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INTERPRETIVE SUMMARY

Using a hand-held radiometer with bandpass characteristics
similar to those on present LANDSAT satellites, spectral reflectance
measurements of Produra wheat fields were made at 13 different times
of the day at Phoenix, Arizona. The main objective was to determine
the effect of changing sun angles on the reflectance properties of
canopies in various phenological stages and with different levels of
green leaf area index (GLAI). Results indicated that diurnal
changes in each of the four LANDSAT wavebands and several !ndices
derived from them are related to canopy architecture, percent cover
and vertical distribution of green leaves within the canopy. An
analysis using our data showed that substantial errors could be
introduced into the estimate of GLAI from spectral observations if
the diurnal patterns of reflectance caused by changing sun angles are

not properly accounted for.




I. INTRODUCTION

Recent developments in hand-held radiometry [l] have paved the
way for the rapid collection of broad waveband spectral data over
experimental agricultural plots. Such data are essential to develop
and understand the relationships between spectral and agronomic data,
such as leaf ares index (LAI), biomass and yleld. In turn, these
relationships should provide needed information to improve the
interpretation of satellite data and provide inputs toward the design
of future satellite instrumentation and orbital characteristics.
Cround-based and aircraft-collected spectral data are not limited to a
specific time-of-day acquisition, as are present LANDSAT satellite
data. Instead, they are controlled by other constraints, such as
those imposed by weather, personnel and equipment availability.
Although most researchers limit data collection to several hours
before and after solar noon, the time involved for a sequence of
mezsurements over widely spaced fields is often substantial. The
bidirectional reflectance properties of plant canopies are complex
[2] and not well understood. As a result, spectral data are usually
not adjusted for diurnal or seasonal changes in sun angle; a factor
which can lead to serious errors or misinterpretation of results.

In an earlier paper [3], we presented spectral data fo: wheat
plots that were hand planted to a high density within rows and
approaching a hedgerow type configuation. At the time of our obser-
vations all plants were in the sume phenological stage. We discussed
the complex interactions of sun angles with row orientation, geometry

and light reflectance, and concluded that changing sun angles due
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to time-of-day were sufficient to obscure apparent spectral differences
which might have been attributed to varietal characteristics. DBecause
those results appeared to contradict earlier findings of Lemme and
Westin [4], we decided that the effect of changing sun angles warraated
more extansive investigation under field conditions. As a consequence,
the following report descrides a ssries of hand~held spectral measure-
ments wade at 13 times during a single day over differentlally water-
stressed wheat plots in three different growth stages. Our specific
objectives were three-fold: First, to document the diurnal pattern of
several widely used vegetation indices derived from several visible
and infrared wavebands; second, to determine whether an optimum time-
of-day exists for extractinz agronomic information from these spectral
data; and third, to assess the relative magnitudes of errors in scene
interpretation which may arise vhen canopy geomatry and changing sun
angle configuration, due to time of day, seasonal or latitudinal
effects, are not properly saccounted for.

II. EXPERIMENTAL APPROACH

Agronomic Methods

In 1978 we initiated a “"serial cereal” experiment at Phoenix,
Arigzona (112 W longitude, 33 N latitude). Three plots of wheat

(Triticum durum Desf. var. Produra) were planted sequentially, the

first on 1 November 1978, the second on 15 December 1978 and the third
on 13 February 1979. Seeds ware machine-planted in N-S oriented rows

that were 18 ca apart. Each planting was divided into four 12 x 13 m
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plots for differential irrigation purposes. Although winter rains
prevented the early initiation of differential stress on the first two
plantings, by 14 April 1979, the day diurnal gpectral measurements
ware nmade, significant water stress vas evident in at least one plot
within each planting date.

The agronomic data were estimated from 5 to 6 twice-weekly
sanples centered around the 14 April weasurement period. Each sample
consisted of 6 randoaly chosen plants. Green leaf area index (GLAI)
was determined using an optically integrating leaf area neter. It is
defined here as a dimensionless ratio of the green leaf ares (.2) to
the surface area of the soil supporting it (uz). Fraction brown was
the ratio of brown LAI to green lLAI. Final yield and plant deneity
were determined for the spectral target areas in each plot at the iime
of narvest, 1 to 2 months later. Percent green cover was estimated by
a dot grid analysis of vertical photographs of the target areas.
Spectral Measurements

Observations were made using an Exotech Model 100 A "LANDSAT
Groundtruth Radiometer” with 15° field-of-view lenses. The spectral
bandpasses for this radiometer are similar to those of LANDSAT
satellites, f.e., MSS4 (0.5 to 0.6 m), MES5 (0.6 to 0.7 im), MSS6

(0.7 to 0.8 m), and MSS7 (0.8 to 1.1 m).l/ The radiometer was

1/ LANDSAT spectral data are expected to follow trends similar to
Exotech radiometer data, however, absolute values will undoubtedly be
different duc to caiibration differences and atmospheric attenuation.
It should be pointed out that radiance data from thc LANDSAT MSS7 is
quantitized into 63 different levels instead of the 127 levels used in
the other three bands. Thus calculations involviang digital data from
LANDSAT must be scaled appropriately before any direct comparisons
between the two data sets can be made.
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nadir oriented and hand-held about 2 m above the soil surface. It was
used in conjunction with a microprocessor-based portable data acquisition
system that allows simultaneous recording of messurements from each band
and subsequent direct output to a computer [5]. Data collection began by
recording four readings from a BaSO; reflectance plate, six readings from
designated target zones within each of three wheat subplots, four
readings of the plate, six readings each from three wheat subplots, etc.,
until all twelve subplots were measured. This sequence, requiring about
six minutes to complete, was carried out at thirteen times during the
day, beginning at 0753 h and ending at 1758 h MST.

II1I. RESULTS

Weather and Sun Angles

Meteorological conditions on 14 April were characterized by clear
skies and relatively 'ow levels of haze throughout the day. Wind con-
ditions remained calm except during the 1538 h and 1634 h measurement
period, when light winds were sufficient to cause the leaves to move
slightly. Sun altitude changed markedly during the measurements from
22.5° at 0753 h to a maximum of 65.6° at solar noon, and then dropped
to 7.2° at 1758 h MST. Sun azimuth varied from 94° to 276° (Fig. 1l).

Agronomic Information

Table 1 presents agronomic data for the experimentsl wheat plots
on the day measurements were made. The plots which have the "l1"

designation, i.e., lA, 1B, 1C, and 1D, were phenologically most

'
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sdvanced with kernel development in the milky ripe stage [6]. The
steen leaf ares had passed its peak and was declining. Plot 1B
oon&ocenced most rapidly and most of its canopy was brown because of
insufficient water. Although the lower canopy elements in plots 1A
and 1D were also brown, the upper canopy, flag leaves, heads and awns
remained green and effectively obscured the soil and brown leaves from
an overhead nadir view. A slight amount of lodging was present in 1A
and 1D, A maximum yield of 6010 kg/ha was recorded in 1lA.

The "2" plots were planted six weeks iater. Plant density was
slightly less than in the "1" plots due to different environmental
conditions during germination and emergence. By mid-April, these
plots had headed and were just past the flowering stage with kernels
partially formed. With the exception of 2A, which had some dying of
leaves due to limited amount of water, these plots were mostly green,
the leaves were oriented vertically and percent green cover was 80-90
percent. Yields from these plots ranged from 2290 to 5680 kg/ha.

Plants in the "3" plots were in stage 7 (second node formed and
the next to the last leaf just visible). A few brown leaves were
present in these canopies, but inasmuch as green cover ranged from
51 to 73 percent, substantial amounts of soil were viewed by the nadir-
looking radiometer. Plots 3C and 3D had yields less than 1000 kg/ha.
This was caused primarily by drought stress imposed after the diurnal
sequence of radiometric measurements in mid-April. Plot 3B was irri-
gated one day prior to measurements, and thus the surface soils

were wet throughout the study.



