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INTRODUCTION

An expanding populétion has brought about an awareness that there are
only limited resources on the LEarth., This realization comes at a time
when resource use is greater than ever before. Adequate informationai
techniques are necessary for improved resource development. These tech-
niques can aid in wise resource management.

The magnitude of the data required for improved rescurce management
has led to thé 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 comnserve this valu-
able resource. One method of scheduling irrigation requires the determination
of crop water use (evapotranspiration). Actual evapotranépiration is depen-
dent upon potential evapotranspiration and a crop coefficient. One possible
approacn tc predicting the crop coefficient is the Qse of a plant's actual
growth which may be determined by its reflection of solar radiation from
the plant canopy (Myers et al., 196%). If this methed is to be used, the
relationship between reflectance, soil moisture and vegetative growth must
bz establishad.

The purpose of this research is to evaluate reflectance for prediction
of soil molsture and vegetative growth, aud to determine the feasibility

of using vegetative growth to evaluate the winter wheal crop ccefficient.



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 ﬁr 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 (Ashburn 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

Soil Factors

The albedo of various soil surfaces was compiled by Kondrat'yev (1965).
The s¢ils had extremely variable albedos. The variability was attributed

to the different soil color, soll moisture content, organic matter and

particle size. The soil moisture content was considered the most important
s

factor., e 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 berween soil moisture and reflectance is precise enough to

utilize reflectance techniques to measure surface moisture (Fig. 1). However,

due to the soil color, a calibration is necessary for each soil type.
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Fig. 1. Reflectance from Newtonia Silty Clay Loam at
Different Soil Moisture Percentages (Figure
reproduced from Bowers, 1971).



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. Their prediction equations for both the
surface soil moisture and soll 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 sample
has a greater reflectance., He also states that some of the change could
have been due to oxidation of the carbonates, although in one soil no
carbonate was detected.

Bowers (1971) and Myvers and Allen (1968) also reported that particle
gize has an effect on reflectance. In most cases an increase 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 cracks in the
surface., When the soil surface was wet and pulverized thererwas 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
is leaf density or leaf area index. Leaf area index is defined as the ratio
cf the leaf area to soil area. Stanhill et al. (1%68) reported 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 canopv. The suggested model indicates internal trapping of

radiation, which decreases albedo, Internal trapping is almost complete



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 more 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 amd organic matter, caused
variation in reflectance. 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, 1%970).

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 different. These differences could also have been attributed
to variations in crop canopy or leaf area index and e¢rop maturity. 1In
mid-season it could have been due to weed infestatioms, diseases or farming
practices,

Variations of reflectance were found with spectral bands. In the visible
region, the striking feature of the leaf spectrum was the high absorptance
from 0.4 to 0.5y, the reduced absorptance from 0.5 to 0.6 u, the high
absorptance from 0.6 to 0.7 ﬂ and the‘low transmittance in the entire region
(Fig. 2). This was mainly due to the chlorophyll amd carotene absorption
that predominates in this region (Remote Sensing, 1970). Sinclair, et al.
(1873) 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 influencing the spectral res-

ponse in the visible region. If water deficits ocemr, the metabolic
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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). Therefore, reflectance is
related to the amount 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).

o In the near infrared region (0.7 to 1.3 u) refleétance 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 critical reflectance are
that the radiation pass from a material with a high index of refraction to

a material with a low index of refraction and that the angle of incidence
must be sufficiently largse. 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. Moisture 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) provide a more
detailed explanation of the ;eflectance of an individual leaf in both the

visible and near infrared regiomns.



Sun angle and attenuation are two factors that affect reflection from
an object. At low sun angles the reflectance of an object 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 plays only a minor role
compared to scattering. Scattering is caused by interaction between 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 in the modeling
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 (Jensen et al,, 1971). If a model
is to be used on a practical basis for irrigation scheduling, necessary
information must be relatively simple to obtain.

Jensen et al. (1971) have developed a computerized model to estimate
soil molsture 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 meteorological 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 seoil to the evaporating surfaces,

the resistance to the diffusion of water vapor from the surfaces to the



atmosphere and the amount of available energy compared to the reference crop
(Jensen, 1968). Thus the crop coefficient is limited by the available soil
moisture as well as the daily meteorological conditions and stage of plant
growth. TFor each separate crop a coefficient must be developed for the
model. A more detailed explanation can be obtained from Jensen et al.
(1971).

