Be0& 27.85 =~32,14 45444
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Table 54 .
REFLECTANCE FOR 1982

DAY CF PLCT CROP TIME MS 5S4 M555 MSSé M5S87 SOLAR SCLAR
YEAF AZIMUTH ELEVATION
265 17 GRAIN SORGHUM 1347 4o29 4253 19.96 3C.B7 =32.47 45.34
265 17 GRAIK SORGHUM 1347 4e62 4095 15480 25.77 =32.47 45434
265 17 GRAIN SORGHUM 1442 4454 4092 1Be44 27,91 ~4B 46 38.39
285 17 GPRAIN SORGHUM 1443 4423 4e 55 19.83 3C.82 =-48.72 38.25
265 17 GRAIN SORGHUM 1444 4,71 5.18 21.14 31.88 =-48.98 38.10
270 17 GRAIN SOFGHUM 113¢ 5.39 5.77 20,00 2S.13 17.21 46096
270 17 GFAIl SORGHUM 1131 S.87 6.73 17.47 25.17 l6.86 47.01
270 17 GRAIN SORGHUM 1132 4428 4,72 1B.21 28.31 16450 47.07
280 17 GRAIN S0RGHUM 1011 4. 09 4028 16.61 25.71 39,01 36.38
280 17 GRAIN SORGHUM 1012 4067 5.28 14.86 22.13 38.74 36450
280 17 GRAIN SORGHUM lol2 4454 .38 19.71 31.59 3Be 74 36.50
284 17 GRAIN SORGHUM 1043 4,01 4024 15.94% 24,83 28,88 38.59
2B8% 17 erRA IN SORGHUM 1045 4,11 4064 13,49 20.46 28.29 38.77
264 17 GRAIN SORGHUM 1047 4,03 4e56 17,06 26.84 27.70 38.95
295 17 GRALIN SOPGHUM 1232 5.03 6289 13.65 22.44 -6.73 38.72
295 17 GRAIN SORGHUM 1232 5. 84 804 14.55 23,16 =6.73 3B.T2
295 1l GRAIL SJORGHUM 1232 5.32¢4 T.65 13.97 22.83 =6.73 38.72
189 4 SCYBEAN 1204 11.79 13,47 26.17 33.34% 20.92 12.97
180 4 SOYBEAN 1205 TaTl T.48 23.39 3(C.93 20.17 73,03
130 < SCYBEAN 1205 9.66 10e42 25.68 34.006 20,17 T3.03
180 1 SCYBEAN 1205 5.91 B.67 11,97 15.46 17.11 73.28
180 i SOYBEAN 1210 7T.18B Bue36 14.80 1S5.91 16,33 73.34
180 1 SCYBEAN 1210 7«13 B.09 15.28 2C.69 16433 T3.34%
184 & SOYBEAN 1015 5.60 S.44 20.12 26,19 70.40 56.86
164 & SCYBE AN 1016 5.09 482 19,69 25.59 70.15 57. 04
184 & SCYBEAN 1017 5.48 4. 79 23.18 3C.59 69.88 57.22
184 1 SCYBEAN 1021 5.51 5.60 15.32 21.08 68.82 57.95
184 1 SCYBEAN 1021 5.60 Sattdy  1E£.92 23.C8 68. 82 57.95
184 1 SOYBEAN 1022 5,86 5.4l 16.77 26.88 €8.55 58.13
1e8 & SOYBE AN S23 Te34 Tel8 29.89 41.35 Bl.35 46,72
le8 & SCYBEAN 923 T.17 €.96 22.19 44,93 Bl.35 46.72
lae & SCYBz AN 925 7.33 708 33,20 46,43 80.97 4T 1l
138 1 SCYCEAN S24 9.19 10.07 27.25 38,98 79.21 48.82
laeg 1 SCYBEAN 935 9.08 998 26.42 38,40 79. 01 49,01
188 1 SCYBEAN 936 8.96 923 22.88 47.61 T8. 81 49.20
188 & SCYBEZAN 1220 8,08 8,26 2B.13 37.40 9.10 72.96
le8 4 SCYBEAN 1221 T.29 Te38 27.79 36438 8.32 72.99
188 & SCYBE AN 1222 T 64 783 27.12 35.7¢ 7.53 73.01
188 1 SCYBEAN 1229 T.99 8.69 2l.66 28.72 1.99 73.12
188 1 SOYBZAN 1229 T.82 B«27 21.96 2%5.41 1l.99 T3.12
log 1 SCYBEAN - 1230 &.55 6.89 23.85 32.36 l.19 73.13
157 4 SCYBEAN B24 5.26 417 34.10 47.70 0. 14 34,40
157 & SCYBE AN B25 4.77 2.71 33.50 47.74 89,98 34.59
197 “ SCYBEA&M 828 Lebb 3.76 30.04 42,80 89.51 35.17
197 1 SCYBEAN 8z2 466 3.82 29.53 41,11 8B. 87 35,95
137 1 SUYBEAN 833 4497 2.96 2G9.76 4C.92 88.71 36.14
167 i SCYBEAN g3z 4456 3.56 30.89 42,58 88,71 36.14
197 4 SCYBEAN 911 5.31 4,19 26,19 51.37 82,20 43.47
197 & SCYBZ AN 9.3 5.35 4,32 3E.65 55,64 8l.84 43,85
167 4 SCYBEAN Sl4 5.50 Ge42 306432 52415 8l.¢&5 44405
197 1 SCYBEAN 922 4069 397 2Bel2 39.63 80. 14 45,58
197 1 SCyszan g23 4o 78 3.89 3C.l3 42,56 79.95 45. 77
197 1 SCYREAN 923 471 3.72 22,72 46440 79.95 45.77
167 & SCY3Z AN 954 3.84 3.1l 23.17 32.69 T3.47 " 5l.61
197 & SCY3EAN G54 2.53 2.81 22.60 32.08 T3.47 5l.61
197 &4 SCY oz ak 954 3.32 2e54 Z21.99 3C.72 T3.47 5l.61
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Table A4,
TIME MSS4 M558
1004 4479 4,01
1004 4,70 3.78
1004 4,60 3.57
1048 4o 869 3.95
104§ 4,58 3. 63
1049 445 3. 51
1055 4 .48 3.73
1085 4427 3.38
1055 4,05 3.09
1148 4,81 4,02
1148 4o 49 3.59
1ll49 4438 2.4l
1153 4,92 4,09
1153 4456 3.58
1154 476 2. Té
1245 &, 83 4.19
1246 & .64 3.83
1247 5.50 4,65
1251 4o 54 4,06
1252 4426 349
1252 4431 3. 44
1350 5.45 44 89
1250 4,68 3.79
1351 4,95 4,03
135¢ 4240 3.56
1357 471 3. 70
1357 Go4) 340
L44é 5.62 5.12
1447 4 .92 4,10
1447 5.11 4a 36
1451 4,80 3.96
1451 4,70 3.94
1451 44,51 3.57
944 469 3,93
944 4,38 3.40
945 & o4l 3.55
S50 4489 4,10
951 467 3.85
951 4437 3.48
g3Q 4458 357
831 4,28 3.15
831 b .49 2.36
834 4,23 3.15
834 4,30 3.22
835 4429 3.21
995 4025 3.21
S0¢ 4435 3.20
906 4,17 3,06
910 4436 3.25
911 4y 28 3.12
gll 4434 3.21
G422 4,19 3.16
944 3,85 2.81
945 4o 0% 2093
ese 3.87 2.85
956G 2.95 2.87

