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SOYBEAN CANOPY REFLECTANCE MODELING DATA SETS

ABSTRACT

Numerous mathematical models of the interaction of radiation with vegetation
canopies have been developed over the last two decades. However, data with which
to exercise and validate these models have been scarce. During three days in the
summer of 1980, experiments were conducted with the objective of gaining insight
about the effects of solar illumination and view angles on soybean canopy
reflectance. In concert with these experiments, extensive measurements of the
soybean canopies were obtai ned.

This document is a compilation of the bidirectional reflectance factors;
agronomic characteristics; canopy geometry; and leaf, stem, and pod optical
properties of the soybean canopies. These data sets should be suitable for use with
most vegetation canopy reflectance models.
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SOYBEAN CANOPY REFLECTANCE MODELING DATA SETS

INTRODUCTION

This document is a compilation of data sets of bidirectional reflectance factors, agronomic
characteristics, canopy geometry, and canopy optical parameters of soybeans acquired during the
summer of 1980. The data collection techniques and preliminary results first appeared in Ranson
et al. (1981) and were further developed by Ranson et a. (1985). In the meantime, portions of
these data were distributed to the scientific community and numerous reviewed articles have
appeared in the literature as a result (e.g., Kimes and Kirchner, 1982; Cooper et a., 1982; Goel
and Strebel, 1983; Goel and Strebel, 1984; Goel and Thompson, 1984a; Goel and Thompson,
1984b; Chance and LeMaster, 1985; Strebel, Goel, and Ranson, 1985). The purpose of this
technical report isto provide investigators with a detailed summary of data suitable for bidirectional
reflectance and canopy reflectance modeling studies.

AGRONOMIC MEASUREMENTS

A commercia soybean field located approximately 13 km north-west of West Lafayette,
Indiana was used for this study. The field was selected on the basis of uniformity in terms of
slope (< 2%), soil type, drainage and planting pattern. The field was planted to soybeans (
Glycine max, (L.) Merr. "Calahan 9250") at a seeding rate of 62 kg/ha in north-south oriented

rows. The row spacing was 76 cm with a mean population density of 28 plants/m?.

Agronomic data were acquired on three dates following spectra measurements during the
summer of 1980. On the first two dates (July 18 and July 25) the soybean canopies were
incomplete with well defined
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rows. By thethird date (August 28) the canopy was completely closed and exhibited minimal row
structure (Figure 1).

Agronomic measurements describing the canopies were acquired within one day of the spectral
measurements. These dataincluded leaf areaindex (LALI), total fresh and dry phytomass, stage of
development, percent canopy cover, canopy height, canopy width, leaf angle distribution and |eaf
spectra reflectance and transmittance.

Soybean phytomass and leaf area index were estimated from random samples of one meter
lengths of row. Theleaf area of a subsample of green leaves from each sample was obtained with
an optical planimeter (LICOR Model LI-3000) and dry weights were obtained. LAl was estimated
from a subsample of leaves and was based on the leaf area to weight ratio and the ground area of
the sample. Stage of development was determined from ten plants using the Fehr and Caviness
(1977) scale. Percent canopy cover was estimated by projecting a 35 mm color dide acquired from
nadir onto a dot grid and calculating the percentage of dots hitting vegetation. Canopy cover
represents the vertically projected foliage area. Canopy height and width were measured to the top
leaf and the width across the row at the mid-height of the canopy, respectively. Table 1
summarizes the agronomic measurements for the three dates.

Soybean leaf angle measurements were made using a modification of the protractor method
described by Nichiporovich (1961) and Kyle and Davies (1974). in addition to leaf inclination and
azimuth angles, the three-dimensional locations (X,Y,Z) and leaf area were measured for each |eaf
sampled (except for the August 28 date when only leaf heights (Z) and leaf areas were obtained). A
detailed description of the foliage geometry measurement procedure can be found in the next
section.

CANOPY GEOMETRY MEASUREMENTS

Three-dimensional characterization of the soybean canopy was accomplished by measuring
leaflet orientation (inclination and azimuth angles), as well as leaflet heights, distances from mid-
row and distances along row as referenced to a 1.0 m x 1.3 m board with a grid of meter sticks
attached to it. The location of the sample was random and the measurement board was placed at
thislocation in the furrow halfway between adjacent rows. A windbreak was constructed to
protect the sample from wind. The board was leveled and positioned vertically. The distance
between the bottom of the board and the base of the plants was measured to correctly determinethe
leaflet heights. All leaflets within a 25 cm length of row were sampled starting with the uppermost
leaf and progressing downward. Leaflet inclination angles were determined with an inclinometer
similar to those described by Nichiporovich (1961) and Kyle and Davies (1974). Azimuths were
measured with a simple apparatus consisting of asmall plate equipped with a circular bubble
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level and adowel attached perpendicular to the face of the plate. A reference mark on the
bubble level plate was oriented towards true north and the plate held parallel to the upper leaflet

surface. The bubble level was graduated into 459 segments with the position of the bubble 0

indicating the azimuth + 1800. With the azimuth device still in place, the inclinometer was held
parallel to the perpendicular dowel on the plate, thus indicating the angle from vertical to the leaf
normal. The recorded angle was later converted to inclination. After the angle measurements were
made, a meter stick was placed above the leaf and the distance from the center of the leaflet to the
measurement board was recorded. With the meter stick perpendicular with the measurement board,
the distance from a reference point on the board to the center of the leaflet and the height of the
leaflet was recorded. Theleaflet was then removed from the plant, numbered with a felt marking
pen, and placed in an ice chest for leaf area measurement. Individual leaf areas were determined
with an optical leaf area meter later the same day in the laboratory.

The geometry estimation procedure was performed simultaneously by two teams at different
locations in the field. The measurements required about 2 hours to complete. All destructive
sampling was conducted outside the total field of view perimeter for the reflectance measurements.

The canopies were stratified into 10 cm horizontal layers. The fractional LAl (FLAI) within
each layer was calculated as the accumulated leaf areain alayer divided by the total leaf area. The
fractional leaf area was then multiplied by the average LAI for a canopy as given in Table 1 to
obtainthe LAl in agiven layer (XLAI) (Table 2).

The canopy was further stratified into leaf inclination angle bins of 100. The fractional |eaf
areafor agiven inclination angle bin and canopy layer was calculated as above. Tables 3-5 present
the FLAI and number of leaves sampled for each leaf inclination angle bin and layer for the three
canopies. Finally, the combined leaf angle probability densities and cumulative leaf angle
frequency distributions for each canopy are presented in Table 6.

SOYBEAN CANOPY OPTICAL PROPERTIES

Plant canopy part (leaves, stems and pods) reflectance and transmittance data were obtained in
the laboratory with a Beckman DK -2 spectrophotometer on 29 August 1980. To maintain the plant
in good condition the plants were removed from the field with a substantial root ball in well
watered containers and transported to the laboratory in an enclosed vehicle. Table 7 presents the
average directional-hemispherical reflectance and transmittance of five random samples for soybean
leaves from 450 to 1125 nm. Average directional-hemispherical reflectance for five samples of
pods and mats of stems are also presented. Standard
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deviations of the measurements are also given in Table 7. Table 8 lists the results for individual
Exotech Model 100 wavelength band based on the DK-2 measurements (Table 7); Exotech
responsivity (Figure 2); spectral irradiance of sunlight (Figure 3); and reflectance of a barium
sulfate panel measured in the laboratory (Tables 9 and 10).

SOYBEAN FIELD REFLECTANCE FACTOR MEASUREMENTS

Spectral radiometric datafor the soybean sun-view angle experiment were acquired with an
Exotech Model 100 radiometer. The instrument has four spectral bands, 500-600nm, 600-700nm,
700-800nm, and 800-1100nm, corresponding to the bandson the Landsat MSS. Field stops were

used to restrict the half power angular field of view (FOV) to 100. The instrument was attached to
amount capable of movement in the horizontal (azimuth) and vertical (zenith) planes. A truck with
an extendible boom provided an aerial platform for the instrument at a nominal altitude of 10 m
above the soil surface. Measurement hemispheres of radiometric data were acquired through all

combinations of nominal view zenith angles (qy) of 0, 7, 22, 30, 45, and 60° and view azimuth

angles (fy) of 0, 45, 90, 135, 180, 225, 270, and 3159 as described by Ransonet al. (1981). The
instrument was aso positioned over a plot cleared of vegetation where bare soil reflectance was
measured (Table 12).

These data were acquired at hourly intervals through the day under a variety of solar zenith

(qs) and solar azimuth (f g) angles as long as sky conditions permitted (i.e. no clouds). Prior to
and after each hemisphere of measurements, calibration measurements were acquired from a
painted barium sulfate panel illuminated under the same conditions as the canopy to provide for
calculation of reflectance factors (RF) (Robinson and Biehl, 1979). Calibration data were corrected
to account for non-Lambertian reflectance properties of the panel at larger solar zenith angles.
Shaded panel measurements were also made to estimate the percent skylight in the visible (500-
600nm, 600-700nm) bands (Table 13). Color photographs (35 mm) were taken at each canopy and
soil view position to document the field of view. A summary of the data sets collected is provided
below in Table 11. A diagram of the coordinate system used is presented in Figure 4.

The soybean canopy reflectance factor data are listed in the Appendix as a set of matrices with
the columns of view zenith angles and rows of view azimuth angles. Because of a non-level
instrument platform the nominal view zenith angles were as shown in Table 14 for the 17 July data
and Table 15 for the 24 July data. The equipment was modified to level the instrument platform,
S0 no adjustments are required for the 27 August data.
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10

Table 1. Summary of Agronomic Measurements.
Standard deviations are noted in parentheses.