Ritchie and Burnett (1971) and Ritchie (1972) determined a nonlinear
relationship between the leaf area index of a crop aad the ratio of the
plant's evapotranspiration to the potential evapotramspiration. They
reported that while an adequate supply of water is awailable in the soil,

plant factors influence evapotranspiration rates.



10

INVESTIGATION
Objectives

This work was con;erned with problems dealing with utilizing remote
sensing data, The objectives of the study were: (1) to 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 c¢crop coeffi-
cient in the mathematical model by Jensen et al. (1971) for irrigation

scheduling.
Equipment

ERTS-1 satellite revolves inla circular orbit around the Earth every
103 minutes at 914 km above sea level., The satellite travels over the
research area in midmorning in a north to south direction. It passes over
any location on the Earth's surface once every 18 days at the szme time of
day.

The Multispectral Scamner (MSS) is a line-scanning device that operates
in two bands of the visible spectrum and two in the near infrared. Band 4
included the spectrum between 0.5 and 0.6 u, band 5 between 0.6 and 0.7 u,
tand 6 between 0,7 and 0.8 u and band 7 between 0.8 and 1.1 p. Fig. 3
shows the 4 bands with the energy emitted in the solar and thermal spectrum.
An oscillating mirror in the MSS causes light energy from a 185 km swath to
be swept acrcss the focus of a small telescope. At 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 comvert it

to an electrical signal. An area of 79 meters square is 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 ground stations and then is processed into photographs
at Goddard Space Flight Center in Greenbelt, 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 equipment aboard the ERTS~-

1 satellite are gi;en by NASA Earth Resources Techmology 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 treatments,
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' West 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 normal 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 hectare. Available phosphorus in
field A was 117 kg per hectare and in field B was 64 kg per hectare. Particle
size analyses revealed that both field's soils contained an average of 50
percent silt and 20 percent clay.

Field A had been in fallow the previous year. Scout wheat was planted
at a seeding rate of 29 kg per hectare on September 15, 1572, The grain drill
used had a 25.4 cm spacing between rows. By May 24, 1973, the vheat 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 Variety 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 equally sized plots
with a 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 corners had
been double drilled. This gave a total of six sampling areas in field A
and four in field B. By the use of random sampling techmniques, 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 0O
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 and breadth of
each leaf from randomly selected plants in the one square meter and using
the following equation (Teare and Peterson, 1971):

LA = -0.64 + 0,813 X 1)
where:

LA = leaf area (cmz)

X = praduct of length times breadth of leaf (cmg).
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The leaf area index is the total leaf area divided by the land surface aréa.
Both soil moisture and leaf area index data were obtained within one day of
the flights over.

The metecrological data were from the Garden City Experiment Station.
These data included maximum and minimum temperatures, dew point temperatures
and wind run. Aléo the field capacitf, 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. Solar radiation was cobtained from
the Dodge City Weather Service while rainfall readings were taken near the

research area.

Data Analysis

Using a negative transparency from ERIS-1, the gemeral 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 standard deviation
of the remaining data.of the four bands were calculated (Tables 1 and 2).
Also the mean and standard deviation of point by point ratios were determined
(Tables 1 and 2). Stepwise Deletion Multiple Regression (1973) was used
to evaluate the relationship between reflectance, soil moisture and leaf
area index.

The meteorclogical data, as well as the so0il moistures on March 22,
were used in the computer model of evapotranspiration (Appendix,lTable 11)

developed by Jensen et gl.-(l97l). The original wheat crop coefficient
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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 the same time of day, but some dates had high percentages of cloud
cover. Neither aerial nor 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 mulch com- |
pared to the uncut wheat. The equations that best describe vegetative

growth were:

LAI = 2.92M5S84/5 - 2.63 , R" = 0.95 (2)
2
LAT = -0,065M555 + 2.66 . R = 0.86 (3)
LAT = -1.22M585/7 + 2.08 , R° = 0.85 %)
where
LAI = Leaf area index
MSS4/5 = Ratio of band 4 to band 5
MSS5 = Band 5
MSS5/7 = 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, M355 and MSS5/7 be set
so that the predicted leaf area index is never negative.