M556

29.70
2l.61
33.05
2795
30.39
30.74
27.90
26.97
26,78
28.51
29.76
20.89
28.26
21.29
30.92
28.29
2l.18
34.68
24,76
26.97
25.06
20.58
22.7%
21.60
29.35
25.886
21.03
21.05
33.64
22.82
20.40
29.15
32.00
34,323
36,55
36,17
24.96
32.565
34,82
34,39
25.84
35.58
25.03
34,82
34,81
25.81
27.58
26.57
25.33
27.25
37.21
35.36
3g.l%
36,21
33.33
25.26

¥5S5T

42,82
45,46
46.54
35.38
42,94
44,40
4C.88
38,60
42,62
4Cel5
42404
44,34
35.41

44403

43,27
40. 4]
45,54
51,54
35.54
38,40
41,86
43,C9
47,28
4L.62
4C.B9
4Ce 54
43,15
48429
46,89
42439
40, 60
G444 B7
5C.,21
54,22
53.36
51.01
49,47
51,25
46,92
52.95
52.27
5Ce55
5048
5Ce 57
52.14
55,48
532,75
5C.88
52,87
54,10
51.47
53.54
52.86
“4E.23
51.33

SOL AR
AZIMUTH
Tl.12
Tl.l2
Tl.12
58.48
58,14
58.14
56.01
5¢.01
56.01
30.87
30.87
30. 27
2780
27.80C
2717
-9.27
~10.,00
=10.73
=13.62
'14- 33
"14033
-47-96
-47196
-4B8,39
-50052
=50.94
-50094
"6712‘0
‘67. 51
-67.51
-58' 56
~58, 5¢
-5 8- 56
T4.80
74480
T4+59
73.48
T3.25
73.25
87.85
87.69
8T.69
87.20
87.20
B7.03
81.83
8l.65
Bleb5
80.91
80.72
80.72
T4 50
Té4.086
72.84
T70.87
T0. 62

SOLAR
ELEVATION
53,45
53.45
53.45
6l.17
6l.33
61.33
62,31
62.31
62.31
69, 44
69.44
69.54
69.92
69.92
70.01
T1.59
Tle 56
Tl.52
Tle36
71.31
Tl.21
65,35
65.35
£5.21
64. 47
64,32
6432
56415
55.97
55.97
55425
55.25
55.25
49,25
49,25
49,44
50.37
50.55
50.55
34.73
34.92
34.92
35.50
35,50
35.69
4le 47
4l.66
4l.66
42.43
42.62
42,62
48.48
48,86
49,04
5l.44
5l.62
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Teble 64
REFLECTANKCE FOR 1982

Day CGF PLCT ce.op TIme M554 M355 MES6 P557 SCLAR SOLAR
YEAR AZIMUTH ELEVATION
204 1 SCYBEAN 959 4,05 2.96 325.88 52.5% T0.62 5l.62
204 4 sCyBcal 1033 4,31 3.26 323.B5 48,82 61,48 57.64
204 4 SCYBEZAN 1033 4e13 3.04 25.63 51,63 6l.48 57+ 64
2u4 - & SCYBEZ Al 1034 4.21 2.08 3&.21 52.66 6la17 57,81
204 1 SCYBZ AN 1038 3.81 2.90 21,51 4&5.45 59,93 58. 49
204 1 SCYBEAN 1040 4,09 2.95 38,10 52.16 59.29 58.82
204 1 SOYBEAN 1340 4405 2.93 36.23 52.49 59.29 58.82
204 4 SCY BEAN 1159 4. 09 3.06 323.75 49,30 22.82 69,10
204 “ SCYBE AN 1202 4. 01 2,98 3é.46 53,31 20,93 69,32
204 4 SCYBEAN 1202 4,13 2.98 36.64 532,20 20,93 65,32
204 4 SCYBEAN 1222 3.71 2+ TT  30.69 44,25 T+55 T70.27
204 1 SCYBZ AN 1223 3.79 2eTT 22,34 48,67 -PR:T. 70. 29
204 1 SOYBEAN 1223 3.63 | 2.64 23,20 48.41 6.86 70.29
204 & SOYBEAN 1318 3.96 2491 34.97 5C.67 =29.6B 68.11
204 & SCYBEAN 1318 3.88 2483 36436 53,50 =-29.68 68.11
204 &4 SOY BE AN 1318 4.00 2,89 36.30 52,22 -29.68 68.11
204 1 SCYBEAN 1322 3.93 2:89 35.48 52,10 =-31.95 &7.T1
204 i SCYBEAN 1322 3.93 2.91 25,03 52.06 =31.95 6T« T1
204 1 SCYBEAN 1323 4,01 295 36.41 54,1C -32,51 67.61
204 & SCYBEAN 1415 3.87 2+88 34.71 5C.44 =-55.68 &0.53
204 & SCY Bz AN 1416 3.76 2,78 35.29 52.17 =56.03 6037
204 &% SCYBEAN 1417 3.93 2490 36,07 52.79 -56,38 60.21
204 1 SCYBEAN 1420 2.93 288 25.88 652,25 =-57.40 59.72
204 1 SCY BEAN 1420 3.93 2491 25.40 52,17 =57.40C 59.72
204 1 SCYBEAN 1420 3.89 24B6 325.49 52,34 =57,40 56,72
204 & SOYBEAN 1515 3.57 3.02 25.53 51,48 =-T72.53 50.05
204 & STYBEZ AN 1515 3.87 290 35,26 51.53 -72.53 50.05
204 1 SOYEBEAN 152¢ 3.84 2095 35,68 52,05 =T3.65 49.12
204 1 SOY BE AN 1521 3.85 294 325,93 52,18 =73.857 48.94
204 1 SCYBEAN 1521 3495 3.02 36,73 54,31 ~T73,87 48,94
20% % SUYEBEAN 855 4o 27 3.16 37.61 52.52 82.40 38,90
20¢ & SCYBZ AN 904 4.38 3.31 41.25 6C.69 80.77 40.63
209 & SCYBEAN 908 4453 3431 29,63 5&£.59 80.02 41.39
209 b SCY BEAN 925 2.132 le4t l6.60 22.10 T6.TL 44.61
209 1 SCYBEAN 927 2.22 le47 17.03 22.49 76031 44099
209 1 SOYBEAN 929 l.71 1.12 13.04 17.08 75.90 45,37
209 4 SCYBE AN 1133 4029 3632 40.58 6C.33 36.21 65,56
209 & SCYBEZAN 1140 3.83 3.00 2B.61 58.34 32,59 66,33
209 4 SCYBEAN 1144 4e23 3.15 39.42 58,40 30.44 66.73
209 1 SCYBE AN 1204 4018 3014 2%9.24 57.54 18,74 68035
209 1 SayBEean 1206 4010 3.07 28.70 56.57 1749 68e 47
2u% 1l SCYRzan 1207 3.87 2,94 327,24 55,30 16,86 68,53
209 & SCY3EAN 1404 2484 2.12 26.13 27.39 -=50,12 61,35
209 & SCYBEANM 1408 l.26 0,91 11.20 15.65 =51,63 60.74
239 & SCYBEAN 1409 2e14 1.54 18.85 2€.33 =-52,00 60,59
209 1 SCYBEAN 1420 4633 2e34 40,05 58,79 =-55,89 58.87
209 1 SCYBZAN 1421 4.18 3.18B 29,78 58,74 =56,22 58.71
208 1 SCYBEAN 1422 l.49 l.06 12.44 17.11 =56.56 58.54
2190 & SCYBREZAN S13 3,75 2.T4 3T7.49 55,55 78.80 42.20
2lo 4 SOYBEAN 914 3.55 2067 2Be43 57,55 T8.61 42.39
210 < SCyEEAY Gl15 3.72 2.74 38.54 57,48 TBe. 42 42.58
21¢ 1 SCYBEAN 925 3.386 2.89 35,15 58,C3 Téa2 440 47
210 + SOYBEAN 2€ 2.95 2.93 40.55 &C.08 T6.23 b4, 66
210 1 SOYBc AN 928 3.42 2456 37,91 57.C7 75.82 45.04
214 & SCyBEan 845 2491 2+57 29.03 58,57 82.82 36.29
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Table B4,
FEFLECTANCE FOR 1982

