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1.0 INTRODUCTTION

This report includes data for the 1972 {October, 1971 to June, 1972)
and 1973 (October, 1972 to June, 1973) growing season‘for winter wheat in
Kansas. Obviously, there was no ERTS-1 imagery for the 1972 wheat crop
since the satellite was launched July 23, 1972. However, under the PEIS
(Pre-ERTS Investigator Support), we cbtained three U-2 flights over our
test areas (March 21, April 26 and June 6, 1972). The imagery was taken
during the NASA-Ames to Wallop Island ferry trips. U-2 flight lines for
each date differed and made chronological comparison of a given test area
impossible; however, we were able to detect virus infected wheat fields on
U-2 color infrared film. A systematic analysis of U-2 data was not possiBle
because ground observations and U-2 flight lines did not always coincide.
Since the actual U-2 film was not received until 3 months after the harvest,
we could not generate the necessary ground truth.

In addition to the U-2 flights, the University of Kansas-CRINC (Center
for Research, Inc.) provided three low altitude f£lights with a Cessna 182
equipped with four Hasselblad cameras., Cessna flight coverage was selected
from ground observations of wheat fields. Diseased and healthy fields in
the same frame were compared as to the date of planting, variety, disease
severity, fertility, topography and crop rotation. 1In comparing many of
healthy and diseased fields, a common denominator was crop rotation. For
example, soll borne mosaic virus was more severe on fields Ehat were cropped
with wheat the previous year.

The 1973 Kansas wheat crop produced a record 381,000,000 bu with an
average yleld of 37.0 bu per acre which 1s attributed to a 10X Increase
over 1972 in both harvested acres and yield. Part of the increase in yield

can be attributed to abundant soil moisture because of ample precipitation



and the absence of severe disease epidemics over the state, The abmormally
high precipitation adversely affected this project by (a) reducing water
stress, (b) producing cool weather which affects disease infestation, and
(c) association with clouds which affect quality of the imagery.

Efforts were concentrated in two of the five test areas: Finney County
(Garden City) and Riley County (Manhattan), (Fig. 1.1). The Finney county
site had a large area infected with wheat streak mosaic virus (WSMV). Riley
county was the location of the data collection systems {DCS) and the plots
for the energy balance determinations. We obtained 5 ERTS-1 observatioms
for the WSMV area and 7 observations for the 1rrigated and nonirrigated
wheat fields in Finney county. In addition, 8 observations were obtained
for Riley county. Because of cloud cover during U-2 flights, no U-2
imagery was available for the entire 1973 wheat crop. Two sets of U-2
imagery were obtained after the wheat harvest.

Objectives of the investigation were: (a) to evaluate the effect of
water stress, disease, and leaf area on the reflecténce characteristics of
wheat, (b) to evaluate disease losses in terms of yield and water use, and
{c) to predict disease severity and economic loss.

In this report, the water use of irrigated and nomirrigated wheat and
of healthy and diseased wheat are discussed in Chapter 2 (objective a and
b). Data handling and reduction of ERTS-1 imagery is reported in a separate ///
chapter (Chapter 3). The use of ERIS~1 imagery to determine leaf area, .
crop growth and disease severity is given in Chapter 4 and 5 (objective a

and b)., Prediction of disease severity and economic loss (objective c) by

S

the use of ERTS-1 data collection systems is reported in Appendix A. Appendix

C contains a detailed electronic description of the data collection interface
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system. The results of ground measurements of the spectral reflectance of
sorghum, soybean and wheat are provided in Appendix B. As a result of the
ERTS-1 project, a Master's Thesis was written and is provided as Appendix
D. Appendices E, F, G and H are related to data handling and reduction

phases of the project; | E |

The investigators wish to express appreciation to the National Aero-

nautics and Space Administration for supporting this project.



Soils on the two fields are classified as a Ulyssess-Richfield silt
loam with 1.5 percent organic matter and a pH of 6.9. A particle size
analysis indicated the sollas contained about 50 percent silt and 20 percent
clay.

Field A, which had been summer fallowed since July 1971, was planted
to Scout winter wheat on September 15, 1972. Seeding rate was 29 kg per
hectare in rows spaced 25,4 cm apart. The wheat was completely headed by
May 24, 1973 and a yield of 2689 kg per hectare harvested on July 5, 1973.

As field B had been in wheat the previous season, it was prelrrigated.
Ninety kg per hectare of nitrogen were applied as anhydrous ammonia prior
to planting and 50 kg per hectare of Eagle winter wheat wererseeded on
September 22, 1972, in rows 30.48 cm apart. Two irrigations of 3.05 cm
each were apflied through a center pivot sprinkler system om May 23 and
June 2, 1973. Wheat harvest was completed on July 5 and the yield was
3496 kg per hectare.

According to Variety Teats with Fall-Planted Small Grains (1971),
Eagle wheat is a selection of Scout with nearly identical vegetative
characteristics. Reflectance measured by the MSS system aboard ERTS-1

should be independent of winter wheat variety, Scout or Eagle,

Data Collection

Fields A and B were both divided into four equal sized square plots
with a sampling area in the center of each plot. Two additional sampling
areas were established in field A where the corners of the field were
double drilled. The sampling areas were sub-divided into one meter square
plots. Leaf area index and soil moisture were measured within one day
of each pass oflERIS—l on one plot of each sampling area selected at

random.



Leaf area was determined by measuring the lenpth and breadth of each
leaf from randomly selected plants. Area of each individual leaf was
calculated from fhe equation (Teare and Peterson, 1971):

LA = 0.813X - 0.64 (2.1)
where:

LA = Leaf area, cm2

X = Product of length times breadth of leaf, cm2

Total leaf area on each one meter square plot was calculated by multiplying
number of plants times average plant leaf area. Leaf area index was taken
as the ratio of total leaf area to the land surface area.

Soil samples were taken from the surface and at the following incre-
ments of depth: O to 15, 15 te 30, 30 to 60, 60 to 91, 91 to 121, 121 to
152, and 152 to 182 cm. The samples were weighed, dried in an oven at 105°C
until they reached a constant weight and reweighed. Soll moisture was cal-
culated and expressed as percent on a dry weight basis.

Bulk density, field capacity and the permanent wilting point for
Ulyssess-Richfield silt loam were obtained from the CGarden City Experiment
Station.

Meteorological data from the area were collected for use in the ET model.
Maximum and minimum temperatures, dew point temperatures and wind run were
obtained from the Garden City Experiment étation. Solar radiation was
obtained from the Dodge City Weather Service and rainfall was measured near

the field site.

Data Analysis
DPigital counte in each MSS band and various combinations of bands were

compared by multiple regression techniques with leaf area index and available

goil moisture.



Using an IBM 360/50 digital computer, estimates of the water use by
wheat from the ET model developed by Jensen et al. (1971) were compared

with changes in measured soil moisture.

RESULTS
Although ERTS-1 passed over the field site every 18 days, clear atmos-
pheric conditions were encountered on only 6 flight days during the period
from wheat seeding to wheat harvest. Table 2.1 gives weather conditions on
each flight date and the schedule of data collection. Data for July 7 were

excluded from the analyses because the wheat crop had been harvested.

Prediction of Leaf Area Index
Tables 2.2 and 2.3 give digital counts of MSS data for hands 4, 5, 6
and 7 and ratios of 4 to 5, 4 to 7 and 5 to 7 along with measured LAI for

fields A and B. The regression equations for predicting LAI are:

LAT = ~0.15MSS4 + 5.41 , R> = 0.80 (2.2)
LAT = -0.065MSS5 + 2.66 , R> = 0,86 (2.3)
LAT = 1.94MSS6 — 9.37 , R’ =0.20 (2.4)
LAT = 0.15MSS7 ~ 3.53  , R> = 0.53 @2.5)
LAT = 2.92M§34/5 ~2.63 , R®=0.95 2.6)
LAT = -1.22MSS5/7 + 2.08 , R> = 0.85 2.7

where
LAI = Leaf area index
MSS = Digital counts for numbered band or ratio
R2 = Regreasion coefficient
For each equation there is some minimum or maximum value of the digital

counts or ratios beyond which LAI goes negative and the results are meaningless.



Table 2.1 Weather conditions during satellite pass over

test fields.

Weather Data a

Date Condition Acquired
September 4, 1972 Cloudy
September 22, 1972 Clear X
October 10, 1972 Partly Cloudy
October 28, 1972 Cloudy
November 15, 1972 Cloudy
December 3, 1972 Partly Cloudy
December 21, 1972 Partly Cloudy
January - 8, 1973 Cloudy
January 26, 1973 Cloudy
February 13, 1973 Rain
March 3, 1973 Foggy
March 21, 1973 Clear X
April 8, 1973 Heavy Snow
April 26, 1973 Rain
May ‘ 14, 1973 Clear X
June 1, 1973 Clear X
June 19, 1973 Clear X
July 7, 1873 Clear 7 . u X

aIndicates both ERTS-1 and field data taken.



Table 2.2. Digital counts of MSS data and LAI for field A,

Date _ _ MSS4 . MSSH MSS6 MSS7 MSS4/5 MSS4 /7 MSS5/7
9/22/)72 Mean 34.75 37.89 38.64 19,55 0.918 1.779 1,939
S.D. 1.41 1.90 2.18 0.86 0.040 0.068 0.080
3/21/73 Mean 33.26 32.29 45,87 25.25 1.031 1,318 1.280
5.D. 1.28 1,58 1.74 0,69 0.040 0.055 0,069
5/14/73 Mean 29.74 24,50 48,11 28.08 1.218 1.064 0.877
S.D. ~ 1.69 2.12 1.79 1.66 0.066 0.101 0.104
6/1/73 Mean 33,43 29.48 52,32 29,87 1,138 1.121 0.990
$.D. 1.72 2,42 1,84 1.04 0,062 0.083 0.104
6/19/73 Mean 41.14 49,33 55,26 28.70 0.835 1.436 1,722
S.D. 1.62 2.07 1,49 0.92 0.033 0,074 0.090
7/7/13 Mean 59.46 78.53 77.68 36.36 0,758 1.636 2.161

S.D. 2,14 4,25 2.72 1,49 0.030 0.061 0.115

8standard deviation.
Average of six sampling points.

0T



Table 2,

3. Digital counts of MSS data and LAI for field B.

Date MSS4 MSS5 MSS56 MS&7 MSS4/5 MSS4/7 MSS5/7 LAIb
9/22/73 Mean 37.05 40,41 40,96 20.78 0.919 1.786 1.947 0.00
5.D. 1.62 2,54 2.37 1,02 0.038 0.0%4 0.128 0.00

3/21/73 Mean 33.54 32.99 41,47 22,57 1.019 1.488 1.463 0.44
5.D. 1.09 1.91 2,15 0.96 0.049 0.073 0.088 0.07

5/14/73 Mean 27.63 19.22 56,66 36,78 1.454 0.760 0.532 1,53
5.D. 1.60 2.68 3.56 3.18 0.132 0,109 0.129 0.39

6/1/73 Mean 26,93 . 20,03 48.66 31.61 1.355 0.858 0.638 1.23
5.D. 1.32 2.23 3.43 2,54 0.111 0.083 0.094 0.36

6/19/73 Mean 36.68 37.94 52,00 29,97 0.971 1.227 1.270 0.00
5.0, 1,21 3,11 2.05 1.56 0.060 0.079 0.131 0.00

7/7{73 Mean 54.46 73.87 77.48 38.24 0.739 1.425 1.932 0.00
5.D. 2.30 4.37 3.39 1.31 0.033 0.060 0.100 (.00

a . s
Standard deviation.

Average of four sampling points.

4

It
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The regression coefficients for all the LAI prediction equations except
equation (2.4) were statistically significant at the 0.05 level. For the
individual bands, 4 and 5 were better predictors of LAI, While ratios of
band 4 to band 5 and band 5 to band 7 were good predictors of LAI, the ratio
of band 4 to band 5 had the higher regression coefficient. Figure 2.1 shows
measured LAI as a function of the ratio of digital counts in band 4 and band

5.

Prediction of Soil Moisture

Available soil moisture for plant use was taken as the difference between
soil moisture at sampling and at the permanent wilting point. Table 2.4 gives
available soil moisture for fields A and B at depths of 0 to 15, 0 to 30, O to
60, and 0 to 91 cm. The negative values are due to errors in the agsumption
of soil moisture percentage at permanent wilting point as the soil profile
probably did not become. that dry. Rather than adjust soil moisture percentage
by changing the permanent wilting point percentages, the available soil mois-
ture values were left negative. The only effects of this action are that
the constants in the regression equations may be in error but the form of
the equations will remain the same and the regression coefficients are not
affected.

Linear regression equations to predict available soil moisture from
digital counts in the individual MSS bands and various band ratios were
developed from digital counts in Tables 2.2 and 2.3 and available s0il moisture
in Table 2.4. Data for field B on March 21 were excluded from the analyses
because of rain between flight of ERTS-1 and soil measurements. Only band 6
predicted available soil moisture at the 0.10 level of significance. The
equations for available soil meoisture in the 0 to 15 cm zone, AVlS, and in

the 0 to 91 cm zone, Avgl, were:
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Figure 2.1, Relationship between measured LAI and ratio

of digital counts in band 4 to band 5.



Table 2.4. Available soil moistures (em of
water). :
Soll Depth-cm
... Date . 0-15 . = 0-30. 0-60 0-91
FIELD A (DRYLAND)
9/22[72 0.66 1,37 2.59 3.29
3/21/73 0.66 1.50 3.13 4,33
5/14/73 0.19a 0.40Q 1.24 2.38
6/1/73 -0,26 ~0.34 -0.14 0.23
6/19/73 -0.63 -0.99 ~1.46 -2.02
FIELD B (IRRIGATED)
9/22/72 0.61 1.00 1.58 1.70
3/21/73 Q.73 1.71 3.38 4.48
5/14/73 0.52 0.67 1.35 2.16
6/1/73 0.85 1.20 1.44 1.51

aNegative available soil moisture because soil
moisture at permanent wilting point was lower
than that measured at the Garden City Branch
Experiment Station.

14
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AV 7.52 - 0,15MSS6 s R® = 0.35 O (2.8)

15

]

AVQl = 30.31 - 0.60MSS6 , R® = 0,33 (2.9)

Measured LAI was added as an independent variable and multiple regres-
sion equations developed to predict soil moisture. The resulting equations

for available soil moisture in the 0 to 15 cm zZone, AVlS, and the 0 to 91 cm

zone, Avgl, which had a significant regression coefficient at the 0,05 level,
weres
AV, = 11.73 ~ 1.88 LA - 0.31MsS4 R = 0.93 (2.10)
AV, = 5.14 + 0.76 LAI - 0.11MSS6 ®® = 0.80 (2.11)
AV s = 4,85+ 1.56 LAT - 0204557 R> = 0.79 (2.12)
AUy, = 21.99 + 3.03 LAL - 0.46MSS6 R? = 0.73 (2.13)
AVg, = 18.1 + 5.60 LAT - 0.7IMSS7 , R> = 0.84 (2.14)

As LAT was highly correlated with the ratio of counts in band 4 to
band 5, equation (2.6) was substituted into equations (2.10) and (2.14) for
predicting avhilable s0il moixture, The resulting equations were:

AV]_5 = 16.67 - 5.49MSS4/5 - 0,31MSS4 (2.15)

and AV91 = 3,37 + 16,35M854/5 - 0,71MS8587 (2.16)

Figure 2,2 shows the comparison of available soil moisture predicted

by equations (2.15) and (2.16) with neasured available =01l moisture.

Predicting Water Use
As no usable data were collected by ERTS-1 from the time wheat was
seeded until March 21, 1973, water use calculations were made from that

date until just prior to wheat harvest, Table 2.5 gives precipitation
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Figure 2.2, Comparison of measured and predicted available
s0il moisture.



Table 2.5. Precipitation and irrigation at the test
sites,
Date Precipitation Irrigation (Field B)
cm cm
3/23/73 1.10
3/27[73 0.70
3/30/73 1.00
4/7/73 0.25
4724173 0.80
5/7/73 1.25
5/23/73 3.05
6/2/73 3.05

6/28/73

0.90

17
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measured by a local farmer near the test site and irrigation water applied
to field B during the latter period. The irrigations were carried out over
about a 3 day period and the total amount credited to the center day of the
period.

The ET model as developed by Jensen et al. (1971) was used to predict
soil moisture depletion on both wheat fields using their suggested crop
coefficients. Measured soil moisture depletion was entered into the

computer program for March 21, 1973. The wheat crop coefficients were:

Y = 0.233 - 0.0114X + 0.000484X% - 0,00000289X° (2.17)
and Y = 1.022 + 0,00853D — 0.000726D> + 0.00000444D" (2.18)
where:
Y = Wheat crop coefficient
X = Percent of period between seeding and 100 percent crop cover

D = Days after 100 percent crop cover
Table 2.6 gives the measured and predicted soil moisture depletion and water
use for fields A and B where measured soil moisture depletion is the difference
between field capacity for the 182 cm soil profile sampled and the measured
soll moisture level. The ET model over-predicted soil méisture depletion
and water use for the period March 21 to June 1 and greatly underpredicted
soill molsture depletion and water use for the period Jume 1 to June 19.
S0il1 moisture depletion and water use for the entire period were under-
predicted by the ET model, o &

A new crop coefficient for the ET model was computed from a multiple
regression analysis using LAI measurements from field A. The new crop

coefficient equations were:



Table 2.6, Measured and predicted soil woisture depletion and water use.

Soil Moisture Depletion -~ cm Water Use for Period - cm

Date Measured® Jensenb Revised 1° Revised 2d Measured® Jensenb Revised 1° Revised 24

FIELD A (DRYLAND)

3/21/73 17.65 S e ——
5/14/73 19.84 25,07 ° 19,35 = =mee- 7.29 12,52 6.80  ———o
6/1/73 27.74 31.24 27.86  —m——- 7.90 6.17 8.51 -
6/19/73 37.52 32,16 34,65 —— 9,78 0.92 6.79 ———

Total — =mm== —mmmm e — 24,97 19.61 22,10  =—me-

3/21/73 19.28 —— e e e — — e
5/14/73 23.44 26,14 20,80 26.52 9,26 11.96 6.62 12,34
6/1/73 27.15 29,24 26. 56 32.66 6.76 6.15 8.81 9.19
6/19/73 37.77 27,61 31.52 37.90 13,67 4,68 8.01 8.29

Total = ———-m SONEVEES G 29,69 22.79 23.44 29,82

8Field measurements of soil moisture depletion.
Piheat crop coefficient suggested by Jensen et al. (1971).
“Wheat crop coefficient from LAIL of field A,

dWheat crop coefficient from LAT of field B.

6T
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2 3

Y = 0,005 + G.0165X - 0,000467X" + 0.00000402X

it

(2.19)

and Y = 0,998 ~ 0.00297D - 0.000747D° (2.20)

Predicted soil moisture depletion and water use are given in Table 2.6
for fields A and B using the revised crop coefficients in the ET model. Pre-
dicted water use for the period was within 2.87 cm or about 10 percent of
measured water use for field A and is within the accepted accuracy for the
ET model. Predicted soil moisture depletion for field A compared very closely
with measured values on May 14 and June 1 but was low on June 19 when wheat
was nearing maturity. The ET model with a revised crop coefficient based
upon LAI for field A under-predicted water use for field B.

As the ET model utilizing LAI as the crop coefficient from dryland wheat
succeasfully predicted water use on field A, LAI from irrigated wheat was
used as the crop coefficient to predict water use on field B. The crop
coefficient equations were:

2

Y + 0.00000333%° (2.21)

0.0109X -~ 0,000288X

2

and .Y = 1,52 - 0.000834D , (2.22)

Table 2,6 gives the predicted soil moisture depletibn and water use for
field B using the revised crop coefficient in the ET model. Predicted soil
moisture depletion and water use were about equal to measured values on
June 19. However, there was considerable variation between measured and

predicted values on May 14 and June 1.

DISCUSSION
Limited data were collected during this study because of cloud cover
during many passes of ERTS-~1l, However, it appears that the MS5S system has

the potential for predicting water use of growing crops.
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One possible method for predicting water use is froﬁ available soil
moisture predicted from reflectance measurements. Water use would be the
difference between available soil moisture on succeeding days. As the MSS
system only sees the earth's surface, soil moisture would be predicted from
its effects on the soil surface and growing vegetation.

Kondrat'yev (1965) reported that albedo varies between soils. The
variability was attributed to different soil color, soil moisture content,
organic matter content and soil particle size with soil moisture content
the most important factor. Bowers (1971) found that reflectance increases
as soil moisture decreases and concluded that reflectance techniques are
precise enough to measure surface moisture. However, due to the effects of
other soil factors on reflectance, a calibration will be necessary for each
soil type.

There are several factors which influence reflectance from growing
vegetation. According to David (1969), a water deficit in the soil will
result in increased reflectance. 8Severe nitrogen deficiencies also increase
reflectance (Remote Sensing, 1970). Leaf reflectance is affected by variety
and relative maturity of the crop (Remote Multispectral Sensing in Agriculture,
1970). There are other factors including soil salinity, plant diseases and
mineral deficiencies which may affect reflectance from vegetation., Whether
soll moisture can be accurately predicted by the MSS system depends upon the
relationships between soil moisture, vegetative growth and factors affecting
reflectance.

Only band 6 showed potential for predicting available soil moisture by
a linear relationship with digital counts. The addition of a second band or
band ratio which correlated with LAI improved the accuracy of available scil

moisture prediction.
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Water use of growing vegetation can be predicted from ET models. The
MSS system, through prediction of LAI, has the potential to supply the
numerical values of the crop coefficient equations for winter wheat developed
from LAT measurements, Although LAI is greater for irrigated wheat than
for dryland wheat, the curves have the same general shape as shown in
Figure 2.3. Additional research i1s needed to determine the correct relation-
ship between LAI and crop coefficient. When this relationship can be ex-
pressed mathematically, the MSS system will be capable of supplying the
crop coefficient fér ET models,

Practical use of data collected by ERTS-1 or similar vehicles is depen-
dent upon timely acquisition and processing of the data. To be useful in
water resources management, the data should be available within 24 hours of

flight time. One potential use of the data is in irrigation scheduling.

SUMMARY

To effectively manage water on agricultural lands, daily water use of
crops must be known. We hypothesized that the MSS system aboard ERTS-1
could provide data for predicting water use of winter wheat.

A linear relationship was found between digital counts in band 6 and
available soil moisture at 0 to 15 and 0 to 91 cm depths. Prediction of
available soil moisture was 1lmproved by adding the ratio of band 4 to band
5, which predicted LAI, as a second independent variable. Daily water use
is the change in available s0il moisture on successive daysi

Crop coefficient equations, based upon LAI, were developed for use in
an ET model to predict dally water use of dryland and irrigated wheat.

Predicted water use for the period March 21 to June 19, 1973, was within

accepted accuracy for ET models.
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As only limited MSS data were collected because of excessive cloud
cover, additional research is needed to verify and extrapolate the results

of this study to fields with different soll types.
2.2 Water Loss from Diseased and Healthy Wheat

The patterns of water use in healthy and diseased wheat are important
to both basic and applied research in terms of a clearer understanding of
the epidemiology and of management practices that will reduce economic
effects due to the disease. By accurately determining the water use of
healthy and diseased crops and predicting yield reductions due to disease,
we can provide the grower with information so that he can intelligently
decide whether he should allow the diseased wheat to attain maturity or
plow under the diseased wheat and replant a following crop. In western
Kansas, wheat and other crops {(i.e. soybean and sorghumj ylelds are largely
determined by the availability of water; therefore, the earlier the grower
decides to replant, the greater the conservation in soll moisture and a more

likelihood of a successful crop.

Procedure
Five fields, Erichsen (commercial, healthy), Hartner (commercial,
healthy)}, rust-infected, wheat streak mosaic virus-infected and control

(healthy), were planted tc Triticum aestivum L. cv. Scout in late September

1972. Cropping descriptions for the five fields are given in Table 2.7.

From the amount of water stored in the soil profile and the precipitationm,
the seasonal water use can be estimated., Soil moisture samples were deter-—
mined weekly (in some cases; inclement weather prevented weekly measurements)

at 15-cm increments in a 1530~cm profile,



Table 2,7. Cropping descriptions of five wheat fields,

Harvested
Seeding Rate Row Spacing plants per
Field Soil Texture Kg/ha cm m?

Erichsen Silty clay loam 96 20.3 856
Hartner S5ilt loam 101 20,3 872
Rust~infected Silty clay lcam 84 17.8 959
Wheat streak mosaic 5ilty clay loam 84 17.8 1125
Control "Silty clay loam 84 17.8 1144

2



Hourly estimates of the evapotranspiration rate (ET) were determined

by the surface energy balance,

ET = (Rh - G/ (1 +8) (2.23)

where R and G are the flux densities of net radiation and soil heat, res—
pectively. The Bowen ratio (B) is determined by y AT/Ae where y is the
psychrometric constant and AT and Ae ére the gradients of temperatures and
vapor pressure above the canopy. Temperatures and water vapor pressures
were determined with wet and dry bulb thermocouple psychrometers where the
wick of the wet bulb was composed of a porous ceramic tube. Net radiation
was determined with a hemispherical.shielded radiometer located 3.0 meters
above ground. Soil heat flux were detgrmined with heét flux plates (5-cm
depth) and calorimetrically. The sensors were scanned every 10 minutes and
recorded on punch tape. The Instruments and data acquisition system are
described by Brun et al. (1972).

Stomatal resistance, Rh’ was determined with a diffusion porometer
described by Kanemasu et al. (1969) and given by

1/R5 = 1/Rab + 1/Rald (2.24)

where R and R
ab a

of the leaves. Leaf~water potential was estimated by pressure bomb technique

d are the resistances of the ahaxial and adaxial surfaces

(Barr, 1968). In both the stomatal resistance and leaf-water potential

determinations, three upper canopy leaves were measured at near midday.

Results and Discussion

Figure 2.4 shows the water loss (determined by soil moisture) and the
precipitation pattern. The amount of water loss from all five fields were

quite similar; the water loss for the Hartner field being the largest.
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Figure 2,4 Crop water use from five wheat fields and precipitation pattern

for the general area,
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This could be attributed to the lighter textured soil (silt loam) and the
heavy rains (72 cm compared to the 30 year normal of 51 cm) which would

be conducive to large drainage rates below the root zone. The average
seasonal water loss for the five fields was 78.83 £ 5.89 cm. Nearly one-
half of this amount being lost after dormancy (late March), By predicting
the yield reductions 30 days in advance (e.g. predicting the economic loss
from April 23 to 29 meteorological datal), a grower could conserve up to
15 ¢m of water {assuming about 7-cm loss through evaporation) by plowing
under his diseased crop; this soil water would then be available for the
following crop.

Figures 2.5, 2,6, and 2.7 show the hourly energy balance terms for
May 4, May 19, and June 15, respectively. The rust infection and the
control fields héve nearly identical fluxes of‘net radiation and evapotrans—
piration. However, the soil heat flux was approximately 507% greater for the
control than for the rust—infected. On May 19 net radiation was greater
for the control bﬁt the evapotranspiration was slightly greater for the rust-
infected (Fig. 2.6). On June 15 (hard-dough stage, Table 2.8) the evapo-
transpiration rates were similar for the two fields but the net radiation
was greatér for the contrel than for the rust—-infected.

Although there was a greater heat load on the control field, as indicated
by the net radiation, evapotransporation was greater in the trust-infected
field at time when rust spores were strongly evident (May 19) on the leaves.
The greater ET rate would suggest a lower stomatal resistance on rust-

infected leaves which was confirmed by data presented in Fig., 2.8 (c.f. May 19).

lAppendix A. ERTS-1 Data Collection System Used to Predict Wheat Disease.
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in the hourly energy balance of rust and control (healthy)



Table 2.8. Physiological calendar for wheat

32

Identifying
Date . Characteristics
September 23 planted
April 21 early joint
May 1 boot
May 8 heading
May 18 flowering
May 30 milk stage
June 6 soft dough
June 15 . hard dough
Table 2.9. Yield data for test wheat fields.
1000 Kernal
Yield " weight
Field {bufAcre) kg/ha em
Erichsen (36.3) 2566 33.0
Hartner (41.7) 2892 31.1
Rusted (28.4) 2616 33.4
Streak (WSMV) (36.7) 2621 33.7
2729 33.3

Control (healthy)

40.0)
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Lower stomatal resistances enhance diffusion of both water vapor (ET) and
carbon dioxide (photosynthesis). The larger stomatal resistances of the
wheat streak mogaic virus (WSMV)-infected plants indicate a loss of turgor
pressure by the epidermal leaf tissue (decrease in leaf-water potential).
Fig. 2.9 shows the lower leaf-water potential of WSMV -infected compared to
the control., Rust-infected leaves had a lower leaf-water potentials later
in the growing season (May 29 to June 5). The unfavorable water balance of

the diseased plants was reflected in the yields (Table 2.9).
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3.0 DATA REDUCTION

3.1 General Data Handling Method

Initially we requested a standing order for 9" by 9" positive trans-
parencies of MSS4 and MSS5 of each of the two fixed test areas (Riley
county and the irrigated and nonirrigated fields in Finney county) and
the high probability wheat streak mosaic virus (WSMV) areas of Kansas.

Upon receipt of the transparencies they were examined for lack of clouds
over the test areas and general suitability for further data reductiom.
Initially, several dates were examined and cataloged before determining
which transparency would be used for further data processing. Later in
the project when more frequent data were required and the anticipated
arrival of the computer compatible tapes (CCT's) was approximately three
months after date of the overflight, it was decided to order tapes as soon
as possible in order to minimize the delays.

Upon receipt of these tapes, the transparencies were used to determine
the desired test area and the tapes were then sent to the Remote Sensing
Laboratory at the University of Kansas so that the desired area could be
stripped off onto another tape and a gray-scale map was generated (Fig. 3.1).
Since the second tape was organized in a band by band structure, a third
tape was generated organized on a point basis, The computer maps were then
put together for the location of the test areas by line and- cell numbers.
Numerous methods were attempted for locating the test fields {(including the
use of U-2 data): however, the best method was to use a clear piece of

acetate over the entire area. This was laid over the computer maps and all
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pertinent identifiable points sketched on the acetate with a grease pencil.
One of the most difficult tasks was the consistent identification of a test
field on the maps.

For the Riley county test fields the U-2 transparencies were projected
over the computer maps in order to approximate the location of the flelds.
There were several identifying points that were initially thought to be
identifiable on each date but were not., After the initial location had
been verified by severai people familiar with the test sites, the acetate
sheet was used to identify the area on succeeding dates,

For the Finney county test fields the most useful identifying marks for
a large area were the county mile lines (roads every mile). Knowing their
approximate spacing, a best fit to these mile lines was drawn on the computer
map and again, by using several people famillar with the test area, an
original layout of the test fields was made. It must be emphasized that
one major check in this process must be the discussion of more than one
trained person as to the location of a specific field and even then errors
occur, The acetate overlay reduced the time in locating the fields on
succeeding dates, especially in the case of the WSMV test area of Finney
county with its over fifty fields. It should be noted that the N-S mile
lines are much easier to locate than the E-W ones.