The general trend from equation 2 indicates that as the ratio of

band 4 to band 5 increases the leaf area index increases 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
Qctober - 10, 1972 Partly Cloudy
October 28, 1972 Cloudy
November 15, 1972 Cloudy
December 3, 1972 Partly Cloudy
December 21, 19572 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, 1973 Clear X

*Indicates both ERTS~1 and field data taken,

19



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
12/21/72 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 0.39
6/1/73 0.89 0.25 1,23 0.36
6/18/73 0.00 0.00 0.00 0.00
Tf2/13 0.00 0.00 0.00 0.00

20
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means that reflectance due to plant growth in band 4 increaées faster than

band 5 since the vegetation 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 moisture variatioms.
Equation 3 shows a linear relationship between leaf area index and

band 5. From the ‘equation 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 uses 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 Regression (1973) was used to help
interpret the aerial and ground truth data available {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 mulch caused by harvesting the wheat crop.

The equations determined were:

SM2 = 164.44 - 4.00MSS4 - 24.08LAI , R®=0.93 (5)
SM2 = 80.70 - 1.41MSS6 + 10.00LAT , R%=0.80 (6)
SM2 = 77.92 - 2.56MSS7 + 20.36LAI , Rz = 0.79 (1)
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where:

SM2 = Soil moisture dry weight at 0 to 15 cm (%)
LAI = Leaf area index

MSS4 = Band 4

MSS6 = Band 6

MSS7 = Band 7

MSS4/5 = Ratio of band 4 to band 5

R2 = Regression coefficient.

The soil moisture equation 5 indicates that an increase in leaf area
index, with soil moisture 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 fact that soil moisture increases absorption is reaffirmed by equations
5, 6 and 7. Equation 5 is the best equation due to its high regression
coefficient.

Equatijons 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 O to 15
cem depth became:

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

matter, particle gize and cultural practices.
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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 + 0.000484X" - 0.00000289X° )
Y =1.022 + 0.00853D - 0.000726D2 + 0.00000444D3 (10)
where:
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
moisture 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 equatiens

of the curve were:

2 3

Y = 0.005 + 0.0165X - 0.000467X" + 0,00000402X (11)
Y = 0.998 - 0.00297D - 0.000747D° (12)
where:
Y = Wheat crop coefficient
X = Percent of crop cover
D = Days after 100 percent crop cover.

Fig. 8 and Table 10 represent the results from the computer model with
equations 11 and 12 on dryland (¥ield A) compared to the actual measured
values, The actual soil meoisture values compared very closely with predicted

values of the model until near maturity of the wheat crop on June 19, At



Table B, Climaric Data.

Minimum  Maximum Solar Dew Point Wind Ralnfall
Month Day Tenp. Temp. Radiation Tenmp. Run (inches)
(°F) (°F) (cal/cm* day) (°F) (miles/day)
March 20 28 52 561.5 28 144
21 31 53 492.6 36 113
22 39 56 © 505.9 36 327
23 39 63 33.8 39 157 1.10
24 B . 49 108,2 36 167
25 35 40 90.2 35 415
26 35 42 468.6 35 284
27 35 55 205.5 35 127 .70
28 42 51 163.4 _42 200
29 32 50 91.1 32 160
30 32 39 7.7 32 166 1.00
3 32 37 214.9 32 325
dpril 1 30 45 588,5 30 239
2 30 58 428.7 34 79
3 31 54 429.0 32 187
4 n 48 642.3 3l 274
5 22 54 634.0 30 163
6 31 63 627.3 28 184
7 37 70 44,7 35 124 0.25
8 24 37 381.6 24 378
9 17 33 556.2 17 262
10 19 35 664.7 19 192
11 26 53 625,2 37 123
12 31 64 400.6 38 68
13 37 62 595.8 &0 102
14 46 66 §70.8 57 273
15 58 78 216.5. 58 387
16 25 61 642.3 31 220
17 a5 60 652.1 39 158
18 46 76 643.9 48 209
19 45 77 596.8 42 336
20 36 60 693.4 23 219
21 38 72 672.7 37 259
22 36 65 612.9 38 98
23 33 67 655.0 42 78
24 46 73 162.5 . 50 117 0.80
25 44 57 107.9 45 115
26 34 48 221.9 36 181
27 31 48 200.5 36 122
28 38 66 666.9 43 153
29 45 82 635.9 .45 167
30 49 78 368.8 49 134



Table 8. Contlnued.