L eaf Tota Totd Stage
Canopy Area Fresh Dry of

Date Height Width Cover Index Phytomass Phytomass Development
---- cm --- % - g/me -

July 18 69 55 72 3.0 1145 230 V13R3
@ (4 (0.5) (226) (40)

July 25 84 69 83 39 1540 320 vI4R3
e @ 3 (0.6 (199) (51)

August 28 102 104 99 2.9 2535 644 V20R6

@ (1) (1) (04)  (476) (95)




Table 2. Leaf areaindex by layer.

11

Dae

18 July 25 July 28 August
HT Num XLAT Num XLAI Num XLAI
5 21 0.062 12 0.036 0 0.000
15 63 0.245 38 0.106 10 0.072
25 79 0.391 81 0.372 19 0.080
35 94 0.620 106 0.672 16 0.102
45 91 0.562 147 0.882 24 0.221
55 126 0.823 89 0.654 39 0.403
65 31 0.297 9 0.729 59 0.582
75 0 0.000 57 0.414 61 0.599
85 0 0.000 8 0.034 67 0.541
95 0 0.000 0 0.000 34 0.194
105 0 0.000 0 0.000 19 0.105
Tota 505 3.000 632 3.900 348 2.900

HT = Layer midpoint height (cm)
Num = Number of |eaves sampled per layer

XLAI = Layer |leaf areaindex (one-sided leaf area/ground areq)



12

Table 3. Number of leaves and fraction of leaf areaindex within a 10 cm layer and 10° leaf
inclination angle bin for 18 July soybean canopy.

HT INCL NUM FLAI HT INCL NUM FLAI HT INCL NUM FLAI
5 5 2 0.006 25 35 22 0121 45 65 3 0.015
5 15 3 0.006 25 45 13 0.068 45 75 4 0.012
5 25 7 0.020 25 55 6 0.031 45 85 1 0.008
5 35 5 0.016 25 65 4 0.015 55 5 10 0.039
5 45 2 0.008 25 75 1 0.002 55 15 11 0.079
5 55 1 0.003 25 85 0 0.000 55 25 27 0.157
5 65 1 0.003 35 5 4 0.030 55 35 32 0.247
5 75 0 0.000 35 15 16 0.108 55 45 21 0153
5 85 0 0.000 35 25 14 0.089 55 55 13 0.100

15 5 8 0.027 35 35 13 0.087 55 65 3 0.024
15 15 13 0.050 35 45 19 0.128 55 75 8 0.024
15 25 14 0.064 35 55 12 0.077 55 85 1 0.001
15 35 12 0.045 35 65 9 0.064 65 5 0 0.000
15 45 6 0.023 35 75 2 0.008 65 15 6 0.055
15 55 6 0.021 35 85 5 0.029 65 25 8 0.073
15 65 3 0.009 45 5 4 0.017 65 35 9 0.086
15 75 1 0.005 45 15 19 0114 65 45 2 0.021
15 85 0 0.000 45 25 10 0.075 65 55 4 0.041
25 5 6 0.033 45 35 17 0111 65 65 1 0.010
25 15 14 0.067 45 45 21 0122 65 75 1 0.010
25 25 13 0.055 45 55 12 0.086 65 85 0 0.000

HT = Layer midpoint height (cm)

INCL = Leaf inclination midpoint angle (degrees)

NUM = Number of leaves with given angle in given layer
FLAI = Fraction of leaf areaindex at given angle and layer
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Table 4. Number of leaves and fraction of leaf areaindex within a 10 cm layer and 100 |eaf
inclination angle bin for 25 July soybean canopy.

HT INCL NUM FLAI HT INCL NUM FLAI HT INCL NUM FLAI
5 5 2 0.007 35 15 2 0.018 65 25 9 0.075
5 15 2 0.007 35 25 10 0.070 65 35 16 0.136
5 25 2 0.002 35 35 14 0.088 65 45 16 0.153
5 35 2 0.003 35 45 21 0.143 65 55 12 0.091
5 45 1 0.006 35 55 14 0.089 65 65 14 0.091
5 55 2 0.007 35 65 20 0117 65 75 8 0.058
5 65 3 0.012 35 75 18 0114 65 85 7 0.033
5 75 0 0.000 35 85 4 0.016 75 5 0 0.000
5 85 0 0.000 45 5 1 0.003 75 15 8 0.048

15 5 1 0.003 45 15 6 0.023 7B 25 9 0.078
15 15 6 0.015 45 25 7 0.034 75 35 12 0.091
15 25 7 0.019 45 35 14 0.086 75 45 10 0.076
15 35 6 0.020 45 45 25 0171 75 55 3 0.026
15 45 7 0.023 45 55 34 0201 75 65 6 0.039
15 55 7 0.020 45 65 26 0179 775 6 0.034
15 65 2 0.003 45 75 22 0120 75 85 3 0.023
15 75 2 0.003 45 8 12 0.065 85 5 0 0.000
15 85 0 0.000 55 5 1 0.007 85 15 0 0.000
25 5 0 0.000 55 15 3 0.025 85 25 2 0.001
25 15 5 0.036 55 25 13 0.094 85 35 4 0.019
25 25 8 0.035 55 35 12 0.085 85 45 0 0.000
25 35 17 0.075 55 45 14 0.093 85 55 1 0.003
25 45 18 0.090 55 55 12 0.077 85 65 0 0.000
25 55 15 0.075 55 65 18 0.152 85 75 1 0.010
25 65 10 0.037 55 75 12 0.098 85 85 0 0.000
25 75 4 0.011 55 85 4 0.024

25 85 4 0.013 65 5 4 0.016

35 5 3 0.018 65 15 8 0.076

HT = Layer midpoint height (cm)
INC = Leaf inclination midpoint angle (degrees)

NUM = Number of leaves with given anglein given layer
FLAI = Fraction of leaf areaindex at given angle and layer
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Table 5. Number of leaves and fraction of leaf areaindex within a 10 cm layer and 100 |eaf
inclination angle bin for 28 August soybean canopy.

HT INCL NUM FLAI

5 0 0 0.000

5 15 0 0.000

5 25 0 0.000

5 35 0 0.000

5 45 0 0.000

5 55 0 0.000

5 65 0 0.000

5 75 0 0.000

5 85 0 0.000
15 5 0 0.010
15 15 1 0.013
15 35 2 0.008
15 55 2 0.014
15 65 3 0.020
15 75 1 0.010
15 85 1 0.007
25 5 0 0.000
25 15 1 0.006
25 25 3 0.014
25 35 5 0.023
25 45 6 0.023
25 55 1 0.003
25 75 1 0.005
25 85 2 0.007
35 5 0 0.000
35 15 0 0.000
35 25 4 0.024
35 35 3 0.027
35 45 1 0.004
35 55 3 0.021
35 75 2 0011
35 85 3 0.015

HT INCL NUM FLAI HT INCL NUM FLAI
45 5 1 0.012 75 65 6 0.058
45 25 2 0.013 775 4 0.031
45 35 5 0.050 75 85 8 0.062
45 45 5 0.049 85 5 2 0.008
45 55 3 0.024 85 15 3 0.023
45 65 4 0.038 85 25 2 0.019
45 75 2 0.021 85 35 7 0.047
45 85 2 0.014 85 45 11 0.098
55 5 5 0.055 85 55 11 0.101
55 15 1 0.013 85 65 16 0.133
55 25 4 0.036 85 75 10 0.085
55 35 7 0.083 85 85 5 0.028
55 45 4 0.043 95 5 0 0.000
55 55 3 0.037 9% 15 0 0.000
55 65 5 0.043 9% 25 0 0.000
55 75 6 0.054 9% 35 0 0.000
55 85 4 0.039 95 45 7 0.035
65 5 2 0.026 9% 55 7 0.042
65 15 2 0.015 9% 65 10 0.066
65 25 5 0.052 9% 75 7 0.043
65 35 8 0.086 9% 85 3 0.008
65 45 9 0.092 105 5 0 0.000
65 55 15 0.136 105 15 0 0.000
65 65 5 0.042 105 25 1 0.008
65 75 7 0.082 105 35 1 0.003
65 85 6 0.051 105 45 4 0.026
75 5 0 0.000 105 55 5 0.028
75 15 3 0.034 105 65 1 0.002
75 25 5 0.052 105 75 1 0.007
75 35 4 0.048 105 85 6 0.031
75 45 11 0116
75 55 20 0199

HT = Layer midpoint height (cm)

INCL = Leaf inclination midpoint angle (degrees)
NUM = Number of leaves with given angle in given layer
FLAI = Fraction of leaf areaindex at given angle and layer



Table 6. Percent occurrence of each leaf inclination angle bin (f'(q)) and cumulative percent
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occurrence (F(q)) for three soybean canopies.

JULY 18 JULY 25 AUGUST 28

ANGLE  f(q) F(a) f(a) F(a) f(a) F(a)
5 5.1 5.1 12 12 35 35
15 15.9 21.0 6.4 7.6 36 7.1
25 17.8 38.8 105 18.1 75 14.6
35 23.8 62.6 155 33.6 12.9 27.5
45 175 80.1 19.3 52.9 16.8 44.3
55 12.0 92.1 15.1 67.0 20.9 65.2
65 4.7 96.7 16.1 83.1 13.9 79.1
75 2.0 98.7 115 94.6 12.0 91.1
85 13 1000 44 1000 89 1000
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Table 7. Average directiona -hemispherical reflectance (R) and transmittance (T) and standard
deviations (SD) of soybean canopy parts. Reported values are based on 5 observations per
sample.