After locating the fields, the corners of a stfaight line approximation
to the field were recorded by line and cell number and key -punched. These
were used to pick the data for a specific field from the point~oriented
computer tapes. In order to check the locating of the field, two methods
were used. First the points taken from a specific file were displayed as
a "1" on a printout with all other points as a "0" which allowed for the

detection of many small errors. This was made easier by the fact that each
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file contained the data for a 64 by 64 block or area. However, the most
useful method turned out to be the use of a Calcomp plot of the boundary

of all fields on a specific data. These boundaries were generated using

the identical data cards. Different dates could be overlaid and differences
in size and location easily detected. An error of a hundred lines was
detected in one case, 64 cells in another, and one line or cell in several
cases. At this étage the data for each of the test areas were handled
differently; however for each area one common program was run which indicated
the mean, minimum, maximum, standard deviation, correlation coefficient, and
histograms of each of the MSS bands, the difference of bands 6 and 4, 7 and 4,
6 and 5, 7 and 5 (where band 7 had been multiplied by 2 to make the ranges of
all band 128) and the ratios of bands 4 and 5, 4 and 6, 4 and 7, 5 and 6, and
53 and 7. An example of this printout is shown in Figure 3.2. This particular

printout will be discussed later in this chapter.
3.2 Special Computer Programs Generated

General Program

A number of special computer programs were generated to assist in the
location of the fields and in the data reduction for each field. The most
frequently used program found the means, minimums, maximums, standard
deviation, correlation coefficients and histogram., The input to this
program consisted of the tape to be used, the inget or points to be dis-
carded around each field, and the boundary data for each field (line and
cell number for each corner). A program listing is given in Appendix E,

A sample of the output is shown in Figure 3.2. This sample is for one
entire file of data for tape number 1294-16521 which covered the WSMV

reglon of Finney county on May 13, 1973. A total number of 114,688 points
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are covered, It is interesting to note that only 3 quantities have a
normalized cross correlation of less than 0.2 and these are MSS band 4
and MSS band 6 which have a correlation of 0,20, MSS band 5 and MSS

band 6 with a value of 0,04, and the ratios of MSS 4/5 and MSS 4/6 with a
correlation of -0.,12 which is probably due to the low correlation between

bands 5 and 6,

Calcomp CONTUR Subroutine

A Calcomp, contour—generating program was developed which is a very
efficient program running in from 1/3 to 1/10 the time of other programs
tested. The algorithm utillzed 4 adjacent points requiring data which is
equally spaced in the X direction and the Y direction but not necessarily
the same spacing. This program was used to attempt to define the location
of fields and specific targets for location; however this method did not
meet with much success. This program can be easily modified to cross hatch
a reglon between two or move given contours by'modifiéation of program to
intercept the branch out when it is determined that the contour dges not
cross the rectangle. The computer subroutine, brief description and flow

chart are given in Appendix F.

Enhancing Category Variation

A series of computer programs were written to implement a method of
taking vector data and reducing it to a single number for ease of plotting.
Data from unwanted categories would be near zero, and the data from the
desired category would have maximized variation about some number. The proof
of the algorithm is given in Appendix G. The computer programs are given
in Appendix H. The first computes the eigenvectors and eigenvalues using a
set of sample data. The second program computes the variation of data when

the test elgenvectors are inputed.
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3.3 CCT Data Used

Table 3.1 gives a listing of the observation numbers of each of the
tapes used for each of the test areas. The Riley county test field did not
receive coverage from May 10, 1973 until July 4, 1973 due to cloud coverage
even though it was in the overlap and was covered on two consecutive days
each period. An almost three month period was missed in late fall for the

irrigated and non-irrigated fields of Finney county due to cloud coverage.
2,4 Data Reduction Recommendations for Other Investigators

The following are a summary of our recommendations to invesﬁigators

utilizing ERTS CCT's;

1. Print a computer gray—scale map of the area. Be sure to include
at least a 3 mile buffer all the way around a small test area to
aid in location. If possible include large man—-made objectslsuch
as airports, interstate highways, water bodies, etc.

2. On the first attempt to locate the field have as many people as
posgible that are familiar with the test area go gver the tenta-
tive location. If possible, have them try to locate it without
any information as to where others have placed it and then collect-
ively discuss the location.

3. After the initial location is defined, make an acetate overlay
including the pertinent characteriétics such as large dark areas,
sharp boundaries, etc, MSS5 seems the best suited for this. Use
thias overlay to place the location of the test areas on later
dates. Even then it is useful to have others duplicate your

overlay. There will be a few point variation from date to date



Table 3.1,

Observation Number

Riley County Test Area

Date
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Computer compatible tapes used in the project.

Satellite Pass

Conments

1022-16391
1058-16392
1237-16345
1256-16403
1274-16403
1291-16344
1328-16400
1346~16395

Irrigated and Non-Irrigated Test

14 Aug 72
19 Sep 72
17 Mar 73

23 Apr 73
10 May 73
15 Jun 73

Before Planting

Clouds obscured field
After Harvest

Area Finney County

1061-16564 22 Sep 72

1132-16514 5 Dec 72 On edge of tape
1240-16523 22 Mar 73 1
1295-16573 14 May 73

1312-16520 1 Jun 73

1330-16515 19 Jun 73 1
1348-16514 7 Jul 73 After Harvest 1
Wheat Streak Mosaic Virus Test Area Finney County

1240-16523 22 Mar 73 1
1294-16521 13 May 73

1313-16520 1 Jun 73

1330-16515 19 Jun 73 1
1348-16514 7 Jul 73 After Harvest 1

1-Used for both Finney County Test Areas
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due to magnification and other optical errors but a local region of
possibly 4 to 10 square miles does not change appreciably.

Provide cross checks‘on your locations whenever possible, such as
test field boundaries overlaid on reflectance contours. If more
than one test area is in the view, their relative positions should

remain constant between dates.
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4.0 EFFECT OF CROP GROWTH ON [ERTS~1 MSS RESPONSE

Determination of crop growth from spacecraft has received considerable
attention by agriculturistsz. Such efforts have been brought about by the
increasing awareness of shortages in food and fiber production. In a given
area, agronomic crops develop and mature at somewhat predictable rates and
abnormal growth patterns are exhibited when the photosynthetic process is
interupted or reduced {(e.g. disease, insects, nutrition, drought or flooding).
Therefore, the monitoring of crop growth can provide valuable information
on the prediction of preduction,

Plants appear green to the human eye because the relatively large
reflection in the green wavelength (500 nm). This relatively high reflec-
tance in the visible wavelengths can be attributed to the strong absorptance
of blue (450 nm) and red (500 nm) wavelengths by plant pigments, namely,
chlorophyll. More characteristic of healthy plant leaves than the low
reflectance in the visible wavelengths (400-700 nm) is the high reflectance
(about 50 percent) and transmittance (40 percent} to near infrared (700-1300
nm) radiation. Because of this optical characteristic, leaves stacked on
top of one another exhibit greater near infrared reflectance as the leaf
layer increases; therefore, near infrared reflectance has important conse~
quence in indicating differences in vegetation density (Allen and Richardson,
1968).

The reflected radiation stream from a crop canopy is cémposed of rays re-
fle;ted from the vegetation and from the soil surface. The surface, which domi-
nates the scene reflectance depends upon percentage of crop cover. For many

crops, especially row crops, there is a good correlation between percentage

2Symposium on s8ignificant results obtained from ERTS-1. NASA SP-327.
March 5-9, 1973, NASA-GSFC.
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cover and leaf area index (leaf area to ground area); however as the percentage
approaches 100 (about 85%) large increases in leaf area index can occur with
slight changes in percent cover. Since the spectral reflectance of soil
differs from that of chlorophyll-containing tissue, vegetation demsity

can be deduced from the signal strength of reflected rays in the visible

and near infrared wavelengths., Kanemasu (Appeﬁdix B) suggests that ratio of
the reflectances in wavelengths of MSS4 and MSS 5 is less than unity when
soil exposure dominates the scene and tends to follow the leaf area index
while Wiegand et al. (1973) states "the photosynthetic potential of green
plants cannot be deduced directly from the photosynthetically active wave-
lengths"” (MS584 and 5). However, the apparent inconsistency in the two
studies may be due to the MSS4:MSS5 ratio being sensitive at low LAI (<2)
while the MS36 and 7 bands being more sensitive at high LAI (>2). At low
LAI, the soil reflective properties in the visible wavelengths domipate while
at high LAI the leaf reflective properties in the near infrared wavelengths

dominate.

METHODS AND MATERTALS
Four commercial wheat fields were used in study. Table 4.1 shows their
location and cropping description.
Plant samples for leaf area determination were collected at frequent
intervals (usually 10 days) throughout the growing season. Samples in two
of the fields (Hartner and Erichsen) were measured with an ;ptical planimeter
while the leaf area of samples from the other two fields were determined

with an empirical equation using leaf width and length (equation 2,1).
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Table 4.1. Location and cropping description of the Riley county fields
(Hartner and Erichsen) and the irrigated and non-irrigated
wheat fields in Finmey county,

Location " 'Row Spacing {cm)
Hartner - 39° 08' N, 96° 37' W _ 20.3
Erichsen - 39° 07' N, 96° 35' W 20.3
Irrigated - 38° 8.5' N, 101° 4.9 W 30.5

Nonirrigated - 38° 9.6' N, 101° 5.9' W 25,4
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Data reduction

The greater the digital count in each band, the greater the radiance.
Maximum digital cﬁunts for MSS4, 5 and 6 is 127; The radiance (mw cm."2 s.r—‘1
umfl) is given by

E = (digital counts) (maﬁimum radiance) /127 {(4.1)
vhere the maximum radiance for 4; 5 and 6 are 24;8; 20.0 and 17.6, respec—
tively.

The radiance for MSS7 is

E, = (digital counts) (15.3)/63 (4.2)

hanl

Hence, conversion factors (mw cm.—2 8T ﬁmﬂl countsﬂl) for digital counts in
bands MSS4, 5, 6, and 7 to radiance are 0.19528; 0.15748, 0.13858, and 0.242886,
The radiance, E, measured above earth's atmosphere, has been affected by the
optical propertles of the atmosphere.

Satellite reflectance is the ratio of the radiance, E, to the irradiance
(incoming radiation fluk abhove atmosphere); In order to compare satellite
reflectance with ground reflectance; the spectral transmission of the atmos~
phiere must be determined. The transmission of atmosphere becomes increasingly
important to surfaces with low reflectances where errors can overwhelm low
signal strength.

Assuming equal atmospheric transmission for MSS54 and 5, we can describe

the reflectance ratio of MSS4 and 5 as

A fi = .Eﬁ[.lié]ﬁl (4.3)
RS 14 I5

where I4 and I5 are the incident radiation fluxes in the wavelengths of MSS4
and M555. Assuming (15/14) equals 0.8696 (Smithsonian Meteorological Tables),

equation (4.3) can be rewritten in terms of the conversion factors
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_ Counts 4
R. (0.8696) = Counts 5

5 (Counts 5) (0.15748) (1.078) (4.4)

R4 (Counts 4) (0.19528)
R

Similar relationships can be derived for the other combination of the
reflectance ratilos; however, caufion ghould be used since the assumptions
are not completely valid. The reflectance ratic of MSS54:MSS5 is slightly
larger than the ratio of their digital counts, In this report, we will use

digital count ratlos and not attempt to estimate reflectance ratios.

RESTULTS

Table 4.2 shows (a) the digital counts for MSS4, 5, 6, and 7, (b) the
difference in digital counts, (¢) the ratio of the digital counts, and
(d) their standard deviations for the elght ERTS-1 observations on two Riley
county wheat fields. Linear regression equations were calculated for the
correlation of leaf area indeﬁ (LATI) and percent cover (P.C.) with the 13
digital parameters listed in Tahble 4.2. The regression equations for the
pooled data (both fields) are summarized in Table 4.3 for the September to
May observations,

The lowest correlation coefficients were obtained directly from the
MSS bands while the highest correlation coefficients were the difference
between two bands, MSS6-5 and MSS (2 x 7)~5; however, band differences have
high standard deviations. In general, the linear correlations were high
whenever two bands were combined either by ratlo or difference. Of the
band ratios used, the pcorest correlations were MSSﬁ/G; and 4/7. It is
significant that the MSS4/5, which consists of bands confined to the
vigible wavelengths, is one of the better indicators of crop growth,

Table 4.4 shows the pixel correlation coefficients between the MSS

bands for the Hartner field. A positive correlation existed between bands



Table 4.2a., Mean digital counts and standard deviations for ERIS-1 observations of Hartner field.

3 (standard deviation)

bDiscoutinuity in telemetry

Observation No. NSS4 MSS5 MSS6 MSS7 6-4 (2x7)=4 65 (2x7)=5 &[S 4f5 447 5/6 5/7

1022-16391 41.46 44,82 49.91  24.14 8.46 6.82 5.09 3.46 .95 .83 1.73 90 1,88
August 14, 1972 (4.86)%  (8.92)  (2.64) (L.70) (3.62) (7.02)  (7.57) (il.13) 1) (08 (.26)  (.16)  (.43)
1058-16392 34.74 37.48  37.39  17.65 2.65 .57 -~ 09 -2.17 .93 93 1.98  1.00  2.14
Sept. 19, 1972  (3.83)  (4.20) (2.43) (1.43) (3.59)  (4.11)  (4.14)  (5.3D) (.12)  10) (23 (1) (.29)
1076-16393 35.04 36,38 38,17  19.17 3.13 3.29 1.79 1.96 .97 92 1.83 .95 1,90
Oct. 7, 1972 (3.30)  (5.26) (2.99)  (1.24) (2.25) (3.45)  (3.30) (4.73) (.07)  (.06)  (17)  (.09)  (.24)
1237-16345 30.41 28,46 36,55  19.32 6.14 8.23 8.09  10.18 1.07 .83 1.58 .78 1.48
March 17, 1973 (L.74)  (2.30)  (2.06) (1.39) (2.49) (3.3  (3.16) (3.92) (.07)  (.06)  (.15)  (.08)  (.18)
1256-16403 29,96 27.18  40.77 22,14  10.82  14.32 13.59  17.09 1.12 7 Y .67 1.26
april 5, 1973 (2.75)  (4.89)  (2.73) (2.10) (4.28) (6.05)  (6.4B)  (8.30)  (0.11) (.10) (.225) (.15}  (.39)
1274-16403 27.90 22.80  44.45 25,10  16.55  22.30 21,65  27.4 1.25 63 1,12 .51 .92
April 23, 1973 (3.16)  (5.04)  (1.40)  (1.59) (2.80) (5.70)  (4.66)  (7.53) (.12)  (.06)  (.21)  {,11)  (.28)
1291-16344 30.17 22,11  48.89  27.89  18.72  25.61 26,78 33.67 1.37 .62 1,08 45 .79
May 10, 1973 (1.69)  (1.91) (2.19) (1.08) (2.11) (2.73)  (2.29)  (2.79) (.06)  (.03) (.07  (.04)  (.07)
1346-16395 37.0 39,75 46,25 22,90 9.25 8.80 6.50 6.05 .93 .80 1.62 .87 1.76
July &, 1973 b (3.46)  (4.87) (2.47) ——— — (5.69)  (6.30) -— — — (.11} (.24)

0%



Table 4.2b, Mean digital counts and standard deviations for ERTS-1 observatiouns of Erichsen field.

Observation No. MSS4 MSS5  MSS6  MSS7 64 (2x7)-4 65 (2x7)-5  4/5 46 4)7 5/6 577

1022-16391 26,06 21,13 27.88  13.75  1.81  1.44 6.75 6,38 1.2 1,01 2,13 82 1.75
August 14, 1872 (1.98)%  (1.38) (8.98) (5.70)  (7.20)  (5.68)  (B.47) (10.91)  (.08)  (.24) (.62) (.22)  (.873
1058-16392 30,54 28,21 29,33  13.83  ~1.21  -2.88 1.125 - .54 1.09  1.05 2,24 97 2,07
Sept. 19, 1972  (2,11)  (3.08)  (2.85)  (1.86) (3.04) (3.79)  (3.51) (4.23)  (.O7)  (11) (3L G12)  (.30)
1076-16393 22,40 19,18 18,69 9.41  -3.69  -3.56 - .49 - .36 1,18  1.23  2.48  1.04  2.10
oct. 7, 1972 (1.58)  (2.51) (3.54) (2.38) (2.48) (3.80)  (2.09) (3.27)  (.10)  (.17) (.46) (.11)  (.30)
1256~16403 23,57 17.93 26,14  14.66  2.57  5.71 8.21  11.36  1.33 92 1,65 .70 1.27
April 5, 1973 (2.21)  (3.03)  (2.96)  (2.34) (4.33) (5.80)  (5.24)  (6.69)  (.12)  (.16) .33) (17)  (.33)
1274-16403 25,77 17.82 41,59 24,59  15.82  23.41  23.77  31.35  1.48 66 1,10 .45 .78
April 23, 1973 (2,313 (3.97)  (6.28)  (4.78)  (7.82) (10.92)  (9.68) (12.77) (.18}  (.15) (.34) (.18)  (.35)
1291-16364 27.82  18.12 50,44 29,32 22,62  30.82 32,32 40,53  1.55 .57 .59 .37 .66
May 10, 1973 1.09)  (L.74)  (.78)  (5.74)  (7.57) (11.28)  (8.95) (12.68) (.15}  (.10)  (.23) . (.10)  (.21)
1346-16395 49,0 59.47 62,00  30.33 13,00  11.66 2.53  1.20 .82 79 1,62 .96 1.96
July 4, 1972 =-P (2.45)  (2.73)  (1.84) = — (1.55)  (2.70)  =—m —_ (.02)  (.09)

a(Standard deviation)

bDiscontinuity in telemetry

1§



Table 4,3a., Linear regression equations of leaf area
index (LAI) and digital counts from MSS
4, 5, 6, and 7 taken from 6 ERTS~1 ob-
gervations of Erichsen and Hartner fields.

_ Correlation

Linear Regression Equation. _ Coefficient
LAL = -0.081 (MSS 4) + 3.333 ~.308
LAI = -0.101 (MSS 5) + 3.414 ‘ - =704
LAI = 0,072 (MSS 6) - 1.824 .734
LAL = 0.126 (MSS 7) -~ 1.717 .838
LAI = 0.095 (MSS 6-4) - .001 910
LAT = 0.071 [MSS (2 x 7)-4] - .028 .937
LAI = 0.074 (MSS 6-5) - .128 ,958
LAT = 0,058 [MSS (2 x 7)-5] - .107 .962
LATI = 4,148 (MSS 4/5) - 4.195 .918
LAL = ~3.946 (MSS 4/6) + 4.095 ~.815
LAT = ~1.696 (MSS 4/7) + 3.472 . 864
LAT = -3.665 (MSS 5/6) + 3.400 ‘ -.945

LAI = ~1.565 {MSS 5/7) + 2,952 -.920




Table 4.3b.

Linear regression equations of percent

“cover (PC) and digital counts f£rom MSS
4, 5, 6, and 7 taken from 6 ERIS-1
observations of Erichsen and Hartner

fields.

Linear Regression Equation . .

Correlation
Coefficient

PC

PC

PC

PC

PC

PC

PC

PC

EC

PC

PC

PC

PC

~3.457 (MSS 4) + 137;492
-3.142 (MS§ 5) + 115.858
2,579 (MSS 6) - 63.474
4,573 (MSs 7) - 59.997

3.364 (MSS 6-4) + 4.214

2.465 [MSS (2 x 7)-47 + 4.403

2,536 (MSS 6-5) + 2,100

1.953 [Mss (2 x 7)-5] -+ 3.318
131.342 (MSS 4/5) - 123.603
-146.141 (MSS 4/6) + 152,736
-61.194 (MSS 4/7) + 128.859
-123,929 (MSS 5/6) + 122,025

-52.937 (MSS 5/7) + 107.027

~.410
-.729
LAL7
.843
.915
942
.967
.968
.892
~.869
-~. 900
~.963

—-.952
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Table 4,4,

Correlation coefficients between the various MSS bands for the Hartner

field.

Date 4vs 5  huvs6 4vs 7 5 vs 6 5 va 7 6 vs 7
August 14 .90 .65 -.41 .59 -.51 .01
September 19 LAl .39 .26 .30 -, 10 .66
October 7 .88 .72 30 .78 42 .69
March 17 .60 14 -.03 -.04 -.17 .73
April 5 .87 _.21 - 47 -.38 -.64 .75
April 23 .91 A4 -.59 ~.38 -.63 .23
May 10 .79 L4l .01 .36 .06 .68
July 4 .13 .09 .09 .09 -.09 .86

kel
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4 and 5 and between 6 and 7. The lowest positive correlation existed between
a visible band (4 or 5) and a near-infrared band (6 or 7). This relationship
results because vegetation absorbs strongly in the visible and reflects

strongly in the near-infrared wavelengths.

Radiometric response. Fig. 4.1 shows the scene radiance from a single wheat

field at wvarious growth stages; In general, as the plants develop, radiance
in bands 4 and 5 decrease while bands 6 and 7 increase. The higher radiance
at LAI = 0 than at LAI = .14 may be due to soil moisture differences (Appendix
B). The stubble field (post harvest) shows a high reflectance in the visible

(MSS 4 and 5) and in the near infrared wavelengths (MSS 6 and 7).

Finney County Flelds. In the Finney county area, leaf area indices were
determined periodically on an irrigated and a nonirrigated wheat field

(c.f. section 2.1). The Riley county (Hartner and Erichsen fields) and
Finney county (irrigated and non-irrigated fields) data were pooled and
linear regression equations were determined for the various band ratios
(Table 4.5). The MSS4 to MSS5 ratio gave the highest correlation coefficient

with the MSS 5 to MSS6 ratio having a slightly lower correlation coefficient.
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Table 4.5. Linear regression equations of pooled

LAT and MSS digital count data from
Hartner and Erichsen fields (Riley
county) and irrigated and non-irrigated
fields (Finney county).

Correlation

. Linear Regression Equation . Coefficient
LAT = 3.305 (MSS4/5) - 3.089 .92
LAL = -3,395 (MSS4/6) + 3.275 - 72
LAI = -1,384 (MSS4/7) + 2,650 -.73
LAI = ~3,034 (MSS5/6) + 2.804 -.90
= -1,307 (MSS5/7) + 2,402 -.87

57
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5.0 DETECTION OF DISEASE SEVERITY AND ECONOMIC LOSS

ERTS-1 imagery was processed to determine the satellite's usefulness
in the early detection and estimation of wheat disease severity and economic
loss. The experimental site was a 450 square mile area of Finney and Gray
counties which contained healthy and wheat streak mosaic virus (WSMV)-
infected wheat fields. A detailed map of this area was prepared and the
crop and its condition was determined in every field. The following severity
ratings were used:

0 = Healthy, No WSMV infection (very green)

1 = Trace WSMV infection (few yellow plants)
2 = Moderate WSMV infection (whole field slightly yellow)
3 = Severe WSMV infection (whole field very yellow)

With farmers permission, four random samples (a sample = 16 square
foot plot) were harvested from each of 54 fields. Samples were threshed
for yield determination, and four yield groups were éssigued:

A = 13.8 - 20.00 Bushels/Acre

B

i

20.1 - 25.0 Bushels/Acre

C = 25.1 - 30,0 Bushels/Acre

D= 30.1 ~ 41.6 Bushels/Acre

Grey scale maps of the site were prepared for MSS Band 5 for each clear

date (March 20, May 13, May 31 and June 18, 1973). Test fields were readily
identified using center-pivot irrigators, airports and peculiar field
shapes for registration., Digital data for the four MSS bands on each data
were processed manually or by machine for each field. To minimize border

effecte a boundary of one data point around the edge of each field was

discarded.
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Means were determined for digital counts on all MSS bands and ratios
of the bands., These means were tabulated relative to yield (Table 5.1)
and disease severity (Table 5.2). Correlation coefficients for MSS digital
counts versus yield and MSS digital counts versus severity were determined.
None of these relationships was significant at the 1% level, but 11 of 72
relationships were significant at the 5% level. Of these, eight occurred
in the 5/31/73 data. On this date a negative correlation existed between
yield and MSS bands 4 and 5; with a positive correlation between yield and
the MS5 4/5 band ratio (Table 5.3, Fig. 5.1-C). A significant negative
correlation existed (barely) on 53/31/73 between yield and the MSS 4/6 and
4/7 band ratios (Table 5.3). MSS band 6 was correlated with yield on
3/20/73 (Table 5.3). WSS band 7 never showed a correlation with yield at
the 57 level (Table 5.3).

Similar correlations cccurred between M35 digital counts and disease
severity. For 5/31/73 a positive correlation existed between severity and
M55 band 4 and for the MSS 4/6 and 4/7 bhand ratios (Table 5.4, Fig. 5.2-C).
A higher positive correlation existed en 6/18/73 between MSS hands 4 and 5
and severity (Table 5.4, Fig. 5.2—D); There was no significant correlation
between MSS bands 6 or 7 and severity {(Table 5.4).

Significant correlations between MSS digital counts and wheat yields
or disease severity were demonstrated only for the 5/31/73 and 6/18/73
data. The negative correlation between yield and digital counts for MSS
bands 4 and 5 on 5/31/73 (Fig. 5.1-C) is reasonable and probably resulted
from premature coloration of the crop, greater reflectanee by the soil due
to thinning of the crop or both. WSMV prematurely colors and thins the
crop. Positive correlations hetween severity and digital counts for MSS
bands 4 and 5 on 5/31/73 and 5/18/73 (Fig. 5.2—C;D) are also plausible for

the same reasons.
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We have correlated ERTS-1 imagery with ground truth for both wheat
yield and disease severity with significant correlation §Btained at the 5%
level. Also, in.both cases the effects of the disease are being detected
near the end of the crop season rather than the disease per se being détected
early in the season. It is reasonable to assume that a disease sufficiently
severe to reduce yields by over 50% and readily detectable by eye should
have been more readily detected and quantified by ERTS-1. However, WSMY
was most obvious from very late March to May 1 when no ERIS~1 imagery was
available due to inclement weather, Therefore, although we report some
positive results on the quantitative effects of the disease, we were unable
to adequately test the ERTS-1 zystem for early detection and estimation

of geverity and yield reduction in wheat due to wheat streak mosaic virus.
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Means of MSS digital counts in relation to wheat ylelds.

Table 5.1,
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Means of MSS digital counts im relation to disease severity

Table 5.2,

MSS Band Ratie

MSS Band

5/7

5/6

47

476

4/5

Severlty
Group

4

Yield

Date
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Dev.
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Table 5.3. Correlation coefficients — MSS digital counts vs, wheat yields

———

- MSS Band MSS 'Band Ratio

Date 4 5 6 7 45 . 4f6  4&/1  5/6  5/7

3/20/73 .18 .14 $32% .30 ~.02 ~.18 -.18 -.09 -.10

5/13/73 -,02 ~.01  -.07 -.,03 .09 .13 .13 .08 .09

5/31/73 -.39% -,34*% -.06 .21 W34 =,31% -.31% -,30 -.29

6/18/73 -.,23 ~.24 -.16 ~.01 .12 -, 17 -.21 -.20 =.22

. *Significant at 5% level,

Correlation coefficients with a minimum of 40 degrees of freedom: 1%z = ,393
5% = .304
107 = .257

Table 5.4, Correlation coefficients - MSS digital counts vs, disease severity

M35 Band MSS Band Ratio
Date 5 5 6. 7 4/5  4/6 4/7  S/6  5/7
3/20/73  -.13  -,10 01 -.01 04 -13 0 110 -2 -.10
5/13/73 .10 .02 .20 .16 04 -3 -1 -4 .12
5/31/73  .32% .27  -.05  -.28 -.29 L32% 32% 27,28
6/18/73  .35%  ,35% .22 .03 -.18 .25 .27 .29 .28

*Significant at 5% level,

Correlation coefficients as above.
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7.0 CONCLUSIONS

A computer-based model of estimating evapotranspiration for irrigation
scheduling requires a crop coefficient curve. The leaf area index (LAI) of
wheat appears to provide a reasonable estimate of a wheat-crop coefficient
and can be deduced from MSS digital data. Tﬁe ratio of any two MSS bands
(digital counts) are linearly correlated with LAI (r >-;70); the ratios of
M8S4:MSS5 and MSS5:MSS6 appear to best simulate LAT (r > .90), 1In additionm,
these linear regression equations are useful for estimating LAT of wheat on
fields other than which the equatioﬁ were derived,

The so0il moisture in the roo =zone of wheat was estimated with reason—
able success from MSS7 and MSS4:MSS5; however, the relationship is not unique
and would depend upon soil type. This preliminary work needs further investi-
gation.

The early detection of wheat streak mosaic virus using the available
ERTS~1 imagery for 1973 was not possible; At the time of greatest visual
difference between healthy and disease wheat; no ERTS-1 imagery was
avallable because of cloud cover; However, we attempted a later detection
of disease severity using the May 13, 1973 imagery but no significant cor-
relation of disease severity to band digital count was found. The May 31,
1973 imagery showed a higher degree of significance (5% level) of digital
counts versus severity and digital counts versus yield. This relationship
was attributed to the premature vellowing and thinning of diéeased wheat,

Qur use of data collection platforms (DCP) to predict disease
severity was successful and appears to have potential applications. The

implementation of the DCF did not create a major maintenance problem.
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8.0 FUTURE RESEARCH NEEDS

Currently we are at the stage of development where it is feasible to
monitor large agricultural areas and identify the crop type and stage
of development. However, further study is required for the detection and
evaluation of disease and water stress., These physiological stresses are
of major importance in their effect on crop yield. As with most agriculturél

programs, the timeliness of the observations is extremely critical.
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ERTS-1 DATA COLLECTION SYSTEMS USED TO PREDICT
WHEAT DISEASE SEVERITIESl
E. T. Kanemasu, H. Schimmelpfennig, E. Chin Choy,

M, G. Eversmeyer and D. Lenhert2
ABSTRACT

The feasibility of using the data collection system on Earth Technology
Satellite-1l to predict wheat leaf rust severity and resulting yield loss was
tested,

Ground-based data-collection platforms (DCPs), placed in two commercial
wheat fields in Riley County, Kansas, transmitted to the satellite such
meteorclogical information as maximum and minimum temperature, relative
humidity and hours of free moisture. Meteorological data received from
the two DCPs from April 23 to 29 were used to estimate the disease progress
curve. Values from the curve were used to predict the percentage decrease
in wheat yields resulting from leaf rust. Actual decrease in yields was
obtained by applying a zinc and maneb spray (5.6 kg/ha) to control leaf
rust, then comparing yields of the controlled (healthy) and the noncontrolled
{rusted) areas. In each field a 9% decrease in yield was predicted by the

DCP-derived data; actual decreases were 12% and 9%.

lContribution No. 1387, Agronomy Department, Evapotranspiration Laboratory,
and Contribution No. 5953, Department of Plant Pathology, Kansas Agricul-
tural Experiment Station, Kansas State University in cooperation with the
United States Department of Agriculture. National Aeronautics and Space
Administration provided partial support for this research. Date received

2Assistant Professor of Microclimatology, Electronic Technician, Research
Associate, Research Plant Pathologist, USDA, ARS, NCR, and Associate
Electrical Engineer, Department of Electrical Engineering, Engineering
Experiment Station, Kansas State University, Manhattan, Kansas 66506,



INTRODUCTION

Epidemiological investigations have shown that the severity of wheat

leaf rust (Puccinid recondita Rob. ex Desm f. sp., tritici) and subsequent

loss in yield can be predicted (Eversmeyer and Burleigh, 1970; Burleigh
et al., 1972a; Burleigh et al., 1972b). Such predictions would be most
important for determining curative measures to reduce economic loss.

In the above mentioned investigations, stepwise‘multiple regression
techniques were used to identify biological and meteorological variables
useful in explaining variation in wheat leaf rust severities 7, 14, 21, and
30 days after the date of prediction (DP) and the relationship between
those predicted severities and yield loss. Equations in the form
Yi = Ki + blxli + ... + bn'xni were formulated and tested., Variables which
they reported to be most significant in the successful prediction of wheat
leaf rust development were: leaf rust severity on DP, growth stage of
wheat on the date predicted, average hours of free moisture during seven
days prior to DP, number of days or precipitation greater than or equal to
0.25 mm during seven days prior to DP, a fungal growth function, and fungal
infection function., The equations predicted leaf rust severity In test
plots within * 1, 3, and 12%, 14, 21, and 30 days in advance, respectively.
They studied the relationship between leaf rust severity at several wheat
growth stages and yield loss and constructed general equations to predict
percent loss. )

Successful prediction of disease losses for large remote areas would
require continuous gathering of meteorological and biological data on
widely separated fields, which using routine instrumentation would require

an enormous maintenance capability., The recent launching {(July 23, 1972)



of Earth Resources Technology Satellite~l (ERTS-1) has permitted the use

of spacecraft to collect data from ground-based transmitters placed in
remote areas; in turn the satellite can retransmit data to one of three
prime receiving stations: Goldstone, California; NASA Test and Training
Facility; and Fairbanks; Alaska., (Detailed information can be found in

the Data Users Handbook)B;

The satellite's data collecting capability offers a unique opportunity

to test and evaluate the use of information gathered by dafa collection

platforms te predict epidemics of wheat leaf rust.
MATERTALS AND METHODS

Two data-collection platforms (DCP) =~ furnished by NASA as part of an
ERTS-1 experiment (site 1, 39°Q7'N, 96°35'W; site 2, 39°08'N, 96°35'W) —-
were located in two Riley County (Kansas) commercial fields (40 acres each)

of wheat (Triticum aeéstivum L. cv. Scout). 8ite 1 and site 2 fields were

a silty clay loam and silt loam, respectively. Both fields were planted
to wheat in late September in 20~cm rows. The DCPs were installed by
December 1, 1972 and were operational until July 23, 1973;

The data collection platform (DCP) 18 an automatic, data-relay ter-
minal that accepte 8 chamnels of either analog or digital data from user-
furnished electronics (sensor interfaces); Every 3 minutes the DCP
interrogates the 8 input channels and transmits the data;erggardless of
the satelliteis position. The satellite passed close enough to the Riley

County DCPs to receive the tramsmission with a * 1 hour period at 1030

Jpvailable through General Electric, Space Division, Valley Forge Space
Center, P. G. Box 8555, Philadelphia, Penn. 19101,



and 2230 local time. Because many of our sensors required interrogation
at other times, we designed a sensor interface that interrogates sensors
at the proper time, then digitally stores the data for transmitting later,
(A detailed description of the interface appears In a NASA report)é.