Minimum Maximum Solar Dew Pelnt Wind Rainfall
Month Day Temp. Temp. Rediation Temp. Run {inches)
(°F) (°F) {cal/em® day) (°F) (miles/day)
May 1 44 73 156.6 45 176
2 35 46 633.8 37 178
3 32 58 704.2 36 90
4 40 71 €88.0 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 44 7 698.4 45 106
11 50 77 681.7 48 140
12 46 70 674.5 40 144
13 42 68 672.1 37 67
14 38 65 728.4 42 59
15 38 66 727.4 38 84
16 45 78 718.4 g 123
17 42 71 568.8 42 127
18 48 88 708.2 46 77
19 54 87 705.3 45 102
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 22 641.0 47 143
26 55 20 488.7 56 249
27 46 68 107.2 37 266
28 50 53 624.3 48 490
29 40 73 674.8 42 208
k[ 46 70 406.9 44 125
31 42 62 751.1 44 43
June 1 48 77 623.8 60 133
2 57 82 659.7 56 247
3 53 86 645.8 53 192
4 53 80 539.6 54 94
5 47 68 667.5 48 133
6 50 79 736.5 46 70
7 51 88 729.0 49 78
8 56 94 719.4 53 87
9 57 97 739.9 56 98
10 50 92 736.1 58 182

[
(=

62 20 707.2 59 277



Teble 8. Continued.

Minimum Maximum Solar Dew Point Wind Rainfall
Month  Day Temp. Temp. Radiation Temp. Run (inches)
(°F) (“F) (cal/em® day) (°F) (miles/day)

June 12 64 91 498.0 60 210

13 64 82 627.2 66 102

15 59 g9 737.1 52 216

16 57 94 743.0 46 215

17 53 84 740.3 49 121

18 48 95 7157.4 3z 239

19 54 78 695.6 35 170

20 45 79 738,7 41 113

21 52 85 683.0 54 85

22 55 86 725.5 51 62

23 57 91 723.3 51 84

24 64 98 729.4 46 126

25 61 98 663.5 49 186

26 63 101 701.2 51 130

27 62 102 690.7 50 156

28 63 93 594.5 61 106 0.90

29 64 87 646.0 66 97

30 65 g8 647.8 68 82
July 66 94 668.4 68 146

1

2 70 102 613.5 €3 197
3 67 92 639.6 63 75
4 66 102 £61.3 65 160
5 62 95 702.4 62 94
6 65 97 715.1 62 102
7 68 101 714.1 64 170




Table 9, Soil Moisture Infeormation.*

Field Permanent Bulk

Depth Capacity Wilting Point Density

(cm) (%) (%) (gm/cm?)
0-30 28.5 14.5 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

*#0btained from the Garden City Experiment Station.
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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 8.85 cm while rainfall only totaled 2.29 cm.

Fig. 9 and Table 10 show the results of the irrigated Field (B) using
equations 11 and 12, The computer model consistently underestimates the
evapotranspiration. For the time period up to June 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 two 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 develnp a third wheat crop coefficient
curve from the leaf area index of Field B (Fig. 10). The equations for the

curve were:

3

Y = 0.0109% - 0,000288X° + 0.00000333K (13)
Y =1.52 - 0.000834D2 (14)
where:
Y = Wheat crop coefficient
X = Percent of crop cover
D = Days after 100 percent crop cover.