DAY UF PLCT CROP TIME MS 54 M555 MSSé MSST SCLAR SOL AR
YEAK AZIMUTH ELEVATION
214 4 SCYEEAN B46 3.75 2089 29,90 61,40 B2.65 36449
214 4 S5CYBE AN B4 8 4el2 3.12 42.25 64.00 B2.2% 36. 87
214 1 SCYBEAN 859 3,96 2.95 40.38 6C.90 B0, 30 38.98
21l% 1 5CYBEAN Elele 3.88 2.94 40.56 61l.3% 80,12 3%.17
21« 1 SIYBEAMN 901 3.66 277 328.48 58,86 76.93 39.36
2l4 4 SCYBEAN 100C 3,15 2447 34,93 53,69 67,36 50.31
214 & SCYBEAM 1001 2.99 2034 24,26 52,76 6Ta11 50,49
214 & SCYBEAN 1002 3.58 2,70 39,04 59,89 66. 86 50.67
214 1 SCYBC AN 1010 3.49 2670 27.06 56.68 64, 80 52.08
214 1 S2YBESN 1011 3.52 2469 37.93 58,34 64453 52.26
214 1 SCYBEAN 1012 3.32 2449 25.T4 55,45 64, 27 52.43
214 4 SCYBEAN 1134 3.32 260 33,30 5¢C.53 34e12 64,59
2l & SCY 8z AN 134 3.73 2497 322.61 4S.84 34.12 64,59
214 & SOYBEAN 1136 3.43 2,60 35,11 532,656 33.12 64. 80
214 1 SOYBEAN 1i47 3.38 2.65 25.13 53,41 27.37 65.87
214 1 SCYBEAN 1148 3.46 24568 325,51 54.93 26.83 £5.96
216 3 SCYEBEAN 1149 3.37 2662 32.41 50C.20 26.28 66.05
215 & SCY BE AN 1238 3.67 3.03 29.91 45,07 =3, 60 67.68
2158 & SCYBEAN 1240 377 3.12 30,08 45,50 4o 86 6T7.65
215 4 S0YBCAN 1248 3.61 2:92 20.68B 464,69 -9.85 6745
2158 1 SOYBEAN . 1257 249 2,91 31.77 &B.92 =-15.33 67,06
215 1 SCY3EAN 1258 3.67 3.05 320.06 4é&.69 =-15,93 67.01
215 1 S50Y BE aN 1259 3.72 3.12 29.07 45,00 =16.52 66.96
215 4 SCYBE AN 1404 4,27 42 33.26 49.50 -48,34 60. 08
215 & SCYBEAN 1406 4415 2039 22.7T0 45,30 =49,09 59,77
215 & SCYREAN 1406 4,10 3430 323,77 5C.58 =49.09 59.77
215 1 SCYBEAN 1412 3.59 2.94 34.00 52,24 -51,29 58.88
215 1 STYBEAN " lal2 3.55 2492 322440 5C.386 =51.29 58.88
215 1 SCYEE &N 1413 3.60 299 31,07 &7.61 =51.&5 58.73
215 4 SCYBE AN 1531 3.57 293 33.60 5C.,70 =73.05 45,30
215 & SIYBEAN 1532 3.64 3.00 31,80 4B.21 ~-73,27 45.11
2i5 4 SOYBE AN 1533 3.72 3.04 322.84 51.70 =T73.48 44,92
215 1 SCYBEAN 1541 3.59 2.00 23.56 52.41 =75.1l5 42,43
215 1 SCY AEAN 1542 3.86 3622 32.81 50,27 =TS5.3% 43.24
215 4 SCYBEAN le45 4,20 3445 25.96 56,49 -36,T8 3l.19
215 “ STUYBE AN 1646 2.86 317 25.20 52.7T7 =86.%4 31.0C
215 “ SCYBEAN 1647 3.99 3.24 Z2T.43 5&.26 -8T7.11 30. 80
215 1 SOYBEAN 1653 447 2.76 42.33 63,70 =-BB.OR 29.64
215 1 SCYBE AN 1£53 4,08 3434 3B.13 57.57 -B8.08 29. 64
215 1 SCYBEAM 1654 3,82 3s14 26,19 54,67 =-88.25 29.45
221 & SCyBcay 1032 3.44 2.62 34,96 52,48 56,22 54,37
221 “ SCYBEAN 1032 32.58 2:78 27,02 55,56 55.31 54,53
2zl 4 SCYBEAN 10322 3.52 2,73 25.96 54,66 55.91 54.53
221 1 SCYBEAN 1036 3.52 2.75 35,21 52,23 54.65 55.186
221 1 SCYBEAM 1037 3.T0 2:91 326.3B 54,83 54,33 55.32
221 1 SCYBEAN 1037 3.85 3.00 37.26 55,82 54,33 55.32
230 & STYBEAN 850 3.97 3el8 36,20 52,77 T6sTT = 34,81
2320 4 SCYBEA! 852 4.00 23.17 27.70 56.67 Tb6e 39 35.18
230 4 SCYBZAN B34 4.03 3.29 27.75 57.81 76401 35.56
230 i SUYBE AN 902 4021 2.50 37.72 56.896 T445 37.06
2320 1 SCY BS AN SC3 4,11 2429 326,96 55.56 T4« 25 3724
230 i SCYBEAN 905 3.99 3e1l5 26.43 54,23 73. 85 37.62
251 4 SCyBL AN : 828 4033 3445 37,49 54,65 80. 44 30,47
221 & SCYBzaN 330 4447 Je60 239,67 55.06 830,08 30.85
231 =

SAYBZ AN 8§31 4,35 3.2 29,19 59,20 79.91 31.04
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SUYBE AN
SCYBEAN
SJIYBEAN
SCY&SEAN
SCYBEAN
SCYBE AN
SCYEBE AN
SCYBE AN
SCYBEAN
SCYBZAN
SCYBEAN
STYEEAN
SCYBE AN
SOY BE AN
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SCYBEAN
SCYBEAN
3CYBE AN
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SCYBE &N
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SCYBEAN
SCYBEAN
SCYBE AN
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SCYSEAN
SOYS8EAN
SCYaEAM!
SCY3EAN
SOY 3EAN
SCYBEAN
SCYSE AN
SOYBEAN
SOYBc AN
STYBZAN
SCYBEASN
SCyBzaN
SCYBZAN
SCYBEAN
SCYBEZ AN
SOYBEAK
SCYBE AN
SZY2saM

-SLY3E Al

SCYBE A
SCYSE &N
SOYBE AN
SCYBEAN
SCYEBE AN
SCYBEC AN
SOYSEAN
SCYBEAN
SCYBEAN
53Y BE 4N
SZYBE AN
SSYBEAN

Tehle bA.