The power supply (storage batteries) was enclosed in a box separate
from the rest of the DCP to prevent corrosion by acid fumes. The trans-
mitter and interface were enclosed in a double wooden boﬁ.

Table 1 gives sensor data transmitted and received by the satellite
during the two pericds of each day that the satellite was within DCP range.
Information on channels 1 through 4 was obtained primarily for input into
the disease prediction equations; the visible and near infrared reflectance
data (channelé 5-8) were used to analyze crop growth,

Relative humidity was measured by a sulfonated polystyrene sensor
(PCRC~-11, Phys-Chemical Research Corp.), and soil moisture was estimated
by sypsum soll moisture blocks (CEL-WFD, Beckman Instruménts). The signal
conditioning consisted of an AC ohmmeter and a logarithmic amplifier for
linearization, Free moisture was detected by measuring the AC resistance
change of a bifilar array exposed to the atmosphere. When wetted, the
electrical resistance of the array decreases and the resistance of the array
was determined with a level-detecting AC ohmmeter. Air temperatures
(maximum, minimum, and instantaneous) were determined by thermalinear
thermistors (YSI 700, Yellow Spring Instruments). Maximum and minimum
temperatures stored in the interface memory were compared with the current

temperature every 3 minutes and updated. Visible (590 to 720 nm) and

4Report No. 2263-3, Kansas Environmental and Resource Study: A Great
Plains Model. January, 1973, NASA.



near infrared (730-1000 nm) radiation streams were measured using silicon
photocells filtered on their respective wavelengths ranges, (Details on
sensors and signal conditioning can be found in a NASA report)a.

The relative humidity and temperature sensors were located in small
ventilated weather shelters. The weather shelters were positioned at least
35 m from the edge of the field. Early in the season, the sensors were
maintained at a height of about 30 cm above the soil surface but, as the
plants developed, the shelters were raised to keep the sensors near the
top of the canopy. The free moisture sensors were maintained at mid-canopy
height., The photocells were located on stands approximately 2.5 m above
the soil surface.

Beginning April 25, weekly applications of a zinc and maneb spray
(5.6 kg/ha) were made on four randomly selected 2.2 m2 areas (healthy)
near each DCP for control of wheat leaf rust. Grain yields were cbtained
by harvesting four 1.5 m2 plots from the sprayed areas and four adjacent
1.5 m2 areas on which leaf rust was not controlled. Leaf rust severity
estimates were made at the time of spray application using the modified

Cobb scale (Peterson 1948),
RESULTS

The DCP can be used to collect and transmit data with minimal main-
tenance. Two 12V storage batteries, used to power the system, were
replaced every four weeks, when they needed recharging. At the same time,
gensors were routinely checked. Occasional down-time was experienced due

to an electrical storm or rodents chewing transmission cables.
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Data (IBM cards) were received from NASA 5 to 14 days after transmission
to the satellite. Normally, 8 to 12 transmissions were received by the
satellite each day from each DCP (Fig. 1). Figs. 2 and 3 show typical
meteorological information acquired by the DCP.

Maximum and minimum temperatures and hours of dew occurring each day
as recorded by the two DCPs for the seven day period April 23 to 29 were
used together with other biological data taken in the test fields to
predict leaf rust severities that would be expected on May 6, 13, 20, 29,
near each DCP. These predicted severities ﬁere used in the leaf rust loss
equations to predict the percent reduction in wheat yilelds to be expected
due to leaf rust development., Using meteorological data obtained from
the DCPs a 9% decrease in wheat yields due to leaf rust was predicted for
each site, and compared favorably with actual decreases in yield of 9%
and 12% (Table 2). Actual yield reductions were obtained by comparison
of yields of the controlled (healthy) and the noncontrolled (rusted areas).

The manpower required for obtaining data in remote areas could be
minimized by use of DCPs. Our results indicate DCP-derived data can be

effectively used in existing disease prediction equations.
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Table 1, Data from DCPs in Riley County wheat fields transmitted at the
two periods.

CHANNEL 9:00-11:00 TRANSMISSION 21:06-23:00 TRANSMISSTION
1 instantaneous relative humidity instantaneous scil moisture
2 _ cumulative hours free moistures cumulative hours free moisture
3 minimum temperature 00:00-11:30 maximum temperature 11:30-00:00
&4 instantaneous temperature | instantaqeous temperature
5 instantaneous incoming visible 14:00 incoming visible
6 instantaneous reflected visible 14:00 reflected visible
7 instantanecus incoming infrared 14:00 incoming infrared
8 instantaneoﬁs reflected infrared 14:00 reflected infrared




Table 2, Leaf rust severity estimates, wheat yields and percentages loss observed in commercial tields Irom which OLZ
data were obtained,

igr;l 26 2/ May 18 May 25 June 4 June 11 % Loss % Loss
Jocation Rep. GS= #%DS— GS %#DS  GS %DS  GS %DS GS pALS kg/ha  actual predicted
: ‘
ERICHSEN
Realthy 1 EJ 0 H 5 A .5 M 1 SD 3 2913
2 EJ 10} H D A od M 1 Sh 3 2887
3 EJ 0 H 5 A 5 .M 1 SD 3 2911
4 BJ 0 H .5 A W5 M 1 SD 3 2975
i Ave, ' 2921 12,3 §,2
Rusted 1 EJ 0 H <D A .5 M 20 sp 40 2627
2 EJ 0 H ad A 03 i 20 SD 407" 2690
3 EJ 0 i .5 A o5 M 20 SD &0 2424
4 EJ Q H .5 A oD M 20 SDh 40 2511
Ave, 2562
UARTNER
Healthy 1 EJ 0 H S A .5 M .5 SD .5 3135
: 2 EY 0 H 5 A .2 M D 5D ) 3050
! 3 EJ 0 H ) A o3 M - Sh 3 3227
! 4 EJ 0 H 5 A .5 ¥ .5 SD .5 . 3143
i Ave, 3139 9,3 .1
| Rusted 1 EJ 0 H 5 A .5 M 15  SD 30 2882
i ' 2 EJ 0 H oD A ) M 15 Sp 30 2762
! 3 EJ 0 H 5 A .5 M 15  SD 30 2391
[ 4& - EJ 0 H 5 A .5 M 15 SD 30 2854
; Ave, 2847
1/

Growth stage; EJ (early joint); H (heading); A (anthesis); M (milk); SD (soft dough)

e/, .
=" disease severity

£ET-v
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SEASONAL CANOPY REFLECTANCE PATTERNS OF WHEAT,
SORGHUM AND SOYBEANY
by

E. T. Kanemasu2
ABSTRACT

Reflectance characteristics of agronomic crops are of major importance
in the energy exchanges of a surface. In addition, unique reflectance
patterns may be an aid in erop identification by means of remote sensing.
Our study suggests that the ratio of the reflectances of the 545-nm to
the 655-nm vaebands provides information about the viewed surface, regard-
less of the crop. The reflectance ratio is less than unity early and late
in the growing season. TFor all crops studied, the ratio closely followed

crop growth and development and appeared to be more desirable than the

near-infrared reflectance as an index of growth.

1Contribution No. 1385 Evapotranspiration Laboratory, Agronomy Department,
Kansas Agricultural Experiment Station, Kansas State University, Manhattan,
Kansas 66506, This study was partially supported by the National Aero-—
nautics and Space Administration. Received -

2Assistant Professor of Microclimatology, Evapotranspiration Laboratory,
Department of Agronomy, Kansas State University, Manhattan, Kansas 66506.



INTRODUCTION

Canopy reflectance patterns are important to the radiative balance of
a crop and as possible discrimination features for remote sensing appli-
cations., Individual leaf reflectance can provide valuable information
after a canopy cover becomes complete, However, in most cases the condi-
tion of the viewed surface is not known and discrimination analysis must
be performed on canopy-reflectance data that may not be easily interpreted
from leaf-reflectance data.

This study focused on determining canopy-reflectance patterns that

would allow the surface condition to be determined,
METHODS AND MATERIALS

Two fields each of wheat (Triticum aestivum L. cv. Scout)}, sorghum

{Sorghum bicolor L. Moench Pioneer var. 846) and soybeans (Glycine max

L. cv. Clark 63) were selected in a bottomland area where one field was a
dark-colored, silty clay loam (lat. 39°08'N, long. 96°37.5'W) and the other
a light-colored, silt loam (lat. 30°08'N, long. 96°37'W).

Growing conditions were considered normal (compared to previous
seasons) and adequate soil moisture was maintained by precipitation and
irrigation. Specific growth stages and leaf area indices (leaf area to
ground area) were recorded periodically. All the plants within a half
square meter area were taken to the laboratory and leaf areé was deter-
mined with an optical palnimeter.

To determine the spectral hemispherical reflectance of the canopy,
the sensor head of a portable spectral radiometer (LI~187, Lambda Instrument

Co.) was pointed upward and downward. The spectroradiometer has 9 full-scale
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ranges from 0.3 to 3000 watts mfz (Um—l). The sensor head (8.2-em diameter)
consists of seven miniature sensors covering the visible and near infrared
wavelengths (Table 1). The D, F, and G sensors {545, 655, and 750 nm)
closely correspond to Earth Resources Technology Satellite (ERTS-1) bands

4, 5, and 6. During the measurements the sensor head was positioned
approximately 1.5 to 2.0 meters above the canopy. Azimuthal direction was
kept constant relative to the sun; the observer always faced the sun.

Measurements were taken only on clear days.
RESULTS AND DISCUSSION

During a significant part of a crop's growing.season, bare soil is
exposed. As the plant grows, less soil is exposed and the soil's reflec-
tivity becomes less important in overall canopy reflectance. In our study
soil reflectance was strongly influenced by the surface moisture (% by
weight) of the silty clay loam (Fig. 1). The near-infrared wavelength
band was the most sensitive to surface moisture. The longer the wave-
length, the higher was the reflectance, a relationship which was consistent
with the findings of other investigators (Bowers and Hanks, 1965).

Fig. 2 shows the midday spectral reflectances for wheat, sorghum,
and soybeans at growth stages early, middle, and late in the season.

The highest reflectance was in the near infrared at midseason. 1In
addition, at that time reflectance was greater at 545 nm than at 655 nm;
the reverse was true early and late in the season. That suggests that
the ratio of the reflectances at 545 and 655 may be an indicator of

- soil exposure early in the season and of crop maturity late in the

5eason.
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The effect of solar elevation on reflectance usually hinders the
interpreting of surface conditions from reflectance data (Sults, 1972).
Therefore, the effect of sun angle on the reflectance ratio must be known
before reflectance data can be interpreted correctly. Fig. 3 shows the
ratlos of 545 and of 655 nm reflectance with solar elevation for wheat,
sorghum, soybeans, and‘bare soil, For each canopy, the ratio remained
constant with increased solar elevation. For a mature crop, the ratio was
about 1.3; for a bare soil, about 0.8. The near-infrared reflectance for
wheat and sorghum decreased with increased solar elevation; but that for
soybeans varied somewhat, perhaps because leaf angles changed with solar
elevation (Fuchs et al. 1972).

Because the reflectance ratio apparently is not influenced by solar
elevation, reflectance ratios for wheat, soybeans, and sorghum can be com—
pared over a large portion of the growing season without seriocus error due
to changes in sun angle. The results of such measurements are shown in Fig. 4.
Fig. 4a shows that the wheat on the light-colored soil had higher near~infrared
reflectance than that of the dark-colored soil (early in the season); the
near-infrared reflectance did not start to increase until the late~joint
growth stage. The reflectance ratio apparently followed the leaf area
index curve (Fig. 5a). The ratio increased above unity at a leaf area
index of about 1.0 and remained above unity during maximum growth, then
decreased below unity at maturity (leaf area index < 1.0), The reflectance
ratio was greater for the field with the greater leaf area index. Similarly,
Fig. 4b shows the same trends in the near-infrared reflectance and the
reflectance ratio for soybeans. At 120 days after planting, the soybean

leaves yellowed from an infection of bacterial pustule and the reflectance



ratio decreased to less than one on the infected soybeans. Thus, the
reflectance ratio may serve as an indicator of physiological stress, such
as brought about by disease, insects, drought or by normal maturation of
the plant.

Measurements on narrow—row (46 cm) and wide-row (92 cm) sorghum (grown
on dark-colored soil) which were made over the entire growing season (Fig.
4c), showed the effect of canopy cover more clearly. Plant density was
maintained at 17 plants per square meter in each field (2 ha). The close-
row spacing closed its canopy early in the season while the wide-row canopy
never completely closed; both fields had similar leaf area indices. Near-
infrared reflectance varied greatly early in the season, presumably because
of changes in surface-molsture content, The reflectance ratic of the
narrow-row sorghum increased to above unity at a leaf area index of about
1.0 (Fig. 5b) which also corresponded to near 90% cover (visual estimate);
the wide row sorghum did not reach a ratio of unity until a leaf area of
2.5 (approximately 85% cover). The reflectance pattern for the sorghum
"(76—cm rows) on the light-colored field (nmot shown) closely followed that
of the wide-row sorghum, illustrating that reflectance ratio may follow
percentage cover more closely than leaf area index. The reflectance ratio
decreased to below unity late in the season, even though the leaf area index
was greater than one. The percentage cover at that time was about 60Z.

Table 2:shows the linear regression equations derived from Figs. 4
and 5. They were obtained from single—field measurements for soybeans and
sorghum (because leaf-area measurements were incomplete on the light-colored
field); for wheat, data from three flelds were pooled. The percentage

cover was continuously estimated only for the wheat fields, Neither
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reflectance ratic nor near-infrared reflectance (NIR) offered a unique

equation for relating reflectance to leaf area index (LAI) for all crops.

The correlation coefficients were highest for soybeans and lowest for

wheat. Where data from several wheat fields were examined the correlation

coefficient was greater for the ratio than for the near-infrared reflectance.
This study suggests that the reflectance ratio of the 545- to 6535-mm

wavelengths may serve as benchmarks for crop growth and possibly for

indicating percentage cover. When the ratio is less than unity, soil

reflectance dominates canopy reflectance. When the crop matures, the

ratio decreases to less than one. The ratio apparently is a better indica~

tor of crop growth than is the 750 nm reflectance. The reflectance ratio

alone does not appear to discriminate between crop species, but should be

a valuable parameter when used with other rgcognition processes. The

two wavelengths involved in the ratio correspond to multispectral scanner

bands 4 and 5 (MSS4 and MSS5) of ERTS~1. A study 1s underway to test the

feasibility of using the ratio of MS5S54 and MSS5 for wheat growth and disease

detection.
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Table 1, Optical characteristics of the spectral

radiometer
Center wavelength Band width :

Sensor {nm) (nm)

A 415 &0

B 450 32,5

c 500 ' 45

p 545 '_ 35
B 600 40,2

F 655 : 45

G 750 80
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Table 2, Linecar regression equations and correlation coefficients for wide-row
and narrow-row sorghum, wheat and soybeans.
NIR is near-infrared reflectance.

LAT is lcaf arca index;

-

Linear regression equation

Correlation coefficient

Sorghum (wide-row)
Sorghum (narrow Tow)

Wheat

Soybean

1AT = 10.93 x (ratio)- 8.37 0.89
LA = 0,26 x (%NIR) - 2,70 0.84
IAT = 9,18 x (ratio)- 6.90 0.80
LAI = 0.23 x (%NIR) -~ 3.24 0.87
IAT = 5.06 x (ratio)- 4,07 06.75
1AT = (G,13 x (%NIR) - 1.67 0.64
% cover = 109,88x(ratio)-63.71 0.87
Y cover =  2,85%(%NIR) -19,24 0.72
IAT = 13,67 x (ratio)- 11.28 0.96
LAY = 0,296 = (%NIR)- 5.10 0.98

1




10
11
12

13

B-11

(1:34 BARE SOIL
750

(1]
2 12}
F €55 1
o
§ 600
w 545

gl
= 500
Wl
L
[
[
Q.

L]

G i A " " "

() 4 8 2 16 20 24

SOIL MOISTURE (%
. e i e i
Fig. 1. Effeet of surface soil moisture (% by weight) on

spectral reflectance of a silty clay loam soil.
Measuremcnts were taken at ‘midday.




e}

10
11
12
13
14
15
16
17
18
19

20

134

23

B-12

oL |
il ]
w
Q -
z  ?0-
Iz
-
b
o A
(133
4
0F "
n - " e ]
400 500 600 700

WAVELENGTH (hm)

(dormancy), May 16 (heading), and June 11 ¢hard
dough}. : '

Fipg. 2a. Spectral reflectance of wheat on February 23, 1973




-t

G

9

10

11

12

13

14

16

17

18

B-13

SORGHUM

1973

400

20
2
8 20
=
<
—
(&)
w
-t
prr
w o
Fig. 2b,

WAVELENGTH {nm)

70O 80O

-- - "

Spectral reflectance of sorghum on June 27 (five
leaves}, July 15 (nine leaves), and August 29

hard dough),




9
10

11

13

14

16
17
18

19

B~14

SRSV

T T ¥ T ’ T

SOYBEANS 1973

(%)

REFLECTANCE

400 K0 600 700 800
WAVELENGTH (nm)}

Fig. 2c. Spectral reflectance of soybcan on June 18 (four
trifoliate leaves), July 12 (podding}, and
September 11 (greenbean stage).




10

11

13

14

16

17

18

14

B-15

T T T T T T T
- L4f .
E ¢ o N ° Lt 5
RATIO - -
¥} P - -
o2 : &
i o WHEAT {MAY 10, 1973} =
T o a SORGHUM {(JULY 26, 1973) d50 w
e b ; o SOYBEAN (JULY 27. 1973} o
o v SOIL fdryd . . p
& o8- 40 +
©
< ! w
[+ L )
o6 430 o
ul Wi
Q HEAR IR =
T 04f v v q20 o
- v - b
I | e WHEAT (MAY 10, 1973 x
u |+ SORGHUM LJULY 26, 1973) N «
2 02F o sovBEaN (JULY 27,1973} 1o «
w v SOIL {dry) : z
I 1 I\ 1 3 1 I}
1O 20 30 40 50 60 70
SOLAR ELEVATION (degrees)
Fig. 3. Effect of solar elevation (O-horizon) on the

reflectance ratio of the 545 to 655 nm waveband
and on the near infrared reflectance (750 nm)

of wheat (boot stage), sorghum (early heading),
soybean (late podding), and dry silty clay loam.




[~

w

G

B~16

/ - - - — mrn oy m——— - - .
| R e ] S v T LI ¢ T T T T T
t DARY, RATIO
s LILHT RATHO
L « URRE NLAR IR
s Ll wCAR IR
[y
L
& x
A L =
-« 'O
o W
L
z
? osk =
- o
w
= -4
= [
w 0t w
(%) [ 4
z
< .-
5 oal T r v 420 &
- - - b D x
[ o = =] \_ul‘ T
:‘ G2t - E 5 : g <10 :
-3 g 3 w )
S W o [
) x LY w L
i —1 1 L] A A ] L 1 1 1 L 1 A - |
[+] 0 AD 40 %0 BO YO BO 90 {00 110 120 130 140 130
~ FEB 1 JUNE 30
DAYS 1973
. . - ,

Fig. 4a, Seasonal trends in the reflectance ratio and near
infrared reflectance of a silty clay loam wheat
field (dark-colored) and a silt loam wheat ficld
{(light~colored),

e m e maaan A mama A o Sl T T kA Y R S i .. 5 g ¢ e o




B-17

6

[ T ¥ T ) T T T Y H T T T
1.4 tDARK RATIO SOYBEAN

s LIGHT RATIOD

+ DARK REAR IR
s LIGHY NEAR IR

16

11

(3457 633
r

440

RATIO
R REFLECTANCE {*A)

13 1 . oo}

[=]
&
T
X

L MID-BLO0OM
i
[N
o

14

NEAR

i
[« ]

15

REFLECTANCE
GREEN BEASN

PODDING

=]
N
T
-FLOWERI

] | 1 L 1

50 60 70 B¢ S0 100 1W

-3
o]
»E

4] 0 20 30

16
MAY 15 DAYS AFTER PLANTING SEPT. 12
17 1973

[y

Fig. 4b. _Seasonal trends in the reflectance ratio and
aq) near infrared reflectance: of a silty clay

loam soybean field (dark) and a silt loam field
{light).




10

11

12

1.1

15

16

B-18

’ © s [ - .- e c—— = C N

T T T T T T T T T T
«NARROW PRATID
*WIDE RATIO SORGHUM
E 12r ANARROW NEARIR
- sWIDE NEAR (R
w
S 1o -
4 £
W
=4 o)
- 4
: <
= o
et
w Iy
o w
=z &
o P
ul —
)
bt x
= -
X
1 1 L. 1 i 1 1 1 [ 1
[*] 10 20 a0 40 50 60 TO 80 20 FOO
JUNE DAYS AFTER PLANTING SEPT. &

1973

Fig. 4c, Scasonal trends in the reflectance ratio
and near infrared reflectance of narrow
and wide row sorghum on a silty clay loam
soil, The wet and dry data points represent
bare soil measurcements.




[ |

6

9

10

11

12

13

14

16

17

18

26

-
-1

B-19

3.0-

INDEX (LAT)
~
2

LEAF AREA

WHEAT

Fig. S5a.

Seasonal trends in the leaf area index (LAT)

of wheat on the

and on the silt loam field (light).

60 70 80 90 100 1o 120 120

' JUNE 11
DAYS 1973

- r

silty clay loam field (dark)




15

16

17

18

4’

-
—l

26

B-20

T [ T T T T T Y T
SORGHLM

~ 5 4
«F
2
b 4 §
(1]
[4)
F3
< at -
W
-~
<L
(19
< 2r .
v
P}

I 1

i i I b} '] 1 1 1
o 10 20 30 40 50 60 70 80 90 100
JUNE | DAYS AFTER PLANTING SEPT 8
1973
Fig. 5b. Seasonal trends in leaf area index of the w1de-

and narrow-row sorghum,




W75 2077 7

Appendix C

Flexible DCP Interface



FLEXIBLE DCP INTERFACE1

by

H. Schimmelpfennig and E. T. Kanemasu2
ABSTRACT

A user of an ERTS data collection system (DCS) must supply the sensors
and signal-conditioning interface. The electronic interface must be
compatible with the NASA-furnished data collection platform (DCP). We
describe here a "universal" signal-conditioning system for use with a
wide range of environmental sensors.

The interface is environmentally and electronically compatible with

the DCP and has operated satisfactorily for a complete winter wheat growing

season in Kansas.

1
Contribution Ne. 1397, Agronomy Department, Evapotranspilration Laboratory,
Kansas Agricultural Experiment Station, Kansas State University, Manhattan,

Kansas 66506, This study was partially supported by the National Aero~
nautics and Space Administration. Received '

2
Electronic Technician and Assistant Professor of Microclimatology, Evapo—

transpiration Laboratory, Department of Agronomy, Kansas State University,
Manhattan, Kansas 66506.



INTRODUCTION

The Data Collection Platform (DCP) is a field-deployable, automatic,
data-relay terminal that can be located in remote areas to gather infor-
mation for specific applications or to complement imagery information
received from the ERTS system. The DCP (which consists of an electromnic
unit, an antenna assembly, and an interconnecting cable) accepts sensor
input data. The accepted data can be in the format of elght analeg inputs;
eight 8~bit, serial~digital inputs; eight, 8-bit, parallel~digital inputs;
or combinations of these formats. To gather these data, the user must
supply a power source, sensors and signal-condition system for his specific
requirementss.

The data collection platform interface (DCPI), desgribed here, is a
"universal” signal-conditioning system that accepts inputé from 8 sensors
of almost any type and interfaces them to the DCP; The DCPI contains
power supplies, control logic, memory, and signal-conditioning modules
for each sensor. An alteration in a signal-conditioning function can be
easily affected by inserting the proper module in the DCPI. Modules can
perform a variety of signal conditioning functions such as amplifying,
lineatizing, integrating, totaling counts, sample-hold, and comparing
previous readings. Appendix A lists the sensor and signal-conditioning

system used In our wheat study.
TECHNICAL DESCRIPTION

Figure 1 is a functional block diagram of the DCPI. Two 12-volt car

batteries power both the DCP and DCPI. Time between recharging the battery

3Earth Resources Technology Satellite Data Collection Platform Field

Installation, Operation and Malntenance Manual. WNASA. Goddard Space
Flight Center.



is dependent on the particular function modules; for our study, it was
about 2 months under average conditions,

The 24-~hour clock sends time data (in 10 minute jincrements) to the
modules. The main controller sequentially interrogates the signal-
conditioning modules and controls the data storage cycle. The analog
to digital converter converts analog to digital data for storage in the
Memory.

The 64-bit memory stores the data from the 8 sensors (8 bits for each
sengor). Data are transferred to the DCP for transmission, or back to
the modules for comparison to current data.

Light emitting diodes on the instrument panel monitor the data and
provide information during routine field inspections., The DCP transmits
at 3-~minute intervals 24 hours a day. The TRANSMIT CLOCK from the DCP
shifts 64 data bits (8 per sensor) from the memory to the transmitter.
After the transmission, the DCPI scans the eight channels and stores any
new data in the memory. The logic flow in a scan cycle is best illustrated

by specific example, like maximum-minimum temperature.

Example Logic Flow. At the gtart of a scan, the main controller turns on

the power gsupply and, after a 5-second delay, interrogates channel 1.
Following interrogation, logic control shifts from the main controller to
the interrogated module, which then connects itself (via a set of CMOS
switches) to the 10 control-buss lines, Assume that the sensor is a
temperature sensor and the module is designed to f£ind the maximum air
temperature during the day. The maximum temperature module converts the
resistance of the temperature sensor to a properly scaled, analog voltage,

and then generates a START OF CONVERSION (SOC) command, causing the ANALOG-



TO-DIGITAL CONVERTER (ADC) to convert the analog voltage from the module
(ADO) line to digital data. After the digital conversion, the ADC generates
an END-OF-CONVERSION (EOC) signal informing the module that the conversion
process i3 complete.

Previous maximum temperature is stored both in an 8-bit, parallel
gutput shift register on the module and also in the main memory. These
digital data are converted (at the module) to analog and compared with
current temperature., Two cases present themselves: (1) the present
temperature iz higher than the maximum or (2) the present temperature is

lower than the maximum.

Cage 1, The module sets the DATA, REPLACE-SAVE (D, R-5) line to
REPLACE and generates a START-OF-STORE (SOST) command. The main controller
accepts the command and generates aﬁ 8~pulse, shift-clock train (SHFT CLK).
The SHFT CLK shifts the digital data from the ADC to the input of the memory
and shifts the memory 8 places, thus transferring the new data into memory.
The DIGITAL DATA in (DDI) line transfers the new temperature reading from

the ADC to the module using the SHFT CLK signal for synchronization.

Case 2. The module sets the D, R-5 line to SAVE and generates an S503T
comnand. The main controller again generates SHFT CLK. The replace-save
switch at the memory input is now set at SAVE and the memory cycles the
stored data, leaving them unchanged in memory. .

At the end of the storage cycle the main controller generates an
END-OF-STORE (EOST) command, which resets a latch on the maximum temper—
ature, and then interrogates Channel 2. The same type of control chain

now occurs with module 2. This sequence continues until all 8 channels

have been scanned.



Digital data also can be gated from the module to the main memory.
Module 2, hours of free moisture, would set the DATA, ANALOG-DIGITAL {D,A-D)
line to digital. Digital data gated by SHFT CLK proceeds from the module
on the DICITAL-DATA-OUT (DDO) line, through the analog-digital switch,
directly to the memory. The replace-save function is operable in the
digital as well as the analog data mode.

The sequence of INT, SOC, EOC, SOST, and EOST is repeated for each
module. After the last module is interrogated, the interface turns off

everything except the continuous power.

Control Cards Al and A2 (Figs. 2 and 3).

The DCPI control section includes two circuit cards, Al and AZ. Al
contains the 64-bit memory and most of the control logic. A2 contains
the analog-~to-digital converter and display drivers.

At the start of a DCP transmission the DATA GATE drops low and remains
for its 80 ms warmup-transmit cycle. @Ql, Q2, and Q5 interface between the
5-volt DCP TTL logic and the 12-volt DCPT CMOS logic. UlOD turms om VX,

a 5-volt supply for Q5 (needed during transmit only).

1f a manual scan is not in progress, the LOW at the output of U9D is
gated through Ul3B to the mode control on the 64-bit memory (U12). Ul2 is
now in the recirculate mode and, when clocked, its data‘bits will leave
Q, through Ul7 to the DCP.

At the end of the transmission Ul8 latches turning on.g 5-yolt supply
(VS) and the main * 15-volt supply (VS). After a 5-second warmup, counter
U26 is reset‘and advanced to channel 1, sending a HIGH interrogate éignal

to module 1. Module 1 returns its analog data (if any) to the analog-to-

digital converter on control card A2, Module 1 next returns a high S0C
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command to the ADC. The network of U3, U4, and U5 provides a delay, after
the analog signal reaches the LH0042 buffer amplifier, before the A to D
conversion can start. This network also assures that S0C commands from two
consecutive modules will be ''see' as two HIGHS, not one long continues
HIGH.

Upon completing the A to D conversion, the ADC returns an EOC puise
to the module. When ready, the module sets the D, A-D line to 1 if it is
to send digital data for storage. It sets the D, S~R (DATA, SAVE~REPLACE)
to 0 or 1 depending if the new data (either from the ADC or digital data
from the module) are to be retained. Next, the module returns a START OF
STORE (SOST) command. The 8-pulse, shift gene ator (U19, U135, 720) sends
8-clock pulses to the memory (U12); the modules; and on card A2 to Ul, the
ADC to serlal shift register, and to U5, the memory-to display shift
register., U24 gates the digital data from the ADC shift register or the
module to the memory. When the storage cycle is complete, an END OF STORE
(EOST) signal is sent back to the module and U26 is advanced to interrogate
the next module. After the last module has been interrogated, Ul4B resets
latch Ul8A, turning off the power supplies and ending the scanning cycle.

The scanning cycle can be run under manual control to observe data
and control states at each important step, thus facilitating trouble
shooting.

Pressing the MANUAL SCAN START button sets latch U188, which blocks
out interferring signals from the DCP transmitter and SOST signals from
the modules. ULlB8A latches on and U26 advances fo interrogate module 1.
Panel LED's now display the output of the analog to digital converter,

whether the data in memory will be saved or replaced, and whether analog



or digital data from the module will be stored. Pressing the STEP button
starts the store cycle. The LED's now display the memory contents for channel
1: either the new channel 1 data, or the previous chamnel 1 data which have
been retained. Pressing the STEP button again advances U26 to channel 2,
Switching the DCAN, MEMORY CYCLE switch to the MEMORY CYCLE position locks

the memory in the recirculate mode, thus allowing a review of the memory

contents unaltered by a scam cycle.

TIME CLOCK (Fig, 4&).

A crystal-controlled clock sends 24-hour time information to each
module. This enables the modules to operate on time dependent data.

Crystal-controlled oscillator Ul runs at 27.%6 Kiz. U4 and U8 divide
this frequency down to 1 pulse per 10 minutes. U3, U6, and UlO give time
cutputs in l0~minute increments through 24 hours. The time outputs are
bussed in parallel to all the modules.