The computer model's results using equations 13 and 14 indicate that the
soil moisture depletion was ovarestimated meaning the crop ccefficient used

was too large.
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DISCUSSION

The computer model of irrigation scheduling developed by Jensen et al.,
(1971) uses a crop coefficient which represents the effects of the resistance
of the water movement from the soil to the evaporating surfaces, the resis-
tance of the diffusion 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 sm2ll grains.
This proves to be a poor 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. I1f a leaf 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 that 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 imput 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, Meteorological 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 value from the remote sensor, the growth

of the crop could be estimated for the prediction period. Xnowing 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

managey 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 meisture at a depth of 0 to 15 cm, with specific soil factors,
was predicted by band 4 and leaf area index with a high regression
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 resocurce management is necessary 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 gquantities of data
are available for_;esource management. These large quantities of data
have led to the development of automatic recognition techniques in agricul-
ture. Earth Resources Technology Satellite program provides a system for
developing and &emonstrating 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 thrﬁugh the use of irrigation scheduling.
Irrigation scheduling predicts the consumptive use (evapotranspiration).

The actual evapotranspiration is dependent upon peotential 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 soil meisture and vegetative growth; and to determine the feasibility
of using the plant's actual growth for use in determining the winter wheat
crop coefficient curve and using it in a computer model developed by Jensen
et al. (1971).

The study was conducted on winter wheat fields located northwest of
Garden City, Kansas, Two soil moisture treatments were used, one dryland
wheat field and one irrigated wheat field. Beoth fields were on Ulyssess-—

Richfield silt loam.
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ERTS-1 satellitg passes over any location on the Earth's surface 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 p, band 5 between 0.6 and 0.7 u, band 6 between 0.7 and
0.8 yu and band 7 ﬁetween 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 the Dodge City Weather Service.

Stepwise Deletion Multiple Régression {1973) was used to formulate
equations with the use of reflectance data for wvegetative growth and soil
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
R2 = Regression coefficient

Soil moisture at a depth of 0 to 15 cm was best predicted by;
SM2 = 101.11 - 4.00MSS4 - 70.31MSS4/5 (8)
where:

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

SM2

MSS4 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:

Y = 0.005 + 0.0165X - 0.000467X° - 0.00000402X° a1y -
Y = 0.998 ~ 0.00297D - 0.000747D° (12)
where:
Y = Wheat crop coefficient
X = Percent of crop cover
D = Days after 100 percent crop cover.

Meteorological data, starting soll moistures and crop coefficient curve were
used in the computer model by Jensen gg_él. (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 evapotranspiration 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 area index may
be helpful.' The neutron probe method for determining soil moisture measure-
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 EE.E;-

LA LE JK G TIME=(5),P AT C=05

AL METHL RN

C*x* TIAAIGATEY WITH 1971 "iVISIGRS OY PRATT, JIRSER € HEERYANN

C

hpptp e BLIS  KSu MIDITICATIONS FL 0 Jrv 380750

Cas M3l DRAMGRAY

C

COMMOY A14,5)y CTRIS),TXSL4) M0 4,300,

IXULSv 4300y BEACIS) o DAT T () 3 CUF L) g ATFA L) o FOFCLLY),

dilﬁ}gﬂ] {"1 )'!“f,f" ’{*‘Yf‘#."l'!!"l}(}"r‘ ,H"f‘\FE'F“f’:“O""(.}Qf

[ K B ALY f' ad ”l‘r)' e} _‘"Ir\' \b";eJL'PU 'Pllqu)anﬁrl-r]yTL('?)q
ITTLU4)s0T20a) 4 FOT{4) 4ETP5

SIUENS TN ONT4)

ETA METHRL JV5EFGY/

PEAD LUYBSE OF REGITNS

Cex SpAD CFOP COIFEICTENTS BEFARE EFFFCTIVE COVFe, Cilsd) TC CHnga)
C¥% [I=CE00 NI, JI=Mu, UF TCEY 1N POLYROMIAL TOUATICN

16 FONMAT (5X4F15.3,3F20.3)
17 FRRMAT{IN ,4F15.8)
00 18 11=1,8
15 RPEANIE, 16300 T1T,4d0,4d=1,4)
18 wRITLtESI7YICIT T 00 4 dd=1,4}