REFLECTANCE FOR 138

TIME MSS4 M355
g3a 437 3e63
840 423 3a42
B4l 4430 3.36

1220 344 2,82

1222 3.62 3.02

1223 3.67 3.07

1229 2.86 3. 24

1231 3.48 2083

1232 3..52 2.81
839 4,21 2.38
840 4226 3.36
342 4,36 3.54
849 4e23 3,42
858 420 3.33
905 4.09 3.26
Bse 4435 3,54
901 4,45 3.61
902 4436 3.563
g1l0 4.60 3.72
9laQ 4. 74 3.89
912 4 .49 3.62
SGo 4,87 3,98
901 5.15 4s25
901 5453 4. 80
QU5 5.05 4. 10
906 4. 88 3.97
908 5.10 4,04

1g08 4455 3. 66

100% 4.7 2.86

igle 4.57 3.79

1013 4452 3.67

1014 456 3.75

1014 4467 3.77

1140 4e43 3.55

1140 4. 57 3.75

1141 S5.52 4,75

1144 4e65 3,78

1145 4260 2.76

L1237 3.%5 2.20

1238 3.86 3.18

1239 4063 4.00

1242 4,C5 3.32

1243 406 3.33

i243 4e33 3,59

1345 bob3 3.865

1347 4.30 3.62

1348 5.08 4,35

1253 454 2.79

1355 4,60 3,82

1357 461 3.85

1604 4466 2.88

1608 &e47 3.69

1607 5.36 4a.b2

lel2 4595 4.11

le12 4e68 294

1613 Se34 4040

MS56

37.16
36.98
26,.8)D
32.07
34.58
33.58

33,74

21.34
32,42
35.94
35.95
28,03
35.59
25.24
34,41
24.85
37.37
36.05
37.91
3B.27
25.74
24,72
36.65
33.66
26.95
35.20
34,07
33.48
35.78
3l.67
34443
34,42
32.80
32,51
34.47
29496
23.30
23.42
28.61
29.01L
25.32
28.99
28.99
27.29
21.08
20.76
29.13
3le42
30.56
28.38
23.70
22.24
2%9.57
34,12
21.53
23.16

MSST

55.47
55.10
54.C7
47.57
52.43
51l.10
5C.92
46,98
48.41
53.81
54,83
58.27
53.95
53.37
52.04
51.69
Sh.14
54,560

_5ka40

57,45
52.92
51.21
54,23
5C.49
535.03
53.38
4% T4
45.85
53,34
47.48
51.76
52,14
48.95
48,50
52.14
44,05
45%.88
5C.27
42,65
44,006
37.56
43. 65
43,46
4C.18
46420
46,31
“2485
46053
45.47
42 14
5C.24
4B.64
43,44
5C. 29
4€.87
48.79

SOLAR
AZIMUTH
TBa. 64
T8.28
78.09

5.05
3.98
3,44
0.22
=0, 84
-1.38
Tb.30
76411
75.72
T4e 40
T2. 64
T1.23
T70.52
70.11
69.91
68424
&8.24
67,82
69.14
68, 94
68.94
68.11
6790
67.90
53. 02
52.74
524 46
51.61
51,33
51.33
20,60
20. 60
20.17
18. 86
18,43
- TL2)
-5- 90
"6037
-7-75
'8.21
-B.21
=34, 38
=35.12
~35.49%
-37130
"38. 01
-38.71
-71.71
“'72' lC
=72.29
-73.25
-73.,25
-73. 44

105

SOLAR
ELEVATION
32.37
32.75
32.94
62.76
62.79
62.80
62484
62484
62.83
3l.56
31.75
32.12
33443
35.10
36,39
34,37
34,74
34.92
36437
3637
36.73
33.99
34,17
34.17
34,89
35,07
35,07
45,51
45,867
45.82
45,28
4643
Lbe 43
56,33
56433
56.40
56,59
56,65
57.179
S5T.T7
57.75
57.68
57.68%
57.65
53.22
53,00
52.88
52.31
52.07
51.83
31l.48
31,11
30.92
30.00
30,00
2%9. 81



DAY CF PLOT

YEAR
253
253
253
253
253
253
263
263
263
262
263
262
265
265
265
265
265
265
265
265

265 .

265
265
265
265
265
265
265
2e5
265
2565
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
265
270
270
270
27¢
270
27C
186G
140
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CROP

SOYBE AN
SCYBEAN
SOYBE AN
SCYBE AN
SOYBEAN
SCY3E AN
SCYBEaN
SCYREAN
SCYBE AN
SCYBEAN
SCYS8Ec AN
SCYDBEAN
SCYBEAN
SCYEEAMN
SCYBEAN
SOYBEAN
SCYBEAN
SCYBEAN
SCYBE AN
SCYBEAN
SIYBEAM
SCY BE AN
SCY BEAN
SCYBC AN
SCYBE AN
SCYBEAN
SCYBE AN
SCYBERN
SCYBEAN
SCYBE AN
SCYBEAN
SCYZ2EAN
SCYBE AN
SCYBEAN
SCY BEAN
SCYBEAN
SCYBEAN
SCYBEZ AN
SCYBE AN
SCY BEAN
SCYBEAN
SCYbBEAH
SCYBEAN
SCYBE AN
SCYBLAN
SCY BEA!
SCY BEAN
SCYBZ aN
SCYBE At
SCYBEAN
SCYBRZ &N
SCYBE &4
SOYBEAN
SCypcan
SUNFLUAWER
SUNFLCWER

Teble 64,
REFLECTANCE FOR 1982
TIME MS54 M555 MES6
838 & 45 Se45 «38.44
840 GelS 5.59 2&.01
B42 be42 7.54 18.55
849 .85 632 29.60
85¢C 6,97 6.65 28.69
851 Te36 7.05 27.80
822 5.03 7.03 14.81
823 5,42 Te34 14,94
824 4496 6.94 11,09
ga2e 5.59 7.68 13,78
830 5.95 8.02 1£5.35
831 5.71 Ta92 14,96
932 £.92 B.60 15.27
932 5.92 8e46 13.66
933 6.72 S.40 13.82
93¢ 6o b4 8.97 15.13
Q36 6.58 9.55 15,53
937 5.64 8.07 13.47
1007 5.60 Te®9 14.42
1008 5.65 8s12 12,96
1008 6457 9,29 13.45
101l 6. 65 9.22 14.98
1011 6.4C 9.05 14.98
1012 5.54 7.84 13,31
1138 5.72 B.31 13,94
1138 5467 8,09 13.03
1139 6. 02 8. 50 l2.11
1142 633 B 87 13.57
1i42 6.33 9.09 14,15
1143 584 8432 13,46
1231 5.34 T.B1 12.84
1231 5:15 -7.38 11.93
1232 5094 8.28 11,93
1235 5.85 8.22 13.00
1235 5.75 B.l2 13.03
123¢ 5.4l T.59 12.02
1231 5.72 8.33 13.88
1332 5.58 796 13,02
1332 6.16 B.73 12.64
1335 6.30 Bs94 14,23
123¢ 6.37 9.17 14.15
1336 5.36 T80 12.17
142¢ 5.78 Be54 13,97
1427 5,74 B.25 13,27
1427 £.60 9,24 13,32
1430 626 8.86 13.91
1431 be22 B.84 13,97
1431 5.91 8.56 13.75
1048 &.30C 8.86 13.39
1048 €.36 8.86 12.78
1049 T.07 S.62 13.51
1031 €.99 9«49 13.82
1051 Tel7? 9.89 14,17
1052 6,27 8,70 12,75
120¢ 7.59 5.50 43.32
1207 T.23 5.26 40.50