U7 gives a 14:00 signal to the four radiation modules to avoid adding

identical decoding circuitry to the four modules.
MODULES

RADIATION MODULES (Fig. 5).

The radiation module is designed for silicon photocells. Ul is a
current-to~voltage converter. R1 sets the gain. U2 is a buffer for the
100-second, RC network R7, C2. T

A time signal to Pin 9 causes the 14:00 data to be retained in memory

for the evening transmission. From 00:00 to 13:59 the DCP transmits

instantaneous data.



MAXIMUM-MINIMUM-INSTANTANEOUS TEMPERATURE (Fig. 6).

This module is divided into two circuit cards and supplies data to
two channels. The module outputs instantaneous temperature on one channel.
The other channel is the maximum temperature between 11:3C and 23:59, or
the minimum temperature between 00:00 and 11;30., Unless a front passes
through, the true maximum and minimum temperatures are transmitted.

U8 and U9 form a linear thermistor thermometer using a YSI (Yellow
Spring Instruments) thermalinear network. When Pin 19 is interrogated,
instantaneous temperature is sent to the controller, which converts the
ingtantanecus analog signal to digital data. The digitaL data are passed
back on 10 parallel lines to the input of 10-bit latch,

The returning EOC signal strobes U26, latching SAVE-REPLACE LATCH
U6A and U6B if a new maximum or minimum is present. This enters the new
maximum or minimum in U3. The DAC converts this to analog data. When
the next channel is scanned, U4B passes the maximum or minimum to the

controller,

RELATIVE HUMIDITY AND SOIL MOISTURE (Fig. 7).

This module transmits relative humidity from 00:00 to 13:59 and soil
moisture from 14:00 to 23:59.

Ul is a 1200-Hz oscillator. UlC gives a high pulse during the last
1/4 of the 300-Hz square wave at the output of U2B. U3's output is a £ 1
volt square wave which drives the RH and SM sensors througthC blocking
tantalum capacitor pairs. U4 and U5 convert current through the sensor
to voltage. |

The output of U4 and U5 is a square wave with a high spike on the

front. The spike width is proportional to the lead wire capacitance and

is an error ternm.
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Ué and U?iare precision full-wave rectifiers. U8 C and D and U9 form
a sample~hold circult that eliminates all but the last 1/4 of the wave form.
This technique gets rid of the lead-wire capacitance error. U8A and -B
gate the RH or SM data to the neﬁt stages, depending on time of day.

LOG AMP is a logarithmic amplifier, which straightens the RH and SM
curves. Ul0 and Ull add offset and gain to put the signal in the final
form.

The relative humidity sensor works over a 2,000 ohm to 2 megohm range.

Soll moisture is read over a 200~ohm to 20,000-ohm range.

HOURS FREE MOISTURE (Fig. 8).

The presence of dew or rain is sensed by the lowered resistance of
a bifilar grid. Ul drives a 27 Hz square-wave through the semsor and Rl,
R2. Cl1, €2, and R4 rectify and filter the output. Operational amplifier
U2 compares this signal with a fraction of the logic supply.

If the sensor is wet, a 36.621 ms/cycle signal from the time clock
is gated into 20-stage ripple counter U3 and T4. The last 8 bits of the
counter total 256 bits at 5 minutes per bit. Hours of free moisture are

obtained by subtracting successive transmissions.

POWER SUPPLIES (Fig. 9).

Two l2-volt storage batteries are the main power source. The DCP
requires 24 volts and the DCPI 12 volts (Fig. 9).

Continuous 12-volt power runs all the CMOS logic in the DCPI. A 12
volt to * 15 volt converter supplies continuous operational amplifier
power if needed (Fig. 9). During a transmission, a 5-volt supply turns
on to interface the CMOS to TTL. During a scan, a high power 12-volt to
* 15-volt converter supplies power to the operational amplifiers, while

a high power 3-volt supply powers the ADC and some TTL logic in the DCPI.



CH 1,

CH 2,

CH 3,

APPENDIX Cl

DCP SENSOR AND SIGNAL CONﬁITIDNING CHARACTERISTICS

Relative humidity and soil moisture
Position: 1in the canopy

Sensor: Type, Relative Humidity PCRC-11 sulfonated polystyrene
(Phys~Chemical Research Corp.)

Span: 0-100% BH * RH
Accuracy: = 1% RH
Position: 30-cm depth

Sensor: Type, s0il moisture block CEL-WFD
(Beckman Instruments)

Accuracy: 2% of reading
Signal Conditioning: Type, Lead-wire, capacitance-eliminating,
AC ohmmeter with log amplifier for lineari-

zation.

Hours of free moisture (dew and rain)

Position: above canopy

Sensor: Type, Bifilar array on printed-circuit board (G-10 epoxy
base)

Signal Conditioning: Type, level-detecting, AC ohmmeter

Accuracy, ¥ 20 MS per change of sensor state

with no additional cumulative error.

Maximum and minimum temperature
Position: at top of canopy

Sensor: Type, ¥S5I series 700 thermalinear thermistor probe.
(Yellow Springs Instruments)
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CH 4,

CH 5.

CH 6.,

CH 7.

C-12

Signal Conditioning: Type, digital storage of max (min) and analog

comparison with present temperature.

Accuracy: =* 0.25°C

Instantaneous temperature

Position: at top of canopy

Sensor type and accuracy: same as channel 3,

Signal conditioning: Type, thermalinear thermistor bridge

Accuracy: = 0,15°C.

Incoming visible radiation
Position: approximate 2m above soll surface
Sensor: Type, silicon photocell SBC 255
Instrument: {1) cogine corrected head
(2) 6 mm heat adsorbing glass (KG-3)
(3) diffusing plastic
(4) wratten 26 filter
Response: 590 to 720 nm
Construction: Built by E. T. Laboratory
Signal Conditioning: Type, Signal averaging filter

Accuracy: * 0.37%

Response time: 10 to 90% ~ 220 seconds

Reflected visible

Same as Ch 1 except sensor 1s faced dowmward

Incoming near-infrared radiation
Pogition: 1.5 m above soil surface

Sensor: Type, Silicon photocell
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Instrument: (1) cosine corrected head
(2) diffusing plastic
(3) wratten 884
Construction: Built by E. T. Laboratory

Response; 730 to 1000 nm

CH 8., Reflected near infrared

Same as Ch 3 except sensor faced downward.



c-14

APPENDIX C2
PARTS LIST FOR CONTROL BOARDS Al AND A2
U2 ~ Noninverting buffer, RCA CD4050AE
(schematic shows this as an inverting buffer)

Ul2 - 64-bit shift register, RCA CD4031AE
Ul7, U18, U20 - dual flip-flop, RCA CD4013AE
Ul9 - counter, RCA CD402ZAE
U26 - counter, RCA CD4017AE
Rl, R4 - 180K and R2, R40 - 120K
R3, R11, R12, Rl4, $17, $19, $27, $28, $35, $37, $38 - 100K
R5, R6 - 390K
R7, R8, R9 - 82K
R10 - 39K
R13 - 12K

R16, R18, R26, R29, R34, R39 - 1.2K

R21 -~ 470K
R23 - 1K
R24 - 68K

R25, R30, R31 =~ 270K

R32 - 560K

R33 - 220K

R41, R42 - 1.5M

ci, ¢6, €7, €8, €10, Cil, C12 — .O1pF
€2, C3 - 10uF

C4, C5 - 470 pF

C9 - .002 uF



Notes: (1) All digital logic parts are RCA COSMOS except where mnoted

differently on schematics

(2) COMOS CD4016AE transmission gates are shown as

~AIn_| i Out

T Gate

(3) NPN transistors are 2N222A

PNP transistors are 2N2907A
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INTRODUCTION

An expanding population has brought about an awareness that there are
only limited resources on the Eafth. This realization comes at a time
when resource use i1s greater than ever before. Adequate informational
techniques are necessary for ilmproved resource development. These tech-
niques can aid in wise resource management.

The magnitude of the data required for improved resource management
has led to the development of automatic recognition techniques for agricul-
ture. These systems utilize remote sensing from aircraft and spacecraft.
Earth Resources Technology Satellite program is a major step in combining
space and remote sensing technologies into a system for developing and
demonstrating the techniques for efficient management of the Earth's re~
sources (NASA Earth Resources Technology Satellite Data Users Handbook, 1972).

Over 400 million acres of land are irrigated in the world (Israelsen
and Hansen, 1967)., Some of the water applied is needlessly lost by excess
applications. Irrigation scheduling can help to better conserve this valu-
able resource. One method of scheduling irrigation requires the determination
of crop water use (evapotranspiration). Actual evapotransplration is depen-
dent upon potential evapotranspiration and a crop coefficient. One possible
approach ﬁo predicting the crop coefficient is the use of a plant's actual
growth which may be determined by its reflection of solar radiation from
the plant canopy (Myers et al., 1966). If this method is to be used, the
relationship between réflectance, soil moilsture and vegetative prowth nust
be established,

The purpose of this research 1s to evaluate reflectance for prediction
of soil mois}ure and vegetative growth, and to determine the feasibility

of using vegetative growth to evaluate the winter wheat crop coefficlent.



REVIEW OF LITERATURE
Remote Sensing

Remote sensing refers to the acquiring of data at a distance by detecting
the radiant energy which the object either reflects or emits, Detection
devices can be field spectrometers and cameras or instruments designed for
installation in aircraft and space vehicles,

Albedo is the ratio of the entire solar radiation spectrum reflected
from a body to the total incident radiation (Ashbqrn and Weldon, 1956),
while reflectance is the ratio of reflected radiation to the total incident
radiation at a specific wavelength. At any specified wavelength, Reflectance
+ Absorptance + Transmittance = 1, Transmittance of any opaque material is
zero; thus a decrease in reflectance will cause an equal increase in absorp-

tion.
Physical Properties that Affect Reflectance

S0ll Factors

The albedo of various soil surfaces was compiled by Kondrat'yev (1965),.
The soils had extremely variable albedos. The variability was attributed
to the differen£ so0il color, soil moisture content, organic matter and
particle size. The soil moisture content was considered the most important
factor. He pointed out that a decrease in albedo with an increase in mois-
ture was due to water's low albedo. Bowers (1971) indicated that the
relationship between soil moisture and reflectance is precise enough to
utilize reflectance techniques to mweasure surface moisture (Fig. 1). .However,

due to the soil color, a calibration is necessary for each soil type.
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Allen and Sewell (1973) concluded that the use of infrared films and
electronic scanner detectors could detect fallow soil moisture over a range
of 1 to 24 percent dry weight., Thelr prediction equations for both the
surface soil moisture and soil moisture at the 4 inch depth had regression
coefficients (Rz) of at least 0.94,

Organic matter also influences reflectance. A study by Bowers (1971)
shows that an oxidized soil sample compared to the check or control saﬁple
has a greater reflectance. He also states that some of the change could
have been due to oxidation of the carbonates, although in one scil no
carbonate was detected.

Bowers (1971} and Myers and Allen (1968) also reported that particle
slze has an effect on reflectance. In most cases an incréase in particle
size decreased the reflectance. This was due to the fine particles filling
the volume more completely, thus a more even surface. Coarse aggregates,
having an irregular shape, formed a large number of pores and eracks in the
surface, When the soil surface was wet and pulverized there was very little
difference in reflectance from soils, instead the real contrast was at a

low moisture content.

Vegetative Factors

The main factor that causes variation in reflectance from crop canopies
iz leaf density or leaf area index. Leaf area index is defined as the ratio
of the leaf area to soil area. Stanhill et al. (1968) repofted that leaf
area index is linearly correlated to albedo or shortwave reflection. The
plant albedo increases with increasing plant development to a maximum at
full plant canopy. The.suggested model indicates internal trapping of

radiation, which decreases albedo. Internal trapping is almost complete
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after the second reflection with hardly any effect by height after a minimum
value. In the near infrared region, reflectance increased 17 percent with

two leaf layers and only slightly moxe for each additional leaf layer. When
the crop cover is incomplete all of the soil factors mentioned previously,
including soil color, soil moisture, particle size and organic matter, caused
variation in refle;tance. In addition, leaf reflectance also is affected

by stand geometry and leaf morphology, most significantly in the near infrared
region (Gates, 1965), as well as the variety and relative maturity of the

crop (Remote Multispectral Sensing in Agriculture, 1970).

A comparison of different varieties of a crop by Interpretation of
Remote Multispectral Imagery of Agricultural Crops (1967) and Remote Multi-
spectral Sensing in Agriculture (1967) indicated that the spectral responses
were statistically diffefent. These differences could also have been attributed
to variations in crop canopy or leaf area index and crop maturity. Iu
mid-season itrcould have been due to weed infestations, diseases or farming
practices.

Variations of reflectance were found with spectral bands. Ir the visible
region, the striking feature of the leaf gpectrum was the high absbrptance
from 0.4 to 0.5 u, the reduced absorptance from 0.5 to 0.6 y, the high
absorptance from 0.6 to 0.7 ﬁ and the low transmittance in the entire region
(Fig. 2). Thié was mainly due to the chlorophyll and carcotene absorption
that predominates in this region (Remote Senging, 1970). Sinclair, et al.
(1973) reported that cell walls scatter the light diffusively, but the
chlorophyll or other pigments are present to absorb the light. The
absorbing process is a dominate factor in influeneing the spectral res-

ponse in the-visible region. If water deficits occur, the metabolic



fisfloc'ance

Percepet

miireme Vi sib] e itmSmiGeenrseems Reflective f[nfrared =

g0 r_ ® 5 -
O .-
@5
70 - . : .
i FIgMm e Nt—idmCuwdnNe | Absorption —rwees el Water Absorption : — -
Absorption
60 ¢~
bl =3
hel " |
5 @ @
5 G- .
‘ s s -
= a I3 5
[=1 ™ [ [413]
“0 3 - Pogneomn - c
- o = e
£ -—
< < < a
- [ [+]
T — —
= ¢ & = - 3
o f' = «
2 g =
o 23 Prd
20 = < | a
O w9 =
PO
cin i 1 \ L H
.4 6 8 1O 1.2 1.4 le i8 2.0 2.2 2.4 2.¢

Wavelenoth (Microns)

Fig., 2. Characteristic Spectral Reflectance Curve of a Green Leaf (Figure reproduced
from Remote Multispectral Sensing in Agriculture, 1970).

AR



D-13
processes slow down resulting in the breakdown of carbohydrates and protein
within the plant cell. As the stress becomes more severe, accelerated
migration of soluble leaf phosphorous and nitrogen compounds to the stem
occurs. The loss of chlorophyll accompanying the breakdown and migration
results in higher reflectance (David, 1969). Therefﬁre, reflectance is
related to the améunt of plant pigments. Other factors may result in the
loss of chlorophyll such as leaf maturity, salinity, disease or mineral
deficiencies. Severe nitrogen deficiences increase reflection (Remote
Sensing, 1970), but differences in available nitrogen produce differences
in vegetative growth {Bhangoo, 1956, Bolaria, 1956, and Monteith, 1959).

In the near infrared region (0.7 to 1.3 u) reflectance is caused by the
lack of pigment absorption and by the lack of absorption by liquid water
(Remote Sensing, 1970). Sinclair; et al, (1973) suggested that reflectance
had to occur at interfaces within the leaf where total or critical reflec-
tance was possible. ' The requirements for total or eritical reflectance are
that the radiation pass from a material with a high index of refraction to
a material with a low inde% of refraction and that the angle of incidence
must be sufficiently large; The increase in reflectance as the leaves become
more nitrogen deficient suggests that the leaves are thicker since reflec—
tance increases exponentially as leaf thickness increases., DMoisture stress
causes physiological changes in the leaf that cause the infrared reflectance
to decrease with an increase in moisture stress. The low absorption or
high reflectance in this region is a distinctive feature of vegetative.
Remote Sensing (1970) reports that of the total incident radiation which
strikes a leaf, about 50 percent is reflected, 45 percent is transmitted
and the remaining is absorbed. Sinclair et al. (1973) érovide a more
detailed explanation of the reflectance of an individual leaf in both the

visible and near iﬁfrared regions,
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Sun angle and attenuation are two factors that affect reflection from
an object., At low sun angles the reflectance of an ocbject increases com-
pared to a large sun angle. Attenuation is defined by Remote Sensing (1970)
as including losses from a beam of radiation by either atmospheric absorption
or scattering. In the visible region absorption plafs only a minor role
compared to scattering. Scattering is caused by interaction hetween radi-
ation and small particles (dust or water droplets usually in the form of

'a cloud or haze).
Estimating Soil Moisture

A large amount of time and effort has been expended in the research of
transpiration and evaporation with only recent applications ir the modeiing
of evapotranspiration for management of irrigated land. This comes at a
time when studies indicate that the timing of irrigations and the amount of
water applied have changed very little (Jemsen.et al., 1971). 1If a model
is to be used on a practical basis for irrigation sﬁheduling, necessary
information must be relatively simple to cobtain.

Jensen et 'al. (1971) have developed a computerized model to estimate
soil moisture depletion., ‘One of the model's primary objectives is the
orientation for the user instead of the researcher. To calculate the poten-
tial evaporative flux, the Penman combination equation is used (Penman, 1963).
The meteorologlcal data necessary to evaluate the equation include minimum
and maximum daily air temperatures, daily solar radiation, dew point temper-
ature at 8 AM and daily wind run,

The crop coefficient used in the computer model represents the effects
of the resistance of water movement from the soil to the evaporating surfaces,

the resistance to the diffusion of water vapor from the surfaces to the
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atmosphere and the amount of available energy compared to the reference crop
(Jensen, 1968), Thus the c¢rop coefficient is limited by the available soil
moisture as well as the dally meteorclogical conditiouns and stage of plant
growth. For each separate crop a coefficient must be developed for the
model. A more detailed explanation can be obtained f?om Jensen et al.
(1871).

Ritchie and Burnett {1971) and Ritchie (1972) determined a nonlinear
relationship between the leaf area indei of a crop and the ratic of the
plant's evapotranspiration to the potential evapotranspiration, They
reported that while an adequate supply of water is available in the soil,

plant factors influence evapotranspiration rates,
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INVESTIGATION
Objectives

This work was concerned with problems dealing with utilizing remote
gensing data. The objectives of the study were: (1)lto evaluate reflec-
tance for prediction of soil moisture and vegetative growth, (2) to deter—
mine the feasibility of using vegetative growth to evaluate the winter
wheat crop coefficient, and (3) to evaluate the winter wheat crop coeffi-
cient in the mathematical model by Jensen et al. (1971) for irrigation

scheduling,
Equipment

ERTS5-1 satellite revolves in a circular orbit around the Earth every
103 minutes at 914 km above sea level., The satellite traveis over the
research érea In midmorning in a north te south direction. ' It passes over
any locaticn on the Earth's surface once every 18 days at the same time of
day.

The Multispectral Scanner (MSS) is a line-scanning device that operates
in two bands of the visible spectrum and twe in the near infrared. Band &
included the spectrum between 0.5 and 0,6 u, band 5 betwéen 0.6 and 0.7 yp,
band 6 between 0.7 and 0.8 p and band 7 between 0.8 and 1.1 ﬁ. Fig. 3
ghows the 4 bands with the eﬁergy emitted in the solar and thermal spectrum.
An oscillating mirror in the MSS causes light energy from a 185 km swath to
be swept across the focus of a small telescope. Ar the focus is a four~by-
six array of 24 optical fibers (6 for each band)., The fibers carry the
energy from the light through spectral filters to detectors that convert it

to an electrical signal. An area of 79 meters square 1s contained in each
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fiber. The MSS image covers 185 km square with 4 images per area. The
imagery is relayed to g?ound stations and then is processed into photographs
at Goddard Space Flight Center in Greembelt, Maryland. The resolution
capability reveals surface features at a scale of 1:250,000 and information
at a scale of 1:30000. Further details of the equipﬁent ahoard the ERTS-

1 satellite are given by NASA Earth Resources Technology Satellite Data

Users Handbook (1972).
Methods of Procedure -

The research Was'conducted on winter wheat fields approximately 30
kilometers northwest of Garden City, Kansas. Two soil moisture freatments,
one dryland wheat field (A) located 38° 9.6' North latitude and 101° 5.9'

West longitude and one irrigated field (B) 38° 8,5' North latitude and 101°
4.9' Vest longitude, were used with approximately 60 hectares in each.

Field B was irrigated by a center pivot sprinkler system.  The two fields
were located within 3 km of each other. The area's no;mal annual precipi-
tation is 43.6 cm with about 70 percent of the precipitation during September
through June.

The two fields were located on Ulyssess~-Richfield silt loam with an
average organic matter of 1.5 percent and soil pH of 6.9. The exchangeable
potassium was in excess of 560 kg per hecﬁare. Available phosphorus in
field A was 117 kg per heétare and in field B was 64 kg per hectare., Particle
slze analyses revealed that both field's solls contained an average of 50
percent silt and 20 percent clay.

Field A had been in fallow the previcuz year. Scout wheat was planted
at a seeding.rate of 29 kg per hectare on September 15, 1972, The grain drill
used had a 25.4 cm spacing between rows; By May 24, 1973, the wheat was

completely headed and was harvested on July 5.
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Since field B had been in wheat the previous season, the field was
preirrigated. Anhydrous ammonia at a rate of 90 kg of nitrogen per hectare
was applied to the field. On September 22, 1972, Eagle wheat was seeded
at a rate of 50 kg per hectare with a row spacing of 30.48 cm. According
to Varlety Tests with Fall-Planted Small Grains (1971), Eagle wheat was a
selection of Scout with nearly identical vegetative characteristics. Water
was applied with the center pivot irrigation system on May 23 (3.05 cm) and

June 2 (3.05 cm). Harvest of the wheat was completed on July 5.

Data Collection

Both fields A and B were divided into four square equallf sized plots
with 2 sampling area in the center of each plot. An additional sampling
area was also set up in two of the plots in field A where the cormers had
been double drilled. This gave a total of sii sampling areas in field A
and four in field B, By the use of random sampling techniques, the areas
were broken down into one meter squares, where the leaf area index and soil
moisture were measured.

The soil samples were gathered at the surface and at intervals of O
to 15, 15 to 30, 30 to 60, 60 to 91, 91 to 121, 121 to 152 and 152 to 182 cm
with a soil sampling tube. The samples were later dried in an oven at 105°C
until they reached a constant weight. Then the soil moistures were calculated.

The leaf area was determined by measuring the length énd breadth of
each leaf from randomly selected plants in the one square meter and using
the following equation {Teare and Peterson, 1971):

1A = -0,64 + 0,813 X (1)
where:

LA = leaf area (cmz)

X = product of length times breadth of leaf (cmz).
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The leaf area index is the total leaf area divided by thé land surface area.
Both soil moisture and leaf area index data were obtainéd within one day of
the f£lights over.

The meteorological data were from the Garden City Experiment Station.
These data included maximum and minimum temperatures, dew'point temperatures
and wind run. Also the field capacity, permanent wilting point and bulk
density for Ulyssess-Richfield silt loam were obtained from the experiment
station. This information was determined by laboratory measurements and may
not describe the test fields accurately. Salar radiation was obtained from
the Dodge City Weather Service while rainfall readings were taken neér the

research area.

Data Analysis

Using a negative transparency from ERTS-1, the general area of fields
(A and B) was located, Then the specific fields were found by the use of
computer printed gray scales; From the gray scales the coordinates were
located and the numerical values were stripped off the magnetic tapes. To
prevent any overlapping outside of the research area, one row of data points
around the edge of the fields was eliminated. The mean and étandard deviation
of the remaining data of the four bands vere calculéted (Tables 1 and 2).
Also the mean and standard deviatiom of poinﬁ by point ratios were determined
(Tables 1 and 2). Stepwise Deletion Mﬁltiple Regression (1973) was used
to evaluate the relationship between reflectance, soll moiséure and leaf
area index.

The meteorological data, as well as the soil moistures on March 22,
were used in the computer model of evapotranspiratiom (Appendix, Table 11)

developed by Jensen et al. (1971). The original wheat crop coefficient



Table 1.

ERTS-1 Data for Fileld A.

Date MSS4 MSS5 M586 MSS7 MSS4/5 MSS4/7 MSS5/7
9/22/72 Mean 34.75 37.89 38.64 19.55 0.918 1.779 1.939
5.D.% 1.41 1.90 2.18 0.86 0.040 0.068 0.080

3/22/73 Mean 33.26 32.29 45,87 25,25 1,031 1.318 1,280
S.D.* 1.28 1.58 1.74 0.69 0.040 0.055 0.069

5/14/73 Mean 29.74 24,50 48,11 28;08 1.218 1.064 0.877
S.D.* 1.69 2,12 1,79 1.66 0.066 0.101 0.104

6/1/73 Mean 33.43 29.48 52.32 29.87 1.138 1,121 0.990
S.D.* 1.72 2.42 1.84 1.04 0.062 0.083 0.104

6/19/73 Mean 41,14 49,33 . 53.26 28,70 0,835 1.436 1.722
S.D.* 1.62 2.07 1.49 0.92 0.033 0.074 0.0%0

7/7173 Mean 59.46 78.53 77.68 36.36 0.758 1.636 2.161
5.D.% 4,25 2,72 1.49 0.030 0.061 0,115

2.14

*#Standard deviation,

TZ=a



Table 2,

ERTS-1 Data for Field B.

Date M554 M5S5 M556 MSS7 MSS4/5 MSS4/7 MSS5/7
9/22/72 Mean 37.05 40,41 40.96 20.78 0.919 - 1.786 1.947
S.D.* 1.62 2.54 2.37 1.02 0.038 0.0%4 0.128
3/22/73 Mean 33.54 32,99 41.47 22,57 1.019 1,488 1,463
S.D.% 1.09 1.91 2,15 0.96 0.049 0.073 0.088
5/14/73 Mean 27.63 19.22 56.66 36.78 1.454 0,760 0.532
S5.D.* 1.60 2.68 3.56 3.18 0,132 0.109 0.129
6/1/73 Mean 26.93 20.03 48,66 31.61 1.355 0.858 0.638
S.D.* 1,32 2.23 3.43 2.54 0,111 0.083 0.094
6/19/73 Mean 36.68 37.94 52,00 29.97 0.971 1.227 1.270
S.D.* 1.21 3.11 2.05 1,56 0.060 0.079 0.131
7/7/73 Mean 54.46 73.87 77.48 38,24 0.739 1.425 1.932
S.D.* - 2,30 4,37 3.39 1.31 0.033 -0.060 0.100

*Standard deviation.

ci—a
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curves were evaluated first. Then curves developed by regression analysis

from the leaf area index data were used as the crop coefficient curves. From

the computer model, soil moisture depletions were predicted.
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RESULTS
Prediction of Vegetative Growth

ERTS-1 passes over any location on the Earth's surface once every 18
days at thedsamglgimg of day, but some dates had higﬂ percentages of cloud
cover. Neither ae?iéiinor ground data were collected on those days (Table 3).
These data (Table 4) were used as a means for determining vegetative growth
with Stepwise Deletion Multiple Regression (1973), The July 7 data were not
used because of the alteration of the natural vegetative growth by harvest-
ing the wheat, The wheat threshed straw provided a stubble muleh com-
pared to the uncut wheat, The equations that best describe vegetative

growth were:

IAT = 2,92MS84/5 - 2.63 , R = 0.95 (2)
2
LAI = ~0.065MSS5 + 2,66 . R = 0.86 (3)
LAI = -1.22M885/7 + 2.08 , ®% = 0.85 (4)
where
LAT = Leaf area index
M554/5 = Ratio of band 4 to band 5
MSS5 = Band 5
MS85/7 = Ratic of band 5 to band 7
R2 = Regression coefficient,.

For the predicted values of leaf area index to have meaning, it Is nec-
essary that a minimum or maximum-value of MSS4/5, MSS5 and MSS5/7 be set
so that the predicted leaf area index is never negative,

The gen?ral trend from equation 2 indicates that as the ratic of

band 4 to band 5 increases the leaf area index increages linearly. This



Table 3. Weather Conditions at Flight Time Over Test
Fields.
Weather . Data
Date Condition Acquired¥®
September 4, 1972 Cloudy
September 22, 1972 Clear - X
October 10, 1972 Partly Cloudy
October 28, 1972 Cloudy
November 15, 1972 Cloudy
December 3, 1972 Partly Cloudy
December 21, 1972 Partly Cloudy
.January 8, 1973 Cloudy
Januafy 26, 1973 Cloudy
February 13, 1973 Rain
March 3, 1973 Foggy
March 21, 1973 élear X
April 8, 1973 Heavy Snow
April 26, 1973 Rain
May 14, 1973 Clear X
June 1, 1973 Clear X
June 19, 1973 Clear X
July 7, 1973 Clear X

*Indicates both ERTS-1 and field data taken.
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Table 4. Leaf Area Index Data for Fields A and B.
Field A Field B
Standard Standard
. Date Mean Deviation Mean Deviation
9/22/72 0.00 0.00 0.00 0.00
12/'21/72l 0.33 0.00 0.12 0.07
3/22/73  0.37 0.10 0.44 0.07
5/14/73 0.97 0.26 1.53 0.3%
6/1/73 0.89 0.25 1.23 0.36
6/18/73 0.00 0.00 0.00 0.00
7/7/73 0.00 0.00 .00 0.00

D-26
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means that reflectance due to plant growth in band 4 increases faster than
band 5 since the vggetation reflects less radiation in band 5. Equation 2
(Fig. 4) best describes leaf area index because of its high regression
coefficient. The ratio appears to have cancelled any soil molsture variationms.

Equation 3 shows a linear relationship between ieaf area index and
‘?béﬁd 5. From the'equatidn it appears soil moisture is not significant in
band 5. Of the three equations presented, an error in band data would have
the least effect on leaf area index as represented by the low coefficient
of the band in equation 3. Equation 4 uvses the ratio of band 5 and
band 7 to evaluate leaf area index with no significant variation from soil
moisture. The reflectance due to vegetation of band 7 increases at a much
faster rate than band 5 as plant growth continues, causing a decrease in the

ratio.
Prediction of Soil Moisture

The Stepwise Deletion Multiple Regressiom (1973) was used to help
interpret the aerlal and ground truth data avallable (Tables 5 and 6).
The information for field B on March 22 was eliminated since rain fell
before the soil moisture could be measured. Again the July 7 data were
not used due to the stubble muleh caused by harvesting the wheat crog.

The equations determined were:

SM2 = 164.44 — 4.00MSS4 - 24.08LAI , R =0.93 (5)
SM2 = 80,70 — 1.41MSS6 + 10,00LAI .’ =o0.80 (6)
SM2 = 77.92 - 2.56MSST + 20.36LAI . R =0.7 (7
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Table 5, Soil Moisture Percentagesf for Fleld A,
Date Soil Moisture at Increments (cm)
Surface 0=15 15-30 30-61 61~91 91-122 122-152 152-183
9/22/72 Mean 10,43 22,97 23,70 21,35 17.65 14.35 12.85 13,55
S.D.* 2.18 0.99 2.58 0.93 3.10 1.87 0.75 0.97
12/21/72 Mean 34,30 30.40 27,70 26,50 24,30 21,10 15,70 13,80
S.D.* 0.0 0.0 6.0 0.0 0.0 0.0 0.0 G.0
3/22/73 Mean 8,13 22.98 25;42 23.82 20.70 16,63 14,62 14,98
S.D,* 2,59 1.27 1;81 1.26 2.02 2,70 2.61 2.61
5/14/73 Mean 3.82 16,92 17.20 19.12 20.35 20.03 18,52 16.45
S.D.% 0.75 1.87 1,61 1.15 1.61 1.52 1.99 2,40
6/1/73 Mean 2.87 11,12 13.45 15,22 15,72 15.95 16.38 15.97
5.D.* 0.84 1,50 0.63 1,22 2,04 2.19 2.00 2.28
6/19/73 Mean 0.85 6.35 9,80 11,12 10.13 11.08 12,47 13,32
S.D.* 0.44 0.73 1.55 1,31 1.68 1.41 2,06 2.01
7/7/73 Mean 1.77 15.65 11.45 12,92 14,15 15.20 16.33 17.33
S.D.* 0.21 1.73  0.89  0.39 1.00 2.30 2,65 2,51

TSoil moisture percentages on dry weight basis

*Standard deviation
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Table 6. Soll Moisture Percentages+ for Field B.