C#x RFAD CFOLP COEFFICIENTS AFTGR CFFECTIVE COVIPR, C{145) TC C18,8)

c
C

an 21 11=1,8
20 z'-‘."-_r!lD IS'lv’ﬂ (C(II;JJ)1JJ=E'9&”
21 WRITE(&GITIICITIT 0 ) s Jd=5,8}
READ {5,111 NHEG, ANRD
1 RORMAT  [(BX4I15,1X.A4)
FEAT FEGTOMNAE DATA
nn oz J= 1,:\’*:r
REAR (5,2} til!,J), J=1,5), CTR {17 TXF{T)}4Cwii)
3 OFOPMATISXy5A6G,377.2)
FEAD 05,1030 STAP(1)},TP(1},0T1LIY,DT21 1)
103 FORMAT ({5X4F5.2+3F5.0)
& RCAD (5,104} (B{I14d),Jd=1,86) '
104 FURMAT  (5X,56810.2})
~EAD CLIVATIC GATA - MM, OF DAYS PLIS THECE PREVIGUS 0LYS
CO T I=1,NEE6G
REAU(EL 1IN TT ) NEBL{T )y FCT (1),350¢1)
11 FO5%MAT (5X+215.F5.2 ,F5.0)
K=W{T) +3
¥ IF FNR[O=METH] THEN BAIN IS5 READ RY REQION SATHIE THAN AY FARNM
B2 I=9EGIMN.  K=NJ UF DAY. HK=4 1S FIRST DAY “F ANALYSIS PE=I0D,

Cxx  K=1 1% FIRST DAY OF THEFF PREVICUS DAYS.

IR (=N ZQLMETHLY U TC 12
N7 4 J=1.K
G FEADL 5450 NDETod)oX (150400 9% 2500000 X03pT4d) yX{del,0)9X15,1,4)
cTh T
12 97 9 J=1,K
B OFSAT (54,25) WUl pJ)aX0lyT4dbeX{2,T4d), XUZoEadd o X {4aT o ddeX (51, 4)
14975GL T4 ) .
T CONTIMYE
5 FIRMAT (6%, 15,4F8.1)
HEITR(&,5)
T PEARTIRL)
S FOPY.T{nX,15,5C5,0}
a7 6 I=1,0RER
K=zl 1}+3
28R7 FIRMAT{]IH ,4F15,18)
SRR R TP R i AP I PR o el IOl 5 DT I o S |
CALL FvAP {1,K)
ACTTE (e 233900034104 C{L,20,001,5), C(lr#)
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CE ] [ (RNRNLFOGMETHLY G35 T 23