MS357

5C.52
3€.83
26.18
4C.53
3S5.41
37.50
22.18
22033
16.86
16.99
22.19
21.50
22.€8
20,11
19,63
21.82
22.T2
15.57
21.07
l1e.98
16,03
21e49
21.54
1e.57
2C.27
1E.89
17.2¢
15.36
2C.37
15.35
lg.78
17.31
lé.81
1E.37
1E. 46
17.00
2C.21
18.84
18.01
2C.25
2C.40
17.74
2C.54
15,22
18.5¢4
15.50
15.99
19.42
15.27
l1g.12
18.61
15.19
2C.CO
17.84
56¢44
52.64

SOLAFR
AZIMUTH
TC.4C
70,02
69,63
6B.24
68.04
6T. 84
69.64
69,46
65.27
68,32
68,13
6T.93
54.16
564,16
53.92
53.20
53. 20
S2.96
45,23
44.96
44, 56
44413
44,13
43,85
15.55
15.55
15,17
14,04
14.04
13,67
4494
“Io 94
-5.32
-6, 50
=6 50
-6.89
'27- 14
~2Te49
-27- 45
-28.50
=-28.84
~2B. 84
-440 17
-44- ‘1‘5
'45. 27
"45- 54
'45 L] 5‘9
31.37
31.37
3l. 06
20.42
30.42
30.10
19.41
18.£€5

106

SOLAR
ELEVATION
28.44
2B.80
2%.16
3043
30.61
30.79
23.53
23.71
23.89
2479
24,97
25.15
35.03
35,03
35.18
35,65
35.65
35.81
40,20
40.33
40,33
40,74
40, T4
40,87
49,20
49,20
49,25
49, 40
49440
49,44
50.14
50.14
50.12
50406
50. 06
50.04
46,89
466 80
46,80
46,52
46043
46,43
40,64
40.50
4050
40,09
3%.95
39.95
43,061
43,61
43,71
43,91
43,91
44,01
T3.10
T3.186
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Tekle &4,