Date

501l Moisture at Increments (cm)

Surface (=15 15-30 30-61 61-91 91-122  122-152  152-183

9/22/72 Mean 8.35 22,40 20,75 16,93 13.43 13,00 14.70 16.05
"§8.D.* 1.81 1.30 0.34 | 2.99 2.81 4.13 3.62 2,40

12/21/72 Mean 16.28 30.10 26,27 24,90 19.25 14.83 15.70 16.70
S5.D.* 3.71 5.60 2,11 3.19 2,83 3.41 2.75 2.88

3/22/73 Mean 19,00 27.05 23,97 24,15 20.02 14.78 15,00 15.97
S.D.* 6.44 4.11 1.68 4,16 3.49 4.56 3.43 3.18

5/14/73 Mean 3.58 21,20 16,33 18.15 18;38 17.73 16.70 16.90
S.D.* 0.93 3.27 2.00 3.53 3.85 3.75 3.85 2.58

6/1/73 Mean 25.10 25.47 13.93 15.48 13,88 13.68 15.55 16.62
S.p.* 12,43 4.10 5.16 3.70 2.85 2,40 4,12 2,81

6/19/73 Mean 2,28 9.63 9,23 11,98 10.78 11,18 11.48 13.50
5.D.% 1.13 2.19 1.73 3.88 3.02 1,72 1.68 1.91

7/71/73 Mean 2.60 17.20 9.40 11.43 11.10 10,50 10.38 13.15
S.D.* 1.25 1,81 2,23 1.53 0.67 _ 1.39 1,27 1.64

+

Soil moisture percentages on dry weight basis,

*Standard deviation.

0g-a



D-31

where:
SM2 = Soil moisture dry weight at 0 to 15 cm (%)
LAI = Leaf area index
MSS4 = Band 4
M$S6 = Band 6

MS857 = Band 7

MSS4 /5

R2 = Regression coefficient,

Ratio of band 4 to band 5

)
The soil moisture equation 5 indicates that an increase in leaf area

index, with soil moilsture remaining constant, decreases the reflectance in
band 4. This could be caused by the reflectance of the soil being greater
than the plant reflectance. Thus as the leaf area increased, more surface
was covered by the plant canopy causing a decrease in reflectance monitored.
The faect that soll meisture increases absorption is reaffirmed by equations
5, 6 and 7.- Equation 5 is the best equation due to its high regression
coefficient.

Equations 6 and 7 indicate that the reflectance of the plant is greater
than the reflectance of the soil. An error in band reading or leaf area
index would cause the least change in soil moisture in equation 6 due to
the small coefficients.

Upon substituting equation 2 into equation 5, soil moisture at 0 to 15
cm depth became:

SM2 = 101.11 - 4.00M554 - 70.31MSS4/5 (8)
Table 7 and Fig. 5 show a comparison of soil moisture predicted by equation
8 with the measured soll moisture. Equation 8 was developed for soll factors
pretaining tq the fields. Different soil factors would require a new equatiocn
to be developed for soil moisture. These factors include soil type, organic

matter, particle size and cultural practices.



Table 7. Predicted Soll Moisture Percentages at 0 to 15 cm from ERTS=1 Data.

Field A ' Field B

Date Predicted? Actual Predicted® Actual

MSS4 MSS4/5 SM2 sM2 MSSA M5S54/5 SM2 SM2
9/22/72 34,75 0,918 24,24 22,97 37.05 0.919 14,80 22,40
3722773 33.26 1,031 22,25 22,98 33.54 1.019 21.85 27.05b
5/14/73 29.74 1.218 23,09 16.92 27.63 1.454 - 14,91 21.20
6/1/73 33.43 1.1387 13.86 11.12 26.93 1.355 24,69 25,47

¢

6/19/73 41.14 0.835 = ———— 6.35 36.68 0.971L 12.66 9.63

®Calculated by SM2 = 101.11 - 4,00MSS4 - 70.,31MSS4/5.
bPrecipitation fell after ERTS-1 flight but before measurement.

€A negative value is predicted which has no meahing.

FA S|
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Fig. 5. Actual and Predicted Soil Moisture Percentages at 0
to 15 cm. '
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Soll Moisture Model

The original wheat crop coefficient curve developed by Jensen et al.

(1971) was:

Y = 0,233 - 0,0114X + 0.000484X2 ~ 0.0000028%X

Y = 1.022 + 0,00853D - 0,000726D

where:

3 )

2 3

+ 0.00000444D (10)

Y = Wheat crop coefficient

X = Percent of crop cover

D = Days after 100 percent crop cover,

Equations 9 and 10 in conjunction with climatic data (Table 8) and soil

moigture information (Tables 5, 6 and 9), were used in the computer model

developed by Jensen et al., (1971). The soil moisture depletion for both

fields in most cases was overestimated (Table 10).

Regression analysis of leaf area index data for field A (Fig. 6) was

used as the new winter wheat crop coefficient curve (Fig. 7). The equations

of the curve were:

Y = 0.005 + 0.0165X - 0.000467X% + 0.00000402%° (11)
Y = 0.998 ~ 0.00297D - 0,000747D° (12)
where:
¥ = Wheat crop coefficient
X = Percent of crop cover

D = Days after
Fig. 8 and Table 10
equations 11 and 12
values. The actual

values of the model

100 percent crop cover.

represent the results from the computer model with

on dryland (Field A) compared to the actual measured

s0il moisture values compared very closely with predicted

until near maturity of the wheat crop on June 1%, At



Tablé B. Climaric Data.
Minimum Maximum Solar Dew Point Wind Rainfall
Month  Day Temp. Tenp. Radiation Temp . Run {inches)
(*F) {"F} (cal/cm® day) °F) (miles/day)

March 20 28 52 561.5 28 144
21 k) 53 492,86 36 113
22 3% 56 505,9 36 327

23 319 63 33.8 39 157 1.10
24 kL 49 108,2 6 167
25 35 40 90.2 as 415
26 35 42 468.6 a5 284

27 35 53 205.5 i 127 + 70
28 42 51 163.4 42 200
29 32 50 91.1 az 160

30 k¥ 39 47.7 az 166 1,00
k) 32 a7 214.9 a2 325
April 1 30 45 588.5 a0 239
| 2 30 58 428,7 34 79
3 1 54 423.0 32 187
& k)8 48 642.3 kX1 274
5 22 54 634.0 30 163
6 n 63 627.3 28 164

7 37 70 44,7 a5 124 0.25
8 24 37 381.6 24 378
9 17 kk 596.2 17 262
10 19 35 664.7 19 192
11 26 53 625.2 37 123
12 3 64 400.6 33 68
13 37 62 595.8 40 102
14 46 ab 470.8 57 273
i5 58 18 216.5. 58 387
16 25 61 642.3 k)| 220
17 35 &0 652.1 39 158
18 46 76 643,9 48 209
19 45 77 596,8 42 X 1)
20 36 60 693.4 23 219
2l 38 72 672.7 37 259
22 35 63 612,9 38 98
23 Kk} &7 £55.0 42 78

24 46 73 162.5 50 117 0,80
25 44 57 107.9 45 115
26 3 48 221.9 35 181
27 31 48 200, 5 6 122
28 18 66 666.9 43 153
29 45 €2 635.9 45 167
" 3g 78 368.8 49 134

49
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Table 8. Continued.

Minimum Maximum Solar Dew Point Wind Ratnfall
Month  Day Temp. Temp. Radiation Tenp. Run (inches)
{*F) (°F) {cal/em? day) {(°F) (miles/day)
May 1 44 73 156.6 43 : 176
2 35 46 633.8 kY] 178
3 3z 58 704.2 36 _ 90
4 40 71 688.0 41 ‘ 165
5 50 79 503.6 45 319
6 47 79 702.9 47 207
7 48 77 520.8 50 185 1.25

8 42 68 682.7 44 160
9 48 79 706.0 45 | 109
10 a4 77 698. 4 5 106
11 50 7 681.7 48 140
12 46 70 674.5 40 144
13 42 68 672.1 a7 67
14 38 65 728.4 42 59
15 38 6 727.4 38 84
16 45 78 718.4 39 123
17 42 71 568.8 42 127
* 18 48 88 708.2 46 77
19 54 87 705.3 49 102
20 54 84 633.4 52 109
21 57 86 689.5 61 201
22 51 85 611.9 50 _ 148
23 51 68 672.9 53 79
24 54 80 738.7 50 ' 79
25 47 72 641.0 47 143
26 55 80 488.7 56 249
27 46 68 107.2 37 266
28 50 53 624.,3 48 490
29 40 73 674.8 42 208
30 46 70 406.9 44 125
3 42 62 751.1 44 43
June 1 48 77 623.8 &0 133
2 57 82 659.7 56 247
3 53 86 645.8 53 192
4 53 80 599.6 54 94
5 47 68 667.5 ' 48 133
6 50 79 736.5 48 .70
7 51 88 729.0 49 78
8 56 94 719.4 53 87
9 57 97 739.9 56 98
10 60 92 734.1 58 182
11 62 90 707.2 59 277



Teble 8, Continued.
Minimum HMaxizum Solar Dew Point Wind Rainfall
Month  Day Temp, Temp. Radiation Temp. Run (inches)
{°F) (*F) (cal/cm® day) (°F) (miles/day)
June 12 64 81 498.0 60 210
13 64 82 627.2 66 102
15 59 B9 137.1 52 216
16 57 94 743.0 46 215
17 53 84 740.3 49 121
18 48 95 757.4 32 239
19 54 186 695.6 s 170
20 45 78 738.7 41 113
21 52 85 683.0 54 85
22 55 86 725.5 51 62
23 57 921 723.3 51 84
24 64 98 729.4 46 126
25 61 98 663.5 49 186
26 63 101 101.2 51 130
27 62 1062 680.7 50 156
28 63 93 594.5 61 106 0.90
29 64 87 846.0 66 97
30 65 88 647.8 68 a2
July 1 66 a4 668.4 68 146
2 70 102 613.5 63 197
3 &7 92 639.6 63 75
4 66 102 661.3 65 150
L] 62 95 702.4 62 ‘94
& 65 97 715.1 62 102
7 6B 101 714.1 64 170
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Table 9, Soil Moisture Information.*

Field Permanent Bulk

Depth Cap?city Wiltin§ Point Densitg

(em) A% (%) (gm/cm?)
0-30 28.5 14.5 T 1.29
30-61 28.0 14,0 1.37
61-91 27.5 13.5 1.39
91-122 27.0 13.0 1.16
122-152 26.5 12,5 1.16
152-183 26.0 12,0 1.16

*0Obtained from the Garden City Experiment Statiom.



Table 10,

Soil Moisture Depletion Using the Model Developed by Jensen et 2l.

Field A (cm)

Field B (em)

Date Actual? Jenseﬁb Revised 1° Actual? Jensenb Revised 1°¢ Revised 2d
3/21/73 17.65 19,28

5/14/73 19.84 25,07 19.35 23.44 26,14 20.80 26,52
6/1/73 27.74 31.24 27.86 27;15 29,24 26.56 32,66
6/19/73 37.52 32.16 34;65 3?:77 27.61 31;52 37.90
7/7/73 28.68 31.29 34,51 34.21 26.75 31.70 38,07

%Actual field measurements of soil moisture depletion,

bOriginal wheat crop coefficient suggested by Jensen et al.

“Yheat crop coefficient using leaf area index of Field A,

dWheat crop coefficient using leaf area index of Field B.

6E-C
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this date soil moisture depletion was underestimated, but still the difference
in values were insignificant compared to the available moisture. After the
June 19 date, comparison became difficult due to the discrepancy of actual
soil moisture increasing B.84 cm while rainfall only totaled 2.29 cm.

Fig. 9 and Table 10 show the results of the irriéated Field (B) using
equations 11 and ié. The computer model consistently underestimates the
evapotranspiration. For the time period up to Jume 1, the differences were
not significant in relation to the available soil moisture, which included
an irrigation on May 23 of 3.05 cm. By June 19 the twa had considerably
different values with another unexplained increase of 3.56 cm in soil
moisture and only 2.29 cm of rainfall.

Regression analysis was used to develop a third wheat crop coefficient
curve from the leaf area index of Field B (Fig. 10). The equations for the

curve werel

0.0109% ~ 0.000288X% + 0.00000333%° (13)

=
1

Y = 1.52 - 0.000834D° | (14)
where:
Y = Wheat crop coefficient

X

it

Percent of crop cover

D = Days after 100 percent crop cover.
The computer model's results using equations 13 and 14 indicate that the

soll moisture depletion was overestimated meaning the crop coefficient used

was too large.
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DISCUSSION

The computer model of irrigation scheduling developed by Jensen et al.,
(1971) uses a crop coefficlent which represents the effects of the resistance
of the water movement from the soil to the evaporating surfaces, the resis-
tance of the diffuéion of water vapor from the surfaces to the atmosphere
and the amount of available energy compared to the reference crop. The
model predicts percent effective cover by assuming that it is equal to days
after planting divided by the days from planting to heading for small grains.
This proves to be a peoor assumption for winter wheat.

An alternative to this method of crop coefficient determination would
be the direct use of wheat vegetative growth or more specifically leaf area
index. 1If a léaf area index versus the crop coefficient curve was developed,
vegetative growth would then indicate a specific value for the crop coefficient
at a certain point in time, This would eliminate problems due to seasonal
variation of weather conditions such as an early fall or late spring.

From this study it appears tﬁat a further step can be taken to utilize
remote sensing. The winter wheat leaf area index has been described, with
high correlation, by reflectance readings. These readings could be used as
a direct input into a computer model instead of the original percent of
effective cover.

If remote sensing data were available within hours after flight over
an area, the following procedure might occur. Data direct from the remote
sensing device would be fed into the computer containing an irrigation
scheduling model. Meteorologlical data and a weather forecast for the pre-
diction period would be the other inputs, From a leaf area index curve
averaged over many years and the vaiue from the remote sensor; the growth

of the crop could be estimated fer the prediction perlod. Knowing the
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growth or water use, the computer model would then be able to predict the
irrigation requirement necessary. This process could be handled by one

manager for large areas of irrigated wheat land.
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CONCLUSIONS

Results from this study indicate:

1. Vegetative growth was best predicted by a linear relationship

between leaf area index and the ratio of band 4 to band 5. All
significant soil moisture effects were cancelled by the ratio.

Soil moisture at a depth of 0 to 15 em, with specific soil factors,
was predicted by band 4 and leaf area index with a high regresaion
coefficient.

Vegetative growth, measured by leaf area index, was one of the

necessary inputs in evaluating the winter wheat crop coefficient

from March to maturity.
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SUMMARY

A realization that wise resource management is necesgary comes at a
time when resource use is greater than ever before and the population is
still increasing, With the use of remote sensing large quantities of data
are available for resource management. These large quantities of data
have led to the development of automatic récognition technigues in agricul-
ture. Earth Resources Technology Satellite program provides a system for
developing and demonstrating the techniques for efficient resource manage-
ment.

With the large amount of irrigated land in the world, excess irrigation
applications means large quantities of water needlessly lost, This valuable
resource could be better utilized through the use of irrigation scheduling.
Irxrigation scheduling predicts the consumptive use (evapotranspiration).

The actual evapotranspiration is dependent ﬁpon potential evapotranspiration
and a crop coefficient which may be predicted by the plant's actual growth.
The plant's growth can be determined by reflection of solar radiation from
the plant canopy.

The objectives of this study were to evaluate reflectance for predic-
tion of so0il moisture and vegetative growth; and to determine the feasibility
of using the plant's actual growth for use in determiniﬁg the winter wheat
crop coefficient curve and using it in a computer model dgveloped by Jensen
et al, (1971).

The study was conducted_On winter wheat fields located northwest of
Garden City, Kansas. Two soll moisture treatments were used, one dryland
wheat field and one irrigated wheat field. DBoth fields were on Ulyssess-

Richfield silt loam.
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ERTS-1 satellite passes over any location on the Earth's gurface once
every 18 days at the same time of day. The satellite contains a line scanning
device (Multispectral Scanner) that operates in two bands of the visible
region and two in the near infrared region. Band 4 includes the spectrum
between 0.5 and 0.6 u, band 5 between 0.6 and 0.7 v, band 6 between 0,7 and
0.8 p and band 7 between 0.8 and 1.1 u,

The ground truth data were gathered within one day of the aerial flights
by ERTS-1, The ground truth data included soil moisture at various depths,
leaf area index measurements and rainfall readings. The meteorological data
were from the Garden City Experiment Station with the exception of solar
radiation which was obtained from ﬁhe Dodge City Weathe; Service.

Stepwise Deletion Multiple Regression (1973) was used to formulate
equations with the use of reflectance data for vegetative growth and =oil
moisture. The equation that best described the relationship between reflec-—

tance and vegetative growth was:

LAI = 2.92MSS4/5 - 2.63 , R = 0.95 (2)
where:
LAI = Leaf area index
MSS4/5 = Ratio of band 4 to band 5
R? = Reg?ession coefficieﬁt

Soil moisture at a depth of O to 15 cm was best predicted by;
SM2 = 101,11 - 4.00MS54 ~ 70.3IMSS4/5 (8)
where!

sM2

Soil moisture dry weight at 0 to 15 em (%)

M584 = Band 4

MSS4/5 = Ratio of band 4 to band 5.
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The best winter wheat crop coefficient curve was developed by regression
analysis on the leaf area index data of the dryland field (A). The crop

coefficient curve was:

2 3

Y = 0.005 + 0,0165X -~ 0.000467X" - 0.00000402X (11)
Y = 0,998 - 0.00297D - 0.000747D (12)
vhere:
Y = Wheat crop coefficient
X = Percent of crop cover
D = Days after 100 percent crop cover,

Meteorological data, starting soil moistures and crop coefficient curve were
used in the computer model by Jensen et al. (1971). From results obtained,
vegetative growth provides a feasible method for evaluating the winter

wheat crop coefficient from at least March through maturity. Within the
limits specified by Jensen et al. (1971), the model and modified coefficient

proved to be a good estimator of soil moisture.
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'SUGGESTIONS FOR FUTURE RESEARCH

The research on evapotranspiraﬁion modeling and determining the crop
coefficient by leaf area index should be expanded to include other crops
and the whole growing season as well as increasing the number of test
fields, More frequent sampling of soil moisture and leaf aréa index may
be helpful. The neutron probe method for determining soil moisture me#sure—
ment would provide a more representative indication due to the increased
area of sampling., Continued research in using remote sensing for predicting
vegetative growth with an emphasis on its use as an input in evaluating the
crop coefficient in an evapotranspiration model may prove beneficial.
Additional research in the area of detecting soil moistures at depths

greater than 15 cm with thermal energy could prove productive,
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Table 11, Computer Model of Evapotranspiration by Jensen et al.
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16 FASMAT (5X,F1l5%.3,3F20.3)
17 EORMAT(LIM ,4F15.8)
DO 18 11=1,8
15 RPEANIG, 14 I C{T1,00),d0=1,4)
18 WRITULEWITIICIT T s dd) s dd=l4)
Cee RFATD CFCP COSEFILIENTS AFTER CFFECTIVE fDVLP, Cl1,51) TG\CI&,BI
a0 2t 11=1,8
20 FEAN (5,16} (CUI1,Jd0,100=5.8)
21 WRITE{G 1 THIC LTI eud}ydd=5,461
REAN (5,11 NRFG, ANRD
1 RORHMLT  {GX,I5,1X.44)
G FEAT FEGTOMNAL DATA
NN 2 1=1.4MAEG ‘
PEAD (5,2) (20T,d)y J=14S) s CTRE{TI+TXFITISCNET)
3 OFORMATISX,504,2F7.3)
Frah (5,103) CTAO( LY, TRPUTY,DTLI(L),0T7201)
103 FORMAT (6%, F3.2+3F5.0)
2 ATAM {5,104) (3{T,3),d=1,61 '
104 FORMAT 16X ,0F10.2)
€ FELN CLIMATIC DATA ~ huv, TF DAYS PLUS THFEE PUEVICUS DaYS
CO T I=1,NREG
BEARLE, TV LT Y NDBIT),y, FCT (1},35041)
11 EG°AT (5X:215+F3.2 F5.01
K=K({T1) +3 :
Cux [F GMRII=METH] THEN RAIN 1S PFAD 8Y REGLON ZATHER THAN RY FrEM
Cx# 1=9SGI0N. H=NG UF DAY. X=4 15 FIRS8T QAY 7F ANALYSES PRRTOO.
Cus K=1 1S FIRAT DAY OF THOGRP PREVINUS DAYS. '
IF (wMRNLJEQ.METHLY Cu TG 1&
Na 4 JeleK
4 FE2DL 5,45) ND(I+Jde X (1|I|J).x-‘:|I|J]vK(3rroJ)|X(4v1!leX‘5vI|J)
G TNT
12 009 9 J=1,4K
£ oEEAN (65,2581 ML odYX0Ly 1y JloX(?rqu] e X020 Ykl J) e XUEr T4 d)
14775CEE, 00
7 CONTIMUE
25 FARMAT !‘3!;[‘:.6?’5.0)
HEITR{G,
o] F!'U'T(lh }
5 FOv¥eT{s%,15,555.01
270 I=ly5ReER
=1 1)+3
28R FOIVAAT(IH 44715.8)
SRRV TFEREERG G NS D YA R LA I T s DY) 4}
CALL FVAP L T,.K)
A*IT*!b.Ei"lC(];lva(i-?l-rila*’afflr“)




Table ll. Continued.

44
45
46
47
4y
45
50

51
52
53

54

55
56

57
58

5G

640

61
62
63

&4
65
bh

63
69
70
71
12
13
T4
15
T5
17
73
79
8
Al

17
a3
A4
15
94
57
A4
33

CALL VARNS (] 4,04
M"lTEihy’qu)C(1'1)'C(L|?}v€(193’|r|1141
fr CALL P2INTSIT LX)
MDITF(b,iﬂiﬂlﬂ(l,l}.ﬁl112);5‘1.3!;C(1’47
oLl FARMSINZ SOy MFTHL 7™
HL-IT'TI&,F_'S%'H[‘.Ilrli;C(lpf’l,C(l'Jl.Cllyé)
CAlL PUINTSINATNG pMETHL D)
H‘{]TZ-:[(JQP".‘]Q)C(lllltC(lr.’f)ol:(l;j’|c.|11‘rl
9gn S1ND
EMD

SUNRUUTIME FARMS (NMREG, & THLy &NEN)
SUAMITINE T CALCULATE THRIGATION CATES

BELL METHL, IR

COMMIN Albdy5), CTRI4),TXP (4] WD (44300,
1X01594330),00S0EG) s DATELA) 4CENB{3)y FIKFI2,FOPC{L15),

EN(ﬁifkﬁﬂléi,HShlé}.?UDlYI4).Hl(ﬁ,lOO)'C(ﬁgSi;PFEG{#vBO!,RKBO)
CﬁHWUN FNZW/ H(Q},MWN(13),]U.HCR,NDE,HDP,B(#,bI,ETﬁP(4|yTPI41'

10T104)DT214) yFCTi4),ETPS
DIMENSION UPAKSULA] fATERSLITGY yNXNKSU(E) :
DIYENSTIAIN DB, SUVP (301 ,ET(30),DPLI20},D1(8)

DIMEMSTION ETRSETlﬁybollfTSETiﬁ,301'AKE11(6.50!'ARCSET(81301|

198CET (4 O93CI AETFLDIRY,C20PST (543 ), LPLSETILE,30)
N ARRAY —=LTAFR2 LIMIT FCP CRUP COrFFS.
DIARRAY=UPPE? LIMIT FNR CFOP CNEFFS.

DATA C1/1elylalyialslaleialyslelylaDeQakT/

DATAR NC2NPS /A7, 0/ 17014877

DATA SUMR S ETyDPLA3INN,0,30%0,0,30%0,0/
READ DATE

READL S541%) {DATSIKIK=144)

Ma=]

F=009

Nt 100 1=1,NREG

WRITELS (13)0AL0T,0Y,J0=21,5])
13 FARMATI1IHL ' REGINN:I. "+5444/1)
14 FNRMAT(S5X,1544)

FZAD( 5,12)LL
10 FO2MAT{25%,15)

M=M{I} +3

NiN=N{T)

N3 100 L=1,yLL

READLS 4 10}nFN

REAN(E 414) (NESCIK),K=145)

WITTriA ,15!{’!?_5C(K).K,=l,51'(DbTE!Kl.K:lq"-r)
15 FIAYMAT[PLIFEAR Y BAL 3% YDNATE OF COMBUT AT I7MSS Sy alb S

ARITE (6414}

1a FORIAT  (*0¢,T1L,*1',Tip, ' Ieswsr COIL KOISTUTE OEPLETIC:
1--== [#LIRATIONG =-mewe- b I8CHES B ral et FaTLL, 110, T18, 010,72

T37|.1'0T48|"'!T55"1.|Tb4, . 'I
| Ta tta/y

2
3
& 0 Canm=rLn ) DR | TR MATL | TYPE=0 | PTInygm ] RaTe
e
>

I RATN=0 | £ATY ) APOLY | RSG FM FLDY)
24 DY 114 F=1,nF%
IF(3NFO.E.MATHEY GO T 1
GO TO 2
1 0 26 J=le
2h RIM=PEREG{T, D)

2 REAM S, LTINCE g LRP(L ) O8I {23, CRINEAY MUl NDFE Ly £y AWM

L7 COAMATISX, 120005 9A2,315,2F5.2)
1€ (RFRALFALMETHEY 55 T 23

D~59

u:'-...
.:5,|||'

WITH

LASTY, Y



Table 11,

40
21
32
93
4
35
96
a7
97
39
130
101
102
103

104
195
106
107
108
103

110

111
112
113
114
115
11s
117
118
1i9
120
121
122
123
124
125
126
127
128
129
1390
131
132
133
134
135
134
137
138
139
140
141
lag
143
144
145

11
19

23
22

&)
i~

C
Cox
Crn

J=4 REPRESENTS FIRST LAY TF THE
RUN '

Continued.

BEALLG, LA LATER L) d=), 20,008,015, (0 1J),J
FrnmAT (5%, 2A%,Fa.l,y10,10F4,2/0N74.2)
REAMLT,19) FPLINE STy (R 4021, 3)
FGAMATISE10.,2)Y

GUTN 22

e L) 15.20)(AiRR{J),J:l.?)'ODA.NS.i?n
FaeuaT  {6X,283,F4.1,14,F %0110

ATAD {5,419) APLENEY ¢ SUMS(HF L

IF (85,60 ,1) R{45¢3}=FINS+3)+]RR

CrnT NS

AKC=(Q.0

AKC1=0.0

eLT=0.0

DT=0.0

DO 98 J=4eM

ET(J)=0.0

£ET2=0.0

RX= RLJ)

SU#AINFI= SUMRINFI+RS)
IF{J-NS5=3)T76,75,76

=4|M ,'

Cx% DPL AND SUMR ARE SET TO ZERQ ON THE DAY OF TRRIGATION

75

15
176
29
30

NPL{MF)I=0.0

SUMRINFY=D,0

67 T 99 ‘
IEIMPELI)=NDPY1DF,176,174A
TEINDPBITI-MNOHY2I, 29,109
TFEINER(T )¢ J-4=NDE) 33,30,31
PCT=100,0%{NDB (1Y +d=4=152) / (MDE-NDP)
AKC1SCI{NCR, L) 40 (MIB 2V POTHCINCR,, 3 ) #PLT*
TEIACI-DLINCR)IYIZ23L4232,232

32 AKZ1=D1(NCR)

AY=11,0=-0PLINFYFAVAIXI00.D
FrRIAVILIN,131,131

av=3,C

AV3=1.04AV
AYC=AKRCL*ALOGLAVII/ALOGILOL.0)
Gy TO 32

NT=NGAR(I¥+J~-4~-NDE

PCT=100.
AV=11.0-DHLINFY/OVH) =100, 0
AKCI=CIHCRy S)+CINLR, 6 2 T+CIMCR, TIFDT**2
TRFLAKCL=-NINCRYIIBE,235,255
TEIAKCI=DIINCR))IZS424261,241
EKCI=N1(NCR)

G TD 242

AKCI=NINCRY

TFUAVYZ233,2344254

V=D 0

AV3=1,0+2YV
BRCEAKTIALURCAVINI/ AL (101.0)

- ‘TlJl=ﬁKf.-'r‘Xl 15'I|.|l

TF(aKL-F) 5R+121,4121
TFIE(J=13}42,440 443

Efuan, as(F=rnC)sX{1Ay] )
K (J=1)=r 411 -FTT
1F{t1I-10)49,121,121
PlU=C1=20Jd=2) sk J~1)

24D (NCR ) %PLETER3

«C{MCR,B)=0T=%3

D-60

PEF{OD FOR WHICH ANALYSIS IS ACING
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Table 11. Continued,

14"’ '?tJ-1’=ﬂ-0
147 % 1FI14-2114a0e1214101
148 g9 FJd=3)= {131+ 1 J=2)
149 B(J=23=1,0
150 A 1R 0J=-33153,121,12
151 53 FTTR=CTR+2(.I~3)
1452 FLJ=3)=0,0
153 G T3 121
154 42 17{R0J=2)) 4 ab 57

" 155 L7 CT3=0.5%{F=2KCY¥X {1041 ,0)
154 C(J=2)=2(J=2)~ETR
157 G TO 45
153 44 In{¥(4=311121.,121,48
159 43 ET2=z0,32(F-AKC1#X{13,41,.0)
160 R{J=3)¥=R{J~3)=-FETR
i6l G TY 40
162 121 IF(ETRI50,51+51
163 50 ET4=N,0
104 51 ET{II=FT{I)+CTR
165 91 IPLIKFI=CPLIRNF)+ET{JYI-RX
1¢s IF(NPLINFIILILS499,99
157 11% PL(%NFI=0.0
168 99 CONTINUE
1469 ETRSET{rFyJ)=ETR
170 FTSETIMFGJY=ETI( 4}
171 - AKCLLENF,0)=4KC]
172 AKCSETY(ME, J)=AKC
173 D} 220 MM=]1,4
174 890 RSET{NY, NE,J)-R{J-N“+11
17% DPLSFTINF JI=UPLINF)
176 98 CHONTINUF
177 SUMET=0,0
178 DY 57 =4, ‘
179 87 SHMZT=SUNET 4+ ET(J)
180 ROIF=M=3
121 AET=SUMET/RDIF
1482 AETFLDINFI=AET
183 pnogan J=1,2
1R4 BaO CROPST{NF,JI=CRUPLJ]
185 MAZ=NERLTY+NTT}
186 IF (NTDRLTY4N(I)+3=-MOE) 250,250,255
187 250 PCT=100.0x{MART I 4N 200D J(NEF-NLP)
188 C OAKCS = CLICR,LI+CINCR, )*ﬂfT+C(”C“,3I*PCTf*2+L{Ncp.qi*PFT¢¢=
1489 G TN 260
190 255 OY=MDR(I )+ T}+3=NDE
191 PCT=100.0
192 AKCS = CUMCF5Y+L(MOR,, 61 aNTHC(ICR, TISNT 22240 MCR, &) =xDT#x3
193 260 IF  (A%CH LT, NDENCE)Y AKOS=0{Mr2)
194 I (AKCS 0T, DLINCF)] AKCS=D11NCF)
195 AJIS=NDIL TG+ (T ) +3

196 IF (AJJS .OTe TPUTY) G T T34
197 NLT=067T1(1) ‘
198 Ga T 7341
199 7034 OLT=NT2( 1)

240 1341 FTPS=  (ETL P(!)I[_XPI(I“]JH-TP[I)IIOLT)** 1)1 +FCTE )
il ETAG = AKC3ETPRS

202 APLA = PP (KF)
Co% SUASCEIPT  J=1 IS 2077 -~ J=2 1S 30N -~ J=3 15 407D
Ces  ~  Jd=4 IS 5772 == J=5 15 6070

203 NPCT=100, 04 (AL L ) #2il ] Y #Z=MIP)/ (4FT432,=700 )

D~61
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Table 11. Continued.