Diurnal Changes in Crop Spectral Reflectances

a) Ratio and ND Indices: A number of indices derived from

radiometric measurements have been proposed to characterisze various agro-
nomic parameters such as plant cover, leaf area index, biomass, and yield
[7]). Usually incorporating data from several wavebands, these indices
exploit the fact that as the density of the photosythetically active
biomass iacreases, there is a concomitant increase in near-infrared
reflectance and a decrease in visible reflectance. For illustration, we
have chosen two such indices chat utilize band ratioing techniques which
make them relatively independent of illumination intensity and eliminate
the irradiance measurements required for the calculation of reflectances.
The ratioing of waveband radiances instead of reflectances also circum=-
vents errors in irradiance estimates which are introduced by the
non-Lambertian response of BaS0; reference panels at low sun angles [8].

Figure 2 shows the ratio of radiances ir MSS7 to MSS5 and the

Normalized Difference p‘rnnetat..l/ ND = (MSS7 - MSS5)/(MSS7 + MSSS), as a

function of time of day for five of our experimental fields which repre-
sent a range of canopy conditions. The standard error bars show that
these indices change significantly during the day for each vegetated
field. They are roughly symmetrical about solar noon and attaia their
lowest values at that time. We observed the greatest diurnal changes
when the green LAI was low and substantial mounts of sunlit soil

(fields 2A and 3C) or brown leaves (field is; sere viewed by the

2/ ND was originally referred to as the Vegetation Index or VI [9].

B

i
|
!i
3
i
i
i



TR gy -

radioaeter. Note that field 2A has three times the green LAI of 1B and
although their spectral data are statistically separable at low sun
angles, they are almost identical from 1000 to 1500 h. We found the
opposite to be true fur fields 1D and 3C. They are statistically
indistinguishable before 0800 h or after 1700 h, yet at midday they
remain well separated. Such examples underscore the complexities of
relating single scene multispectral data to agrononos‘c variables
without preliminary knowledge of sun angles and canopy coufiguration.

b) Visible and Near-IR Light: The diurnal patterns illustrated
in Fig. 2 can bast be exp.uined by examining the interactican of inci-
dent light in the viaidla (MSS5) and near-IR (MSS7) wavebands with
canopy architecture and the changing proportions of soil and green or
brown canopy elements. First, consider the behavior of visible light
vhen it strikes a canopy (Fig. 3A). We found that its rcflcctancog/ vas
relatively uniform throughout the day for canopies with LAI > 3. The
sane vas true in field 38 (not shown in Fig. 2A) where soils were wet
from a tecent irrigation. On the other hand, the vertical reflectance ox
visible light from more sparse canopies was very dependent upon the
direction of insolation a'd varied by a factor of 2 with a pronounced
maximum at solar noon. At low sun altitudes, with the sun azimuth at
right angles to row orientation, only the upper canopy elements were
{lluminated by direct beam insolation. In most of our fields these ele-

ments vere predominately green plant tissue (heads, awns, and/or upper

3/ The Lambertian response of the BaS0,; reference panel was unknown and
thus not corrected for. Data presented by Kimes and Kirchner (8] {ndi-
cate that this will result in an overestimation of target veflectance
factors at low sun altitudes.

i
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canopy leaves). Consequently, early and late in the day all fields
should and did look similar from a reflectanca standpoint in visibdle
wavelengths. However, as the sun's altitude increases, and the azimuth
angle became more parallel with the rows, progressively more and more
sunlight penetrated deeper into the canopy, striking both soll and brown
leaf targets which have a much higher reilectance for visible light than
do green plant leaves. As a result, scene reflectance was higher at noon
in plot 1B because of the illuminatiorn of brown canopy elements bensath
the partly green flag leaves. The veflectance was higher in 2A and 3C
because varying smouvts of soil and brown leaves were being illuminated.
In the denss canopies, the proportion of illuminated green plant tissue
remained essentially constant throughout the day, with the consequence
that reflectance remained rather uniform despite changing solar angles.
We found reflectance of near-IR light (MS87) to behave quite
differently, reaching a ainimum during midday. The near-IR reflectance
from the senescent vegetation in fiel.i 1B was distinctly lower, but
differences between the other canopies were not as clear-cut as were
those we observed in the visible wavebands. There are several explana-
tions for less diurnal change in the near-IR. The first, and most
obvious, i{s that there is less difference in reflectance between bare,
dry sunlit soil and green canopy in MSS7 (32 percent vs 37 percent,
respectively, at solar noon) than in MSSS (25 percent vs 2 percent).
Thus even though more soil was {llumin.ted at high sun angles, the net
effect on reflectance in MSS7 was not as great. A second explanation
involves the trunsaittance properties of green leaves. Although they

are relativzly opaque to visible light, they are considerably less so




in the longer wavelengths, with neer-IR light being transamitted through
as many as eight lsaf layers befovre complets attenuation (and hence maxi-
sum reflectance) occurs. Thus, at low sun angles, incident light in MSS7
is intercapted by the ssme number of leaves in low as well as high GLAI
situations; and since reflectance is always near maxiamus, tha near-IR
does not perait discrimination between the two canopy conditions.
However, during midday, maximum near-IR reflectance occurs in fields
wherein the intercepted density of leaves in the path of incoming light
approaches eight layers, a situation which occurs only under very high
green biomass conditions.

c) Other Vegetation Indices: Other types of spectral vegata-

tion indices, such as the Graen Vegetativn Index (GVI), Soil

Brightness Index (SBl), and Perpendicular Vegetation Index (PVI) are
linear combinacions of two or more wavebands. In order to make these
indices more comparable between days, seasons, or latitudes, the
radiometric dats sust be expressed as reflectancas or converted by

sone other normalization procedure so that their absolute values are
not proportional to the levels of {llumination. If irraciances are

not measured directly, as is often the case with satellite and

aircraft measuremeants, they must be astimated by invoking s regular
sesson/tize/latitude dependent cosine response function, or by
mseasuring the spactral respouse of s known relatively unchanging target
snd then normalising #11 unknown targets to that observation. It is
iaportant to recognize that these "sun angle corrections” will not remove

the diurnal changes we report here, since they do not correct for the

M,
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non-Lanbartian refle~tance of light from a canopy. Indeed, vhen we con-
verted target radiances tc reflectances and calculated GVI and SBI using
published smpirical coeffic.ients and PVI using a soil background line
derived for our soil, we found these t! ee indices alsn changed signifi-
cantly with time~of-day.