REFLECTANCE FOR 1982

Day GF PLCT CrarP TIME 1554 M5S85 MSS6 MSST SOL AR SOL AR
YEAFR AZIMUTH ELEVATION
180 3 SUMFLCWER 1207 T.38 5.36 40.75 653,15 18,65 - T3e16
184 2 SUNFLOWER 1017 7.02 5.32 44.00 56,75 65,88 57.22
le4 3 SUNFLOW ER 1018 T.18 533 45.26 6C.48 69, 62 5T.40
l84 - SUNFLCHER 1019 6.80 5.03 42.55 56,89 69,386 57.59
las 3 SUNFLOWER 927 T.38 5.79 47.98 68.18 80,59 47,49
lges 3 SUNFLCAER 928 T+ 38 5.82 47.20 67.87 80.39 4T.68
188 3 SUNFLOWER 92C T«55% 5.92 49,95 7TC.C7 80.00 48,06
le8 2 SUNFLOWER 1223 T.09 5.55 40,08 54,48 6. T4 T3.04
l8g 3 SUNFLTWER 1224 Ta17 5.46 4l.22 55.82 5.96 T3.06
188 2 SUNFLCKWER 1225 Tel2 547 4l.43 56.C7 Se16 73.08
167 4 SUNFLCWER B2B 631 4o T3 42,80 58,68 89,51 35.17
197 3 SUNFLGWER B29 6.62 4,83 44,00 59.9%90 89,35 35,36
197 2 SUNFLCKER 830 - L 5.17 44,12 6C.57 9. 19 35.56
197 3 SUNFLCWER 9.ié b.67 5.10 4B.53 &B8.49 gl.28 44.43
197 2 SUNFLOWER 9lé T.06 8435 47.99 66457 8l.28 44,43
197 3 SUNFLCWER 917 5.79 4,43 36,98 51,29 81.09 &4, 62
197 3 SUNFLCWER 957 6.18 4,72 4045 56.89 72.78 52.16
is7 3 SUNMFLCHER 958 6445 4080 43,10 56.33 T2.55 52435
197 3 SUNFLCKER G5e 5.96 437 40,82 56.15 72.55 52.35
197 3 SUNFLCWZR 1050 5.49 4427 35,37 49.62 57.79 61.50
197 3 SLNFLOKWER 1050 S5.79 4,38 328,78 532,85 57.79 61.50
197 3 SUNFLCWER 1051 6.02 4o b4 35,02 54,19 57«44 6l.66
197 3 SUNFLOWER 1149 5,93 4,63 37.32 51,88 30.27 £9.54
157 2 SUNFLGWER 1150 5.98 4056 329.32 5457 29. 66 £9.64
197 2 SUNFLLWER 1150 5.86 4.54 3€,78 51.50 29,66 69, b4
197 3 SUNFLCOwER 1248 8.29 €96 4776 65.67T =~1lla.46 Tl.48
187 3 SUNFLC&ER 1248 6.31 527 32B.12 55,47 =1l.44 Tl.48
197 3 SUNFLOGRER 1352 5.81 4053 36487 51.861 =-48,82 65.06
187 3 SUNFLOWER 1353 5.87 4e%2 27436 51le8T7T =-49.26 64, 91
197 3 SUNFLUAER 1354 5.84 el 32T.47 52.50 =-49.68 64. 77
167 2 SUNFLGWER 1448 5.69 448 36,86 51.18B =-6T7.77 55.79
17 3 SUNFLCWAER 1448 6,07 4eaT6 35.51 4B.B3 =~67.77 55.79
197 3 SUNFLCHER 1449 Skt 4.30 34,83 4EB.B86 -4B.04 55,61
201 3 SULHFLCHER 946 T.03 5.83 41,31 Seé.76 T4.37 49,62
201 o SUNFLGHER 547 T.07 5,89 4l.01 56.55 T4.15 49,81
201 3 SUNFLCWER 947 6e65 5.47 36,11 53.50 T4e 15 49, 81
204 3 SUNFLOWER g32 B.02 6293 41,49 56,03 87.52 35,11
294 3 SUNFLOWZR 832 T.88 696 3%.57 53.57 8T.52 35,11
204 3 SLNFLCWER 832 T.53 6.45 39,98 53,51 87.52 35.11
204 3 SUNFLCWER o7 6.95 5.98 39.04 54,C7 Ble.46 41,86
204 3 SUNFLOWER 907 7«61 638 4l.76 5¢&.,03 Bl. 46 41,86
204 3 SUNFLCWER $03 T.52 6.19 42.62 58,06 8l.28 42405
204 3 SUNFLIWER I48 65.93 579 35,75 54,08 T3.18 49,60
204 2 SUYFLODWER 949 T.46 629 40,48 55,02 T2.95 49,78
Z0% 2 SUNFLCWER 951 6. 96 5.76 40,24 54.64 T2.50 50.1%
204 3 SUHFLOCWER 10635 667 5.58 37.25 5(C.53 60. 86 57.98
204 2 SUHFLORER 103% Ts 46 Gel8 329,93 54,36 60. 86 57.98
204 3 SUNFLCWER 102¢ 6.78 5.56 295,32 53.82 60.55 58.15
204 = SUMFLGAER 1204 6.98 5.68 32€£,49 48,69 19,65 £9,45
20« 3 SLMFLCWER 1205 7257 6028 40439 54,35 15,01 69,51
204 2 SUNFLCWER 1206 T.10 S«7T% 38,25 53,16 1B.3¢ 69,58
204 3 SUNFLCOWEP 1319 - T.40 Se19 325,64 52,14 =30.25 68.01
204 2 SUNFLGAER 1319 T.19 6601 37,53 51.13 =30.25% 68,01
204 2 SUMFLOWER 122¢ €.32 5.B0 2B.20 52,16 =-30.82 67,91
204 3 SUNFLOWER 1417 7.53 o433 23,32 532,04 =56.38 60.21
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Tenle é.ltu
REFLECTANCE FOR 1682
DAY OF PLCT CROP TimM M5 54 M353 MSS6 M5S7 SOLAR SOL AR
YEAR AZIMUTH ELEVATION
204 3 SUNFLCwWER 1417 Ta45 6220 38,50 51,97 <=56.38 60,21
204 = SULFLOWER l4l8 T.25 594 3%9.21 51.%4 =56.72 60.05
204 3 SUNFLCWER 1517 T70 6.54 38.25 50,17 -72.98 49, 68
204 2 SUMFLOKER 1517 T.75 b.74 38.78 51,86 =T72.98 49,638
204 l SUMFLOWEE 1518 T.31 €als 28.13 51,78 =-T3.21 49,49
209 =} SUNFLECWER 9.2 9.42 B.l2 3S5.51 51l.861 79.27 42.15
209 2 SUMFLCWER 914 9.22 T«TT 3B.97 51l.18 T8.88 42,53
23% 2 SUNFLUWER 917 Be&T Te2T 37.66 50,12 78.30 43.10
24358 3 SUNFLGHER ll4s B8.97 Ta93 35,77 47.75 29.34 65,93
205 3 SUNFLCWER 1147 B8.56 Tebdd 35.20 46,82 2B.T8 6T.02
209 3 SULNFLCHER 1148 T.54 €.58 322,17 42,86 2B.22 67.11
209 3 SURFLCwWER 1412 Bedl Te57 24,16 45,31 =-53,10 60.13
209 2 SUNFLGHER 1413 3.27 2.70 12.04 15,13 -53,45 59.97
219 3 SUNFLGWER lal4 4413 3452 l6.16 21,00 =-53.81 59.82
210 2 SUMFLCOWER 917 G448 Ba%B &42.18 56,50 78,032 42,96
214 3 SUNFLORKER ols 8.86 Te63 40.50 53,84 77. 832 43,15
210 3 SUNFLOHER 919 B.82 Ta75 4055 54.41 TTa63 434 34
214 3 SUNFLOWER T 851 9.54 B.50 40,62 54,51 Bl.76 37.45
214 3 SUKFLCKER 852 2.22 8.04 29.73 52.86 8l.58 3T.64
214 3 SUNFLCAER 853 9.24 .03 4041 54.26 Bl.40 37.83
214 3 SUNFLOWER 1003 8.75 Ta82 36,60 45,63 66061 50,85
214 3 SUNFLCWEFR 1004 Be47 =~ TaT70 36426 4&B,83 66435 51.03
214 2 SUNFLOKER 1005 TeTé Te02 23.89 46,10 6be 10 51.20
214 3 SUNFLGWER 1137 .21 Teb4 31.93 42.80 32. 62 b4e 71
214 3 SUNFLOWER 1138 8.03 Ted2 322.06 43,49 32,11 65.01
214 3 SUNFLGWER 1139 837 3Teb4 34435 646427 31.60 65.11
215 3 SUNFLCWER 1250 762 TeBl 25.28 34,42 -11.08 &£7.38
215 3 SUNFLGWER 1250 Te66 TeT4 25,13 33,99 =-1l.08 67.38
215 2 SUNFLCWER 1252 Ta45 Te38 26489 36,56 =12,91 67.25
215 3 SUNFLCHER 1407 &6.88 6e97 25421 34,83 =49.,47 59,62
218 3 SUNFLCWER 1408 7.50 7,08 27.60 3é6.82 =49.84 59.48
215 3 SUNFLOWER 1409 6.96 6,73 26.44 35.59 =50.21 59,33
215 3 SUNFLCHER 1534 6038 6e34 24.82 34,30 -73.69 bbe T4
2158 3 SUNFLCWER " 1535 6,17 6.10 24418 34,00 =73,91 44,55
215 3 SUNFLCWEK 1536 6.19 5093 25,77 35.%6 =T4.12 44,37
2158 3 SUMFLCHER less 6.26 6,09 2£.99 36,84 =-BT.27 30.61
218 & SUNFLORER 1648 6.82 6,70 28.39 39,09 =-B87.27 30.61
215 L) SUNFLCWER 1649 6.49 6.09 27.52 37,56 =87.43 30,42
221 - SUNFLCWER 1034 5.90 .55 21.29 2%5.14 55.2¢9 54.85
221 3 SUNFLGWEP 1034 TeT6 8.28 2C.23 27.33 55.29 54.85
230 3 SUNFLCWER 855 5.93 5«77 20.48 28.4T7 75.81 35.75
230 3 SUNFLOWER 857 656 6.65 2i.18 28,71 75,43 36.12
230 2 SUNFLCWER 859 7.89 8.03 23.62 31l.28 75.04 36.50
231 3 SUNFLECLER 832 6,73 6.62 22.41 3C.54 79.73 31l.23
231 3 SLRFLCWER 833 €aT79 6,77 22,23 30,21 T9.55 31.42
23l 3 SUNFLORER Bz5 8.04 8.28 22.92 3l.89 T9.19 31.80
231 a SUNFLCHER l224 6.26 6ud? 18,52 24.57 2e 91 62.82
221 3 SUNFLCHER 1225 7,20 T.63 19,23 25,93 2437 62.82
231 3 SUNFLGWER 1226 T.43 B.15 19.43 2%,88 l.84 62.83.
237 2 SUNFLEWER Ba3 5.72 6.086 16.55 22,09 75455 32.31
237 3 SUNELCKER 845 6.02 be 64 16.8B9 23.58 T5.17 32.68
237 3 SUNFLCWER. 848 Te%0 Be36 18.61 25.39 T4e 59 | 33.25
242 3 SUMFLCRER 904 5,03 5.99 12.27 1B.52 69,50 35.28
242 3 SUNFLCKEFR 905 Sa.36 6.3l 15.03 22.16 65,29 35.46
242 3

SLMFLOWER g07 .51 TeB6 16.57 22,22 &58.87 35.83



PEFLECTANCE FOR 1982

DAY CF PLCT cRap TIAE M35  MS35  MSS6  MSS7  SOLAR SOLAR
YEAR AZIMUTH ELEVATION
245 3 SUNFLOWER $02 6.4l  T.00 1T.46 25.88 68,73 34,35
245 3 SUNFLCWER 903  5.70 ©.24 15,95 23.13  68.53 34453
245 2 SUNFLOWER 903  8.03 10.01 18,09 25,96 6B.53 34,53
- 245 3 SUNFLOWER 1011  5.64  6.42 15.64 23,00 52.18 45,98
245 3 SUNFLOWER 1011  4.88 5,39 15,36 22.53 52,18 45.98
245 3 SUNFLOWER 1012 7.83 9,98 16,70 23,64 51.90 46413
245 3 SUNFLCWER 1142 6,20 To46 15.71 22.02 15.73 56, 46
245 3 SUNFLCHER 1143 6.98  B8.53 15.87 22.70 19.30 56.53
245 3 SUNFLCWER 1143  8.07 10.02 16.58 22.78 19,30 56,53
245 3 SUNFLCWER 1239 5.26  6.19 13.96 20.46 =6.37 57.75
245 3 SUNFLOWER 1241  6.89 8.20 15.35 21.83 =7.29 57.70
245 3 SUNFLOWER 1242 6,62 8,30 13.93 19,66 =7.75 57,68
245 3 SUYFLOWER 1349 6,52 7.23 16.94 23,73 =-35.85 52,77
245 3 SUNFLOWER 1350  6.39  7.45 17.25 24,84 =36,22 52,66
245 3 SUNFLOWER 1352 7.27  8.97 15.61 21,52 =36,9 52.43
245 3 SUNFLCWER 1608 6417 7,08 17.03 25,07 =72.49 30.74
245 3 SUNFLCWER 1609  5.61  6.26 17428 25,26 =72.68 32.55
245 3 SUNFLOMWER 1610  7.22  8.93 16.34 22.61 =72.87 30,37
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Table 7A, SAS program for determining a 4-space soil
rbrightness index.,