204
208
206
2a7
2048
204

210

211
z£l2
213
214
217
216
217
r3g.
219
- 229

221

222
223
224

225
226
227
228
229
230
231
232
233
234
235
236
237
238

239

245

¢

TE(NDCT=-100124842434249
249 WPLT=100,0
243 COANTINUF
e 1JR J=1,5
CARENES |
PPAKS UL Y sNPCTHAVMER I, 001
1= (Jr1}*10
hww:fP'KSUiJ\-WPL(NF)
CALL SEMED: (MO, AV R, X HXIPy 1y fPL:,ﬂV” AN
CALL CATEE (LD IXy 1Y nH)
CALL OATFEF (NXDP e I3X e dY yHDH)
59 IF (MPAKSIH{I) = DPLINMY) 60461461
&0 AT2 = DPLINF)}/E
GO TA 63
61 AIR = NPAKSULIY/E
63 1F (J 6T. 1) GO TO 65 ‘
WOTTE {6s54%) CROP,AKCS,DPLIMF),OPAKSU(JlgETAS.AIPR,PCNlIX).IY,MHN
1 (XY JY AR, TalMNF
64 FUORMAT (V0 32243 A2 ) FS.24F94245X%, Y 20% ML 2F%e2y Y | 4083, 2{2X A4,
23) 4" 1 "G F4 11T 214)
GO TN 108
65 WRITE (5463) IPC fRPAKEUL I ETAS, 4 BIFR MM IX), TY MORN(IXY s JY A TR
68 FORMAT (Y *,T731,12,'% D', 2FF.24" b ' e283, 202X A4413)
1 ' ' '!F‘t 1.17'21"?,
103 CONTINUE
109 CUNTIMUE
WLl ¢NG)=NPL{NFI}
WE(2oMNat=SUMI(NF}
WLI3 pN&) =R ({M=21
WilaaNe)=R({~~1]}
W1{S5:N4)=R (M)
N4=Nye]
110 CINTINUE
WK = [NCROIY + NITY = S3v/7
DR = 14 t{B(1,1)+R(T,2150WK+ B{T,314WKkex2+ PRI, 4)3WK**3 +
1 (], SV aWKERs 4+ T, 0) 3UKE=5)
I= (PP LT, 0.0) PP=D,0
WRITE (64163) PPy T,1
163 FNRMAT (*DPYTBARBLE RATHN NEXT Th) WEEKS='  FB. 22X, PINCHES?  30X,212
1 )
W2ATTE (6,201
801 FORMAT  {'-#u=TAGLE NF NATLY VALYES=wx1}
Nt A30 MF=1,NFH '
WRITE {6, d03) LCROPSTINE4K) 4K=1,43)
An3 ENRVAT (00, 2844A2, /7,
1 D DAY ETF ET Tl AK(1 E¥CY, ¢
2 rX wK{J-1) 2(J=2) v(J-2) UPL';()
Ny qoN J=b M
WETTE  LheA02) ML) i TRESTINF SN G ETSITINF I o X204 1y JY,
IAXCLY (MR, J),:Vrﬁ T{NF Y g TESTT MM IF, JiphMzl 44 ) 4 OPLSETI(IF )
RO2 FOSSET (1 ¢ 152X F3eteefna3+8F 00 2
820 TANTTHNUFE
WrITE (6,321) AETFLUHINMNE ]
821 FUPYMAT (13X, 'AFT=',FT7.31
30 CaNTINUE
100 CONTIHUEL

Cxe NOAR(LI= NA. TF FUSLNS FOP WHICH 2MALYSTS WAS FUR .

nl)=N4-1
Al FETUYRN
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254
255

256
287

<5A
259
261
&l
262
263

264

265
266

267

268
269
2790
271
212

273

274
215

2706

277
273
279
280
281
282
233
284

285
286

287
288
2587
29

291

C

L

S

15
10

END

SHRPIINTINE EVAP(I,K)

AECTIRG TH CALCULATE CVAPOTAANSPIRATICN FOTLNTIAL

LEAL METHL

CAMMIN A4, 5, CTRIADGTXFLG) M ila 30,
11(16.4'30),DEEC(‘S).I-ATFI&}.Cn?l’tf\).M“-‘(?’.F'I-F?Cll"h)a
ZNiAi.Nnntal.ﬂsntql.urﬂnvtqb.wll5.1nal-rtﬁ.bt,ﬂﬁfﬂI4-EOI'ft*OI
N 10 J=64K _ :

Xlogledls (XlEeled) & XUT41,0))/2.0

X(7,0edl= CTREII®E X{ay1,d)-TYR{ID) %X{3,7,J)% 0.0000673
CINTINUT :

RETURN

END

SURRAUTINE VAPIR{T ¢K,CW)

SHBRVITING TQ CALLINATE HEAT FLUX,ED POTERTTAL, NET RADIATION .
REAL METH1

CrIMAGN &(4,5), CTRUL),TXP(4) MNDOL4,30), : :
1X116r4|?ul.DESC{5)|“ATh(%!'CRO°(3lnAIRR£21;FPRC(I5)!
2Nl4l,ND?(4).?SQ(4),MODEY(4).HI(E.IOG),C(S,B),RQEG(4'301,0130!

D-63

COMMN INEW/ W(#},MONIlB)gIﬂ,NCRpNDE,NEP.Hiﬁpbl,ETAPl4}{TF{ﬁl-

1ITLI(4)40T2(4),FCTL4)ETPS
DIMENSION CWI4)
N 30 J=4,.K

CTFR{X(4,T4J)2C0.0¥GOTY 35

34
341
35

X{A, 1)Y= X(541+J3/24.0

VPSlz —=0.6959+0,2045%X 12,1 J)=0.005195%X(2,1,J)#*2+0.000089%
IX{2s Lo g3

VPS2z ~D.0959+40.2646%X 11, 1,J)1-N,005195%%(1,1,J)*¥2+40,000085%
IXTLeTpdhxn3

X(5,Tyd) = (VPSL+VPL2) /2.0

X(10, 1 od)s=N,6950¢ Q,23446%X (441201 -0.005105%X{4,1yd)%%2 +’
10.00008%% X4yl .J)*%3

X(110Tpd Jo{X(BsTodd=(XO0L Tod=1d4X{2s1, 0~ 04X {1 e 0sd=204XT2¢Q4d

1-21e X4 1 s 1o d=314X(2,1,J-32))/6.0V%5

Tl= 0.041 + D, OL28%% (0, 9l =4aB345X {6, T, J)¥22/10%%5

T2= 0.95% —0.0125%K el J ) +4.9345X 16 1, Q) EXZ/10%%3
X(12:T14d)= (0X01aT,01=-321/10.8 + 2721/7100.0

X{13:T4J)= ({X(241,J)-32)/1.8 ¢ 2731/100.0

Y= X{10414d1}

JJ=NNGLTY + ) - 4 ‘

FMT=0,3254+0.045%S N30 (HJ/3530,-1.8)%3,1414/190.)

X{1a,1,J0= (EMT ~ 0. CHGS A TIYI Rl TIo0XL L3y Ty d)=msaX {1z ] d]
12%4)%0.5

X{15:10d)= 0. 77%X(5, 1,00 -12.22% X(3eT,J1/RS01101-0.130%5K(24,1,))
30 XUL16, 1, d0={TL80X 0151, )= 011,10} )eTo%15,34% (,T5+CUH{T1)"

1% S Ted )5 X0, 3 =X{10, T J) )0 ®0.0NT675
AJJS=RITLTIHN(T]+3 )
IF [AJJ5 0T. TPLI)Y G2 T 34
PpLY=DTL(D)
G TN 341
GLT=nT201)
FTPoz (CTAPET I/ CEXPIOEADIS=TO(I I/ DLT =2 I%FCTLT)
FTTURM :
EMND

SHARJUT INE TO PRINT REGITHAL NATA
FEA METHL |
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Table 11; Contigued.

247

298

293
390
3
gz
03
304

305
306
jor
3ng

309
310
311
312
313
314

315
3lé

317

318
319
320
321
322
3&3
324
325
326
327
328
329
330
331
332
333
334
335
234
asT
33¢
339
340
341
342

1413

244
3n0

CItidnly L l4,5), CTai4), TYS {41~ {4,301},
1!i16.4.?n1.3i561“).hhfital.ffJ”(?).AIT”I?).ffHC(ISI'
zﬂlél,wrvl;l.U&H:q),vwhzvlal.wilf.lnc},L(s.a).”kcﬂlé,;O).?tZOI

CVMA R W) gt (1) g T Dbl 0P H LA G}y LTAP (2, TOLA),
INTLE4) ,NT204),FCTLA),ET1PS

JA=NURLTY

CALL LDATEE (JJy™hyN1Dy330)

WRITE(AB, 101 (AT )05l eB) MMV NI

10 FﬂP“ﬁT(lH-.SX.‘RFGIOH:';GA&.SX,'“FGINNIﬂG MATE=¢ B4, 12}

WRITELG,15)

15 FOIRMATC(IH= " DAY TAVG S 1A virs Vel P G
1 ETp ) .
WRTTE A, 27)

27 FORMAT{1H 1}

Ny 20 J=4,4K

NQITElb.ZﬁiNDII.J).Xlﬂ,lyJ).x(3.1.J).Xlﬂvifd)yxt9.I,J}.X(10.I.J)
1eXUES, 13 s XI11al4d ) o X{Telgd)sX(16414J)

20 CIOHTINUFE
35 WRITE{A,40) FTP5 ,
40 FORMAT(LH ,V'FORECAST ¢ POTENTIAL =T NEXT 9 DAYS=',F5..0)
29 FNRY¥AT(LIH .IB,PT.l,Fb.O.Fb.l,F?.l,Fﬂ.l.FT.ﬂ.Fﬁ.1.2F7.2)
RETUYPN
END

SUBPMITINE ETAVGLIL 4CTLMAD,T4N N1, AVV,OPL)
s COMMON Af4,5)y CTRISY; TXRL4)4ND(4430),
1X(16s4 e300 sNESC{SYNATE(L) yCROPIR)ZATRRIZ) S FIRCLLE),
2NI4Y NN 3L4)  REI(4 Y, #OCAY (4) W15, 100),CLR,8Y e RFREG (430 R 30D)
CAMMOM FuEw/ N{#)|”TN1133vID,HCQ'NDE'ND?.H(épﬁl,ETAU(4]'TP(4,'
IDTI &Y, 01244, FCTLAY LTRSS
NIMERSTION DI3)1,D2{8)
Al=T1 7
AV=(1.0-DPL/AYM}#100, .
IF (AVY .GT. 0.0} GG TO 200
Ay=Q,C
300 AV3=1+dV
s IF (I GY¥. MDEY GO TOD 2
AP=NMP
AE=MNDE .
PCT=100.%{AI=AP)f (AT 1P}
BKCL=C0nCR 1V 4CINCRy 21EPCTHCINCR,y 3P RPLT #2240 INCR, 4 ) #PCTHH3
N T 1
2 DT=11-MDE ‘
AKCLI=0 (MR, SI#C{NCF g GIADTHCINCR, TIFDT#E24C{NCR, A)* 0T %2
1 1F (AKCD LT. DCOUCFR)Y) ExC1=0{M0R) B
1F (AKCEL 6T, DI(MCK))Y &KCL=N1INCH])
IF(TL .6T. TE{LI}Y GG TN T
DLT=DTILL)
G7 TO 8
nLT=nT2{1}
BKC=rKCL#ALONIAY I /Ll En1.0)
ETA=2KC = (ETAP(TIM/(CXO (L LAT=TO0IY /N T pexl0 0 }
IF (11=MsD Wl Te 5) CTL=st TAXFCTIT)
ARETURN . .
END

X~

SHRRGUT e DATEC (TH, My 11D, M0OH)

CALCHEATES ¥ONTH ARD DAY FI0 JULTAN 63

DIAEASToH e (120 :

DATA MU/ 31960471,0219192y 18242135249 274,205,335/
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Table 11,

I4h
147
31449
149
3sn
351
352
3151
354
354%
356

357
359

389
369

361

.362

363

364

365
366

367
363

T 369

370

371

372
373
374

379

376
377
373
379
3g0
291
332
343
3R4
385
336
337
306
iaa

3ae

" D=65

Continued.

12

12

NN 1% J=2,172

18 (11 otFe WAMCJRY S5 T 12
CTINUL

J=11

My= =1

11D = 11=-NEN(J=-11)

17 (T1 LT7. NOW) GO TOH L4
My=13

11N =0

E=TURN

END

RLACK GATA

CuMMan NS/ Wlh] 4130 TE g HCR yNDE S NDP 34000 dETAP LAY, TPLA)
LOTLI4) ¢ DT204) 4 FCTLA) 7 TPS

DATA MM FVOANE , SFEGT PMART JAAPRY, PNAY L, VJUNY TJULTy PAUG!, TSEP T,
1 IDC1l’lwavl'lDzCl’lNUHEll
EMN

SURRCUTINE SCHEDI“HD,AVH,NDH,NXD.NKDD.l.UPL,ﬁVM.D,Dll

COMY4IN A{445) CTALa )y TXR LS NN(4,30),
lxtlbgé.iﬂl.DE‘ﬂ{E).ﬂATT[é),CPGP!3).ﬂ!RRlEl,F”QC115]r
2N(6)1N03(4}.?SUlGI'VGDhYI4)fH1(5.100!'C(8,R!.RPEG(4;30};F(BOI
CaAMAOMN fue 47 H(é),ﬁﬂN(13l.ngHCR,NDE.%UP,H{é,b),ETAP!QI,TPI&],

10TLE4)+DT244),FCTL4Y,ETP5

[R%

DIMFRSTION N(&Y,DL (Y)Y
CHECK T SEE TF THE FIFLD NEEDS TRRIGATING AT BEGTINMING DF DAY
1F (AVW.LE.O.0) GO TD 10
WN=uRM ' .
CALCULATING ESTIMATED DATE OF IRIIGATION wITHOUT PREOYH poECLP
DY 1 T1=¥RD,NDH
CLLL ETAVG !!IgFTﬁ.MGD,I.D'DI.hVM,DPL) :
AW AVIW-ETA . ‘ ‘
IF (8vH.LE.0.0) RO TG 2
CANT INIF -
TF A 1PRIGATION IS MGT REOQUIREL BLFORE HARVEST
Y T 12 ‘
NX=11
NXIP=NXD
CHECK [F RAIREALL PRORARILITY 1S 10 BF NSED
Bi{l,13=0 IF RATNFALL PrNREBILITY 1S NIT BESIRPED
IF [(ARS(B(141)) oLT. 0.0N001) GU 17 11
DETCPMIME MUMBER NE DAYS FOP EXPECTED PRECIPITATION
WK={"4R0=-53}/7
AT=11
T=AT=-RN
Bli=an+T
1F (T JLE. 14, ) =3O 72 15
A=aD-T+l4.
T=1£'t
AVH AVWAPAMT{T WK, 1)
L=tT+1
A % TI=L,NNH
caLL ETLVG{II,FTA.HHE.I;D,H].AVM.UDL)
AVWEAVW-FTA
[F (£Ve LT, 0.0 ) 6T 70 4
C T Ih:
1A IRATT N BT REIUIRFD AFFORE WAPVYEST
Y TY 13
CHECKT G IF FEACH FXTCHNEN [-5TAATIWE "AaTE USING PROBARTLITILS
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Table 11. Continued.

3410
347
347
149
350
asi
352
353
1%4
35%
356

357
352

359
360
36l
362
363
364

365
366

367
263

369

370
371

3712

373

374

375

376
377
373
are
340
331
332
1533
334
385
346
337
19K
3go

aan

10

iz

[$8)

15

nno10 J=3,12

18 (1] LUl NNOLJ) S0 T L2
COTINUE -
J=11

Mu=g-1

110 = T1=-8ntd-11

IF lll cLT‘. ;JDH) 9 n l"t
My=13

11N =0

FeTUSp

END

RLACY DATA

CHMaam s/ w:ql.Mwut131.IE.NCR,MWE,HDP.j(#.ﬁl,ETAPlul,TPl@l.
LUTL(&)s0T2{4}FCTLA)ETRS

NATH MM /'JA%','F[U','MAR'|'APR','MkY'.'JUN','JUL',':UG'.'SEP'.
1 YLCT Y, MOV, IDCCY e/ '

EMN

SUBRTUTENE SCHED (MBN AV MM NXD, NX P, [ 0PLy #VM,0,01)

COMMIN Al4y5), CTL4)TXR{4) 4N 04,300,
1Xt10,4.30!.DESC(S),nnTr{4!,nvsptal,Aznatzi.FPRC(lsi,
2N!&!.HU3(41,?SW(4).“3tht41,wl{Sflﬂoi'C(B.a).RkEG(Q.BOI,F(30)
CrManN fre A/ w(41,wﬁ~{13),10.u£R.nac,wnn,H(q,o),ETﬁp(@:,Tptal,
INTI(4) W NT2(4),FCT{4)4ETPS

DIMENSTON DAY ,DLI8Y _

CHECK TO SEE IF THE FIFLD KLEDS IRRIGATING AT BEGINNING OF DAY

1F (AVW.LELC.0) 6O T3 10

BR='"3D

CALCULATING FSTIMATED DATE OF I12IGATION WITHGRUT PROA precie

DN 1 11=¥an,NNH
CALL ETAVG LTI ¢ETAHMRD,T,0,D1,AVM,DPL)

AVit= AVW=ETA v
IF (AV4.LELO.DY RO TO 2
CIANTINIF

TE AY IFRIGATION IS NOT REQUIREL BUFORE HARVEST
Y T 12 :

NXD=T11

NKMP=NYXD
CHECHK IF RAIWNEALL PRUPARILITY 1S ¥ BF USED

B(1,13=0 IF RATNFALL PRONABILITY IS5 NOT DESIPED

IF (ABST{2{T1,13) «LT. 0.097301% &0 T2 11
SETORMIME MUMBER NF DAYS FMo EXPECTHED PRECIPITATION

WE=({4n0-53)/7

AT=11

T=AT~¢N

Bli=a+T

IF (T .LE. l&a, } GO 70 15

B=Ril=T#14.

T'_'l"l

AVWZAVEEPAMT{ T (WK, )

L=TI+1

N 3 TI=L,tDH
CALL ETI\VG{{I1‘."_Th|'1hr.-|!!!)1I]11A“.”"'|UDL,

AVWS AVw="TA

IF iyl JLFe 0.0 )} 0BT TN 4
CNTIRUE

IRTIRATE MIT RECUIRED HEFORE FARVEST
1T T 13

CHECKING TF EACH FXTEONEn [RRIAATL] DaTE USING PONEANIEITE: S
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Tabhle ll. Continued. 67

. OF FALY RESULTS R Fus THEN CRTORSTL S £F ISP TOATICN PEw JUM
391 L& TR (11=1 L0, WXL G5 ™ 11
332 ‘ WK=& /7
393 MYXND=11
174 Y TO 15

C STTUATIONM WHERE FIFLD £EENS TREPAIRATION AT THF BWEGINWING DATE
395 19 NXC="RN
396 NXIP=NXD
397 60 TO 1

c CTITHATIMN WHERE AN TRKISATION 135 n1OT ELOTACD ASHORY HAIVCOST
agn 2 MYN=nYy
3139 13 “yno=N0H
400 11 RETURN
71 END
402 FUNCTION PAATIT, WK, TY |

C FJNCTION FOR PEORAODLE PRECIPITATION
403 CUMMNON JREVYS HI4),4FN(13I.ID.NCR.MUE.NDP.H(#,&).ETAP(«),T?(é),

IDT1(4),012{41.‘CT(#).ET“%
404 PAMT =T*(%(!.1!+H{1,2)*MK+9(113)*w&*wx+all,ql$
1 wK**3+B(I,5)¢NK#*4+HlIvéi*hK**Si

4£Q5 SETURN
406 eND
407 SHRAAUT INE  PRINTS (MFEGeAETHL AMADY

€ SUBKANTIIE TN XKETATN INFIFMATION IN wSAVIR FUR OMEXT RUN
408 REAL METHL
439 COMMIN A{4e5) s CTRIAD (TXRLL)4NITLA,3D),
' IX(16,4,30}.&555(5},ﬂﬁTElQ),CQFPIEI.AI%R[?P;FURC(IS!.
2Nl4).HUH(4l,“Sﬂ{Q).MJEHY{Q)g”lISfIOOlyC{Sgﬂ){RRhGiG,BOJ,F!?OI
T

519 COMMON SHEWS MG o 40{1 3,10 HCR G NOE NOF 24y 6) FTAN 4], &),
1I0TI( 4 DT204) ,FCTL4),ETP5 ‘

411 WRITF{&,11) NOB{L}

412 11 FNPYaT(lHL,® N, 0OF FICLDS =¢,15) '

413 B3 40 1=1.MEEG

414 Kl=rn{1)+3

415 K=K1=-2

416 . TF [RNRDLLD.METHL)Y GO TO 15

417 WRITTS (T 10} (HD(l'JI,Xll.I,JI,XKZ.I.Jl,x(h;!.Jl.X(#.I,JJ,
1":(59‘9..”&\13'(1’{1! . . - )

418 WATTE(6410) (HD(I,J).X(l.I.J),X(E,I.J}.XIB,I.Jl.X{ﬁil.Jl,
1¥(5, 44}y J=KyK1)

419 17 FURMATI59X,1545F5.0)

H20 Gl T &0

421 15 WEITE (7,200 (HD{I,J!;X(l.I'J},X(Z;Ile,*!Eulei.Klﬁ,I‘JJ.XISTI,J\
101‘15("‘19‘“1-]:!(9’{1} :

422 WeTTE {Ge201 {HutI,J),X(l.I.Ji.XIE,I|J)-X!3|Ssd!-!l#.IvJ),XiS,I;Jl
I'E\HEG(]'J}IJ:"KQK].I

423 L CAnTINUS

424 2N FORMAT (54 15:5FG.04F5.2)

4295 wo=MOR (1}

424 071 %0 J=14K

427 HETTR(T455) Hl(ngIvWI(E'J!oiIIF.J},w1(ﬁ¢J1.WLIS,JI

428 _ WL TEL G, 90) w1(l.J).w1(¢.Jl,W1l3.J).Ml(ﬁ.Ji,fllS.J)

4729 80 CONTIHUS

430 55 FAp2AT{SFLNG2]

431 R TURN

432 NN

SENTRY
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ABSTRACT

Wise resource management techniques are necessary if the population
of the Earth 1is to.continue to expand. The Earth Resources Technology
Satellite program combines remote sensing in space wiph efficient resource
management. Water is a valuable resource needlessly lost by excessive irri-
gation applications. If needless loss of water is to be lessened, deter-
mination of evapotranspiration will be necessary. Actual evapotranspiration
is dependent upon potential evapotranspiration and a crop coefficient. One
method of predicting the crop coefficient is to use the plant's vegetative
growth which may be determined by reflection from the plant canopy.

The relationship between soil moisture, vegetative growth and solar reflec—
tance was studied. Vegetative growth was evaluated by leaf area index with

the equation:

LAT = 2.92MSS4/5 - 2.63 , R = 0.95
where:
LAI = Leaf area indek
MSS& /5 = Ratio of band 4 (0.5-0.6 ﬁ) to band 5 (0.6-0.7 p)
R2 = Regression coefficient.

It appears that the ratio eliminated soil moisture effects. At a depth
of 0 to 15 cm soll moisture was predicted by:

§M2 = 101,11 - 4.00MSS4 - 70.31MSS4/5

where:
SM2 = Sﬁil moisture dry weight at 0 to 15 cm (%)
MSS4 = Band 4 (0.5-0.6 u)
1SS4/5 = Ratio of band 4 (0.5-0.6 4} to band 5 (0.6-0.7 ).
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The equations of the wheat crop coefficient for the evapotranspiration
model of Jensen and assoclates, developed by using leaf area index of

dryland wheat; were:

Y = 0,005 + 0.0165X - 0.000467X% ~ 0.00000402K°

¥ = 0,998 - 0,00297D - 0.0007470%

where:
Y = Wheat crop ccefficlent
X = Percent of crop cover

D = Days after 100 percent crop cover.

This method of evaluating the crop coefficient provided reasonable estimates

of soil moisture depletion.



Appendix E

Computer Program to Generate the Mean and Standard

Deviation for the Interior of a Field
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$ IR
’ DIMEMSTAN LIME(ATO) HCFLL L0100}, SLOPEL{OLO),, THETA(OLO}, ALINE(O1D)
2 NIMFMETNY 3910, ACFLLENTINY
3 TNTEGER:4 NATH TAPE
4 INTEGERY L SER,NX
b INTEGER%2 XDATA( 5564 ,64)
3] INTERE?=4 HICE(
T DIMENSTON CELL(TY
b NTMEMSION TFRFA{12A,16)
a GITMEMSTION AMIN{LE) , AMAXIL1A), SUMI1E) (PRIDILG,16),2 (160
r NIMTMSION BAVE(LE) RSTLILIG6,RCORI1A,16}, AN(4)
11 REAL FIELD/® ALL/
12 MEREADSD
13 NTFaM=]13
14 N=1.0
15 NCN=0
14 NWIND=0
17 MNSEG=0
18 MAX(C=64%
19 MAXL =64
20 RAEAD 444 ,NyNEW; NSWT
21 Lbky FOAMATIFS,2,71,T1)
22 5 READ(S,500, FHN=999} NOATE,NTAPE NID1,NID2,NCELLE
23 500 FRRMATI(IS4,1X,15,2A4,2X,15¢%
24 100 CONTINIE
25 TFINSWIL.FN,.1Y 6O TO 101
2h REAUFﬁylGﬁG.EHD=99°JSEG,NPTS,(LINF([i,NCELL{T!.I=1'4),NFILE,NC'
INTAPEA,FIFLD
27 1000 FORMAT(I o T1,40T14,T31,1%,11,11,2%,1443X+43)
23 PRINT 1102 (SEReNPTS, (LINF{TYyNCELL{T),7=1,4),NFILE,NC,NTAPEA,FIFLD
29 inz FARMATIIN 4 VGFG= 124 PTE= 12,4015, 1Xs T4 1N *FILE=F 124 NC=1,
12,9 TAPES IR, PFTELD=Vo14)
3N O TR 202
31 101 CANTIMIE
a2 REAN[S, 1003 :CND=9G9) SEG NPTS, (LINE(TI+NCELLITY,I52,8) ,NFTILENEC,
INTAPFAFIELD )
33 1003 FOSRMATIT1,11,8(TaeT3142X,T11s71,1%,T4,1XsA3}
A4 PRINT 11M1 oSFRyMNBTE L TNE(TY yNOFLLII) s I=14R)¢NFILESNCZ,NTAPEA,FIELD
35 1107 FORMATIIM tSER=?,T72,9PT7S=",12,8(15,1Xel&, X)), FILE=,[2,%MC=",
: 1T2,0TAPE=Y s 15,3 FIEILN=0,A4)
34 202 CONT INE
37 TFINTAPEA.NENDATEY GN TN 991
38 TFINAN.EQ.1Y G TN 10
3a NO=0
40 nn 220 151 ,NTERM
41 91 190 J=1,128
%72 190 IFRED(I, 11=0 . :
43 EMIN{TI=128 ) .
& AMAX(T)=0.
45 SUM{T)=0.
46 no 21N I=1 NTFEH
&7 PR Te.i0=0,
49 2N CANTTNHE
49 22" CAMTINUF
5N IF{S=H.CN,NSEG) GO T aTn
51 10 REANDINEFANY NATF (TAPE, TR o TD2, L INFToNCELLTY
52 TR(NATS 2 MAATT) A T 9Q0
53 IF(TAPS NE_NTARFY G0 T1 990
54 IF{ID1.NELMINLY RO TA 997

IF{IN2.NF . RTN2} 0N TN 999




56 READI(NPTAD) XDATA
57 a7vo COINTTNE
58 NCN=NG
59 ‘NSFG=SFG
&0 IF(LTNE(II.LTL.LINETY G TO 994
i IFILINEILIGTL{LINET+64YY G0 TO 10
67 NCR=MCELLAR+64%{STG6-1 )64 ENCELLITY /T
62 PRINT,NEFLLB:SEGNCFLLITYMCR
64 TEINCELLT AT AMY GO T2 9935
65 TFINEELL T.LT-(NCB-63)) 00 TO 10
6E no and T=1.NPTS
67 LINE(II=LINECTI-LINET+]
68 CELL{TY=6a5NCRLLIT I /TT.
69 800 CANTINUE
To nn 9NN =] ,NPTR
71 Ii1=7+%1
P IFIT.FQNPTSY [T=1
T2 OX=LIMECTII-LIMCIT)
T4 PYYI=CFLLCITI-nEr LI
75 PXL=FLOAT{OX}
T6 TEF{DX.ED.0) GO TN 8§80
T7 SLOPE( T =nY1/0X]
78 THETA(T) =ATAM2(DY]L,NX1}
19 GD TO 890
80 890 SLOPE(]1) =999,
81 THETA(T)Y=ATANZ(DY1; . 0011
82 290 CANTINDE
a1 B!Fl=CFLL(I!-SLDPF!Il*LYNE(IlvD!COStTHETntIll
84 g CONTINUF
a5 ArLMIN=100000.
86 ARMAY=D,
87 pnN 910 I=1.NPTS
84 I7=721
89 TF(1.FR.NPTEY IT=1
S0 Ng=81 NPELT Y-S IIPFIIT)
91 ALIME(II=(R{TTI-A(TIY /DS
C¥; ATELLITI=IRCTTI=SLNPFE {1 1-AfTI*SLAOPF(TT)} /DS
Q3 TRIAEMINLLTALINE(T)) GO TN 9Q9
e BINT=T
g5 AAMIN=AL {HEL{T)
Q6 209 TF(AAPMAR LT ALTINEL{TY) AAMAX=ALINT(I)
97 910 CONTINUF
g CINYIN=TFIX(2AMINGI. ]
29 LINMAX=TFIX{AAMAX]
100 T=MINT-1
107 FT=FMINY®sY
ir? TFI1.FD.0} T=MPTS
103 [F{TTI.ATNPTSY T1I=]
0% TP TRy 7. 1Y CTHMTH=T
10% TFILTAMAX AT MAXLY LTNMAX=MAXL
104 TEILIMMINLGT L TNMAYY 60O TN 2100
™7 By TI0n JELTNMIN, TTNMAY
108 TEIJoOGTLISTY(RLINECTINN] 11=7141
109 TR(J BT ICTH{AL TNELTIDY) I=1-1
11" TET{-FN.0) T=RAPTY
i1 TFITINTNPTRY 1T=1
117 fif=741
Bk TETY TV AT OPTAy TYT=YT=HeTe
i1% LOCEL wTEIX(SLOP (T INY=JentITTheld

115

HIFFLL=TFIX(SLOP LTI I 1eR(TT Y




. T B T R

116 CCEVE=SLOPELIT)=J4+R{TT)

117 BEZLL=SLAPE(TIEY 2 )+B{TIT)+1

118 TRLNCCi L, T2} LNCFiL=]

119 IF(HICELL.GTMAXMY HICELL=MAXC
12n TEILNCSLLLGTLHICELLY 6N TO 1106
121 DN 1104 L=L0OCELL  HICFLL

12> XPDATA(L L db=1

123 NO=MO+L

124 NN 240 K=1,4

125 ¥K=Ke]

126 NA=XDATA{KK L 4J7

127 AN(K)=F| 04T {NA}

128 240 CONTINUF

129 R{1Y=AN( 1)

130 R{2)=AN{2)

131 RI3)=AN{ )

132 RE4Y=AN(4)

133 R{S)I=AN[3}-AN(1}

134 RIGY=2.2AN(A)-ANIT1}

135 TOTY=AN(3Y-AN(2)

136 R{R¥=2, % ANI4]) ~AN{2])

137 R{GY=AN(13/7AN(2)

13¢ P{1OY=AR{Y}/AM(3}

139 P{1l1y=aN(1]1/ANM{4)

140 REIZI=AN(ZI/AN(3)

141 R{LIT=AN(2)Y/7ANTLY

142 N 250 K=1,MTFRM

143 BA=R (k)

144 NA=IMNT{RA}

145 IF(RALTAMIN(KE ) AMIN(KI=RA
146 IF{RAGTAMAXIKY] AMAX{KI=RA
147 TFIKLT.9) GO TN 242

148 NA=TMT{10,%RA}

149 242 TF{NALE.OF MNa=l

150 TF(NA.AT.128) N&=128

151 JFREQ(MAK)I=TFREQ(NA,KI+]

152 SUMIK ) =SUM{KI+R A :

153 po 250 KhAsl,k

154 PRAN(KA K1 =PRND{KA KI+T (KI*T (KA)
155 250 CONTINUE

156 1104 CONTINUE

157 1105 CONTINUE

158 1100 CONTINGZ

159 2100 CONTINUE

150 IF(NALLE.L) GD TN 992

151 IF(NCN.EQ,L1Y 6O TN 100

1672 eO=FLOAT (NN}

162 NN 320 1=1,NTFEM .
164 RAVE(T)I=S1"™M{T)/PD

165 RETO(T)=SARTI{ORAD(I 1 }~ROXARAVE LT I*RAVF{T)}/(RO-1.1})
166 nn 321 d=1,1

167 FEAREJ,11=0. _

168 TF(RSTRII) FN.N.) G T 321
169 TE{RETN{J) FN.0.)1 €N TN 321
170 FENR (JoI1=020nD{ d 1Y /RN-RAVELI)*RAVE(TI Y/ IRSTOIII#RESTO(I I D
171 321 CONTYNUFE