Correlations With GLAI

Numercus studies have documented correlations between rpectral indi-
ces and various agronomsic characteristics, particular'y those related to
the canopy's photosynthetically active biomass. Little attenticn has
been given to the influence that sun angles have on these relationstips.
Our data provggod a means to test vhether certain times were better than
others for monitoring caropy conditions. Using simple linear
regressions, we tessted whather spectral radisnces could be used to pre-
dict green leaf area index of sll 12 wheat plots at thirteen different
times of the day. An examination of the residuals associated with each
regression indicated that liuear mo/als provided an acceptable
characterization of the relation.

a) Individual Wavebands: The coefficients of deteraination,

which indicate the samount of variation in GLAI accounted for by a
particular waveband are showr as a functizn of time of day in Fig. 4A.
We found that radiances in both MSS4 and MSS3 sccounted for more than
60 percent of the total varisdility in 7LAI regardless of time of day
(Fig. 4A). Furthermore, cur dats show that MS556 has relatively little
information about the photosynthetically active biomass in s canopy,
since its coefficient of determination remained lower than 0.2C for all

but one time period. Although the 0933 h radiances 15 the second near-~IR

T —



11
waveband explained more of the variability in GLAI than the visible
radiances, .ts overall performance was lower. It was particularly
degraded before that time and after 1400 h, implying that radiance in
this waveband cannot discriminate different GLAI at low sun angles.

b) Vegetation Indices: Transforming the spectral data into com-—

monly used vegetation indices improved their ability to predict GLAL
(Fig. 4B). Both the ratio of MSS7/MSS5 and ND consistently accounted
for more variability in GLAI than did any of the wavebands taken
gseparately. In addition, there does not appear to be any one time—of-
day which is best for inferring GLAI. The ratio and ND also remained
superior to PVI calculated from either radiances or reflectances. In
fact, prior to 0930 or after 1400, PVI did not appear to be very
responsive to GLAI at all. We suspect that this was due to the rela-
tive importance of MSS7 in determining the value of PVI and the fact
that there i{s a serious reduction in green canopy information content
of that band at low sun argles.

c) Temporal Changes in Correlations: Although a relatively good

correlation exists between the MSS7/MSSS5 ratio and ND, and GLAI
throughout the day, the nature of the relation changes significantly with
time. To 1llustrate this point, we show these indices vs GLAI for the
solar noon and 1800 h observations in Fig. 5. These two sets of data
bound the extremes in sun altitude and azimuth which we observed during
our study. Data collected at other time periods were intermediate in
nature. Our data set is unique in that ’t encompasses plants in dif-
ferent stages of growth and senescence conditions as well as different

levols of pla-t water status, yet the standard error of the estimate of

et
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GLAI remained at approximately 0.5 units regardless of the time of day.
This is an acceptable error level since the field measurement of GLAI
itself, using an optical planimeter, has approximately the same degree of
precision associated with it. The slope of the ratio vs GLAI remained
constant throughout the day vhile the intercept approsched a maximum at
solar noon. As . consequence, a predictive equation based on empirical
data collected for one set of sun anglec will not be able to predict GLAI
well unless the spectral datas are taken under similar sun angle con-
ditions and unless row configuration remains approximately the same.

Both the slope and intercept of ND vs GLAI changed with time but the
relationships appeared to pivot about the higher LAI values. This
implies that under relatively high LAI conditions the value of ND will be
similar regardless of time of day.

Potential Errors in GLAI Prediction

The final step in our analysis concerned the determination of how
much error could be introduced in the estimation of GLAI from use of
these spectral indices if an empirical relationship were derived froa
measurements at solar noon and then applied to spectral data collected at
other times. To perform this error analysis, we first calculated an
expected spectral vegetation index for GLAI = 1 thru 4 using the spectific
relationship between GLAI and the observed ratio 7/5 and ND at each time.
Then we used that expected jndex value to calculate GLAI using the solar
noon relationship. Figure 6 shows the percent error from the true GLAI
which occurred when we used spectral data collected at different times of
the day. Note that substantial errors are introduced for time periods

extending several hours on either gide of solar noon, a time period
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generally considered “safe” for data collection. BErrors introduced at
the time of LANDSAT overpass are also significant. Our results show that
1t the ratio 7/3 data collected at solar moon are used to generate a
model for the prediction of GLAL from LANDSAT data (atmospheric atten-
uation prodlems aside), it will overpredict GLAI by 23 percent to 33
percent (Fig. 6A). Barlier in the day the problem decomes even more
acute. For example, {f the 0900 ratio data were used, we would predict a
GLAI of almost six for a field where it actually was 4.

In general, the perceat errors are greater for lovw GLAI situations
and become wore tolerable as GLAL approaches higher values. This was
particularly evident when we pecformed the same type of analysis with
ND and found that errors remained less than 10 percent for a GLAI > 4
rvegardleas of the time of day. This was evident {n Fig. 2B and S8
where values of the normalized difference i{n plots 1D and 2D remained
fairly constant at 0.9 throughout the day. The exact reason for the
difterence in information content of the ratio of MSS7 to NSS3 and the
Normalized Difference is unclear at this point.

IV. CONCLUSIONS AND RECOMMENDATIONS

Although our conclusions may be specific to the dright soil and
north-south row orfentation used in thias experiment, we have shown that
the diurnal changes i{n sun altitude and azimuth anglea affect visidle and
near=-IR reflectance measurements of a wheat canopy in a complex manner.
Thia {a due to the interaction of the specular coaponent of frradiance
with crop geometry, sotl, and both green and drown plant tissuea. At
solar noon, more direct beam sunlight penetrates to the ground {n a wvheat

canopy with N-$ oriented rows than at other times of the day, causing
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maximum reflectance in visible wavebands and minimum near-IR reflectance.
As a consequence, several vegetation indices calculated from radiances in
these wvavebands attained minimum values at that time. Earlier and later
in the day values of these indices were significantly higher which could
lead to a serious misinterpretation of canopy conditions if illumination
angles and crop geometry are not properly accounted for.

Our findings suggest that the remote detection of low green biomass
levels will be enhanced if spectral measurements are made under low sun
angle conditions. Also, the ability to differentiate between very high
green biomass situations will be facilitated by a high sun altitude and a
sun azimuth parallel with row orientation. Finally, seasonal and latitu-
dinal ranges of sun position might impose limitations on the use of re-
motely sensed spectral data for assessmeant of dense vegetation counditions
in some locatioms.

Researchers must employ caution when extrapolating empirical
relations derived under specific sun angle and row orientation conditions
to other latitudes, seasons and times-of-day. Poor correlations between
instantaneously acquired satellite spectra and "ground truth” collected
over a span of several hours may be a result of rapid diurnal changes we
observed in spectral reflectances. Likewise, we believe that some
apparent differences or similarities between crops could conceivably
result from a systematic bia= in spectral data caused by a regular
measurement sequence in which one target was consistently viewed under a
different set of sun angles.

Much information is contained in the diurnal course of canopy

spectral reflectance and it should be more thoroughly investigated
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to exploit its potential. The remote sensing community has extracted
a great deal of information from our present sunsynchronous LANDSATs.
However, we may find that seasonal and latitudinal variation in the
sun's relative position could place an upper limit on the amount of
useful agricultural information which can be extracted from those
vehicles. It is likely that the agricultural community would derive
more benefit from geostationary satellite platforms capable of

monitoring MSS or Thematic Mapper wavebands on a more continuous basis.

The irradiance levels and target radlance data for each time period
are available in tabular form as an appendix in the AgRISTAR'S version of

this report.
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Sun altitude (degrees above the horizon) and aziauth (degrees

clockwise froz north) angles for Phoenix, Arizona, on 14 April 1979.

Diurnal changes in two vegetation indices derived from spectral
radiances in MSS5 and MSS7 for five selected Produra wheat fields
on 14 April 1979 at Phoenix, Arizons. Vertical bars define +1
standard error. Green LAI is shown in parenthesis.

2a. Radiance ratio of MSS 7 to MSSS.

2b. Radiance normalized difference parameter.

Reflectance in MSS5 and MSS7 for selected Produra wheat fields as
a function of time of day. Vertical bars on figure 3A represent
+1 SE. They have been omitted on 3B to reduce clutter.
Coefficients of determination calculated for the relationship
between green LAI of 12 experimental fields and the radiances
measured in each waveband (4a), and four indices calculated from
them (4b).

The relationships between green LAI and two vegetation indices
calculated from spectral data in MSSS and MSS7 for two times of
the day when sun angles were at extremes.