DATA SCEILFQUR;

INPUT JDATE 1=3 PLOT =6 TIME 7-10 CH1 1l=l4 & CH2Z 15=18 & CH2 19=22 & CHé 23=2c
4 SALM 2T7=3] 2 SELV 32-35 23

CHL=100%CH1 ; M

CH2=100%CH2;

CH3I=100=CH3;

ChiemlGO®CHG ;

CARDS:

W0 N N

NOTE: DATA SET WORK.SOILFOUR WAS 97 DBSERVATIONS AND 9 VARIAELES. 250 0B$/TRKe
YOTE: THE DATA STATEMENT USED 0.36 SECGNDS AND 202K,

108 PROC SORT:
107 BY JDATE;

NOTE: DATA SET WORKeSJILFOUR HAS 97 OBSERVATICNS AND 9 VARIABLES. 250 CRS/TRK.
NOTE: THE PRUCEDURE SCPT USED 0.89 SECONDS AND 210K.

108 PPCC MEANS KNOPRINT MAXDEC=S;

109 8Y JOATE:

110 VAR CHL CH2 CH3 Che:

111 CUTPUT CUT=53IL MEANSMSSI MS52 MSS3 MSSé STDERR=SEML SEM2 SEM3 SEM&;

MOTE: DATA SET WIRK.SCIL HAS 17 CBSERVATIONS AND 9 VAR [ABLES. 250 ORS/TRK.
NOTE: THE PROCEDURE MEANS USED 0.28 SECONDS AND 206K,

112 PROC MATRIX;
113 FETCH X DATA=SOIL (KEEP=JDATE MS51 M552 MSS3 M5S54):
114 NCBS=NROWIX);

115 ¢ NVARsNCOLIX);

ils DC Kal TC N08§:

1117 SEXIKe2 3 & 5);

118 DU L=} TO NCES:

lie IF L~aK THEM 003

120 Rax(K,1):

121 QeX{L,1):

122 FaX{Les2 2 & 5);

123 B=5«F;

124 D=SQRTISSQ(2) )

125 A=@p/D;

126 N=R{| | C;

127 M=N| [4; ,

128 DUTPUT M JUT=CIRENAMES(CCLL=JDATEL COL2=JUATEZ COL3=B1 COL4=32 COL5=83 COL6=Be))
129 H

130 END3

131 END;

132 END

NOTE: DATA SET WORK.C WAS 272 OBSERVAT [ONS AND 7 VAR IABLES. 317 JBS/TRK.
NOTE: THE PROCEDJRE MATRIX USED 1.96 SECONGS AND 214K AND PRINTED PAGE l.

133 PRIC PRINT:

NOTE: THE PRLLCEDURE PFINT USED l.25 SECGNDS AND 202K AND PRINTED PAGES 2 TC &.
124 DATA SOILLINE:

135 SET C;

136 Bl=aBs{81);

137 82=ABSIB2);

138 83=a35(83);

139 E4aiBS(B%l;

NCTE: DATA SET WURKJLSDILLINE HAS 272 OBSERVATIOMS AND 7 VARIABLES. 317 GBS/TRKe
NOTE: THE DATA STATEMENT USED 0.24 SECONDS AND 202K,

140 PRCC MEANS:
lal VAR BL BJ 83 84
142 TITLE CUEFFICIENTS FUR THE 1982 FOUR BAND SCILLINE;

NOTE: THE PRLLEDURE MEANS USED 0«36 SECCNUS AND 206K AND PRIMTED PAGE 7.
NOTE: 543 USED 2l«K MEMDRY,

NOTE: 545 INSTITUTE INC.
SAS CIRCLE
8g BOX 3000
CARY,y haCe 27511-3209



Table 8A, SAS program for determining 4-space greenness

indices,
1 DATA SGILFOUR;
2 INPUT JDATE 1-3 PLIT =6 TIME 7-10 (Hi 1l-14 4 CHZ 15=18 & CH3 19=27 & CHée
3 4 SAIM 27=31 2 SELY 32-35 2:
% CH1=100%CH]1; )
5 CHZ =1J0%CH2 5 .
& CH3=100®CH43;
4 CH&=1J0%CHS ;
] CARDS;
NOTE: DATA SET WIRK.SOILFOJR HAS 37 IBSERVAT [INS AND 9 VARIABLES, 250 C35/TRK.
MOTE: THE CATA STATEMENT USED 0.35 SECOMDS AND 202K.
106 PRCC SORT;
107 BY JDATE;
SCTE: DATA SET WOFK.SOILFOUR HAS 97 OBSERVAT IONS AND 3 VARTABLES. 250 OBS/T2<.
NCTE: THE PROCEDJFE SIRT USED 0.97 SECONDS AND 210K,
108 PROC MEANS NOPRINT MAXDECaS:
109 BY JDATE;
iio VAR C4l CHZ CH3 CHeg
i UTPUT SUT=SDIL MEAN=SCHL SC42 SCH3 SCHé &
JOTE: CATA SET WIFK.SCIL MAS 17 OBSERVATIGNS AND 5 VARIABLES. %33 285/TRK.
NCTE: THE PRGCEDURE MEANS USED 0o23 SECOYDS AND 200K,
112 PROC PRINT:
113 TITLE FOUR BAND SOIL REFLECTANCES, MEANS 3Y DATE :
NCTE: THE PRCTEDJPE PRINT USED 0,27 SESCNIS AND 202K AND PRIMNTED PAGE ',
114 DATA FCURBAND:
115 INJUT JOATE 1-3 PLOT 4=6 TIME 7«10 CHL 1i-14 & CHZ 15=18 & CH3 1927 & Cné
tle & SAZM 27=31 2 SELV 32-35 2;
117 SH1=130®C4l;
il CH2®13D®CHZ 3
e CH3=100%CH2 ;
120 CH4=100%CH4 ;
12t IF PLIT =S8 THEN CROP=IFCDRN':
122 IF PLIT=509 THEN CROPw=® SCORNt;
23 IF PL3T w337 THEN CRIP='SQRG':
124 IF PLIT=502 THEN CRCPw®SUY!;
125 IF PLIT =533 THEN CRIP='SUN‘;
iZe IF PLIT =504 THEM CROP='PIMN’:
127 IF PLIT =505 THEM ZPOP='sQuyt;
128 IF PLOT=505 THEN CROPseMiL*;
129 IF PLIT =510 THEMN DELETE:
130 CARDS;
NUTE: DATA SET WIiK.FIUIBAND MAS 11238 CESZAVATICNS AND 10 VARIABLES. 225 3BS/TRK.
NOTE: THE DATA STATEMEMT JSED 2,48 SECONDS 4ND 202K.
1269 PPIC SIRT:
12710 BY CFIOP JUDATE:
VUTE: DATA SET WIZK,3DURBAND HAS 1138 CCSERVATIONS AND 13 VARIABLESe 235 053/TRK.
SCTE: THE PACCIDIPE SIRT JSED 1.57 SECLNDS aMD 250K,
1271 PFOC MEANS MNUPRINT MAXDEC=53
1272 8Y Ca2P JOATE;
1273 VAR C4l CH2 CHE CHe;
1274 SUTPUT SuTSFIUIBAMD MEANSSHL CHZ2 CHI CHe STDEPP= 3EML SEM2 SZMI SEMe;
NOTE: CA7TA SET W3IK,TLURBAND MAS 122 CBSEVATIONS AND 1C VARIABLES. 235 025/THK.
NCTE: THE PROCEDJPE “EANS USED 1.12 SECINDS AND 2C&k,
1275 PFCC S2RT;
127¢ BY JDATE;
MOTE: CATA SET WIRK . IUIBAND HAS 122 CESERVATICNS &MD LD VAF[MELES, 235 L3S/TFKe
NOTE: THE PFOCEDJFE SURT JSED 9.87 SECONDS AND 210K,
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Table 84, con'i,