Leaves Stem Mat Pods

Wave- Reso-
length lution R SD T SD R SD R SD
R 111 1 e
450 4 55 07 06 0.2 6.0 03 7.3 13
475 4 55 0.6 0.7 0.2 6.1 04 8.1 14
500 4 56 0.7 19 07 7.7 04 11.0 20
525 5 9.5 11 99 42 16.7 11 229 4.2
550 6 11.5 1.3 136 44 19.8 1.3 26.7 44
575 7 8.2 11 99 33 16.5 1.3 242 39
600 9 6.7 0.5 64 25 134 11 208 36
625 15 58 0.6 51 1.7 115 09 184 31
650 24 55 0.8 3.7 1.1 95 0.8 15.6 25
675 40 56 0.7 35 1.0 92 07 14.6 2.1
* 700 64-77 14.1 0.6 12.8 1.0 21.7 36 266 44

975 76 458 1.0 536 1.8 576 55 56.6 6.5
1000 72 457 0.8 539 19 576 56 56.1 6.2
1025 70 459 11 541 20 583 55 571 64
1050 70 458 11 544 21 594 56 589 70
1075 70 456 11 547 21 599 55 598 7.3
1100 70 453 1.0 546 21 589 55 584 7.2
1125 70 448 0.9 544 20 56.8 53 550 6.3

* Average response of photomultiplier tube and lead sulfide detectors.
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Table 8. Reflectance and transmittance measurements of plant canopy partsin
Exotech 100 bands. These are computed values based on DK -2
measurements, responsivity of Exotech 100 bands, spectral irradiance,
and spectra reflectance of abarium sulfate panel.

Canopy EXOTECH 100 Band (nm)
Part
Measurement 500-600 600-700  700-800 800-1100
______________ 0h--------------
Leaf Reflectance 8.78 7.31 329 45.4
Leaf Transmittance 9.32 6.39 36.4 51.8
Stem Reflectance 15.77 12.99 45.4 59.8

Pod Reflectance 2221 19.38 50.7 63.0
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Table 9. Reflectance of barium sulfate panel used in the field as reference surface
for canopy reflectance factor measurements. Reflectances shown are for

illumination zenith angle of 100

Wavelength  Reflectance

nm %
450 91.8
475 92.8
500 93.8
525 93.7
550 93.5
575 93.4
600 93.2
625 93.1
650 93.0
675 93.0
700 92.9
725 92.6
750 92.2
775 92.2
800 92.1
825 92.0
850 91.9
875 91.8
900 91.6
925 91.6
950 91.5
975 91.5
1000 91.5
1025 91.4
1050 91.3
1075 91.2
1100 91.1
1125 91.0
1150 90.9
1175 90.8
1200 90.6
1225 90.5
1250 90.3
1275 90.0

1300 89.7
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Table 10. Reflectance of painted barium sulfate panel in Landsat bands as used to calibrate
canopy reflectance factor data.

Irradiance Zenith Angle (degrees)
Band
10 20 30 40 50 55 65
____________________ Ofmmmmm e e e e — -
500-600 935 91.0 89.0 88.0 86.8 85.0 814
600-700 93.0 90.7 88.6 87.7 86.2 85.3 83.3
700-800 92.3 89.9 87.5 86.9 86.0 84.4 81.2

800-1100 916 893 869 866 857 840 806

Table 11. Summary of Sun-view Angle Data Sets.

Solar Angle Range Number
Dae Start End Zenith Azimuth of Cloud
Time Time Max-Min-Max Min-Max Sets  Cover

CUT(hours)  ------ degrees- - - - - - %
July 17 1759 2135 19-50 183-265 5 10-20
July 24 1514 1849 40-21-24 109-214 6 1-20

August 27 1555 2159 40-30-60 132-257 12 0




Table 12. Bare soil reflectance factors.
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Dae SZ SA RI R2 R3 R4 cC
Jduly 17 28 233 9.13 11.67 15.81 19.25 10
34 245 8.79 11.15 15.32 18.48 20
42 256 8.20 10.46 14.50 17.49 10
50 265 7.45 9.75 13.66 16.50 10
Jduly24 37 113 8.18 10.36 14.40 17.52 1
31 124 8.77 11.11 15.27 18.58 20
25 142 9.30 11.81 16.15 19.61 10
22 161 951 12.07 16.48 19.97 5
21 188 9.70 12.28 16.69 20.16 5
24 214 9.10 11.49 15.61 18.86 20
Aug 27 37 139 11.78 14.31 19.74 23.22 0
34 148 1187 14.58 20.00 23.69 0
31 167 1212 14.88 19.90 23.56 0
30 178 1231 15.08 20.48 24.26 0
32 200 1222 14.98 20.33 24.13 0
33 209 1217 14.90 20.29 24.10 0
36 220 1195 14.65 19.88 23.54 0
39 227 1186 14.61 19.84 23.55 0
46 239 1162 14.36 19.51 23.10 0
49 245 1107 13.64 18.92 22.46 0
56 253 10.76 13.31 18.27 21.64 0
63 260 10.29 12.99 17.44 21.03 0

SZ = Sun zenith angle
SA = Sun azimuth angle,

RI - R4 = Reflectance factors in Exotech radiometer bands 1 through 4.

CC = Estimated cloud cover (%)
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Table 13. Percent skylight estimates.

Date SZ SA RI R2
July 17 51 265 11.15 7.73
July 24 41 108 9.60 6.70
36 114 9.37 6.77
29 129 9.62 7.19
24 144 9.04 6.67
21 163 10.12 7.52
22 198 12.10 9.66
August 27 37 140 22.91 18.56
32 158 26.17 21.80
31 169 23.20 19.10
30 179 22.76 18.67
32 196 21.82 17.93
34 210 21.89 18.03
36 217 2351 19.22
40 228 23.43 19.22
45 238 26.28 21.34
50 245 27.02 21.69
55 252 31.38 25.03
61 258 36.26 29.56

SZ = Solar zenith angle (degrees)
SA = Solar azimuth angle (degrees)
RI-R2 = Skylight in bands 1 and 2, respectively



Table 14. Actual View Zenith Angles Used for 17 July.
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View View Zenith Angle, degrees

Azimuth

Angle 0 7 15 22 30 45 60
(degrees)

0 0 7 15 22 30 45 60

45 4 11 19 26 34 49 64

90 3 10 18 25 33 48 63

135 2 9 17 24 32 47 62

180 0 7 15 22 30 45 60

225 -1 6 14 21 29 44 59

270 -2 5 13 20 28 43 58

315 -1 6 14 21 29 44 59

Table 15. Actual View Zenith Angles Used for 24 July.
View View Zenith Angle, degrees

Azimuth

Angle 0 7 15 22 30 45 60
(degrees)

0 0 7 15 22 30 45 60

45 4 11 19 26 34 49 64

90 1 8 16 23 31 46 61

135 0 7 15 22 30 45 60

180 0 7 15 22 30 45 60

225 -2 5 13 20 28 43 58

270 -2 5 13 20 28 43 58

315 -1 6 14 21 29 44 59
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APPENDIX

SOYBEAN HELD REFLECTANCE FACTOR DATA SETS
EXOTECH BANDS:
1 = 500-600 nm,
2 =600-700 nm
3 =700-800 nm,
4 = 800-1100 nm.
17 duly TablesA.1- A5
24 July TablesB.1-B.6

27 August TablesC.1-C.12
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Table A.l. Soybean canopy reflectance factors for 17 July, 1980. Sun Zenith Angle =
20 degrees, Sun azimuth angle 195 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 559* 588 6.21 6.30 5.76 4.86 4.42

45 5.59 6.52 - 5.61 4.69 3.92 3.86
90 5.59 560 494 4.17 3.83 3.74 3.71
135 5.59 571 473 4.29 3.94 3.62 3.77
180 5.59 522 472 4.53 4.47 4.57 4.27
225 5.59 503 446 4.10 311 2.77 3.02
270 5.59 490 4.05 3.29 2.96 2.82 2.89
315 5.59 536 4.93 4.15 3.39 2.98 2.94

2 0 5.58 580 6.16 6.01 5.52 4.71 4.22
45 5.58 659 - 5.33 4.12 3.36 3.13
90 5.58 560 4.72 3.60 3.36 3.12 3.00
135 5.58 5.74  4.67 4.19 3.54 3.08 3.08
180 5.58 533 4.89 4.58 4.44 4.49 3.89
225 5.58 504 4.28 4.00 2.86 2.25 247
270 5.58 490 391 2.86 2.39 2.28 2.34
315 5.58 526 481 3.88 2.98 242 2.34