Percent error in green LAI when the relation between spectral
indices and GLAI at solar noon was used with spectral indices

observed at other times of the day.
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APPENDIX

The following section documents the radiance (Wm-z) NN
measured in each experimental field. The abbrevia-

tion "CL" refers to 95% confidence limits (1.96 *
standard error of 6 observations). The measurement
sequence was different than the order presented in
the tables: it was STANDARD, 1A, 2A, 3A, STANDARD,
1B, 2B, 3B, STANDARD, 1C, 2C, 3C, STANDARD, 1D,

2D, 3D, STANDARD. The 4 lines of irradiance data
shown in the tables were calculated from the mean
radiance measured over the 0.6 x 0.6 m painted BaSO4
reflectance standard at the beginning and end of each
set of 3 consecutive plots. Thus the first line of
irradiance values can.be used to calculate reflec-~

tances in the "A" plot; the second for the "B" plots

and so forth.




FERIAL. CERE AL
WMPECTR&aL. RADISNOESR — FPRODIOURS WHEAST
PRODURA WHEAT

NIURNAL RUN DAY 79104 ORIGINAL PAGE 1S
OF POOR QUALITY

TIME 753 14 APR 79
% RAND4 RANDS RANDS BAND7
PLOT (0. 5=0. 6) (0. 6=0. 7) 0. 7=0. 8) (0. 8-1. 1)
RAD Ol RAD  CL. RAD  CL. RAD  Cl.
1A 1.32 0.17 1.51 0.13 10.60 0.85 21.97 2 63
1B 1.63 0.13 227 0.16 915 0.45 18428 0. 92
16 1.37 0. 24 1.58 0.41 9.29 2.28 17.94 4, &1
1D 1.41 025 1.47 0.12 1222 3. 13 2489 S. 70
24 1.%4 0.13 1.76 0.21 10.49 0.82 20 66 2 11
a8 . 1.12 0.27 1. 15 0.33 10.14 1. 66 2070 3 O1
2¢ 1.04 0.12 1.09 0.14 10.68 0 64 22.63 1.%1
2D 1.02 0.15 0.97 018 10.57 1.43 21.93 3. 25
3A 215 0.3 248 0.52 1249 2.58 23.81 4 82
3B 1.60 0.29 1.50 0.30 11.84 1.98 22 69 3.5
ac 1.%4 0.08 1.48 0.10 1214 0.78 22.88 1.69
an 1.8 0.24 1.97 0.37 1279 1. 40 24 18 2 88
TIME TRRANIANCE FROM
BARTUM SULFATE STANDARD
750 40. 68 49. 91 40. 82 53. 88
a1. 37 50. 68 41, S6 54, 64
a1 84 S1. 04 41. 70 55 09
42, 75 52 12 42 59 S6. 21
757
RADIANCES IN WATTS / M~2
OPERATORS —#= PP
INCOMING SOLAR RADIATION - 326 96 WATTS / M 2
SUN ALTITUDE ANGLE - 22.5 DEGREES
SUN AZIMUTH ANGLE - 93 9 DEGRFES
© 10F NIURNAL. RUN - NO RECORDER PROBIEMS
EXCELLENT SKY CONDITIONS - VERY GOOD VISIBILITY
OVERALL DATA QUALITY =##- EXCELLENT
ACTUAL NATA FILE - SCS0279104
SUN = DIRECT BFAM UNORSCLRED
HAZE - NONE
CLOUNS = NONE
CLOUN GOVER (TENTHS) - O
WINDSPFED - 3I.1GHMT RREEZF -###=  DIRECTION - 90

PREC JATION - O -3 - DEW = NONF
IRRIGKE TON - ZR :

.

DATE OF THIS PRINTOUT 16 JUN 1982 - PJP

US WATER CONSERVATION LAR, USDA, ARS, PHX AZ

Oy e,



SCRE LU
'
4
L]
§

SERTAL TERESL.
SPECTEREAL. RADIANCES — FPRODNDURS WHEAST

T

FRONURA WHEAT -
ORIGINAL PAGE 1S

; : DIURNAL. RUN DAY 79104 OF POOR QUALITY
- TIME 847 14 APR 79
s -
BAND4 RANDS RANDI6 RAND7
PLOT (0. 5=0. &) (0, 6=0. 7) (0. 7-0. 8) (0. 8-1. 1)
RAD  CL RAD  CL RAD  CL. RAD  Cl.
1A 208 0.31 241 0.24 17.25 2 10 36 07 3. 82
1R 2 47 0.846 377 0. 47 14.31 1,62 28.83 1.89
1C 208 036 245 0 45 1395 3 10 28 21 & 03 |
1D 1.83 0.23 204 0.14 16.97 3.05 35 47 & 14 g
24 276 0.23 353 0.44 16.38 087 31.73 2 38 ;
2R 212 0.27 216 0.28 1617 1.85 32 9% 3. 32 o
2C 161 O 18 1.63 0.20 16.77 1.55 3589 3 19 g
2D 1. 60 0. 31 .55 0.31 17.80 1.48 37.21 3. 21 o
3A 382 0.60 508 1.16 17.% 222 3203 4 23
3B 278 0.%1 2.96 0.96 18.08 1.48 234 60 2 &7
ac 270 0.19 2.82 0.24 18.82 0.99 34 36 2 36
an 39% 040 380 0.63 18.83 1.57 3555 3 11
TIME IRRADIANCE FROM
BARIUM SULFATE STANDARD
844 56, 5O 80. 40 64. 39 84. 92
66, 58 80. 46 63. 97 84. 24
66. 71 80. S0 63. 75 83. 61
67. 31 81. 2% 64. 30 84. 37
851
RANIANCES IN WATTS / M~2
OPERATORS —#= PUP
INCOMING SOLLAR RADIATION - %37. 073 WATTS / M~2
SUN ALTITUNE ANGLE - 33 7 TDEGREES
SUN AZIMUTH ANGLE - 102 2 DEGREFS
2 OF NIURNAL RUN ©
S0 FAR SO GOOD i
OVERALL NATA QUALITY —w#- EXCELLENT
ACTUAL NATA FILE - SCS0379104
SUN - DIRECT REAM UNORSCUREN
HAZFE = NONE
CLOUDS - NONE
CLOUN COVER (TENTHS) - O
WINDSPEER - SI.I1GHT BREEZF -#%%=  DIRECTION - 90

FPRECIPITATION = O -4l DEW = NONF
IRRIGATION - 3R

NATE. OF THIS PRINTOUT 16 JUN 1982 = PJP

- L L L e AR o A A A AN EE A i D S AL A A TR 2 A BN A v . AL s AW



SER IAL

TCEREAIL.