172 377 CONTINUE

173 10z FARMAT{IH] , PNIIMAER OF DOTMTS = 1,15, 8TH FITLN f,44, "WITH [NSET OF

17 9.FE3, 1, tNTTSy TAPL =9,¥4,%=",15,204,% INTITIAL LINE = *,14,t CEL

2L o= '.14)




174 WRITE (641070 NO,FIEann.ﬁ&TF,TﬂPE.IDIqIDZgLINET.NCELLT

175 PRINT 103

176 103 FABMAT(10¢ 10X, ¢ MSGHE 40, PMSSEY L LX, TMECADP4X, TMEETY, 3K, ' MS56-4 2M
1857—4 MSS6-5 7MSST-5 MSS&4/5  MST4S6 MSS4/7T MGSS/6 MESS/TY)

177 PRINT 104, IRAVF( T 1=2,13)

178 1n4 FARMATIICY y*MEANST ,3X,16F8.31

179 PRINT 10S.4aMIN(I),T=21,13)

180 105. FARMAT{IQV IATHTIMUMS T 4 16F 8,3}

iRl PRINT 106 (AMAMIT},T=21,13)

im82 106 FARMATI QT , MAXTMINS Y ,I6FAR.3)

183 PRINT 107 {RSTN{T),T=1,13)

184 107 EARMAT(20%,°STD NEV ',1678.3])

18% PRTMT 116

186 116 FARMAT(F-9,9CORRELATION COFFICIFNTSY

147 PRINT 111, {(RCOP{O1,13,7=01,NTERM)

1814 111 FORMATI90% (1M554° ;4 X, 16FB.5)

189 PRTINT 112, (OCN2{02,11,7=02,NTZRM}

190 112 FORMAT{ON!,¢*M555"',12X,15F8, 5%

191 PRINT 113, (RCBRI(ND3,1),F=03;NTFRHM)

192 113 FDR“ﬂT("O°v'MS§6'920X914FR.51

193 SRINT 114, [(RCOR(O4,T),1=04,MTFAM]

194 114 FARMAT( PNl tMSSTI , 2RX,13F8.5)

195 PRINT 115, [RCORIOS,11},1=05,MTERM)

196 115 FRRMAT(I0°, "MSSH-4 ,A4X,12FR,5)

197 PRINT 121y (RCOR{QG,11,1=06,NTERM]

198 i21 FORMAT (07 E2MSS T~4% 341X, 11FB.5)

199 PRINT 127, (ROOR{DT,T1,1=NT,MTERM)

200 122 FORMAT(*0°¢, "MSS4-57 ,50X,10F8.5}

201 BEINT 123, (RCOR(0B,T1},1=08,NTERM)

202 123 FNARMAT('09,12M55T7-519 ,57X,09F8.5)

2032 PRINT 124, {SCN7 (09, 1),1=09,NTERM)

204 24 ENQMAT{O0Y, " MSE4/SY ,ARY,BFB,5)

205 PRINT 125, (RCORI1D,T),T=10 ,MNTERM)

206 125 FARMAT( V07, *MSS4/60, 74X, TFR.5)

207 PRINT 1268, (RCOR(LL,T),1=11,NTERM}

208 126 FORMAT{ 0%, tMSS4/T7° , R2Y,6F8.5)

209 PREINT 1279 (FCORT1Z2471+1=12,NTERM])

z1n 127 FORMAT{ (%, IMSS5/6%,90X, 5F8.5)

211 oG TMT 128, (RCOR(13, 1 ,1=13,NTFRM)

212 12R FORMET (1000, 9ME55/ 77 , 98X, 4FB.5)

213 [FINSW.EQ. D) 6N TO 339

214 WRITE{T,130) FI%LN,DATE, {RAVE(T},1=1,13)

215 WRITEL T, 1011 S1CLD,DATS , (RETDIT)»1=1,41731}

216 WRITE(T,132) FIELD,NDATE,{AMIN(T],1=1,131}

217 WRITE(TF.134) FICLD,DATE (AMAX{T},1=1,13)

218 130 FORMAT(T1°';A3,1&,8F5.2,5F4,.2)

219 131 FARMAT (29, A2,14,8F5%.2:5F4.2)

220 132 FORMATII30 A3, T4 ,4F5.2,44F6.245F4.2) .

221 134 FORMAT{ P47 ;A3 14+8F 5245 4%21

22?2 299 CONTTMIIF

27213 PRINT 178:FICLN,NATE TAPE JIDL D2, LINFTLNCELLT

724 10OB Fﬂ'!HAT(th‘HIQT”GPtM"'N,'FFF.Ir‘ =T K4, "TAPE =%,14,7-7,T15,244,
10 TMITIAL LINE = %,14,°% CRLL = .74}

225 LMIN=MINL (AMTINCL) AMIN{ 27, 8MIN(T ), rwIw(«l;AMIN(Sl'AM!N{ﬁl,
1AMTN(??qAM!N(BIvAHTN(91*10.,AMINi10!*10-.AMIN(111*10.9
PAMTN( 12 *1D .. AMTMI13)®]C. )

2726 L MAX=MAXL{AMAYL L) AMAX{Z ) JAMAXI 3, AMAX (G JAMAXIS)  AMAXLG),
TEMAXT T1 s EMEXCBY  AMAX TGV T 0., A¥AXTI0T*10. +AMAXTLIL ) =10y
ZAMAME 12110, 8¥AXI 13)1%10.)

227 TF(LMINGIF.0) LHIN=]




. =
g .

228 TF(LMAX.ATL128) LMAX=128

229 NN 400 T=LMIN,LMAX

239 4QD PRINT 1091 (JFR"Q{1,J)sJ=1,MTEOM}

231 108 FARMATL 1H, 15,161 3X%;151)

232 wPITstbolonllLINM!N FIELD.ﬁﬂTE.TAPE ini, 102

233 1061 EORMATI P 1® IMIMNTMUM LINE NQ = *,18, 3X!‘FIFLD —‘1A4-'TM’“ =V,
1141'—".!5.2A4l

234 NN 1110 J=1.MAXL

235 WRITF(A, 1GN2Y(XDATA(Y 3T J),T=1,MAXC)

236 1007 FNRMAT( ¢ ,6411)

237 1118 CANTIHUE

238 NYIND=0

239 GO TH 100

240 891 WRITE(6,120) NTAPEA, NnATE

241 120 FORMAT{ YNt ,PFIFL O CARD 8CQUESTS TAPE ", 14, BUT TAPE HSED 1S5 *L,14%

242 n0 TN 100

243 990 WRITE(H,507}) MAATE,NTAPE ZNIDL,NINZ,DATE, TAPE, ID1,1D2

244 503 FORMAT('1%, *TAPE REQUFSTEN(Y,I14,%=t,15s2A4,°} DIDNOT MATCH TAPE MD
TUNTEDL 5 T4, =, 15204, 1 %}

245 GO TN 999

246 997 JF(NCN,EQ.1Y 6T TN 100

247 WRITE(6,112) FIFLD

24R 1l9 FORMAT(IHL,*FIFLD Yy A4, TAD SMALL?®)

249 GN T 100

250 294 TF{NCELLT.LY . NCFLL?} €0 TO 10

251 Q95 WRTTF{A,110} LINF{LYL,LINET NCB,NCELLT

252 117 FORMAT{1H L_CDROR TAPE TAN FARZLINE =',15, ' TAPELINF=?, TG, ¢CFLL =*,
115, 7TAPF CELL = ',15)

253 IF(NWIND.ENLY) GOJ TN 999

254 PEWTND NREAD

255 MW IND=1

256 GO TN 10

257 G99 RFTURN

c5A £NN



$JOR
1 DIMENSTINN LIME(OYO) s MEFLLIOL0Y,SLOPE(OIOYTHETALOI0) yALTNE(ODLD)
2 NIMEMNSTNY BIOINY JACELLEOALD)
3 TNTEGER®4 DATR, TAPE
4 INTEGEQ* 4 SEG,NX
5 INTEGER%:2 XDATA(5,644:64)
[ TMTEGER*4 HICFLY
T NIMENSTAN CELLETS
g NIMENSION TFRFNETIZ2R,16])0
a9 DIMEMSTON AMIN{1IAY yOMAXITIE),,SUMI14) PRINDILI64161,7(016)
T DIMTHNSINY RAVELLG) ¢RSTOI16)yRCOR(L16,1601,2N(4)
1} PEAL FIELD/® ALL®Y/
12 NP EAD=9
t3 NTERM=13
14 N=31.0
15 NCN=0
14 MWIND=0
| X4 NSFG=0
18 MAXC =64
19 MAXL =64
20 READ 444,DyNSW, NSHT
21 b4 FNOMATI{FS,2,71,T1) -
22 5 READI 5,500, END=929) NDATE NTAPE ,NID1,NID2Z4NCELLS
23 500 FORMAT(T4,1X,15,2084,2X,15}
24 100 {NNT INYE
25 TRINSWIFR.Y1) GA TO 101
2h PEAN( G, 1005, EHMD=992}SEN NPTS , (LINFIUI),NCELL (T),T=1,4),NFTLE,NC,
INTAPFALFIELD
27 1000 FORMATIIY T alla,a13 1%, 11,71,2X:T4,¢3%X,A3)
29 PEINT J1NZ2,SERNPTS, ILINELT) L, NCELL (T o T=1,4 4 NFILESNC,MTAPEA,FIELD
29 1102 FEORUMATIIM (v CFG=" ;124 TS =" 12,4015 1K T4l XYy FILE=Y4I2y"NC=1,
112, TAPE= 4 IS, 'FTELD=,24)
19 G0 TN 202
£ 101 CONTIMIE
E BEANIS5. 1003 4END=999 ) SEGNPTS  {LIMFITI NCELLIT),T1=1,48) NFILE,NC,
INTAPEAL,FIELD
33 1003 FEORMAT{T1,411,8(14,73)1,2X,11471,1X%X,T4,1X,n3)
34 PRTNT 1101 ,8FG NOTS LLTNESTI NAFLL{T ) y1=14B) NFILENC,NTAPEA,FIELD
35 11 FORMATIIH O SEG=" 124078 =" T2, A(15, 1%, L4y 1X) 4 'FILE=2,]2,NC=",
112,°TAPE=Y IS5, FIELN=",44)
35 202 CONT ITNUFE
17 TRINTAPCA NE_NMDATEY GN TN 991
18 IFINAN.SQ-.1) 57 T 10
39 ND=0
&0 nh 20- 1=1,MTEIM
&1 A 190 J=1,128
42 190 [FRrEN{J, 13=0
43 EMINGTI=128 . ®
4% AMAX(T)1=0.
45 SUMT)=0.
46 N 210 k=1, NTEFR™
47 PoON{T,.031=0,
49 210 COAMTINIF
40 22" CNMTINUF
% TFISTG.EN.NEEG)Y R TN 89FN
51 10 REAN(NBFARY NATT TAPE,JO1,TN2, LINET,NCRLLT
5 TRIRATS NI, MAATY ) 0RO TR 3an
53 TFITAPE NE_NTAPFE) GN TA 9an
5% IF(ID1NELMINLY AN TN 9099

150102, NE,NIN2) AN TN 990




Appendix F

Computer Program and Flow Chart to Create

Contour Plots on Calcomp Plotter



CONTUR
CREATE CONTOUR PLOT ON CALCOMP PLOTTER

Programmer: Jay Alloway, Kansas State Unlversity Computing
Center, May 1073.

Languagze: FORTRAN 1V for 360/370 with calis to CALCOMP.plot
subprogram PLOT.

Purpose: This subroutine prepares a contour plot from a
rectangular grid of uniformally spaced values.

Calling sequence:
CALL COMTUR (GRID, ROW, COL, CU, NV, XLEN, YLEN}

where

GRID contains the values (REAL*4) to be plotted.
These could be reflection Intensities, levels
of radlation, etc at equally spaced polints.

ROW is the number of rows to be plotted down the
paper and the size of the first dimension of
GRID, ROW is integer.

COL is the nuaber of columns to he plotted across

the paper and is the second dimension of GRID.
COL is integer.,

cu is a vector (REAL*L4) containing the
desired contours.

NV Is the number of contours in the CU vector,

XLEN is the length (RTAL*L) of the x-axis (down
the paper) in Inches.

YLEN is the length (REAL*4) of the v-axlis (across
the paper) in inches.

"NOTE: CONTUR assumes the pen is located at location
(0.0, 0.0) when called and does not reorigin before
returning. Location (0.0, 0.0) is GRID(1,1).
Lacation (XLEN, YLEN) is GRID(ROQW,CGL).

Hethod: COMTUR looks at the grid point by point forming a
square at each point consisting of the points to the
right, below, and right and below the point is question.
Fxcept for two cases where two lines may be drawn, only
one contour line may appear in a squarce. CONTUR assumes
a uniform media within a square. The line drawing
technique outlines flat (equal contour) areas. There
is a total of (ROW-1)*(COL-1) squares in GRID,
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SURROUTINE CONTUR { X, N,MsCU,NC,XSTZ2E,YSTZE} CNTROO10
c . CNTRODZ0
C SURRNUTINE CONTUR CREATES A CONTOUR PLOT ON THE CALCOMP PLDTTER CNTROO3D

T R ol FROM AN ARRAY OF POINTS, 70 mommmmmmms e ™ CNTROOEG ™
I CNTROO50

o c WRITTEN RY JAY ALLOWAY, KANSAS STATE UNIVERSITY CUMPUTING CENTER CMTRODAQ
’ C h N MAY ]_Q73. ) o T T e mmmmm———— I CNTROOT (O
c : ) ENTROORO

NIMENSION X{N,M}, CUINC) CNTRDOSO
TUTTTTO e T IRGICALRL TSW 0 T T T T T T CNTROL100
INTEGER LR, DIWN CNTRO1LD

NATA TOL, UP, DMWN /1E-7,3,2/ CNTRO120
e L o VUMM SAE= e 30 - CNTROTS0
C CALL CONTUR (GRIN, RNW, CNL, CU, NV, XLEN, YLEN) _ CNTRO140
c WHERE GRID CONTAINS THE VALUES TO BE PLOTTED. CNTRO150
D o ROW 7718 AN INTEGER GIVING THE NUMHER OF ROWS TO BE CNTRG160
C PLOTTED aND THE 18T NDIMENSION OF GRID, CNTROLTO
c COL 1S AN INTEGER GIVING THE NUMRER 0OF COLUMNS TO BRE CNTRO180
R (R TTRILOTTED anND THE 2N0 OIMENSTON GO GRID. CNTROLYD
c cu CONTATNS VALUES OF THE DESIRED CONTOURS. CNTRO200
c NV IS THE NUMBER QF CONTOURS IN Cu. CNTROZ10
C KLEN T TS THE LENGTH OF THE X-AXIS (ROWST. CNTROZ20
C YLEN IS THE LENGTH OF THE Y—-AXIS (COLUMNS). CNTRD230
c CMTROZ240
C CRNTROZ50
o DEFINE RASIL FUNCTIONS NEEDED CNTROZ60
c CNTRO270
XLOCTATY = [AI7ANT¥YSTYE CNTROZ A0
YLOC(AJ) = {AJ/AMISYSIZIE ‘ CNTRO290
AINGCLAS,AE)Y = (C-AS)/(AE-AS) CNTRO300
EQUAL(PFTY = ARS(L~PTY CNTRO310
BETWEN(AS,AE) = (C—-AS)*(C-AE) CNTRO320
C ENTRO330
C INTYTACTZE CONSTANTS ENTRO340
c CNTRO350
NX = N=-] : CNTRO360
- MY TE M= ‘ CNTRO370
AN = NX ‘ CNTRO3R0
AM = MX CNTRO390
r - - ; CTE0500
c LODP THROUGH ROWS CNTRO4LO
C ‘ CNTRO420
DO 215 TXET NXG 72 CRTROZ30
[ = IX CNTRO44D
ISH = .FALSE, CNTRO&50
GO TO TS - CNTRU&HRO
10 I = I%+1 CNTRO470
IF {1.6T.NX) GO TO 215 CNTRO&RD
ISW S TTRUEY CNTROZYD
15 1Pl = J+1 CNTRO500
AIML = =1 : CNTROS10

AT™="1 . TNTROS70
C 'CNTRQ530
c LOOP THROUGH COLUMNS ) CNTR0O540

C " “‘ TNTROB50
DO 210 JX=14MX CNTROS560
J o= JX CNTROSTO

T~ TFORTFASTER PLOTTINGY PFLOT EVERY OTHER ROW RECKWARDS " CNTROSR0
[F {1SW) J = M=UX CNTRN590
JPL = J+1 : CNTROENO

e BT s i e Rl f fh v - e "y Ll 5 ca ¥ _——w'y‘w"



AdM] = J-1 _ ' CNTROALD
A = CNTRDG 2D
. C GEY VALUES OF CORNERS 0F SOUARE _CNTRD630
e e N : . IARE - e — ENTROAAG
A2 = X{l,JP}) CNTROE50
A3 = X{IP1l,J) e e i e .. CNTRDAAD
a4 = XULPLL.JPL) CNTRO&TO
C : _ CNTROARG
C LODP THROUGH CONTDURS - e CNTROAYD
c CNTROTOD
DO 205 K=1.N0 ‘ CNTROTLO
C = CULK)" CNTRO720
T e T PLDT REST GURVE THRUUGH THTS SOUARRE CNTRO730
IF (EQUALIALYGTLTOLY 6O TH 70 : CNTROT740
________ o TIF (EQUAL(A2).6T.TOLY 6O TN 35 _ CNTRDT750Q _
IR (EQUALLAZ) LGTLTOLY 60 TO 20 CNTRO7AD
IF {EQUALTAG) LELTOLY GO TO 205 CNTRO770O
o . CALL PLOT (XLUC{AT),YLOC{AIML) ,UP) CNTROT7R0
CALL PILOT {(XLOCIATMYL}YLDG(AS) 2 DiIWN) CNTROT9Q
GO TD 205 CNTROADO
20 XX = XLOC(AIMY) CNTROB10
CALU PLOT (XX, YLACTATMI ) ,TIF) CNTROBZ0
¥YY = YLOL(AJ) CNTROB30
IF {EQUAL(A&) LE.TOLY RO TD 30 CNTROB 40
T T T T T T R T R E TWENTE R AG T e Y BT TES CNTROARO
CALL PLOT (XX, ¥YY,DTWN) CNTRO860
G0 TO 205 : CNTROBTO
25 TCALL PLOY {XLOC AT, YLOC TAJMIFATNC RS A4 T, DOWN) CNTROAAD
CALL PLNT (XX,YY,DOWN) CNTRO890
GO TO 205 : CNTRDS00
T T T T A0 AT POTTT RO TR, VY, DOHR CNTRGOLO
GO 1O 208 CNTRO220
35 XX = XILOC(AIML) CNTRO930
TYY ETYLOCCAIMTY T CNTRDG 4D
IF {(FOUAL{A&G}.GT.TOL) 610 TO 45 CNTRO950
—— o IR (EDUALC(A3) L GTLTOLY GO TO 40 CNTRO960
CACTTPINT I XX ¥YY L UP) CNTROS7D
CALL PLOT (XLOGC(AT) ,YLOC (AL yDOWN) CNTROQR0O
GN TN 205 : CNTROS9D
T T T R IF T IRETRENCAR? LA LB TLO0L0Y GO TH 208 CNTRIOOO
CALL PLOT [XXsYY,UP) CNTR1010
DIFF = AINC{AZ2,A3) CNTRI1G20
T T RALLTRLNT (XLOC (A TMYEDTFF Y YL OCTAI U TFF ), DIWAD CHNTRI03G
CALL PLOT (XLOCtAIYI,YLOC ALY ,DDWN) CNTR1040
G0 TO 205 CNTRINS0
T T T T T S TR T IEQUAL TAS Y JLELTOLY TG T TO RO TENTRIOED
. ‘ IF (RETWEN(AZ,A4).GT.0.0) GO TO 50 CNTRIOTO
IF [BETWEN{A3,A4}.5T.0,0) GO TN 55 CNTR10R0
T T T CALL CPEAT IUXLOCTAT) W YILOC AMI YA ING ORI AR Y UR Y T CNTRTOYG
CALEL PLOT (XLDCIAIML) .YLOCTAIML ) ,DOWN) CNTR1100
GALL PLOT [XLOC(AIML+AING (A2 A4 ) ) o YLOC LAY )Y DOWN) CNTRIL1O
S e GO T 205 T o e TRHTRII PO
50 1F (BETWEN{AZ,A3).6T.0.0) GO T0 205 CNTR1130
IF {BETWEN(A3,A4),6T.0.0) GO THD 205 CNTR1L140
T e T T e AL TRLOT L XY Y YL UP T . A CNTRITLGG
DIFF = AINCI{AZ+43) CNTR1160
CALL PLOT (XLOGC{AIML+DIFF) s YLUCLAJ-DIFEFR) ,DIWN) CNTR1170
T e T T T AL TPLOT UXLOC (AT Y G YOO I AIM I+ ATNC AT, AGY T DDWNY CNTRITAG
GII TR 20% : CNTRL19D
6 IF (RETHEN{AZ,A3).GT.N.0) GO TN 20% CNTR1200

LA i 4L ']
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CALL PLOT {XX,YY,UP) . ' CNTRLZ210
DIFF = AINC{AZ,A3) ' CNTR1220

CALE PLOT {XLOC(ATML+DIFF},YLOC{AI=NTFF),D0WN) CNTR1230
T TCALL TPLOT (XLUC(ATMI+ATNGTAZ A4 }) YLUC AT +DOWN] CNTR1740
GO TO 205 CNTR1250

60 CALL PLOT {XX,YY,UP) ~ CNTR1260
T T U IR (BETWENIAZ ALY JLES0L0) GNTTATAS T T T CNTR1270
CALL PLIUT {XLOCLAT) YYDOWN) CNTR1ZR0

GO T 7205 CNTR1290

ST T g CALL PLOT (XLOC(ATMI+ATNCTAZ3A4) ), YLOCTAJY S DOWNY— 77 CATR1300
CALL PLUT [XLOC{ATY,YYsDOWNY : CNTR1310
GO TO 205 CNTR13720

o —== 20 1F (FOQUALIAZ}GT.TOLY GO TN™10s 77 T o TNTRI33G
IF (FQUAL{A&) . GT,.TNOL)Y GG TO AS CNTR1340
IF (FQUAL(A3).6T,.TOL) GO TO 75 CNTR1350
T T T T T T AL PLOT (XLOC(AT) YLDCTAIMLY cup) T CNTRY360
CALL PLOT {XLOC{AIMLY YL OCTAJS ) 2DOWN CNTRL3TO
. GO Trr 20% CNTR13A0
e T e AL PLOT {XLOC{AT )} YLOCTAI Y yuURY 77 CNTR1390
IF (BETWEN({A1,A3),GT.0,0}) GO T RO CNTR 1400
CALL PLOT {XLODC({AIML+AINC(AL1+A3)),YLOC{AJIML) DOWN) CMNTR1410
T T T TR AL RPUNT TUXLOCTATRLY  YLOCTATY yDOWNT CNTR1420
GO TO 205 CNTR1430
85 IF (EQUAL{A3)LF.TOL}Y GO TO 100 CNTR1440
FURBETWEN{AL , A L BTIOTOT R TOT 90 CNTR1550
IF (BETWEN[A3,A4).6T.0.0} GO TH 9% CNTR1460
CALL PLOT (XLOC{AIML+AINCIAL,A3) )Y OCLAIML},UP) CNTR1470
CAUL PEOT 1XLOCTATMTY s YUOTTEIT s DOWNY CNTR1&R0
CALL PLOT (XLOC(AT I YLOCIAJMLI+ATNC (A3 ,A4))+DOWN) CNTR1490
GO TO 205 CNTR1500
““““““ TGO TETUAETHWENI AL yAST .GT. 0.0 GO TR 205 CNTRTSBT0
IF [RETWEN{A3,A4),6T.0,0) GO TO 205 CNTR1520
CALL PLOT (XLOC(ATML),YLOC(AJ),UP) CNTR1530
TTTUDIRFTE TAING AL ARY CNTR{540
CALI. PLOT (XLHC(AIM1+DIFF),YLHC(AIM1+DIFF).DOHN) CNTR1550
CALL PLOT th0c1AI).YLGrlﬁJM1+A1thA5,A4)),DowN) CNTR1560
e 70 B O 41 5 T CNTRISTO
G5 [F (RETWEN(AL,A24).GT.0.0) GO TN 205 CNTR15R0
CALL PLDT [XLOC(ATML+ATINC(A1,43}),YLOCTAIML),UP) ‘ CNTR1590
““"DIFF "= "AINCIAL,A4) © 77777 CRIRTA0D
CALL PLOT (XIﬂC[AiMl+HIbFJ,YIUC(A!M]+UIFFJ.HHNN) CNTR1610
CALL PLOT (XLHC(&]MI}'YLUCIAJ),DONNJ CNTR1&620

T TGN T 20S ¢ I CNTRT&EIO
100 1F (RETWEN({AL,A4).GT.0,) 60O TR 205 CNTR1640
CALL PLOT {XLOCLAT) YL FICMJMthP) CNTR1650
DIFF~="AINC (Al ,A4Y 77~ T CNTRTEET
CALL PLOT {(XLUCUATML+DIFF ) YLOC(AIMLI+DIFF) 4 DOWN) CNTR1&TD
CALL PLOT lXLﬂClAINI),YLUC(Al),nani CNTR 1680
GoTTR 205" - Tt CNTRTEGD
105 IF (EQUALIA3),.GT.TOL) &0 TO 130 CNTR1700
‘ IE (EQUALIAAILE.TALY GO TO 120 CNTR1710

TR TUBETWEN{ AL 4 AZ YL GT 0,0V TGOTTO 11O CNTRT770—
. IF {BETWEN(AZ,A6)}.GT.0.0) GO TO 115 CNTR1730
CALL PLOT {XLOCIATML),, YLOCIAIMI+AINCLALAR)),UP) CNTR1740
e e e R PLAT O {XLNC AT Y, YEOCTRIMT) o DOWM) - 77 ' CNTR1I75U
CALL PLOT (XLODC{AIMI+AINCIAZ s AL }oYLOC(AD) (DOWN) CNTR176D
G0N TA 205 CNTRITTO

—————" 110 " TF {AFETWEN{ AL, AS) BT L0, DY 60 TN P05 T CNTRTTRD "
[F {HETWEN(A? ,A4)GT 0.0 G0N T 20% CNTR1790
CALL PLDT (an(lAl).anc(ndml).np} CNTR1ROD




DIFF = AINCLAL,AL)
CALL PLOT (XLOC{AIML+DIFF),YLODC{AJIM]I+DIFF) ,00WN)

CALL PLOT (XLUGIATMI+ATINGIAZAG) Yo YLOCIAU)$DUWNY

GO TO 205
115 IF (BETWEN(ALyA4) GTA0.0) GO TO 205
CALL PLOT (XLOC(AIY 4 YLOC{AJML) 4UP)
DIFF = AINC(ALsAS)
CALL PLOT (XLOC{AIMI+DIFF),YLOC(AJMLI+DIFF) ,DUWN)
caLL PLOY [XIDC(QIMII-YIDC(AJM1+AINC(A1vﬂ2)),DDHN)

CNTR1810
CNTR1AR20

__ CNTR1830

T CNTR1A20
CMTR1ARN

__CNTRIBED
CNTR1870

CNTR1BRO
CNTR1890

GO TO 204
120 XX = XLOC{AT)
CALL PLNT (XX,YLDC{AJML},UP)

CNTR1G00
CNTR1910
CNTR1920

TTUIR (BETWEN{AL,A2)}.6T.0,0) GO TO 125

CNTR1930

CALL PLOT (XLOC(ATMLI) ¢ YLOCIAJMI+AINC(ALAZ ) ) yDOWN) CNTR1940
125 CALL PLOT (XX, YLOC[AJ)4N0WN) CNTR1950
G0 TO 208 o ' CNTR1960

130 IF {EQUAL(A4}.GT.TOL)Y GO TO 145 CNTR1I9TO
IF (RETWEN({A1,A2).6T.0.0)_ 6O TO 135 CNTR19R0

TE (RETWENI{AL,A3).6T.0.0) GO T 140 CNTR1990
CALL PLOT (xLDC{A1M1+A1thn1.A3):,YLOC(AJmli.UP) CNTRZ000
CALL PLOT {XLOC{AT},YLOC{AJ)yDOWN} CNTR2010
CATL PLOT [(XLOCTATMI Y yYLNCUAJMI+ATINCTAL, A2 ) ) 4+ DOWNY) CNTR2020

GO TQ 205 CNTRZ2030

135 1F (RETWEN{A2,A3),6T.0.0) GO _T0_ 205 CNTR?2040
TE TBETWENTAL,A3).6T.0.00 6O TO 205 CNTR2050
CALL PLOT (XLOC({AIML+AING(AL+A3)),YLOCL{AIML) UP) CNTR2060
DIFF = AINC{A2,43) CNTR2070
EALL PLOT (XLOC{ATMi*DTIFEY,¥LOC(AJ—DIFE) {DOWN] CNTR2080
CALL PLOT (XLOCEAT},YLOCULAL)DNWN) CNTR2050
6O T0 205 o CNTR2100
140 IF {RETWEN(AZ,A3).6GT.0.01 GIF TO 205 CNTR2110
CALL PLOT (XLOC(AIM1)YLNC(AJMI+AINC(AL,AZ)},UP) CNTRZ120
DIFF = AINC(AZ,A3) CHNTRZ130
CALL PLOT (XLOC{ATMI+DIFF)+YLOCUAS—DIFF) ,DOWN) CNTR21%40
CALL PLOT {(XLDC(AI),YLOCtAJ)DOWN) CNTR2150

_ GO TO 205 CNTR21A0
1%5 1F (RETWEN(AT A3V LE. 001 B0 T0 170 CNTRZ2170
IF {BETWEM(AL,A2}.LE.D.0) GO TO 150 CNTRZ21R0O

IF (BETWEN[A3,A4).6T.0.0) G TO 205 CNTR2190
CRLL PLOT T IXEACTATY s YLOC {AJMI+ATNC{AS A4 ) ), UP) CNTRZ2200
DIFF = AINC{Al,A%4) ' CNTRZ2210
CALL PLOT (XLOCIAIMI+DIFF)YLOC(AJMLI+DIFF),NDOWN) CNTR2220
CACC PLOT 1 XL 0CTATRI+ATNCUAZ B4 ), YLOCTAJ Y DDWN) CRNTR2230

GO TO 205 CNTR2240

150 IF (RETWEN({AZ,A4) . AT.0.0) 60O TN 155 CNTR2250
CALT  PENT T IXLOCTEIMT Yy YCOCTAIJNT+ATNTC AT v A2} ) s UP ) CNTRZZ&0
DIFF = AINC{A2,A3) CNTR2270
CALL PLOT (XLDCIAIMI+DIFF),YLOC{AS=DIFF)} ,DlIWN) CNTRZ22R0O

“““ CALL PLOT [X¥LUOCTATMI¥ATING (A2 A4 Y TVYINCTEI Y DOWNT] CNTRZ790
GO T 205 CNTR2300

155 IF ((ABS{A4=-ALl} . GTLARS(AZ-A2)}) KO TO 140 CNTR?31 ¢
T S T T T T T T T T T R T IRETWEN L AZ S ARY TR T LSOO GO T 205 CRNTEZSY0
NDIFF = AING{A2,43) CNTR2330