3 0 2694 29.04 2999 3158 3084 27.86 26.89
45 2694 3014 - 2933 26.73 28.65 30.60

90 2694 2744 2743 2695 2663 2853 2841

135 2694 2628 2532 2473 2495 2370 2553

180 2694 2550 2445 2408 2393 2289 2450

225 2694 2552 2446 2252 2053 2200 24.71

270 2694 2534 2366 2301 2251 2418 25.85

315 2694 2717 2591 2440 23.07 2477 2651

4 0 38.69 41.62 4287 4512 4435 4046 39.36
45 38.69 4295 - 4222 4247 4238 4548

90 38.69 3940 3988 3955 3927 4249 42.36

135 3869 3771 3661 3630 3615 3499 37.82

180 3869 36.88 3563 3503 3490 3327 3591

225 3869 36.71 3549 3316 3045 3314 37.30

270 3869 36.76 3454 3419 3374 3643 39.15

315 3869 3891 3764 3582 3410 37.20 40.09

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table A.2. Soybean canopy reflectance factors for 17 July, 1980. Sun Zenith Angle = 26
degrees, Sun azimuth angle 228 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ 10 Y
1 0 ~* 421  4.02 3.92 3.83 341 341
45 7.12 5.96 4.70 4.22

go 411 551 587 5.73 5.21 4.66 4.04
135 411 488 4.90 4.69 4.81 4.36 4.13
180 411 399 38 3.69 4.01 3.94 4.03
225 411 3.79 322 3.25 2.61 2.68 3.13
270 411 367 293 2.67 2.97 2.58 2.78
315 411 362 324 2.75 2.70 2.66 2.64

2 0 3.79 383 356 3.39 3.29 2.93 2.86
45 3.79 - - 7.07 5.44 391 3.36

90 3.79 534 565 5.32 4.59 3.97 3.36

135 3.79 473 477 4.49 4.48 3.87 3.37

180 3.79 3.79 3.63 3.61 3.70 3.63 3.46

225 3.79 352 278 2.89 221 217 2.54

270 3.79 330 2583 217 2.06 2.06 2.20

315 3.79 320 284 2.28 2.27 2.15 2.10

3 0 2266 2421 2435 2539 2594 2415 24.66
45 22.66 - - 29.73 30.60 2931 3048

90 2266 2453 2699 2824 2781 3011 2845

135 2266 2246 2365 2358 2514 2416 2519

180 2266 2071 2028 1944 2091 20.82 22.37

225 2266 2223 2178 1993 1953 21.62 24.22

270 2266 2218 2100 2144 2114 2297 2520

315 2266 2277 2146 21.20 2083 2330 24.80

4 0 3542 3708 3731 3878 3921 36.80 37.36
45 35.42 - - 4532 4795 4650 48.57

90 3542 3870 4275 4441 4383 47.38 4542

135 3542 3595 3787 3799 399 3819 40.03

180 3542 3375 3290 3136 3339 33.06 3553

225 3542 3413 3321 3050 3032 3350 37.34

270 3542 3423 3263 3307 3266 3565 39.14

315 3542 3461 3316 3291 3227 36.01 3857

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table A.3. Soybean canopy reflectance factorsfor 17 July, 1980. Sun Zenith Angle = 32
degrees, Sun azimuth angle 242 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 346* 355 - 3.86 3.81 3.h5 3.52

45 3.46 3.74 - 5.26 5.58 5.06 4.89
90 3.46 412 507 5.72 5.93 5.12 4.82
135 3.46 395 427 4.52 4.66 4.63 4.44
180 3.46 331 326 3.20 3.24 3.50 3.68
225 3.46 324 3.09 291 2.90 2.88 3.19

270 3.46 2.69 2.71 2.93 3.09
315 3.46 - - 2.98 2.92 2.98 3.01
2 0 2.89 285 - 3.04 3.00 2.72 2.77

45 2.89 320 - 4.76 4.94 4.26 3.89
90 2.89 358 454 5.23 5.37 4.10 3.95
135 2.89 346 3.86 4.07 4.04 4.24 3.67
180 2.89 284  2.88 281 2.79 2.99 3.04
225 2.89 289 259 243 2.28 2.32 2.49

270 2.89 2.15 2.13 2.28 2.38
315 2.89 - - 2.34 2.35 2.27 2.32
3 0 2486 2465 @ - 29.65 2948 27.719 27.74

45 2486 2580 - 2872 33.09 3429 36.75
90 2486 2647 3021 3264 3418 36.05 34.98
135 2486 2497 2673 2822 2984 2850 30.37
180 2486 23.66 2288 2202 2278 2281 24.84
225 2486 23.04 2448 2227 2373 2441 26.78

270 24.86 2375 2364 2621 28.02
315 24.86 - - 2497 2416 2652 27.66
4 0 36.67 34.65 - 4405 4364 4119 40.86

45 36.67 3798 - 40.25 4791 4990 53.83
90 36.67 3857 4373 46.84 4915 5247 51.30
135 36.67 3648 3922 4106 4350 4135 44.33
180 36.67 34.82 3394 3298 34.03 3333 36.31
225 36.67 3413 36.62 3298 3591 37.12 4042
270 36.67 - - 3597 3588 39.78 4255
315 36.67 - - 3767 36.37 3993 4194

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table A.4. Soybean canopy reflectance factors for 17 July, 1980. Sun Zenith Angle = 40
degrees, Sun azimuth angle 253 degrees.

View Zenith Angle, degrees

View
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 3100 339 323 3.29 343 3.38 3.63

45 3.10 321 - 3.40 4.56 5.21 5.27
90 3.10 362 422 4.69 6.12 6.51 5.80
135 3.10 350 391 4.04 4.66 5.23 4.80
180 3.10 315 317 3.27 3.34 3.66 3.98
225 3.10 313 292 2.88 2.73 2.80 3.25
270 3.10 - 2.83 281 2.65 2.86 321
315 3.10 297  2.73 2.67 2.83 2.89 3.08

2 0 . 278 264 2.62 2.77 2.77 2.86
45 2.57 265 - 2.79 3.76 4.30 4.16

90 2.57 302 353 4.09 5.38 5.34 4.74

135 2.57 296  3.27 3.45 3.92 4.62 3.94

180 2.57 262 2.69 2.70 2.78 3.03 3.27

225 2.57 257 2.39 2.56 2.29 2.29 2.62

270 2.57 - 2.33 2.23 2.14 2.33 2.54

315 2.57 247 222 2.19 2.34 2.32 2.44

3' 0 2386 2558 2621 2760 2827 2712 27.60
45 2386 2494 - 23.84 3271 36.73 40.77

90 2386 26.08 29.69 3137 36.13 43.06 41.27

135 2386 2498 2754 2803 3230 3241 33.96

180 23.86 2429 2394 2419 2585 2485 27.38

225 23.86 2428 2378 2219 2264 2453 27.56

270 23.86 - 23.78 2400 2365 2567 2890

315 23.86 2406 2312 2350 2434 2556 27.84

4 0 3557 3820 3921 4141 4183 40.37 40.83
45 3557 3722 - 3456 47.70 5350 59.80

90 3557 3830 4352 46.13 49.7/5 62.02 60.08

135 3557 36.80 4066 41.03 47.04 4691 49.64

180 3557 36.07 3567 3599 3840 36.30 40.25

225 3557 36.07 3547 3324 3430 36.92 41.58

270 35.57 - 3584 3571 3554 3873 43.82

315 3557 3564 3486 3535 3656 3859 4217

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table A.5. Soybean canopy reflectance factors for 17 July, 1980. Sun Zenith Angle = 49
degrees, Sun azimuth angle 263 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 314 336 327 3.28 3.38 3.34 3.64

45 3.14 307 - 342 3.79 5.05 5.72
90 3.14 353 391 4.19 5.26 6.79 7.17
135 3.14 326 3.63 3.99 4.42 4.88 5.42
180 3.14 319 311 3.32 3.36 3.64 4.04
225 3.14 310 311 2.96 2.83 3.10 3.58
270 3.14 297  2.78 2.86 2.90 3.25 3.73
315 3.14 303 283 2.74 2.87 3.10 3.33

2 0 2.58 279 2.68 2.66 2.73 2.73 2.90
45 2.58 248 - 2.82 291 4.03 4.49

90 2.58 288 316 3.39 4.22 5.38 5.80

135 2.58 266 2.96 3.24 3.55 4.01 4.37

180 2.58 257 259 2.70 2.77 2.98 3.26

225 2.58 257 259 243 2.28 2.60 2.88

270 2.58 246  2.32 231 241 2.65 2.98

315 2.58 24Q 233 2.22 2.33 2.46 2.65

3 0 26.13 2786 2830 2890 29.09 2878 29.78
45 26.13 2574 - 27718 30.64 4036 46.04

90 26.13 2841 3049 3273 3814 4422 50.80

135 26.13 2584 2828 2970 3247 3464 39.93

180 26.13 26.17 2553 2600 25"4 2646 28.74

225 26.13 25.78 2578 24.02 2458 26.36 30.22

270 26.13 2568 2532 2592 26.07 28.03 3191

315 26.13 2619 2541 2516 2510 27.61 29.98

4 0 38.83 4138 4260 4318 4345 4297 4391
45 3883 38.09 - 41.14 4432 59.03 67.07

90 38.83 4164 4475 4854 5530 6252 72.95

135 3883 3826 4208 4382 4747 5050 58.20

180 3883 3870 3793 3829 3795 3895 4214

225 3883 3853 3838 3620 36.61 3991 4548

270 3883 3879 3843 3878 3950 4210 48.02

315 3883 3866 3822 3819 3769 4162 4519

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table B.1. Soybean canopy reflectance factors for 24 July, 1980. Sun Zenith Angle 38
degrees, Sun azimuth angle 111 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 3.00r 315 316 3.22 341 3.43 3.89

45 3.00 294 - 2.79 3.03 331 4.02
90 3.00 282 2.67 2.78 2.75 3.29 4.16
135 3.00 276  2.69 2.60 2.75 2.96 3.116
180 3.00 312 2.89 2.82 2.66 2.80 3.12
225 3.00 253 311 3.45 341 3.74 3.68
270 3.00 319 3.02 3.88 4.76 5.16 4.60
315 3.00 317 341 - 4.42 5.10 5.08