1277
1278
127%
1280
1281
1282
1283
1284
1288
1280
1287
1288
L289
1290
1251
1292
1293
1294
1295
129
1297
1298
L2869
1300
1301
1302
1203
1306

CTE:
NGTE:

1305
1308

MOTE:
NOTE:
1307
1308

1209
1312

NOTE:
i2n
232
1312
13l
NOTE:

1315
1316
1317

4OTE:
1318
L2119
1320

NCTE:
NCTE:

DATA SREEV:

MERGE FCUURDBANDS IN=INP) SOILIIN=INS);
IF IN> & IvS;

8y JDATE;

81w0.32961276;

B2=0,41107212;

B3=Q0,508268723

Bes 0,64140937;

CHL=130&(H] ;

-H23100%C42;

CHI=i008CH3 ;

CHem]lJ0®CHG

X1l= CH1=SCH1;

X2sCH2=5CHZ ;

X3=CH3I=-SCH3;

Ké4mCHe=5CH4;
DeX1#8l4X28 B2 ¢X3085 +X68B% ]
GlaX1-{D=31);

Go=X2={D®B2);

33aX3=(0®33};

Gexxo=(0=Bs ) ;

5= (0l8G1+G20GE +G3%G3 +563G4 J99),5;
GlaGl/GS;

Ge=G2/565;

238G3/GS;

Ge=GW/GS
ORTH=51l®Ble 283 2eGI®R3sGesB0;
DFOP X1 X2 X3 X4 GS;

LATA SET WIFKeSREEN HAS 95 CBSERVATIONS AND 24 vARIABLES. 38 CBS/TRK.
THE LATA STATEVENT USED 0.5l SECONDS AND 210Ke

PFIC SIRT;
8Y CPR2P;

DATA SET WIRKW.52ZEN HAS 95 DBSERVATICNS aND 24 iaRIABLES. 98 0B85/TRK.
THE PRUCEDJRE SCRT JSED D.99 SECONDS AND 210K.

PRCC PRINT;
8y CRO?;

112

TITLE SDIL AMD VEGETATION REFLECTANCES, GREENMESS CCEFFICIZNTS, AND GRTHIGUNALIT
Ys

THE PPUGIEDUFE PEINT USED l.59 SECCNDS AND 202K AND PRINTED PAGES 2 T3 é.

PPCC MEANSS

2Y LIPS

VAR Gl GZ G3 G4 ORTH;

TITLE MEAN GREENESS COEFFICIENTS FOR 1981;

THE PROCEDJRE YEAYS USED D449 SECINIS AND 206K AND PO INTED PAGES 7 IC &
PFSC MEANS; :
VAR Gl G2 52 G4 ORTH;

TITLE ALL SF2P GREEMESS ZCEFFIZIENTS FCR 1381:

T4E PPCCEDJRE MEANS USED J.31 SECONDS AND 276K AND PRINTED PAGE 9.
DAT A DTHER:
SET GREEN;
IF ABS{0ORTHI>0.C5 THEY DELETE:

DATA SET WORKeCTHER HAS 0 CBSERVATICHS AHD o6 VARIABLES 92 CBS/TAK.
THE DATA STATEMENT USED 0,21 SECIMOS ahD 202K,



Table 8A, con't.

1321
1322
1323
1326

N0TE:
NOTE:
L3258
1226
1227

NOTE:
NLCTE:

4CTE:

PPIC 4EANSS

BY CROP;

VAR 6L GZ 33 G4 CRTH;

TITLE #EAN GREENESS COEFFICIENTS FIR 19813

NO JBESEPVATICNS IN JATA SET.
THE PRCCEDJRE WEANS USED 0,27 SECINIS AND 206K,

PFIC 4EaANSS
VAR Gl G2 G2 G4 CFTH;
TITLE ALL RGP GREENESS CCEFFICIENTS FOR 13891:

WC JBSERVATICRS 1IN DATA SET.
THE PRLIEDJRE 4ZaNS USED Ge25 SESCONIS AND 206K.

SAS INSTITUTE INCe
Sa5 CIFCLE

PO B8LX 8u0CD

CaRY, MNeLlo. 27511-8030C
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Table SA, DProcedure outline for determining 4=-space greenness,*

L.

3e

Determine soil brightness coefficients from soil reflectance
data by using the SAS program listed in Table 74i. The
results are four scil coefficients; bl, bz, b5, and b4.

Reflectance soil brightness = bl(RFl) + bE(RFz) ¥ bB(RFB)
. + b4(RF4)

Use bsj; bz, bi' and b, with reflectance data taken over
bare goil, re¢lectancé data from a crop canopy, and the

SAS program listed in Table 8A to determine greenness
coefficients; B1s 8ps Bz and Bpe

Determine greenness for any reflectance observation by
transforming the reflectance data through the greenness
index as follows.

Greenness = gl(RFl) + gz(RFz) + gB(RF3) + g4(RF4)

*Modified from Jackson (1983),
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ABSTRACT

Using spectral reflectance data colilected with an Exotech
4-band radiometer, reflectance greenness indices were determined
for seven crops and one overall greenness index was determined
for all crops combined., The spectral data was collected in
1982 at the Ashland Evapotranspiration Research Site, Manhattan,
Kansas. The crops evaluated were field corn, sweet corn, grain
sorghum, pearl millet, pinto bean, soybean, and sunflower.

Field estimated values of green leaf area index (TAI)
and total dry weight (DWT) were regressed against calculated
greennese values, Significant relationships (p4£0.01) were
determined between LAI and greenness, These relationships ére
linear and the intercepts are not significantly different from
zero (p>0,05)., The resulting numerical crop factors, when

2% 0,94,

multiplied by the greenness values, estimated LAT with R
The ability to estimate LAI from greenness does not depend on
crop-specific greenness indices, as the overall greenness
index was just as effective at estimating LAI as the individual
crop indices., Also, general crop factors were determined for
the grass crops and the broadleaf crops that, when multiplied
by the overall greenness values, estimated LAI with Rzla 0.94,
Significant relationships (p <€ 0.05) for all crops between
greenness and DWT could only be determined for the beginning
of the season until maximum LAI., Those relationships were
determined for the grass crops and broadleaf crops and were
linear, with nonsignificant intercepts (p 7 0.05)., The re~-
sulting dry weight crop factors, multiplied by greenness values,

estimated begdinning-season DWT with R Z 0,91,



The crop factor x greenness concept could be applied to
large areas for estimations of LAT and DWT until maximum LAI
that are not so labor and time consuming or prone to sampling
biases as conventional field measurement technigues, This
would allow a wide variety of crop growth models that require

LAI or DWT as an input to be applied to larger areas.