XX = XLOC(AIML+DIFF) CNTR?2340

VY TETYLNC (AL-DIFFT T CNTRZ350

GO TO 165 CNTR?2360

160 IF {BETWEN[AL,A%4),6T.N.0) (D TO 205 ENTR2370
T T T T T TER TR TALNC (AT 84 - - CNTR3R0
XX = XLLOC{ATM1+DIFF} CNTRZ390

¥YY = YLOC{AJMLI+DIFF) CNTRZ4D0




s Imm'
165 CALL PLOT (XLOC(IAT) 3YLOCIAIML+ATINCIAD 444 )] 4P ) CNTR2410
CALL PLOT (XX, YY,DOWM) CNTR2420
CALL PILNT (XLLNC(A IMi T YLODCIAJMI+ATNG( Al4A2) ) DDWN) CMTRZ2430

e i e L e __GU Tﬂ ?05 R e il il + 4 e — e s e e et e e tNTR?_ 4_2&6-#
170 IF (RETWEN(AL,A2).0T.0e0) &N TH 185 CNTRP2450

1F [RETWRN(AY,A4),6T.0.0) GU TA 175 CNTR2460
T T e e AL PLOT (XLDC{ATMI+AINCIALLA3) ), YLOCIAUML ) UPY ENTRZGTO
DIFF = AINC{Al.A4) CNTRZ4R0

CALL PLOT (XLOC({AIML+DIFF},YLOCIAIMI+DIFF by MHIWN) CNTR?2490
ST UCALL PLOTT {XLNC (ATMLY s YLOCCAIMI+AING (AL 4 A2 )) s DOWNY T ~ CNTR2500
GO T 205 CNTR?510
175 CALL PLOT (XLNC(AIML) yYLOCIAJMI+ATNCIALA2) ) ,1P) CNTR2520
TTTTIR A {C=A1).GTLTRL) G0 TO 1R T T **" CRTRIEID
CALL PLOT (XLOCLAIMI+ATINCL{AZ:AS4) ) 4 YLOCIAL) »DOWN) CNTR2540
e CALL PLOT (XLOC(AI),YLOC(AJMI+AINC(AS,A4) )4 UP) CNTRZ550
- ‘EALL"ELﬁT'Ixtncrarﬁ14armccdl,ﬂ3ﬁl;vLDctﬂjﬂTT1ﬁUwN1 CNTRZ560
GO TN 205 CNTR2570
180 CALL PLOT (XLOC(AIMI+ATMC(AL4A3)),YLOC{AJML) DOWN) CNTR25A0
CALL "PLOT (XLNCTAT T, YLOC (AJMI+ATNG (A3, A% 1), UP) CNTR2590
CALL PLOT (XLOC(AIML+ATNCIAZ+A4)) ,YLOCLAJ) ,DOWN} CNTR2600
GO TO 205 CNTR2A10
IBSIF (RETWENTAZ A%V .67 001 GO TO 190 CNTR7E 20
CALL PLOT (XLOC{AIML+AINC{ALyA3}),Yi.OC{AJIML),UpP) CNTR2630
DIFF = AINC{AZ,A3) CNTR2640)
CALL PLOT TXLOC{ATHIDIFF T, YLOCTAJ=DTFF T ONWRT CNTRZESD
“CALL PLOT (XLOC{AT),YLOC{AJML+ATNCIAZ,A4)),DOWN) CNTR2660
GO TO 205 CNTR2&70
T390 TF (BETWENTAZ? JAE T, GT. 0.0V G T0 205 CNTREZEA0
IF ((ABS{A4~AL).GT.ABS{A3~AZ))) GO TO 195 CNTR26%90
IF (BETWENI[AZ,43),6T.0,0) GO TO 205 CNTR2700
DIFF = AINCTAZ AT CNTRZ710
XX = XLOC(AIMI+DIFF) CNTR2720
YY = YLOC({AJ-DIFF) CNTR?2730
GO TO 200 CRTRZ 740
195 IF (RETWEN{AL,A4).GT.0.0} GO TO 205 ENTR2750
DIFF = AINC(AL,A%) CNTR2760
X ="X[OCTATMIFOTEED CNTR2770
YY = YLOC{AJMI+DIFF) : CNTR2780
200 CALL PLOT (XLOC(AIMI+AING(A],A3)) Y _OC{AJML),UP) CNTR2790
CRLT PLOT TRYS VY S DURNT CNTEZB IS
CALL PLOT (XLOCIAIMI+AINGC(AZ,A%4)),YLOC (AJ),DOWN] CNTR281D
C CNTR2820
L TEND OF LDOPS CNTRZ83D
[ CNTR2B40
205 CONTINUE CNTR2850
2T CONTINUE CNTR2HEED
IF (.NDT,ISW) 60 TOD 10 CNTR2870
215 CONTINUE CNTR 2880
RETURN CNTRZATU
END CNTRZ90D
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Appendix G

Algorithe to Enkance Variations

Within a Category



ENITANCING CATIGORY \J’:‘\RIA'I‘IONS1
Let Yo Si be 'thc mean z2nd covarianée of category i,. i=1,...,k Define
= {u; - uk) (ul. - uk)'. Ve would like to bring to zere all points from cate-
gorics other than ¢y, cr}hancc all the variation in category ¢y, and show this
variation about a point away from zero.
The Algorithn
Compute.t, $? i=1,2,... kK, i # k where t is the ewcrvoclor of 8 (31 + B, )
with larg@t cimenvaiue.
Norma"':ize 1:i so that
ti‘ (o - jtli).'—' 1 i=1,...,k i#k.
This no;rmaliz:\tion mak;as 11. so that
ifx e €, E [ti' [x - ui]]= 1:i’(uk - ui}" =1
and ifx ¢ O X € € for some j, and E'ftj' x-u))=0

TFor any x compute ti'(:\: - ui). Define {{x) = min ti.'(x - ui).,
' i
i=1,...,k

ik .
The following theorem and prool show how L. is determined. In this
o i

theorem the covarianee 8§, of éalegory ¢ is used rather f.h:m the combined

k k

1P’rwzs.te Communication from R.M. Haralick, Remote Sensmg Laboratory,
- University of Kansas, Center for Research Inc e e

1



covariance Sk' within calcgory Cer and Bﬂ{. between cnlegorices c; and v
" Hence the theorem obtains t; from § -1 rather than from S -1( + D, ). Inclu-
i i Sk ¥ i Gyt B

sion of the betveen-category variance term By makes use of the scparation

-

of the category sample means.

Y tf‘X] Cg]

— = . Thenfhasa
v {t‘xlcll

Theorem: Let {: RNH% R be defined by {(t) =

global maximum of e where t is the eigenvector of S]"'IS2 having 1arg‘est cigen~

value e. (8; is the covariance matrix for category ¢;, i=1,2),

V [t'x]co)

Proof: To maximize m———m—=,
V [tix| 01]

we will maximize V [t'x|¢c,) under the
constraint V [t'x{¢ ) =k. -
Consider g{t) = V [i'x| cy) - e (V [t'x | 01.) -k}
= E[“t‘x - E .[t‘:-: fe l] 2 l 02:] - e(E [][t‘x - E [t'x|e,] Hzlcl]-k)
Expanding the norm and letting Uy l= E _[x | cz] and u, = E [x| cll, we obtain
gl = E [0 - u)'t £x - u,) | ¢,] - e(l’:l [ - up)'t 110 =) l e,] - k)
= E [trace (ti' (x - uz) (x ~ uz)' [ 021
- c(E [ trace (t{' (x - ul) (x - ul)' [ cl] -_-k)

Since trace is a lincavr operalor, we may interchange the expeetation with the trace.



mﬁ=tnmg(z{u'm-uﬁ(x-;ﬁﬂcﬂ)
- e(trncc E (8 {x - ug) {x = u)' | e] - k)
= trace {tt! E [x - uy) (X - up)' [c2])
- e(tr:ic'e tt' E [(x - w,) (x -‘u1)1| e;] - k)
= trace (tt'S 2) ~ @ (trace tt'Sl- k) |

= 15,0~ @ (t'S;t - K)

! 2
= = ) = (1)
Let t 1:2 y S (Sji ) , and 81 = (Sji )

N N @ o)
8_(*1»----t1~:)=2 t; Z ti (Sji -csji) + ek

i=1  j=1

A necessary condition for g to be maximized is for é—tg =0, n=1,. ey N
o
n

Expanding the swnmation for g so that we can take partial derivatives easily,

N N
- @) _ 1
g (tl' .os ,tN) = Z £ th (s:_ji e Sgi})
=1 =1 .
i#n o
. N ,
+ tn}:t]_ (sJ{i) -¢C SJ%))
=
- §n
N 2 1
IR (Sfﬁ)'”;(ﬁ}) + ek | :
=1

i/n



) _ o s}
+ tn tn (S.nn e sm )
Hence,
N N
@ _ DL N e (2 - g s®
BtN Zt (s esjn)-'-%itl(sni e.sni )
Ja{n . i#n '
@) - os®
+ Ztn (Snn e snn)
N "
Z (51(3) - @ sg)) ti , by symmetry of ‘Sl and Sz.
Setting %—%;q: 0, wehave

N
Y@ - esyy =0, n=1,2,0.8
= m

or in matrix form
{8y~ eSl) t=0,
Hence, Szt.= eSlt or Sfls‘zlt = et so that it is neces&sary fort to lbe an eigen-
vectoxr of 51—152 having co:.jrcsponding eigenvalue e.
To see which cigenvector, we will evaluate f(t). for thosc cases when t is an

*

. -1
mgenvcctgr of S1 Sz.



" . _ - ."‘
£) = o2t ana 5, 7%s ¢ = e, : e
t's, t 2 |
1
1 t A t .
f‘t) = ¢ 82 = -—.t_sa.t__.__ = g Efzf = @
= o -l t's,t
os S St eSS Ts 2t _

Therefore it should be that eigenvector of'Sl '_-182 with largest eigenvalue e.



Ap?endix H

Computer Trograms to_implement the

- Algorithm of Appendix G
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THIS PROGRAM IS AN [MPLENTATION OF AN ALGORITHM TO ENCHANCE CATEGORY
PERIODIC REFERENGES ARE MADE Ti) A PAPER ENTITLED ENCHANCING

CATEGORY VARTATION FROM WHICH THE AUGORITHNM COMES FRIMAND WITL RE REFERED
T0 AS THE ECV PAPER,

c

C

c VARTATIONS,
e

C

C

"REAL"IAA;IAH.[AC,IAD;ThnS¥IAHSFIﬁCSIIKDS
REAL I1ARM,IRCM,ICDM, TACM,1RDM,]ADM
INTEGER %2 CATEG.CLEN,CUL.RDw,ManL.MRONL.CAT.HDwRED
T ‘INTEGER*Z'"X(S;IZ&;Izﬂ)}FLAGTlOO)
DIMEMSTION B(10),WORKY1{4) yWOIRKV2(4}
DIMENSINN  BUIK{4,4)
T DIMENSION TFMT{1S) " 77
DIMENSION  S{5:%.+4}
DIMENSION  SI(4.,4)
. B T NIMENSION T TSK {4 A T
DIMENSTON  SKA(444)
. DIMENSIIN TI(4y4)
TDIMENSION T U(4,2)
DIMENSION UA{&)
DIMENSTION UCATEGI(4A)

'''''''' TTTTTUDIMENSTONT UL(a)Y,U21&)

C
C

MATRI X,

THE FIRST DATA CARD CONTAINS THE NUMHBER 0OF THE CATEGORY OF TNTEREST,

C

C

CTTTTHETNUMBER DE CATEGHRIES, THE NUMBER TF COLUMNS AND ROWS TN THE INPUT
C AND A NUMBER FOR THE READ TYPE FOR THE INPUT MATRIX.

__READ (5,200) CATEG,CLEN,MCOLL (MROWL,NREAD, HOWRED
TTTTTWRITE (6. 211Y CATEG,CTUENMCOLL, MROWL yNREAD , HOWRED

READ THE FORMAT FOR READING TN THE INPUT MATRIX X.

T READT (5 ZTO FNT

c
c

INETIALIZE THE INPUT MATRIX X.

TR 12T R=Y, 1248

pD 120 J=

1,128

xll!\JyK}r'].

TR0 12077T=255
X{IyJsK)=0
120 CONTINUE

T2 T CANT INUE
¢
c READ IN THE MATRIX DATA IN THE FORM X{CAT,ROW,COL).

T e T R {HOWRED UNES T Y GO TO 450
READ {NREAD)} X . -
GO TD 45%

— g S READ T INREADSFMT T T I X T J3 KTy TET75 Ty J= Ly MROWL T K= T MCTLD

C
C GO THROUGH THE INPUT DATA FOR EACH CATEGORY.

g 51 D100 CATEYZCLEN
NUMRER=0
1AA=D

TTTTTTTTTTTAR=O T
1AC=0
1AN=0

e P
[ABS5=0
1ACS=0

T e TADS =D
1ARM=0
[ACM=()




1CDM=0

[ACM=0
InDM=0

1ADM=0

C G0 THROUGH THE TNPUT MATRIX TO GET EACH DATA POTNT IN THE CATEGORY,

DO 101 COL=1,MCOLL
DO 102 ROW=1,MROWL
IF (X{1,ROW,COL) NELCAT)

~ NUMBER=NUMBER+]
11=X{2,R0OW,C0OL)
12=X(3,R0W,CNL)
13=X(4,R0OW,CNL)

T 1a=X15,ROWLC0LY T
TAA=TAA+T1

.. LAB=TAR+12

GO TO 102

[AC=T1AC+]3
1AD=[AD+]&
IAAS=TAAS+TIL1*[}

1ARS=IARS+I2%]2
[ACS=IACS+I3%[3
I1ADS=1ANS+[4%]4

T TARM=TABMFTIT2
IRCM=TRCM+12%13
ICOM=1CDM+13%14

T T TACMSTACMSTI=T3
IRDM=IRDM+I2%14
TADM=TANM+11%14

~ 102 CONTTNUE
101 CONTINUE
FLAGICAT)=0

C THIS TEST 1S 70O PREVENT DIVISION RY ZERO,.

[F (NUMBER .NE.O)
FILAG(CAT) =1

GO TO 400

G0 TO 100
C FORM THE MEAN FOR EACH BAND,
400 AN=LAA/NUMBER

T BN=TAB/NUMBER
CN=TAC/NUMBER
NPN=TAD/NUMBER

WRITE {A,2027 AN,BN,CN,DN,CAT,NUMBER

C FORM THE MEAN MATRIX
Ufl,CAT)=AN

UTZyCATY=6N
{3,CAT)=CN
Ui4,CATI=DN

C FORM"THE COVARTANCE MATRTX
‘ SICAT»141)=TAAS/NUMBRER—AN®AN
SICAT, 1, 2)=TARM/NUMRER-=AN%RN

T TS UCAT o 1y 3 s TACM/NUMRBER = ANRCN
S{CAT,14+%4)=TADM/NUMRER—AN®DN
SICAT 241 3=5{CAT,y1,42)

T S(CAT, 3,1 }=S{0AT 1,307
S{CAT,4,1)=5(CAT,1,4)
S{CAT 2,2 )=TARS/NUMRER-BNXAN

T T T TS LCAT w233 V= THOM/NUMR ER-RNRCN
S{CAT,2,4)=TRNM/NUMRER-RN*DN
S{CAT,»3,23=S(CAT,2,3)

T T TS {CAT 4, 2 =S (AT 2,6
S{CAT+3+3)=1ACS/NUMRER-CN#CN
SICAT,3,4)=TCOM/NUMRER=-CN2ON




>

S(CAT 6,3)=S(CAT,3,4)
SICAT 4+ 4)=TADS/NUMBER=DMN*DN
100 CONTINUE

“NO 105 IS e
UCATEG L) =t{J,CATEG)
D 1DA K=144

SK(JyKY=S(CATEG,JWK) 7 77
106 CONTINUE
105 CONTINUF

Tt WRITE (6y203) CATEG T
WRITE (6,206) (UCATEG{T),(SKUTId)pd=1yé)el=ld)
DI} 103 CAT=1,CLEN

TTTTTTTTTUUTULE (CATLEOLCATEG) TGO TTH I3
IF{FLAGICAT} ED.LY GO T0O 103
NO 104 J=1.4

R U NN BV N
Uz{dr=u1(J
DO 107 K=144

T T S LR =S AT J4K)
107 CONTINUE
104 CONTINUE

T TTTTTRRTTE TR, 2057 CAT
WRITE (6,206) (ULIT}(SI(I+dded=148],1= 144)
C

TTTCTTTSURTRATT THE MEAN MATRTY.
CALL GMSUB{UL,UCATEG,UAy%451)

C

o UT NOW RECTOMES THE TRANSPUOSE TF UA.
CALL GMTRA {(UA.Ulsé,])

c .

———- ¢ ~TFORM-THEPRODUCT WHICH TS BTIR) TN THE ECV PAPER,
CALL GMPRD [(UALULBUTK+&4+144)

c
’ TTE T AR CTHE TSR MATRTY AND RTMATHIX WHICH WAS JUST FORMED,
CTALL GMADD (SK,BUIK,S5KA+4+4)
C

TTTTTCTT TFORMTTHE INVERSETOF THE ST MATRIX.
GCALL MEINV (ST,4,DET,WORKVL,WORKV2Z)
C

T FMRM THE PRODDCT STIITHNVE{STRTI+RIT K1),
CALL GMPRD (SIoSKATIvdebetr)

C
C FORM THE FIGENVAUUES AND EIGENVECTORS,
K=0
B0 113 J=1.4
T Y LU T TETY S
K=K+1
113 H(K} TI(I.}P
e e e S S

CALILL BIGEN (R,TI,4,0)
C FORM A SCALAR TN NORMALTZF THE FIGENVECTOR,

SCALAL=—-TI(l,UIFVATL)=TI(7, U1UAL2Z)=TTO3VTIRORTIY= TT{¢?TT¥UAI41
WRITE {6,223) SCALAL.BIL)
IF [SCALAL.NELO)Y GO TN 40]

e s WRITE CA 2121 CAT {TTIT, 103 T=1%47 7777 -
GD TH 103
4n1 N 114 I=1.4

s e EQQM THE NOAMALTZED EIGENVECTOR, ™7 77 7 T e ———
114 TI(L,0=TI(T,1)/8CALAL
NH[TF (0‘1 ?ﬂll FA[.(TI(I;IJ,I 11“”




H-5

] *

WRITE {7+215) (UZ2(J)eduleb),CAT

WRITE {T4215) (TI{I41)s1=21,4),CAT
103 CONTINUE

AT 1S USED TO IDENTIFY THE CATEGHAY TN DIFFERENT LGOPS THROUGH THE
PROGRAM AND ALSD AS A SURSCHRIPT F(IR ARRAYS,
CATEG IS THR CATERDRY T0) RE ENHANGED.

CLEN 1S THE NUMRER OF CATERGNRIES.
COL £ ROW ARE USED AS SUBSCRIPT VARTABRLES IN A LDOP TO GET THE DATA
FROM THE INPUT MATRIX WITH MCOLL AND MROWL BEING THE LIMITS OF COL AND

CTUROATENTTHETEDNR T
HOWRED IS CNDE FOR READING INPUT DATA:Z 1F 1, READ FROM DISK UNFORMATED.
1AA [§ THE SUMMATION OF THE VALUES IN BAND 1.

TAC 1S THE SUMMATION OF THE VAILLUES TN BAND 3,
CJAD 1S THE SUMMATION OF THE VALUES TN BAND 4.

"1AAS=TADS ARE THE SUMMATIONS OF THE SOUARES OF THE TNPUT NUMBERS.
TABM=IADM ARE THE SUMMATIONS OF THE CROSS PRUDUCTS IF THE INPUT NUMBERS,
C1l~14 ARE THE INPUT VALUES IN EACH LIGHT BAND,

CNCOLL IS THME NUMRER OF COLUMNS 1IN THE DATA MATRIX,
NREAD 15 USED TO SPECIFY INPUT TYPE,
NROWL 1S THE NUMRER NF ROWS 1N THE NATA MATRIX.

C

G

C

[

c

C

C

W

G

TETTTIAR IS THETSUMMATION DF THE "VALLES TNTRANDZ,
C

C

C

C

[

c

C

C

T UNUMRER TS THE NUMARER TDF VALUEY TN A CATEGORY,
G

200 FORMAT (T3¢3X,T303Xy 133X, 13,3X,13,3%X,13)

TV FORMAT (VO V43X, /CATEGORY IS5 ¥y12v6X,'TI=1,EL4,7, 3N ELG.Te3XsELLaT,
13X,EL4.7)

202 FDRMAT (' ', VAN=I,F6.2y' BN=',Fb,2," CN='4Fh,2,' DN=',Fb6.2,' ¢C
T T T T T A TEGDORY 1S . 129%  NUMBER='4 16)

20% FORMAT (9=1,3X,1CATEGORY IS 1412,10X,TUCATERY 10X, tSK MATRIX')

204 FORMAT (10! ,27X Fb6.2412X,Fh, z.sx.ﬁa 245X Fh, 2,54, Fh,2)

T T AR T RFORMAT (T =1 43X, (CATEGTRY 19 .12.10x.'u1-.14x,-€1 MATRIXY)
206 EORMAT (*Q', 27X Fbe. 2,13x.F6 205X sF8.215XsFha215XsFb42)
210 FORMAT t20A4}

ST EQRMAT T Ty 3K, ICATERE T 412471  GLEN=' 4121 MCOLL=T,12,7 MROWL='.I
124! NREAD“'.IZ! MOWRED=Y4 12)
212 FORMAT (1 143X, 1FOR CATEGORY=',T2,! THE SCALAR IS ZERD .Y ,10%X, ' TE="

T T T 4 (AN E LA T
215 FORMAT tEl&.7.3x,E14.T.3X,&14.7.3xquk.T,BXvlZleX)
223 FORMAT (10%,20%,'$CALAL=" PR 4, 10X, 'EIGENVALUE IS '4E14.7)

By WORKY1s AN WORKVZ ARE VIRK AREA VECTURS.
RUIK REFERS TN THE BITK) IN THE ECV PAPER,

|
1
1
i
1

=TTEUAG TS USRS TFUR CATCONDITTON TODE, WHENTA CATEGNRY IS NOT USED. -
EMT 1§ READ IN AS THE FORMAT OF THE INPUT MATRIX X.
§ REFERS TO THE COVARTANCE MATRIX IN THE ECV PAPER,

TSl REFERS TTOTTHR TS TV "MATR X "IN "THE ECV PAPER,
Gk REFERS TO THE S{K) TN THE ECV PAPER,
SA 1S THE SUM QOF S{K) ANMD H(IK) IN THE RECV PAPER.

i
{

“TT71S THE EBIGENVECTOR WITH THE CARGEST EIGENVATUE.
U IS A MATRIX USED TD FIND THE MEAN, :
A 1S THE DIFFERENCE (OF U(T) AND UIK]),

!
!
i

TUCATRG REFERSTTD THE UITY INTTHE ECV FAPER.
Ul AND U2 REFERS TO THE U(T) IN THE ECYV PAPER,
X [5 THE INPUT MATRIX STORAGE AREA,

énnannqnnnnndﬂnﬁ

At 10

e Gy T — e
BEND
F706NLSYSIN DN =

e RGOS FTLAROOT O TSNS CORAR', AQHLEND{SFPlQ-T?'DIbP:QHR
‘ 1 2 4 ' 5
(1212912412012}

R, M . v vr— S et




C
C

C

o

H-6

TP NN m

THIS PROGRAM USES THE FIGENVECTORS AND MEAN VECTORS, FORMED IN AN EARLIER

PROIGRAM, TN FIND MINIMUM VALUES FOR THE INPUT MATRIX.

INTEGER COUNT s FLAGsHNWRED,VECILEN
MNINTEGER*2"CHL;dEﬁfH:d”wmummmmm"mm

INTEGER®2 CAT(99),CATZ2(12R,12R8),XDATA(S,12R,12A)

DIMENSTION AMEAN{O99 .4} ,DIFF{99,4) ,EVECTI99,4)

COUDIMENSIUN FMTL{LS) 4FMT2 (1% ) +FMT3(15)4FMT&LT%),FRTS{T15)
DIMENSTNON PROD{GY) LPRONZ{128,128)

THE FIRST NATA CARD CONTAINS: CNDE FOR TYPE OF INPUT AND OUTPUT,
TTETTTTTTHE DIMENSINNG OF TTHE U TNPUT DATAY TAND THE TRUMHER NF INPUT DATA 8LOCKS.

HEAD (54,2001 NREADROW,COL4DEPTH(MNHRITE (NUMX s HOWRED
WRITRE (A4402) NREAD,Rﬂw9CHL,DEPTH.NHRIPﬁ,NUMX,HUWREP

TREAD THE INPUT "AND OUTPUT FURMATS,
READ (5,201) FMT1
READ (5,201} =MT2

TTTTREAD (5,201) FmMT3
READ (5,201) =MT4
_READ (5,201) FMT5

WRITE (64411) FMTL
WRITE (64412) FMT2
WRITE (A,413) FMT3

WRITE (6,414) FMT4
WRITE (6,415) FMTS
VECLEN=ROW-1

NUM=0
100 COUNT=1
NUM=NUM+ |

O Ao

READ THE ETGENVECTORS, THE MEAN, THE ASSOCTIATED CATEGORY NUMBERS

102 READ (NREAD,FMT1} (AMEAN(COUNT,I2),12=1,VECLEN)

AND A FLAG.

READ (NREADFMT2) (EVECT(CDUNT,12),12=1,VECLEN),CAT{CDUNT)+FLAG

TTPUTTUG T IN T COUNMNS T TA-76 N THE LAST ATA CARD AFTER CAT.

1S READ,

FLAG IS USED FOR ESCAPING FROM THE READ LUUP WHEN THE LAST ETGENVECTOR

IF {(FLAGLED,999) GO TO 151
COUNT=COUNT+1
GO T0 102

READ DATA IN THE FORM X{ROW.COL,DEPTH}.
151 IF (HOWRED,NE.1} GO TO 150

READ (NREAD) XiATA
GO TO 101 _

150 READINREAD,,FMT3) { [ {XDATA(T1+12,13),11=1,R0OW},12=1,C0OL),13=1,DEPTH)

101 DU 300 K1=1,05PTH
DO 301 K3=1,CO0L
SET VALUE USED IN FINDING THE MINIMIM YALUE.

PRODZ(K1I,K31=999
DO 302 I=1,CHOUNT
CALCULATE THE DIFFERENCE (DIFF)} FOR EACH POINT,.

DOT30T K2=1,VICLEN
DIFF(I K2 =XDATAIKZ2+1,K3,K1)-AMEANIT K2)
303 CONTIMUE

[a

CALCUCATE THE STALARPRODICTS.
PROD{I)=0
DU 305 J=1,VECLEN

305 PRADCT =PRODL CI+EVECT (T, IVEBTFFTT 0D

FIMND MINIMUM PROD,
IF (PROD{L)Y NELPRODZIK1,K3)}) G TO 103

TFTRETECNCAR T ISTEOUACT T TANDTHER SCRCARFOR A POINT, PRINT BUT nDONMYT

CHANGE PRIDZ NR CAT?.
WRITE (69501




WRITE ({6,400) PRﬂDlI}vCAT‘I)vKl,K3.CAT2(Kl.K3),I

GO TD 302
103 18 (PRON{T),GT.RRONDZ(KLI,KIIE GO TN 302

TCT U SAVETTHE MINIMUM PRADZ AND THE RESPECTIVE CATEGORY,
PRODZ (K1 ,<3 =R T)
CAT2UK1 K3 )=CATIE)

307 CONTINUE
301 CONTINUE
300 CONTINUR

TWRITE (& 403 "NOM 77777
WRITE (NWRTTR,FMT4) ((PROD2(I2,11},11=1,CNL)412=1,DEPTH)
WREITE (6,404)

S e T FE T (NMR T TE S FMTS ) CAT2 TT 2T I TS L CUC Sy T2= T 0ERPTHT
1F (NUM,NE.NUMX) 6D TO 100

T AMEANTTS T THE MEANTVECTORS.,
CAT 1S A VECTOR WITH CATEGORY TDENTIFICATINN FROM THE FIRST PRUGRAM,
CAT? IS USED TO STORE THE CATEGORY ASSOCIATED WITH THE MINIMUM PROD.

TCOLISTA DIMENSION OF TTHE INPUT MATRIX XDATA.
COUNT IS THE NUMBER OF EIGENVECTORS AND MEAN VECTORS.
DEPTH IS A NIMENSION OF THE INPUT MATRIX XATA,.

DIFF TS A VECTOR TOF THE INPUT WATA MINTS THE MEANS.

FLAG IS USED TO STOP A READ LONOP.

T TTRMTY TS THE TFORMAT FOR READTNG TAMEAN,
"~ FMTZ IS THE FORMAT FOR READING EVEGT, CAT, AND THE FLAG.
EMT3 IS THE FORMAT FOR READING THE INPUT DATA {XDATA).

FMTZ TS THE OUTPUY FORWAT FOR PRODZ.
FMTS IS THE QUTPUT FORMAT FOR CATZ.

C
e
C
C
¢
C
C
o
C EVECT IS THE EIGENVECTNRS.
C.
C
C
C
[
C
C HIWRED 1S CODE FDR READING INPUT DATA, IF 1, READ FROM DISK FORMAT 40AZ.

T UONARADTTS A CODETEOR THE TYPE DFTTNPUT,
C  NUM IS USED 7D TEST FOR THE LAST NATA RLOCK.
€ NUMX TS THFE NUMHER OF INPUT DATA RLOCKS,

s e N TTE TS EO0E RFORTTHE "TYEE TOF ONTPUT,
C PROD IS THE SCALAR PRUONDUCT (F THE EVECT VECTOR ANMD DIFF VECTOR.
o PRODZ IS HSEND TO STURE THE MINTMIM PRODUCT (PRNODY,

e e (VT TS ATV IMENS TONTOF T THE TINPUT MATRTX XDATAL
C VECLEN IS USED AS A LIMIT FOR LOOPS AND IS THE NUMBER DF LIGHT BANDS »
- € XDATA LS THE TNPUT DATA.

o e .
200 FORMAT (13,3X,I13,3X,1343%,13,3X,13,3X¢13+3%,13} .
201 FURMAT (2044)

T ‘"_“400“F0RM5T”TV"TTBHTTPQDDET,Fﬁ;z,' CTRT=T, 17, " WAAFIRER AR AR Y TR B
1e124° =t, 12} *
&01 FORMAT (1'0',10%,'THERE ARE TWO ENUAL MINIMIIM VALUES '}

n;-m«mw«w~@02~FDRMnT“T111;3x;INRE&nﬁTTT213X{rRUWET1ldqﬂvaLUL=‘vldtdxv'UtP1H='v1
123X, "NWRITE= 4 123Xy THIMX=Y,124! HOWRED=',T12) )
403 FNRMAT {300 AX, "MINIMUM F(X) MATRTX FRUOM NDATA SET NUMARERY,13)

e e s Ol EORMAT LTV LAY VCATREGORY TMATRTYTT

411 FORMAT [V 1! FMT1 19 2004)

: 412 FORMAT (v 'yt FMT2 1, 20A4)

s =g 14 @ORMAT T TN YN T REMT 3 T U 2044 )

414 FOAMAT {(* t,¢ FMT4 VW 20A4)

415 FORMAT (v 4! FMTS 1,2044)

T 1 - -
END

J/GN.SYSIN DD %




LV UL ELAL T 3X G ELe Ty 3X E16LT 43X, EL4.T)

//GOFT1RFO0L DD
5 5 4 4 b 1

CARLA T a3XFla,Te3X 14 ,7,3X,E14.7415%)
(ELG . Te3X Rl . T 43X B1a,T43XEl4aT+3X s 12+2%X413,5X)

(124172412, 12,12})

[V 1, 12,3X,12.:3X,12,3%X,12)
0.1T7T0000E+02 0.2250000E+02
N.66RTTLIGE-D]
22420 731

DSN=COBLAZ.ASHLAND,SEPLO-T72+DISP=5HR

0.1520000E+02
0,1727624E-01 _ -0.5513757E-02  =0.R7264938-02

0.3050000E+02

2

899

220311628
217191934 o - o
214231227 7
219231730
2 9141224
136301475
73223 93
213271133
129281826
127231533
13224 934
213272930
216232237
1327251429
T13423 Q34
IE