2 0 252 261 261 2.67 2.75 2.84 3.15
45 252 248 - 2.29 2118 276 3.26

90 252 239 227 2.28 231 2.72 3.44

135 252 229 225 2.19 2.29 244 2.85

180 252 260 242 2.35 2.25 2.33 2.52

225 252 212 257 2.98 2.85 3.08 3.03

270 252 262 248 3.25 4.07 4.31 3.78

315 252 260 2.85 - 3.73 4.24 4.20

3 0 26.03 27.72 2766 2822 29.68 2859 2942
45 26.03 2653 - 2530 28,67 29.00 32.39

90 26.03 2552 2531 2727 2675 2948 32.30

135 26.03 2470 2465 2367 2510 2610 28.72

180 26.03 2642 2560 2553 2374 2467 27.35

225 26.03 2211 2630 2715 2874 3284 33.62

270 26.03 26.75 2374 2950 3445 3857 37.71

315 26.03 26.15 28.37 - 3341 37.82 39.62

4 0 39.72 4176 4204 4264 4488 4326 43.98
45 39.72 4056 @ - 38.71 4358 4424 48.96

90 39.72 3923 3888 4172 4132 4523 48.75

135 39.72 3798 3768 36.22 3845 39.78 43.60

180 39.72 4013 3900 3932 3622 375 4150

225 39.72 3396 3936 4103 4332 49./8 51.17

270 39.72 4042 3566 4391 5112 57.15 56.56

315 39.72 39.69 4277 - 50.00 56.20 59.02

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table B.2. Soybean canopy reflectance factors for 24 July, 1980. Sun Zenith Angle = 32
degrees, Sun azimuth angle 121 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ 10 Y
0 3.13* 333 320 3.32 3.65 3.49 3.78
45 3.13 301 - 2.84 311 3.24 3.73
1 90 3.13 286 273 2.84 2.66 3.17 3.79

135 3.13 299 261 2.56 2.66 2.94 3.33
180 3.18 309 293 281 2.67 2.88 3.25
225 3.13 314 3.1'5 389 3.71 3.43 3.32
270 3.13 287 415 4.51 4.93 4.35 4.04
315 3.13 332 379 4.23 5.16 5.20 4.63

2 0 2.65 275 2.66 2.72 2.96 291 3.09
45 2.65 255 - 2.39 2.57 2.65 3.03

90 2.65 253 237 2.34 2.24 2.59 3.08

135 2.65 246 221 2.16 221 244 2.71

180 2.65 260 245 2.36 2.26 2.39 2.64

225 2.65 258 293 3.57 3.34 2.89 2.73

270 2.65 237  3.67 3.97 4.36 3.65 3.35

315 2.65 275 324 3.74 4.45 4.44 3.87

3 0 2570 2796 2740 2859 3024 2837 28.90
45 2570 26.05 - 2514 2861 28.83 31.82

90 2570 25.05 2523 2700 26.09 2928 31.35

135 2570 2435 2371 2269 2423 2581 27.87

180 2570 2561 2501 2470 23.07 2442 27.36

225 2570 2528 2703 2702 28.00 30.31 30.50

270 2570 2264 2898 3177 3326 3399 33.99

315 2570 26.08 29.09 2914 3394 3651 36.72

4 0 39.00 4198 4143 4333 4547 4287 43.26
45 39.00 398 - 3836 4343 4401 4816

90 39.00 3842 3866 4145 4030 4492 4754

135 39.00 3724 3651 3466 3713 3931 4242

180 39.00 3898 3814 3770 3506 37.04 4156

225 39.00 37.65 4084 40.62 4203 46.15 46.74

270 39.00 3435 4339 4742 4927 5091 51.45

315 39.00 3921 4350 4335 4964 5399 55.03

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table B.3. Soybean canopy reflectance factors for 24 July, 1980. Sun Zenith Angle = 26
degrees, Sun azimuth angle 136 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 329+ 324 352 3.66 3.79 3.67 3.75

45 3.29 332 - 2.99 3.17 3.19 3.73
90 3.29 298 2.83 291 2.80 3.09 3.66
135 3.29 286 2.66 2.50 2.70 2.75 3.25
180 3.29 334 3.07 2.86 2.94 2.99 321

225 3.29 - 3.78 4.22 3.85 3.16 2.96
270 3.29 385 4.63 4.73 4.25 3.50 3.38
315 3.29 340 - - 6.30 4.35 4.93
2 0 2.86 267 298 3.08 3.16 3.06 3.09

45 2.86 279 - 2.52 2.63 2.62 3.02
90 2.86 259 250 241 2.30 2.53 2.98
135 2.86 240 2.26 211 2.25 2.25 2.65
180 2.86 290 270 248 2.64 2.62 2.63

225 2.86 - 3.46 4.16 3.63 261 243
270 2.86 346 435 4.36 3.80 2.95 2.79
315 2.86 302 - - 5.93 3.61 3.78
3 0 2466 2632 2767 2905 3056 2892 28.93

45 2466 2544 @ - 2490 2795 2797 31.07
90 2466 2484 2437 2574 25777 2830 29.97
135 2466 2314 2247 2198 2386 2431 26.70
180 2466 25.09 2401 2366 2263 2350 26.31
225 24.66 - 26.86 26.27 26.65 2840 2844
270 2466 2702 2901 3046 2981 30.30 30.77
315 2466 2370 - - 3439 3351 35.03

4 0 3733 3929 4191 4383 4584 4359 4346
45 3733 3878 - 3767 4233 4264 46.88

90 3733 38.07 3719 3944 3936 4335 4540

135 3733 3550 3440 3374 3659 37.15 40.50

180 3733 37.78 3653 3599 3425 3552 39.89

225 37.33 - 40.17 38.88 40.01 4329 43.69

270 3733 4025 43.03 4534 4472 4586 46.88

315 3733 3574 - - 4939 4991 5194

* Valuesfor O degree view zenith angle are means of al. nadir observations.
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Table B.4. Soybean canopy reflectance factors for 24 July, 1980. Sun Zenith Angle = 22
degrees, Sun azimuth angle 156 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ 10 Y
1 0 415~ 370 - 4.56 4.40 3.99 391
45 4.15 377 - 3.23 3.40 3.59 4.07

90 4.15 337 294 2.89 2.86 3.39 3.34
135 4.15 3115 2.89 2.78 2.76 2.89 3.00
180 4.15 391 359 3.40 351 3.29 3.27
225 4.15 435 425 4.11 3.30 3.01 3.27
270 4.15 462 4.69 4.00 3.47 3.44 3.39
315 4.15 4po - 5.70 4.65 3.83 3.84

2 0 3.89 333 - 3.95 3.84 3.53 341
45 3.89 333 - 2.76 2.84 2.94 3.34

90 3.89 291 2583 248 2.39 2.78 2.70

135 3.89 321 255 2.39 2.34 2.39 241

180 3.89 371 339 321 3.37 3.05 2.73

225 3.89 419 413 3.98 3.00 2.50 2.70

270 3.89 442 494 3.57 2.94 2.84 2.78

315 3.89 475 - 5.37 4.21 3.18 3.13

3 0 2688 2534 - 31.83 31.67 2947 29.19
45 26.88 2694 @ - 2632 2894 2895 30.92

90 26.88 2544 2473 2574 2590 29.16 29.28

135 26.88 2390 2291 2235 2357 2474 26.36

180 26.88 2553 2477 2403 2323 2353 26.72

225 26.88 2728 26.69 2597 2524 26.63 27.61

270 26.88 2832 2812 2853 2718 29.03 2959

319 26.88 2876 - 3222 30.68 31.06 32.32

4 0 399 3798 - 46.71 46.97 4417 43.92
45 3996 4045 - 39.63 43.82 43.67 46.38

90 3996 3842 3765 3953 39.72 4428 44.49

135 3996 36.06 3485 3397 3599 37.66 40.28

180 3996 3817 3727 3634 3500 3551 4047

225 3996 40.62 3983 3854 38.07 40.73 42.09

270 3996 4214 4179 4279 4100 44.00 45.08

315 3996 4243 - 4727 4528 46.78 48.85

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table B.5. Soybean canopy reflectance factors for 24 July, 1980. Sun Zenith Angle =21
degrees, Sun azimuth angle 182 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 466* 512 - 6.13 5.33 4.71 4.53

45 4.66 504 - 4.12 4.00 3.70 3.81
90 4.66 415 3.66 3.34 3.19 3.39 3.56
135 4.66 4.02  3.56 331 3.06 3.06 3.22
180 4.66 426 3.82 3.63 3.63 3.46 3.46
225 4.66 431 3.68 3.50 2.90 2.83 3.12
270 4.66 443 3.78 351 3.10 3.06 3.19
315 4.66 483 472 4.35 3.77 3.54 3.55