|REPFEDTRaL. RADIANCES

PRODLIRA WHEAT

e -

ORIGINAL PAGE IS
OF POOR QUALITY

PRODLULIRES WHEAST

DIURNAL. RUN DAY 79104
TIME 933 14 APR 79
' RANDA BANDS RANDA RAND7
PLOT (0. 5=0. 6) (0. 6=0. 7) (0. 7-0. 8) (0. 8=1. 1)
RAD  CL. RAD Ol RAD  CL. RAD  CL
14 282 0.31 298 018 22 47 2. 11 46 %0 3. 66
1B 265 029 535 035 17.42 1.41 34 64 2. 96
1C 289 0.52 349 0.%3 17.57 2.87 34 65 5. 47
1D 2%2 0.42 275 0.35 2278 4. 67 47.17 9.53
24 3.93 040 544 0.73 20.21 1.55 39.%9 3.29
2B 280 027 290 0.30 21.14 255 43.26 4.53
2¢ 217 0.13° 215 013 21.1% 0.89 44 89 2 27
20 219 027 209 032 2271 1.73 47.36 4. 31
24 46 0.8  7.30 1.7z 22.61 1.95 41.12 4. 53
2B 217 0.43 3.31 0. 44 20.00 1.82 37.94 3.1%
ac 376 0365 417 0. 41 22 66 1.25 42,67 2. 4%
3D 4% 048 583 086 22.22 1.01 41.13 2 16
TIME IRRADIANCE FROM
EARIUM SULFATE STANDARD
929 86. 12 103. 22 81. 49 107. 58
85, 69 103, 24 80, 95 107. 04
86, 23 103. 81 31, 51 107. 69
87. 30 104, 94 82, 83 109, 37
937
RADIANCES IN WATTS / M~2
OPERATORS =#= PJP
INCOMING SOLAR RADIATION = 470, 705 WATTS / M~2
SUN ALTITUDE ANGLE - 42.9 DEGREFS
SUN AZIMUTH ANGLE - 110.7 DEGREES
3 0F DIURNAL RUN
$n FAR SO GOOL
OVERALL DATA QUALITY —##- EXCELLENT
ACTUAL DATA FILE - SCS0479104
SUN -~ DIRECT REAM UNOBSCURED
HAZE - NONE
SLOUNS ~ NONE
CLOUD COVER (TENTHS) - O
WINDEPFED - I.1GHT RREEIF -###=  DIRECTION = 90
PRECIPITATION = 0 ~#4%=  DEW = NONE
JRRIGATION - 3R ,
DATE OF THIS PRINTOUT 36 JUN 1982 = PJP

US WATFR CONSERVATION AR

+ LUSTHA, ARS,

PHX AZ




v SE.R<I. A"‘

CERE

SPEOTRAL. RADTANCES

PRODURA WHEAT

DIURNAL. RUN DAY 79104

? ' TIME 1018

(=10

R e e s,
R B 1

- FPRODURA WHEAST

ORIGINAL PAGE 18
OF POOR QUALITY

14 APR 779
RAND4 RANDTS BANDé&
PL.OT (0. 5=0. 6) (0. &=0. 7) (0. 7-0. 8)
RAD CL. RAD CL. RAD  Cl.
1A 3.34 021 3.45 0.20 26.41 1.79
1R 4 % 0.50 6.82 0.68 20.327 1.84
1C 359 0.42 4. 36 0. 52 19.86 2 92
1D 2.72 0.21 2.96 0.28 24 27 3. 68
2A 5.20 0.50 7.48 0.95 24,01 1.20
2B 3.53 0.60 383 0.70 24.30 3 0OR
2C 2.82 0.15 2.96 0.14 23.99 2 44
2n 2.81 0 37 2.71 0.46 2659 2 28
3R 7.2 1.42 10.31 2. 81 246,31 0.94
3B 3.99 0.46 4 33 0.78 22.82 1 62
3C 5.35 0.80 6. 840 0.65 26 62 1.27
3D 612 0.63 8.12 1.26 2608 0.96
TIME IRRADIANCE. FROM
BARIUM SUL.FATE STANDARD
1015 104. 62 128. &9 101. 72
105, 12 126. 29 1022, 30
104, 97 126. 22 98. 76
103. 284 127. 25 99. 44
1022

RADIANCES IN WATTS / M~2

DPERATORS =#- PJP

INCOMING SOLAR RANIATION -

SLIN AL TITUDE ANGLF
SLIN AZIMUTH ANGLE -

4 OF NIURNAL. RUN
SO FAR €J GOOD

%1. 3 DEGREES

121. 4 DFGREFES

OVERALL DATA QUALITY =##- EXCELLENT

ACTUAL DNATA FILE - SC503579104

SLIN = DIRECT RFAM UNOBSCURED

HAZE = NONF

CLOUNS = NONF

CLOUD COVER (TENTHS) -
WINDSPFEN = SILIGHT BREF
PRECIPITATION - O
IRRYGATION - 3R

US WATFR CONSFRVATION LAR,

0
ZF.

it 4 2 L

it b 4 i DEW -

796. 327 WATTS / M"2

NIRECTION = <90

NONE

DATE OF THIS PRINTOUY

UsSDA, ARS,

PHX AZ

16 JUN

BAND7?7
(0. 8=-1. 1)
RAD CcL

54, 69 2. 92
39.74 2. 71
38,79 4. .80
S1.26 7.72
446. 40 2 80
49.%57 S.78
51,05 3. 43
595.13 8.02
47.54 3 34
43. 49 3 36
49. 80 2 53
47.89 1.80
129. 92
130. 66
133. 43
134. 67
1982 = PJUP
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ERE AL

g ot

SPECTRAL RANDIANCES — PRODURAS WHEAT

PRODIJRA WHEAT

JS WATER CONSERVATION LA

R,

USnA, ARS,

PHX AZ

ORIGINAL PAGE IS

NIURNAL. RUN DAY 79104
. OF POGR QUALITY
TIME 1104 14 APR 79
RANDA RANDS RAND6 BAND7
PLOT (0. 5=0. &) (0. =0, 7) (0. 7=0. 8) (0. 8=1. 1)
RAD cl. RAD. Cli. RAD cL. RAD CL.
1A 2.7% 0.24 421 0.1% 28.75 2.28 60.29 4 15
1B s34 071 8.47 1.24 22.29 1.77 44 78 3 81
ic 4,54 0.76 .83 0.6 2295 3.69 44 .61 & 87
1D 318 0 18 343 0.34 2550 4.37 %650 4. 20
20 6. %5 0.71 $.84 1.32 26.98 0.92 S0.97 1.87
2B 4.28 O 48 4.99 0.%3 26 41 2 13  Sa 42 4 41
2¢ 3.48 0. 38 3.97 0.% 2835 1.53 %59.26 3.23
2D 3.21 0 36 2.29 0.42 29.51 1.84 61.90 3.77
3A .27 1.69 11.3% 2.% 28.%2 1.3% S0.94 2 20
3R 4. %7 0.5 S 11 0.80 24.86 1,36 47.05 2. 41
ac & 27 0. 53 7.74 0.92 28.91 1.08 53 bo 2. 12
3D 7.96 0.73 10.39 1.%8 29.78 0.76 S3.47 1. 47
TIME IRRADIANCE FROM
RARTUM SULFATE STANDAFD
1101 119. 14 142. 94 111. 81 147. 00
119. 05 142, 83 111. 71 147. 16
119. 45 143, 11 112. 09 147. 3
119, 35 143, 10 111. 73 147. 50
1107
RADIANCES IN WATTS 7/ M~2
OPERATORS =#- PP
INCOMING SOLAR RADIATION - &%8. 407 WATTS / M~2
SUN ALTITUDE ANGILE - %8 3 DEGREES
SUN AZIMUTH ANGILE - 136. 4 DEGREES
5 OF DIURNAL RUN
SKY CONDITIONS REMAIN EXCELLENT - S0 FAR SO GOOD
OVERALL DATA QUAL ITY =s##= EXCELLENT
ACTUAL DATA FILE - SC50679104
SUN - DIRECT REAM UNORSCURED
HAZE = NNNE
CLOUDS - NONE
CLOUD COVER (TENTHS) = 0
WINNSP.'ED - SI.IGHT BREFZE - NIRECTION = 90
PRECIPITATION = © - DEW - NONE
IRRIGATION - 38
DATE OF THIS PRINTOUT 14 JUN 1982 - PUP




EERISL. CTEREAL.