2 0 4.50 487 - 5.66 4.83 4.26 4.03
45 4.50 477 - 3.68 3.33 3.18 3.09

90 4.50 380 325 2.83 2.68 2.78 2.87

135 4.50 396 3.39 3.23 2.67 2.54 2.61

180 4.50 426 371 3.55 3.54 3.22 2.93

225 4.50 413 349 3.28 2.39 2.32 2.56

270 4.50 417 351 2.99 2.59 2.53 2.59

315 4.50 458 4.46 3.87 3.21 2.88 2.89

3 0 2771 3019 - 33.77 33.68 30.69 29.57
45 27171 2921 - 2813 3053 29.81 31.63

90 27171 2636 26.06 26.66 2652 29.62 30.06

135 2771 2451 2422 2305 2428 2541 27.04

180 27171 2514 2454 2418 2384 2399 2691

225 27171 2659 2476 2408 2467 26.00 27.23

270 2771 2707 2515 2693 2574 2747 2845

315 2771 2848 2887 2800 2760 2891 30.35

4 0 4086 4432 - 48.24 4918 4545 4381
45 4086 4264 @ - 41.68 4580 4491 4756

90 4086 39.16 39.14 4052 4021 4499 4545

135 4086 36.45 3638 3474 3681 3858 41.06

180 4086 3739 36.71 3633 3578 36.05 40.69

225 4086 3952 3728 3630 3746 39.77 41.65

270 4086 40.09 3757 4030 3924 4188 4345

315 4086 4190 4204 4196 4121 43.63 4594

Valuesfor O degree view zenith angle are means of all nadir observations.
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Table B.6. Soybean canopy reflectance factors for 24 July, 1980. Sun Zenith Angle = 23
degrees, Sun azimuth angle 210 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ 10 Y
1 0 417 443 4.60 4.61 4.53 4.12 412
45 4.17 - - 5.43 4.44 3.96 -
90 4.17 4.87 4.03 3.69 3.57 3.63

135 4.17 443 435 3.97 3.58 3.34 3.47
180 4.17 398 356 351 3.@16 345 3.61
225 4.17 3.68 3.03 2.89 2.64 2.70 2.95
270 4.17 374 311 3.02 2.80 2.82 2.98
315 4.17 405 364 342 3.30 3.06 3.06

2 0 3.86 400 4.18 4.05 391 3.64 3.57
45 3.86 - - 5.00 3.81 3.30 -
90 3.86 4.58 3.36 311 2.96 2.92

135 3.86 435 419 3.74 321 2.77 2.82
180 3.86 387 3t 3.26 321 3.12 3.01
225 3.86 335 264 2.55 2.22 2.20 2.38
270 3.86 334 270 2.54 2.34 2.29 2.40
315 3.86 3.68 316 2.92 2.77 2.50 2.46

3 0 2639 2936 2957 3160 3216 2919 2881
45 26.39 - - 3155 3224 31.78 -
90 26.39 28.28 2896 2920 3155 3164

135 2639 25.09 2547 2465 2599 2637 2821
180 2639 2445 2378 2401 2374 2335 27.09
225 2639 2516 2364 2250 2292 2538 26.29
270 2639 2613 2398 2496 2427 2623 27.37
315 2639 2636 2624 26.02 26.60 2752 28.33

4 0 3912 4336 4361 4656 4751 4330 42.64
45 39.12 - - 46.06 4769 47.64 -
90 39.12 41.76 43.17 43.69 47.67 47.69

135 3912 3726 3753 36.61 39.02 39.67 4250
180 3912 3643 3571 36.08 3567 3496 40.70
225 3912 3777 3572 3394 3498 39.01 40.19
270 3912 3880 36.20 3821 3722 40.08 41.80
315 3912 3910 3912 39.06 40.09 41.79 4310

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.l. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle =
38 degrees, Sun azimuth angle 136 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 350+ 325 374 4.05 4.25 4.44 4.95

45 3.50 366 3.56 3.60 3.62 3.88 4.50
90 3.50 362 343 351 3.54 381 4.59
135 3.50 361 329 3.28 331 3.74 4.34
180 3.50 350 343 341 3.44 3.62 4.13
225 3.50 346 3.36 3.44 3.42 3.80 4.01
270 3.50 345 352 3.73 391 4.02 4.40
315 3.50 3.60 3.97 4.18 - 5.16 5.13

2 0 2.97 270 317 3.46 3.60 3.76 4.21
45 2.97 313 3.04 3.06 3.09 3.30 3.79
90 2.97 313 292 2.98 3.03 3.25 3.87
135 2.97 306 279 2.76 2.80 3.15 3.62
180 2.97 294 291 291 291 3.10 3.48
225 2.97 292 2.86 2.96 2.90 3.22 3.36
270 2.97 293 299 3.17 3.34 341 3.69
315 2.97 304 334 3.55 - 4.45 4.35

3 0 30.80 2854 3251 3425 3615 36.35 38.02
45 30.80 3236 3202 3112 3106 3281 3484

90 30.80 3114 3003 3065 3048 3212 33.93

135 30.80 30.92 29.08 2838 2823 30.11 3255

180 30.80 30.61 29.63 2939 29.02 29.20 32.38

225 30.80 31.82 30.77 30.07 3060 3268 3351

270 30.80 32.00 3149 3304 3311 3414 36.82

315 30.80 31.89 3274 34.84 - 40.11 40.61

4 0 4580 4241 4835 5052 5328 5351 55.44
45 4580 48.18 47.70 4633 46.05 48.67 51.28

go 4580 46.45 4476 4554 4537 4797 50.09

135 4580 4592 4329 4252 4192 4437 4781

180 4580 4565 4395 4378 4321 4315 4792

225 4580 47.10 4567 4463 4570 4847 49.66

270 4580 4779 46.79 4911 4890 5031 54.26

315 4580 4729 4853 51.32 - 58.34  59.33

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.2. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle=
35 degrees, Sun azimuth angle 145 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 342 346 353 4.19 4.30 4.46 4.86

45 3.42 384 356 3.70 3.63 4.01 4.57
90 3.42 354 344 3.56 3.54 381 4.43
135 3.42 356 3.33 342 3.52 3.82 4.17
180 3.42 358 3.39 3.38 3.47 3.55 3.97
225 3.42 337 345 3.26 3.29 3.66 3.82
270 3.42 345 347 3.62 3.72 3.77 4.08
315 3.42 - 3.92 - - 4.70 4.74

2 0 2.94 300 295 3.61 3.66 3.78 4.12
45 2.94 330 3.03 3.14 3.10 3)12 387

90 2.94 305 295 3.04 3.02 3.23 3.76

135 2.94 312 284 2.94 3.00 3.23 3.48

180 2.94 306 287 2.87 2.94 3.00 331

225 2.94 286 297 2.79 2.80 3.13 3.18

270 2.94 296 2.99 3.10 3.19 3.19 341

315 2.94 - 3.38 - - 4.05 4.02

3 0 - 30.60 2925 3428 36.02 3638 37.36
45 2986 3218 3129 3161 3159 33.67 3535

90 298 30.62 3032 3101 3137 3239 3355
135 2986 3020 2878 2898 2954 3042 3192
180 2986 30.68 29.27 2862 29.03 2891 31.95
225 2986 31.38 29.75 2844 2952 3181 32.20
270 298 3114 3099 3210 3198 3273 3521
315 29.86 - 32.98 - - 38.13 38.86

4 0 4447 4595 4292 5017 5317 5351 5454
45 4447 4717 4664 46.77 4679 49.77 51.85

90 4447 4564 4484 4622 4678 4830 49.32

135 4447 4492 4278 4328 4385 4495 46.99

180 4447 4546 4367 4261 4321 4280 4742

225 4447 46.78 4452 4234 4396 4732 47.83

270 4447 4654 4632 4786 4738 4850 52.13

315 44.47 - 48.55 - - 55.84 57.04

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.3. Soybean canopy reflectance factors for 27 August 1980. Sun Zenith Angle =
32 degrees, Sun azimuth angle 163 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 341* 356 391 4.63 5.07

45 341 361 353 3.67 3.64 4.09 4.55
90 341 346 3.30 3.40 3.33 3.54 4.32
135 341 341 310 3.24 3.32 3.54 3.92
180 341 330 315 3.14 3.26 3.38 3.81
225 341 323 333 3.18 311 341 3.62
270 341 331 336 3.43 3.44 - 3.83
315 341 354 381 3.94 4.13 4.33 4.43

2 0 2.97 303 335 - - 3.96 4.33
45 2.97 312 3.05 3.14 3.12 3.49 3.81

90 2.97 302 281 2.93 2.87 2.99 3.62

135 2.97 305 269 2.80 2.84 3.00 3.25

180 2.97 285 272 2.70 2.80 2.85 3.17

225 2.97 271 285 2.72 2.63 2.88 2.98

270 2.97 282 2.89 2.95 2.92 - 3.18

315 2.97 303 328 3.36 3.56 3.66 3.71

3 0 2871 31.04 31.26 - - 35.60 36.32
45 2871 3054 3021 3000 3019 3325 34.37

90 2871 2938 2884 2972 30.01 3098 3251

135 2871 2856 2675 2744 2783 28.60 29.83

180 2871 2797 2705 2631 2676 2691 30.34

225 2871 2966 2829 2664 2719 2955 30.35

270 2871 29.68 29.14 2058 28.87 - 32.38

315 2871 30.06 3118 3194 3178 3418 3546

4 0 42.81 4640 46.20 - - 9222 52.82
45 4281 4492 4512 4452 4474 49.03 50.44

90 4281 4355 4307 4441 4488 4639 48.01

135 4281 4278 3997 4094 4153 4235 43.96

180 4281 4177 4041 3935 3998 40.04 45.18

225 4281 4448 424Q 3985 40.72 4399 4522

270 4281 4447 4366 4412 4296 - 48.13

315 4281 4490 4599 4728 4681 50.13 52.38

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.4. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle=
31 degrees, Sun azimuth angle 174 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 351* 370 397 4.57 4.97

45 351 372 374 3.89 3.98 4.18 4.65
90 351 3.60 3.46 3.65 3.57 3.73 4.29
135 351 347 334 3.37 3.40 3.72 3.98
180 351 342 333 3.29 3.43 3.48 3.80
225 351 333 333 3.07 3.14 3.44 3.65
270 351 336 3.32 3.40 3.33 351 3.76
315 351 3.60 3.68 381 3.94 4.12 4.35

2 0 3.02 315 343 - - 391 4.21
45 3.02 316 319 3.32 341 3.53 391
90 3.02 3.08 296 3.12 3.06 3.14 3.58
135 3.02 3.04 288 2.88 2.88 3.12 3.32
180 3.02 292 285 281 2.92 2.90 3.12
225 3.02 278  2.89 2.64 2.67 2.92 3.03
270 3.02 285 285 2.92 2.85 2.96 3.13
315 3.02 306 313 3.26 3.40 3.52 3.64

3 0 2891 3191 3164 - - 35.61 36.64
45 2891 30.88 3096 3089 3114 3336 34.65

90 2891 29.88 2945 30.62 3097 3149 3247

135 2891 2856 2760 2749 2804 2890 29.44

180 2891 2847 2764 2683 2748 2710 30.06

225 2891 29.88 2788 2643 2762 29.92 30.69

270 2891 2946 2903 2956 28.79 30.00 32.33

315 2891 30.03 3080 3150 3112 3417 3533

4 0 43.12 4748 46.87 - - 52.39  53.47
45 43.12 4587 4621 4581 46.03 4935 50.84

go 43.12 4466 4387 4564 46.06 47.03 48.00

135 4312 4284 4116 4108 41.77 4278 4334

180 4312 4246 4119 4005 4087 40.23 44.73

225 4312 4493 4210 3951 4141 4471 4573

270 4312 4415 4337 4412 43.08 4461 48.19

315 4312 4491 4581 4690 4590 50.27 52.24

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.5. Soybean canopy reflectance factors for 27 Augustt 1980. Sun Zenith Angle =
31 degrees, Sun azimuth angle 196 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 345 351 381 4.26 4.43 4.38 4.77

45 3.45 365 3.76 4.20 4.42 4.69 491
90 3.45 358 3.62 3.76 3.82 3.97 4.54
135 3.45 354 348 3.49 3.60 3.73 3.99
180 3.45 348 322 3.24 3.40 3.49 3.80
225 3.45 317 331 3.07 3.10 3.39 3.85
270 3.45 318 319 3.25 3.27 3.36 3.84
315 3.45 350 350 3.55 3.68 3.83 4.08

2 0 2.95 297 324 3.67 3.77 3.69 4.00
45 2.95 3.09 317 3.63 3.83 3.93 4.20
90 2.95 3.05 3.06 3.18 3.22 3.38 3.80
135 2.95 303 298 3.02 3.06 3.16 3.28
180 2.95 310 277 2.77 2.89 2.93 3.12
225 2.95 265 281 261 2.59 2.83 3.17
270 2.95 269 270 2.74 2.76 2.80 3.15
315 2.95 298 2.96 2.99 3.14 3.19 341

3 45 2856 3049 30.78 3209 3341 36.33 36.81
90 2856 2936 2981 3085 3237 3330 34.19
135 2856 2843 2781 2790 2906 2953 30.34
180 2856 2799 2705 2621 2713 2744 30.58
225 2856 2913 2791 2599 2711 29.02 30.68
270 2856 2852 2762 2854 2794 2892 32.03
315 2856 2936 3000 3015 29.79 3220 34.01

4 0 - 46.34 4597 4911 5323 5182 5219
45 4253 4520 4588 4707 49.06 53.88 53.88
90 4253 4400 4428 4595 4814 4938 50.16
135 4253 4270 4167 4176 4299 4364 44.70
180 4253 4148 4040 39.01 4045 4081 45.55
225 4253 4384 4165 3888 4054 4321 4547
270 4253 4287 4125 4273 4165 4312 47.65
315 4253 4348 4470 4487 4395 4766 50.26

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.6. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle=
33 degrees, Sun azimuth angle 206 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 348 364 386 4.18 4.38 4.54 5.18

45 3.48 387 385 4.42 4.67 4.81 5.02
90 3.48 3.78 374 3.95 3.88 4.06 4.55
135 3.48 366 3.56 3.60 3.63 3.74 3.97
180 3.48 352 337 3.39 3.42 3.43 3.88
225 3.48 332 329 3.05 3.14 3.39 3.80
270 3.48 335 324 3.35 3.29 341 3.92
315 3.48 348 354 3.59 3.68 3.96 4.21

2 0 2.97 3011 3.28 3.59 3.71 3.82 4.36
45 2.97 329 327 3.85 4.10 4.11 4.29
90 2.97 325 319 3.35 3.29 3.43 3.81
135 2.97 315 3.05 3.13 3.12 3.17 3.29
180 2.97 315 292 2.92 2.93 2.87 3.23
225 2.97 278 2.82 261 2.65 2.87 3.13
270 2.97 283 274 2.85 2.80 2.85 3.25
315 2.97 294 298 3.04 3.13 3.33 3.50

3 0 2888 31.89 3167 3345 3581 3562 36.79
45 2888 31.69 3173 3323 3459 37.08 37.40

90 2888 3056 3086 3193 3277 3379 34.86

135 28.88 2940 2842 2899 2937 2956 30.49

180 2888 28.63 2810 2730 2752 2722 30.67

225 2888 30.05 2805 2605 2758 29.18 30.92

270 2888 2932 2810 2914 2818 2926 32.33

315 2888 29.70 3030 3054 3011 3231 3390

4 0 4288 4737 46.72 4934 5292 5230 53.29
45 4288 46.83 4717 4869 5057 5427 5454

90 4288 4542 4575 4749 4849 50.06 51.05

135 4288 4375 4281 4317 4344 4369 44.82

180 4288 4253 4195 4053 40.69 4040 4554

225 4288 4500 4213 3892 4124 4357 45.88

270 4288 4395 4208 4358 4211 4359 48.05

315 4288 4416 4507 4542 4448 4754 50.19

* Vauesfor O degree view zenith angle are means of alnadir observations.
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Table C.7. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle =
36 degrees, Sun azimuth angle 217 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 342 358 373 4.06 4.18 4.42 4.84

45 3.42 3.68 3.82 4.36 - 5.27 5.32
90 3.42 361 3.72 3.97 411 4.19 4.83
135 3.42 363 343 3.69 3.76 3.93 4.07
180 3.42 339 329 3.39 3.52 3.56 3.99
225 3.42 331 327 3.13 3.18 3.54 3.98
270 3.42 324 318 3.23 3.29 342 3.88
315 3.42 345 345 3.48 3.61 3.87 4.07

2 0 291 300 316 3.44 3.52 3.70 4.04
45 291 313 325 3.79 - 4.53 4.54

90 291 306 318 3.37 3.49 3.52 4.19

135 291 309 293 3.17 3.20 3.32 341

180 291 295 283 2.90 3.01 3.00 331

225 291 276  2.79 2.66 2.69 2.96 3.28

270 291 271 269 2.74 2.76 2.84 3.20

315 291 294 291 2.96 3.05 3.22 3.38

3 0 2873 3131 3097 3266 3473 3510 35.85
45 28.73 30.89 31.00 3249 - 3890 38.80

90 2873 2990 3038 3225 34.07 3487 36.02

135 2873 2958 2837 2925 30.02 3049 3117

180 2873 2815 2729 2703 27.7/5 2789 31.09

225 2873 3012 2799 2630 2711 2940 3117

270 2873 2957 2758 2819 2767 29.05 31.88

315 2873 2927 2938 3019 2917 3176 3317

4 0 4264 4654 4595 4801 5106 5161 52.30
45 4264 4586 4591 4747 - 56.51 56.34
go 4264 4453 4497 4764 5019 5153 52.58
135 4264 4393 4227 4331 4436 4490 45.73
180 4264 4189 40.78 4012 4117 4127 46.02
225 4264 4502 4190 3929 4057 43.73 46.06
270 4264 4426 4131 4190 4112 4320 47.39
315 4264 43.65 4366 4493 43.04 4694 49.10

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.8. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle=
38 degrees, Sun azimuth angle 225 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 345 358 373 4.02 4.22 4.29 4.85

45 3.45 3.72 3.80 4.30 - 5.57 5.54
90 3.45 366 381 4.07 4.26 4.45 4.99
135 3.45 364 354 3.76 391 4.00 4.17
180 3.45 345 3.38 3.44 3.55 3.62 4.04
225 3.45 332 335 3.20 3.29 3.65 4.19
270 3.45 326 310 3.24 3.32 3.46 4.15
315 3.45 337 339 3.45 3.46 3.79 4.21

2 0 2.93 299 314 3.40 3.54 3.59 4.06
45 2.93 316 3.22 3.68 - 4.81 4.70
90 2.93 313 324 3.45 3.64 3.75 4.20
135 2.93 313 3.00 3.23 3.36 3.38 3.48
180 2.93 3.08 289 2.94 3.02 3.06 3.35
225 2.93 278 2.88 2.72 2.77 3.08 3.43
270 2.93 274 261 2.72 2.79 2.88 3.44
315 2.93 284 284 2.92 2.94 3.16 3.50