SPFOTREAL. RANTIANCES — PRODUIRAG WHEST 6 1
PRODURA WHEAT , ;
: {". e 7
DIURNAL RUN DAY 79104 ORIGINAL PAGE IS i
OF POOR QUALITY 1
TIME 1153 14 APR 79 1
BANNA RANDS RAND& RAND7
PLOT (0. 5-0. &) (0. 6=0. 7) (0. 7-0. 8) (0. 8-1. 1)
RAD  CL RAD  Cl. RAD  CL RAD  CL
1A 416 0.14 4.54 0.20 29.96 1.03 61.75 1.90
1R .20 0.46 10.00 0.48 23.62 1.32 45 32 3. 45
16 .33 0.53 7.07 0.69 24.03 2.39 45.52. 5. 61
1D 3.27 0.06 3.76 0.43 27.24 R340 56 .92 7.21
2A 7.95 0.96 1214 1.64 29.20 1.20 55 20 ‘1. 90
2R 5.04 0.62 5.92 0.8 2932 1.51 5348 3. 54
2c 407 0.54 4. .60 0.82 2947 1.29 641.26 2 47
2D 352 0.17 359 0.30 29.68 1.9 60.71 3.55
3A 888 1.57 12.30 225 30.67 0.80 54 .56 1.%56
3E S. 24 027 6,17 0.6% 26 41 0.90 49 .52 2 08
3c 6.8 0.45 9.08 1.07 29.76 1.17 S5.52 2 04
ap 919 0.45 12.71 0.97 32.08 0.51 56.65 1.28
TIME IRRAIIANCE FROM
RARILM SULFATE STANDARD
1150 . 130,32 155 51 121. 02 158 38
129. 24 154. 90 120. 20 157. 59
129. 80 154, 13 119. 62 156. 53
130. &1 155. 36 120. 80 158. 33

1157

RADIANCE= TN WATTS / M™2
OPERATORS -#- PJP
INCOMING S0LAR RADIATION = 924, 492 WATTS /7 M2

SIIN ALTITUNE ANGLE - 44.2 DFEGREFS
SN AZIMITH ANGLE -~ 159 3 DEGREES

6 OF DIURNAL. RUN

SKY CONDJTIONS REMAIN EXCELILENT - S0 FAR SO GOON
NVERALL. DATA RLIALITY -##- EXCELLENT
ACTUAL DATA FILE - SC50779104

SUN - DIRECT REAM UNORSCLIRET
HAZE = NONE

RSG5

CLOLNS = NONE

CLOUD COVER (TENTHS) - O

WINDSPEED - $1.IGHT RREFEZF —3h3hd— DIRECTION - 90
PRECIPITATION - O —dede st ~DEW = NONE

IRRIGATION - 3R

DATE L7 THIS PRINTOUT 16 JUN 1982 - PJP

LS WATER CONSERVATION LAR, USDA, ARS, FHX AZ



ORIGINAL PAGE IS
SERTSL. TEREAL OF POOR QUALITY

SREITTRAL. RADITSNCES — FPRODUIRS WHEAST
PRODURA WHEAT
DIURNAL RUN DAY 79104

TIME 1234 14 APR 7%

RANDA4 BANDS BAND& BAND?7
PLOT (0. 5-0. &) (0. 6=0.7) (0. 7=0. 8) (0. 8-1. 1)
RAD ClL. RAD Cl. RAD CL. RAD CL
1A 4. 34 0. 13 4.77 0. .24 30. 57 1.83 62. 94 259
1R & 71 0. 47 10, 90 1. 32 23.87 1.55 44. 89 4 238
1C 291 07 7.63 Q. 80 22 47 Q41 42. 69 7. 40
1D 370 037 4.28 Q.71 27.55 2 .64 58 .29 & 82
2 8 14 0 62 12.73 1. 04 29.29 0.70 54,38 2. 22
2R 552 070 6.75 1. 21 30. 31 1,38 60 .28 312
20 4. 70 0O T2 587 079 29.98 1,29 61. 09 2. 3%
n RT72 0305 3.89 0 38 30.58 1.50 63.36 3. 44
2A 9.80 200 14. 1% 3 8] 31.17 Q.99 S54. 45 1. 94
3R 5.3 032 6 08 O 48 27.50 1. 66 $51. 45 3. 67
0 & 92 0. 61 QBT 169 30.32 0. 46 55,95 1. 68
3D Q.45 0. &0 13.21 1.48 32.51 0.23 57.54 0.81
TIMFE IRRADIANCE FROM
RARIUM SULFATE STANDARD-
1230 132 2% 157. 64 122,27 160. 12
131. 8& 156. 98 121. 59 159. 27
131, 95 107, 22 121, 463 159, 82
132. 04 157. 19 121.79 160. 04

1238

RANIANCES IN WATTS 7/ M~2
OPERATOIRS —-#— P.P
INCOMING SOLAR RADIATION — 928 189 WATTS / M~2

SUN ALTITUDE ANGLE - A5 6 TDEGREES
SUN AZIMUTH ANGLE - 183.3 nNEGREFES

7 OF DIURNAL. RLUIN = NEW RECORDER ERAT PACK
SKY CONDTTIONS REMAIN EXCELILENT - S0 FAR S0 GOOD
NVERALL. DATA QUALITY —##— EXCELLENT

ACTUAL DATA FILFE - SC50879104

SHN = DIRECT REAM LINQOBSCURFD

HAZF -~ NONE

CLOLNS = NONF

CLOUN COUVFR (TENTHS) - O

WINDSPEED - SLIGHT RREFLE =2t dt— NIRECTION - 20
PRECIPITATION - O -rdpdie DEW — NONE

IRRIGATION - 3R

DATE OF THIS PRINTOLIT 146 JUN 1982 - PP

IS WATER CONSFRVATION LAER, UShA, ARS, PHY a7

TR T



SFFIEETRAL.

SERTAL CEREML

PRODLIRA WHFAT

REIDITY SNLCIES

FRODOLUIRS WHEAT

NIURNAL, RUN DAY 79104 ORIGINAL FACC iS
OF POOR QUALITY
TIME 1321 14 APR 79
RANNA4 RANDS RANDS RAND7
PLOT (0. 5-0. &) (0. 6=0. 7) (0. 7-0. 8) (0. 8-1. 1)
RAD Cl.. RAD CL. RAD cL RAD CL.
1A 4,00 0. 18 4,39 0.23 30.15 1.14 63.32 2. 99
1R 5.84 0. 46 9.31 1.07 22.75 1.90 44,47 4.59
1c 4,87 0. .53 6.43 0.60 228 2.61 43.38 6.17
1D 316 0.18 351 0.3% 26.93 1.63 57.59 4. 06
2A 7.22 0.68 11.15 1.34 27.47 0.86 51.69 1.61
2B 4,77 0. 44 593 0.5 28.29 0.5% 56.98 2 62
2¢ 3.99 0. 64 4.49 0.90 28.32 1.96 5825 3. .54
2D 2.25 0.18 3.25 0.29 29.79 1.3 462.5Z 2.75
3A .02 1.41 12.73 2.465 30.27 0.84 53.79 2 48
3B S.06 0 28 5.66 0.55 26.93 1.34 S0.52 3.08
3C b 06 0. 37 7.8 1.10 29.15 1.49 S4.95 225
3D 818 0.5S5 11.12 1.29 30.79 0.63 S6.10 2 04
TIME IRRADIANCE FROM
RARIUM SUILFATE STANDARD
1327 126. 150. 09 116. 07 152. 71
124, 147. 79 114. 49 150. S8
124, 143, 09 114. 79 151. 53
124. 56 148. S4 115. 31 152. 30
1335 :
RADIANCES IN WATTS / mM~2
OPERATORS —#- P.JP
INCOMING SOILLAR RADIATION - 392 528 WATTS / M~2
SUN ALTITUDNE ANGLE - &3.7 DEGRFFS
SN AZIMLUITH ANGLE - 214.2° DEGRFES
8 OF DIURNAL RUN _
SKY CONDITIONS REMAIN EXCELLENT - S0 FAR S0 GOOD
OVERALL. NATA QUALITY =##- EXCELLENT
ACTLIAL. DATA FILE - SC50979104
SUN - DIRECT BEAM UNOBSCLIRED
HAZE - NONE
CLOLNS = NONF
CLOLN COVER (TENTHS) - 0O
WINNSPEED - SI.IGHMT RREFZE —dtapa— DIRECTION = %0
PRECIPITATION - O P, DEW - NONE
TRRIGATION - =X
NATE OF THIS PRINTOLT 14 JUN 1982 - P.JP