3 0 2897 3133 3120 3239 3492 3489 36.35
45 2897 3111 3167 3284 - 40.14 39.71

90 2897 3035 3124 325 3446 36.00 37.29

135 2897 2948 2897 2987 3052 30.88 3181

180 2897 2859 2783 2747 2791 2816 3146

225 2897 3053 2849 2680 28.07 30.00 32.30

270 2897 29.75 2758 2849 2806 2934 32.98

315 2897 29.04 2930 3010 2898 31.78 33.97

4 0 4310 4641 4620 4769 5129 5132 5296
45 43.10 46.02 47.02 47.86 - 58.05 57.51

go 4310 4512 4619 4815 50.77 5293 54.26

135 43.10 43.78 43.04 4413 4499 4537 46.52

180 43.10 4239 4148 4079 4131 4159 46.52

225 4310 4561 4270 3991 4177 4440 47.58

270 43.10 4459 4130 4245 4169 4359 48.78

315 43.10 4316 4357 4482 4285 4685 50.11

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.9. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle=
44 degrees, Sun azimuth angle 237 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 350~ 361 380 4.01 4.29 4.35 4.97

45 3.50 3.73 3.78 4.27 4.61 5.36 5.94
90 3.50 372 399 4.26 4.53 4.98 5.76
135 3.50 3.73 377 3.97 4.05 4.36 4.69
180 3.50 352 355 3.56 3.70 3.86 4.34
225 3.50 345 351 3.25 341 3.94 4.59
270 3.50 345 323 3.40 3.49 3.69 4.65
315 3.50 337 353 3.47 3.56 3.98 4.46

2 0 2.95 300 318 3.38 3.57 3.61 411
45 2.95 316 3.18 3.59 3.92 4.55 5.00
90 2.95 316 3.38 3.60 3.84 4.20 4.83
135 2.95 314 318 3.38 3.43 3.68 3.92
180 2.95 297 3.03 3.04 311 3.24 3.60
225 2.95 289 298 2.76 2.86 3.28 3.79
270 2.95 289 2.68 2.84 2.92 3.06 3.87
315 2.95 283 2.96 291 2.99 3.30 3.69

3 0 2949 3173 3175 3309 3548 3529 37.04
45 2949 3141 3208 33.73 3487 4045 4229

90 2949 30.60 3246 3399 3651 3930 41.78

135 2949 3059 3063 3140 3190 3324 34.77

180 2949 2925 2014 2843 2954 2966 32.97

225 2949 3125 2970 2737 2886 3138 34.30

270 2949 30.84 2870 2983 2884 3053 34.75

315 2949 2922 3029 3015 2946 3221 34.76

4 0 4353 46.85 4691 4861 5179 5163 53.63
45 4353 46.21 4731 4910 50.69 5840 60.74

90 4353 4518 4758 4973 5329 5716 60.10

135 4353 4511 4494 46.08 46.66 4849 50.32

180 4353 4319 4305 4193 4354 4342 48.36

225 4353 4632 4412 4053 4277 46.52 50.08

270 43.53 4584 4273 4424 4251 4509 50.89

315 4353 4330 44.78 4464 4335 4726 50.96

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.10. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle =
48 degrees, Sun azimuth angle 243 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 352 358 3.63 3.92 4.19 4.24 4.88

45 3.52 3.75 379 4.09 4.1t4 5.14 5.95
90 3.52 3.73 3.86 4.19 4.52 5.12 6.08
135 3.52 357 - 3.88 4.14 4.41 4.80
180 3.52 352 343 3.52 3.65 3.90 4.40
225 3.52 341 344 3.10 3.49 4.04 4.71
270 3.52 328 323 3.34 3.37 3.68 4.81
315 3.52 345 340 3.56 3.45 3.93 4.49

2 0 2.98 3.00 3.06 3.30 3.50 3.55 4.07
45 2.98 316 3.18 3.44 3.78 4.35 5.02

90 2.98 313 3283 351 3.82 4.32 5.13

135 2.98 302 - 3.28 3.50 3.71 4.03

180 2.98 295 290 2.98 3.08 3.27 3.67

225 2.98 286 2.95 2.57 2.92 3.46 3.90

270 2.98 278 2.70 2.80 2.82 3.07 4.05

315 2.98 292 285 3.04 2.88 3.29 3.76

3 0 2950 3112 3061 3247 3463 3420 36.33
45 2950 30.77 3179 3276 3498 38.81 4235

90 2950 3092 3210 3318 3624 4012 4342

135 2950 2921 - 3094 3214 3293 3547

180 2050 28.88 2849 2898 2913 29.95 3313

225 2950 30.87 2897 2684 2924 3116 34.66

270 2050 2918 2882 2897 2842 2992 34.94

315 2950 29.89 2990 2956 2923 3166 34.35

4 0 4356 46.14 4512 4762 5079 5020 52.72
45 4356 4521 4696 4782 5108 56.01 60.81

90 4356 4537 4721 4824 5294 5828 62.25

135 4356 43.00 - 4548 46.83 47.79 5131

180 4356 4240 4209 4241 42776 43.74 4849

225 4356 4588 4307 3972 4335 4596 50.65

270 4356 4354 4282 4303 4205 4418 51.17

315 4356 4423 4432 4368 4321 46.72 50.43

* Valuesfor O degree view zenith angle are means of all nadir observations.
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Table C.11. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle =
55 degrees, Sun azimuth angle 251 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 3.66* 383 385 4.08 4.50 4.54 5.26

45 3.66 395 3.88 4.28 44P 487 6.29
90 3.66 385 418 4.37 4.74 5.67 6.98
135 3.66 3.76 3.98 4.14 4.35 4.82 5.42
180 3.66 3.67 - 3.83 3.81 4.18 4.80
225 3.66 366 3.65 3.38 3.75 4.50 5.14
270 3.66 351 3.'17 3.60 3.82 4.28 5.50
315 3.66 360 3.63 3.73 3.76 4.35 5.12

2 0 3.08 322 325 3.40 3.78 3.82 4.42
45 3.08 334 3283 3.59 3.79 4.00 5.30

90 3.08 325 350 3.65 4.01 4.82 5.98

135 3.08 319 3.36 3.54 3.66 4.05 4.58

180 3.08 309 - 3.26 321 3.53 4.03

225 3.08 310 313 2.84 3.17 3.88 4.39

270 3.08 294  2.87 3.02 3.22 3.65 4.74

315 3.08 299 3.05 3.15 3.17 3.69 4.36

3 0 30.30 3267 3204 3332 3589 3582 3819
45 3030 3220 3258 3423 3568 3526 4431

90 30.30 31.38 3406 3454 3789 4292 4824

135 30.30 3045 3187 3272 3365 3535 38.63

180 3030 3029 - 3042 30.39 31.32 34.78

225 30.30 3162 3064 2771 3044 3162 36.21

270 3030 30.74 29.27 3039 29.7/5 3172 36.79

315 3030 30.68 3036 3034 3010 3292 36.02

4 0 4463 4827 4710 4862 5234 5219 5513
45 4463 4720 47.78 4984 5210 5029 63.39

go 4463 4625 4994 5039 5516 6207 68.70

135 4463 4471 46.71 48.02 4899 51.09 5549

180 4463 4441 @ - 4458 4444 4565 50.63

225 4463 46.71 4548 4092 4473 46.05 52.65

270 4463 4526 4299 4493 4369 4645 53.35

315 4463 4530 4469 4465 4427 48.03 52.39

Vauesfor 0 degree view zenith angle are means of al nadir observations.
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Table C.12. Soybean canopy reflectance factors for 27 August, 1980. Sun Zenith Angle =
61 degrees, Sun azimuth angle 258 degrees.

View View Zenith Angle, degrees
Azimuth
Band Angle 0 7 15 22 30 45 60
____________________ Of) —mmmmmm e e e mee o
1 0 3.86* 422 413 4.35 4.75 4.93 5.61

45 3.86 418 4.10 4.51 4.68 4.94 6.45
90 3.86 413 445 4.60 5.08 5.74 7.75
135 3.86 407 427 4.52 4.67 5.14 5.88
180 3.86 406 395 4.11 4.21 4.41 4.99
225 3.86 408 395 3.74 4.08 4.83 5.73
270 3.86 399 374 3.97 4.12 4.67 6.26
315 3.86 391 399 4.10 4.12 4.85 5.65

2 0 3.26 360 353 3.70 4.07 4.21 4.82
45 3.26 356 344 3.80 3.97 4.10 5.50

90 3.26 348 3.75 3.86 4.33 4.91 6.86

135 3.26 347 3.66 3.88 3.97 4.37 5.02

180 3.26 344  3.36 3.50 3.59 3.77 4.28

225 3.26 347 343 3.20 3.48 4.32 5.00

270 3.26 339 318 342 3.60 4.11 5.66

315 3.26 329 341 3.52 3.58 4.24 5.01

3 0 30.85 3417 3361 3449 3614 36.84 38.77
45 30.85 3297 3353 3531 37.03 3517 4497

90 30.85 3269 3552 3560 3951 4322 52.05

135 30.85 3161 3357 3456 3520 36.88 4091

180 30.85 3176 3103 3126 3200 31.84 35.07

225 30.85 3337 3141 2865 3099 3261 37.80

270 30.85 3241 2982 3158 2987 3166 38.20

315 30.85 3163 3121 3148 3066 3358 36.42

4 0 4525 5021 4939 5050 5287 5356 55.94
45 4525 4818 4914 5123 5403 5055 6454

90 4525 4786 51.73 5194 5748 6263 74.20

135 4525 46.20 4914 5046 5120 53.34 58.86

180 4525 4641 4552 4564 4685 4637 51.04

225 4525 4914 46.75 4209 4553 47.63 54.63

270 4525 4766 4388 4665 4387 4637 55.28

315 4525 4655 4576 4618 4484 4881 52.83

* Valuesfor O degree view zenith angle are means of all nadir observations.