US WATER CONSERVATION LAE,

Lisna,

ARS,

PHX AZ
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ORIGINAL PAGE (8
OF POOR QUALITY

SERT AL SERESL
SFECTRAL RANDTANCES - PRODUIRAS WHEAT
PRODURA WHEAT
PIURNAL RUN DAY 79104
TIME 1436 14 APR 79
RANDA RENDS RANDA BAND7
PLOT (0. B=0. &) (0. 6=0 7) (0. 7-0. 8) (0. 8-1. 1)
RAD  CL RAR - Ol RAD  CL. RAD  CL
1A 3.65 0.22 384 021 2818 1.469 S7.99 2. 57
1R 269 073 677 1.09 7034 1.81 38 65 3 98
1c 3.5 0.3%9 4.92 0.79 18 76 2 46 36 39 5 34
1D 2.72 0.24 .07 0.34 23.33 1.94 49 36 4 81
2 .25 0.38 777 0.61 2390 O0.74 46 28 1. 93
2B 3.% 034 3.9 036 2450 1.70 50 19 3 85
2 213 039 3.3 052 24.49 251 50 99 A& 95
2n 258 040 .57 0.41 2624 228 S% 52 7. 1S
30 728 1.13 10.00 1.67 27.30 1.45 49 .50 2 74
3B 431 024 454 045 2549 1.53 48 67 3 0f
3t 498 0.24 589 047 2684 1.50 S0 82 3 05
3D 6.3 247 812 0.9 2825 1.43 5251 3 16
TIME IRRADIANCE FROM
-RARTUM SULFATE STANDARD
1433 107. 81 128, 73 100. 33 132. 19
106, 79 127. 68 99. 56 131, 24
105. 67 126, 57 9g. a2 150, 01
105, 10 125, 75 97. 99 129. 36
1440

RADIANCES IN WATTS / M™%

OPERATORS —#- PP

INCOMING SOLAR RADIATION -

SUN ALTITUDE ANGLE -

SUN AZTMUTH ANGLE -

. 9 OF DNIURNAL. RUN
' SKY CONDITIONS REMAIN EXCELLENT - €0 FAR S0 GOOD
OVERALL DATA QUALITY =#s#= EXCELLENT

237.7

51. 9 DEGREE
NEGREES

ACTUAL NATA FILF - SC351079104

SN - DIRECT REAM UNORSCURED

HAZE = NONE
CLOUNS = NONE

CLOUD CNVER (TENTHS) -
WINDSPEED = 3SLIGHT RREEZE
e L DEW -

PRECIFITATION -
IRRIGATION - 3R

1S WATER CONSERVATION LAE,

0

0

bt 2

s

773. 6046 WATTS / M2

DIRECTION -

NONE

NATE OF THIS PRINTOUT

LsnA, ARS,

PHX AZ

16 JUN 1982

180

- P-.'P



SERPECTRAL.

PRODURA WHEAT

SERT St

ROIDI ANCES

NIURNAL. .RUN

TIME 1538

PLOT

1A
1B
1C
1D
2A
2R
©on
20
3A
3B
ac
3D

TIME

1535

1542

ITEREOI

DAY 79104
14 APR 79

RANDA4 RANDS
(0. 5=0. 6) (0. 6-0.7)
RAD CL. RAD Cl.
2.59 0.28 2.88 0. 41
3.3 0.46 4.74 0.59
2.85 028 359 0.78
212 0.3 2.27 0 24
3.3% 0. 32 4.79 0. 41
2.64 0.42 2.77 0.37
1.97 0.21 2.05 0.19
1.%4 0.18 1.43 0.20
511 076 658 1.23
3.3 031 232 0.43
340 011 3.81 0. .26
4.53 0.32 S.63 0.357

81. 83

B0, 31

79. 31
78.17

RADIANCES IN WATTS 7/ M™2
OPERATORS —%— PJP
INCOMING SOLAR RADIATION -

SUN ALTITUDE ANGLE -
SUN AZIMUTH ANGLE -

40. 2
252.1

98. 13
96. 33
95. 20
4. 12

IRRADIANCE FROM
BARTUM SULFATE STANDARD

ORIGINAL PAGE IS
OF POOR QUALITY

RANDA
(0. 7-0. 8)
RAD cl.
21.17 1.58
15. 99 2. 12
16. 92 0. 99
17.95 1.39
17.79 1.56
20. 37 1.88
17.51 2. 06
17. 49 1. 63
22.82 1.62
©21.43 1. 40
22.02 1. 66
21.92 2.01

77. 32

75. 80
75. 07
74. 14

510. 089 WATTS / M™2

NEGREF.
DEGREF.

s
S

10 OF DTLIRNAL. RUN - WIND PJICKING UP
SKY CONDITIONS REMAIN EXCELLENT - SO FAR SO GOOD
OVERALL. DATA GAUALITY —##= EXCELLENT

ACTUAL DATA FILE - SC51179104

SN = DIRFCT BEAM LINOBSCURED

HAZF. = NONE
CLOLINS -~ NONE

CLOUD TOVER (TENTHS) -
WINDSPEFD - L.IGHT WIND

PRECIPITATION -
IRRTGATION - 3B

0

0

=34t

I LIATER ONSEERVUVUATICN | AR

—dbdp e

Fr

DIRECTION -
DEW = NONFE

DATE OF THIS PRINTOUT

11=mn

Fay = ~38

DidY A7

230

FRODURAS WHEAT

BAND7
(0. 8-1. 1)
RAD  Cl.
44.57 3.75
30. 97 2. 96
32.35 2.77
37.88 2 8&
35.87 2 81
41.71 3. 31
37.16 3.16
37. 48 4.02
42.91 3.73
41,57 2.76
42.71 3. 38
41.27 3.69
102. 39
100, 44
99. 84
8. 67
- PUP

16 JLUIN 1982

/

10




Corwaygmees o
SERI&. CEREAQL. -
11
SPFECTRAL RATDITANCES — FPRODURS WHEAT
PRODLIRA WHEAT i,
) IN 91
NIURNAL RL DAy 79104 ORIGINAL PAGE I8
TIME 1634 14 APR 79 . OF POOR QUALITY
RANDA4 BANDG BANDS BAND7 i
PLOT (0. 5-0. 6) (0. 6=0. 7) (0. 7-0. 8) (0.8-1. 1)
RAD Cl.. RAD Cl. RAD CL. RAD CL.
1A 1.91 0.21 214 0.35 1540 1.63 3240 3.98
1B 2.34 0.25 224 0.41 11.42 1.05 2259 2 .01
1c 1.4 0 23 2.20 0.51 10.03 0.92 20.88 1.47
in 1.48 0.28 .1.60 O0.1& 12.64 1.85 26.69 2 34
24 2.21 0.22 3.04 0.38 13.33 0.90 26.46%9 1. 84
2B 1.63 0. 1& 1.67 0.24 14.39 1.57 29.56 3.31
2C 1. 14 0.20 1.12Z 0.19 10.99 2.00 2378 3.70
2D 1.21 0. 18 1.12 0.18 12.67 1. 6% 27.18 3.32
30 3.04 0. 43 3.65 0.67 15.99 2 16 30.26 R84
3R 2.27 0.29 2.22 0.3z 15.27 1.25 29.53 2 80
3C 2.24 0.15 241 0.15 15.164 1.88 29.11 3.53
3D 2.82 0.25 316 0.33 1583 1.83 30.20 3. 43
TIME —==IRRADJANCE FROM
RARIUM SULFATE STANDARD
1631 S5 31 &7. 00 53. 43 70. 78
54, 35 &5, 82 52. 58 69. 71 -
53 52 b4, 96 51. 89 69. 03
53. 03 44, 49 51. 46 68, 63
1638

RADIANCES IN WATTS / M2
OPERATORS —#= P.P _
INCOMING SOLAR RADIATION = - 420. 616 WATTS / M™2

SLIN ALTITUDE ANGLE - 28.8 DEGREES
SUN AZIMUTH ANGLE - .261.6 NEGREES

11 OF DILRNAL RLIN = SLIGHTLY CALMER NOW
SKY CONDITIONS REMAIN SXCELLENT = S0 FAR SO GOOD
VERALL DATA GUALITY =##- EXCELLENT

ACTUAL. DNATA FILE - SC51279104

SN - DIRECT BEAM UINOBSCURED
HAZFE - NONE
CLOUDNS = NONE
CLOUD COVER (TENTHS) - O
WINDSPEED = LIGHT WIND -2t it~ DIRECTION = 120
PRECIPITATION - O -4t db - NEW = NONFE
. |

IRRIGATION - 3R
DATE OF THIS PRINTOLIT 16 JUN 1982 - PP

115 WATER CONSERVATION LAR, U5DA, ARS, PHX AZ
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ORIGINAL PAGE IS
SER IS CERESLL OF PONR QUALITY

12
SPECTRAL RANTANCES — PRODLIKS WHEAST
PRODURA WHEAT

DNTURNAL  RUN DAY 79104

TIME 1721 14 APR 79
RANDA RANDS RAND& BAND7
PLOT (0. 5-0. 6) (0. 4=0. 7) (0. 7=0. &) (0. 8-1. 1)
RAD CL. RAD cL.’ RAD . CL RAD CL
1A 1.3 0.27 1.58 0. 36 10. 8% 1, 40 22. 41 293"
1B 1.45 0. 22 213 0.29 7.233 1.23 14.53 1. 90
1C 1.13 0. .28 1.46 0. 42 L. 94 1. 47 13.74 2.78
1D 0.98 0.17 1.14 0.13= 857 1.21 18. 64 2.79
2A 1.31 Q.09 1.61 0.17 8.22 0 A% 16.80 1. .89 :
2B 1.05 0. 16 1.08 0.20 £ 97 1.28 18. 61 2.70 f
2C 0.74 0.12 0. 20 0.146 7.15 1.40 15.70 2. 87
2D 0.69 0.135 0.469 0.17 7.30 1.21 16. 21 3. 02
3A 1.72 0.25 1.97 0.32 10. 09 1.89 19.79 4.03
2B 1. 49 0.17 1.47 0.15 10.45 1.58 20.27 2. 43
[ 1.31 0O 1é 1.32 0.17 9.953 1.11 19.86 2. 824
3D 1.57 0.20 1.70 0. 20 $.73 1.52 18. 93 2.88
TIME TRRADIANCE FROM
RARIUM SULFATE STANDARD
1717 23,18 40, 93 33: 69 44. 90
2. 035 39. 56 32. 58 43. 52
31. 38 . 38.81 31. 85 42. 32
30. 83 38. 12 31. 34 42. 19

1725

RADIANCES IN WATTS / M2
OPFERATORE =#- PJP
INCOMING SOLAR RADIATION = 236, 328 WATTS / M2

SLIN ALTITUDE ANGLE - 1% TEGREES
SUN AZIMUTH ANGLE - 268.5 DEGREES '

12 OF NTURNAL. RUN - SHADOWS WEST ARFAS THIS AND EARI.IER RUN
SKY CONDITIONS REMAIN EXCELLENT = S0 FAR SO 600D
OVERALL. NATA QUALITY =##= EXCELLENT

ACTUAL DATA FILE = SC51379104

SN - DIRECT REAM LINOBSCURED

HAZE = NONE

CLOUNS = NONE

CLOUD COVER (TENTHS) - O

WINDSPEED = NONF 44— NIRECTION - 3180
PRECIFITATION = O —dedh o= NEW = NONE
IRRIGATION - 3B

DATE OF THIS PRINTOUT 14 JUN 1982 - PJP

e LIATER rOINCERUATIAON | AR, 11T, ARS. PRY Qo7



SERI&L. CEREAL. ¢

SEFFECTRAL. RADTIANIES — PRONDURA WHEAT 13

PRODURA WHEAT i

ORIGINAL PAGE IS

| v .
PIURNAL RUN DAY 79104 OF POOR QUALITY

TIME 1788 14 APR 79
RAND4 RANDS BAND& RAND? NN
PLOT (0. 5-0. &) (0. 6=0. 7) (0. 7=0. 8) (0. 8=1. 1)
RAD CL. RAD Cl. RAD Cl. RAD CL.
1A 0.72 0.10 1.01 0. 22 459 0.79 14, 09 2 07
1B 0.79 0.09 1.10 0. 14 4,09 0.59 7.89 0. 90
1c 0.59 017 0.72 0. 26 3.56 1.37 6. 81 2 01
1D 0.53 0.09 0.62 0.05 4. 56 0.97 2.61 1.96
Z2A 0.69 0.07 0.82 0.10 4. 60 0, 45 9.51 1.14
2B 0.42 0.03 0.43 0. 08 3.79 0.47 7.96 1.01
.2C 0.38 0.10 0.3%9 0.10 262 0.44 7.78 1. 20
2D . 0.32 0.07 0.31 0.0% 3465 049 7.84 1.79
3A 0.83 0.13 021 0 16 5.22 1.24 10.50 2 64
3B 0.73 0.046 0.72 0.0% S.24 0.73 10. 14 1. 14
3C 0.68 0. 10 0.68 0.10 521 1.03 10. 14 2. 00
3D 0.74 0.08 0.20 0.11 4.78 0.99 9.98 2. .17
TIME IRRADTANCE FROM
RARIUM SULFATE STANDARD
1755 16. 47 20. 62 17.70 23. 92
' 15, 80 19. 85 17. 13 2312
15. 26 19. 22 14. 57 22. 34
14, S9 18. 37 15. 92 21. 49

1802

RADIANCES IN WATTS / M~2
OPERATORS —#- PJP
INCOMING SOLAR RADIATION - 134, 788 WATTS / M~2

SUN ALTITUDE ANGLE - 7.2 DEGREES
SUN AZIMUTH ANGLE - 276.3 DEGREES

13 OF NTURNAL. RLUN - SOME SKINNY SHADOWS FROM POLES ONLY
SKY CONDITIONS REMAIN EXCELLENT - S0 FAR S0 GOOD
OVERALL TNATA QUALJTY =d##— EXCELLENT

ACTUAL DNATA FIILE - SCS51479104

SN - DIRECT BEAM LUNOBSCLIRED

HAZE = NONE

CLOUDS - NONE

CLOUD COVER (TENTHS) - O

WINDSPFERDN - NONFE =3k de= NIRECTION - 180
PRECIPITATION - O =4t dr— DEW ~ NONE
IRRIGATION - 3E

DATE OF THIS PRINTOUT 16 JUN 1982 - PJP

115 WATER CONSFERVATION LAB, USHhA, ARS, PHX A2 ® US. COVIFNMENT PRINTING OFPICE: 1902 —08007e21S)
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