33

&4 CALL VAP (T 4440 d)
45 APTTU (0?3300 000 1)yt Ly 2 a0 LaZ) o0 l1e4)
44 6 LALL P2IMTLL]LX)
47 ARITE (D2t lrllvl)vr{lv”)suil 3)4C01e)
49 CALL FARMS(NASGaHMETHL =™ N)
4G WHITT (L2 34))r(1,1l.'l;,“!.t(x.E),Cll. )
£0 CALL PRIMTS{NACG M THL,, R ED)
51 ARITI(6429FIC L o Cl{isZ)eClLla3)LlLeed
52 997 s5T0°
53 END
54 SURRUUTINE FARMS (MPEG, 'RTHL,RNIN)
c SUIADNTINE T CALCULATE TRRIGATICN CATES
55 ZEAL METHL1,IRR
56 COMMON A{445)y CTRIG)yTER(4) 4040 {4430),
1X(15344930),0FSCTI5)+DATE[4)CPOB(3 ) FIRFR(2Y,F0FC{L15),
ZNC4Y e NBI4) 3RS {4 ) U 2AY (4 ) 4 W1(S543120)4Cl548) s PEEG{220),2(20)
57 ChOdA,n INZuf H‘#"“Whl131'?n|NCR,HnE'NDD;3{4:§|1€Tﬁp(4Iqu(4l'
10T104)Y$0T204) ,FCTH4) ,ETPS
58 DIMENSTON DPAKSULG) #ATSXSII{G) yNXDKSULE])
56G QIVENSTION DUR), SUMP(30),ET(30),DPLI2D),D1(8])
60 NDIMEMSIONM ET- ScT(q.JOI,[TSrTlP'3UI'AKr11(ﬁ'-O),hKCSET{E;BO’!
IRSET(4,4343C),AETFLD{2),CRIOPST (843 )y LPLSET(8,30)
Cc O ARRAY =L OWFR LIMIT FC° (Pdp LOTFFS.
Cc NDIARRAY=UPDPEL | 1MIT FNR CFOP COAEFFS.
61 OATA C1/1lalslelylelslelorelslelsla0:0877
62 DATA MEANDS/BF4D/T*0.1y.877
63 DATA SUMR $ETDPL/3I®0,0,30%0,0,30%0.0/
C PEAG DATE
64 READL S414) (DATE(K)aK=1,4)
65 M4g=1
oé F=0.9
57 NN 100 T=1,NREG ‘
63 HRTTFIS 213)IALT,0)44=1,5)
53 13 FARMAT{1IH1l," PeSIONS Y3 5A44/7)
70 14 FIIRMATL{S5X,15A4)
71 FEAD( 5,10)LL
T2 10 FO2MAT(25X,15])
73 A=MN(I) +3
T4 N=N(T)
15 N2 100 L=1,LL
75 REAND(S 4101&FN
77 PEANLE 414V (NEST(K4K=1,5)
73 WITTELG 130080 LK ) 4K=1,5),{DATE(K) yK=1y4)
79 15 FIOPMAT(YIFARYIY  SAS 45X, YNATE OF COMDPUTATTI M ,484,/)
an AAITE (6,415)
31 15 FUIAT (PN, TIY )Y, Tie,y P ieswnx COIL MATSTU?E JRPLETICN musasi|—-
le=== IRLTRATIONS ===e=e- PoIngHES T ¥a/ e vy Tl |V TLBy I, T2,
2 T37 M 1 T4, " sT534% 1% 3 Thley LN iF ) «1TH
3| 0 19474
4 0 CRNOP=FLy | CHEF T T NATED O TYPE=D | RT I | 2a77 | LASTY,
5 | Ral4=0 | ©ATY | APPLY | REGL FM FLOT)
12 2% DN 110 NF=l4NFY
33 IF(RNRDNLFNM=THLY GO TY 1
14 GO 1O 2
A5 1 DY 26 J=1,1t
an 25 RUJI=PREN(T,0)
57 2 MEA MR ITINCE G OROP{L )« TP P29 CRAPL Iy MoV o MOF gLty £ 9 AVM
84 17 SOaMATIOXy [2908%402+3758,2F5.2)
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Table 11. Continued.

30 BEADCES VO (AT 0 d=2) 420 o002 15 {R{J)yd=d4 M )
91 19 FOTMAT (8X,2A1, F~.l.lh,‘)c+.h/ NT4,2)
32 RTAN(S 413} NPLINFI Sl IT e (R{d)yd=1,43)
93 19 FOIMAT(5F192.2)
34 SOTY 22
95 T2 L) 45,200 0AIRREI) y J=1,42)40RA,NG,IPR
94 23 Fnrmay (5X¢4243,T401y14,F2.11
97 AT [9419) APLIREYSUMS(IF)
91 IF (NS.RC41) R{NS5+3)=C(NS5+3)+]RA
39 22 CONTINUE
1900 AKC=0,0
101 AKC1=d.0
102 oCT=9.9
103 NT=0.0
C
C*% J=4 REPAESENTS FIRST DAY NF THE PEFICD FOrF WHICH ARALYSIS IS ATING
Cex  AUN
104 N 338 J=44.1
195 ET(J)=N.N
105 ETIR=0,0
107 RX= R(J)
108 SUMAINFI= SUMR (NFI+RID)
109 IF{J=N5-3)1T76,75,76
C** DPL AND SUHMR ARE SET T0 ZERD GN THEE DAY 0OF IRIIGATION
110 75 DPL{NF)=0.0 :
111 SUMR{NF)I=0.0
112 - 67 TO 99
113 T5 IFINMNR{I)=NDP)I1D94:176,175H
114 176 IF{NDB{T1)-M"11)29429,109
115 29 TFINCR(IY+)=-4-NDE) 30,30,31
116 30 PCT=100.0={KNIE([ )+ J=4=-02 Y /A {MOE=-NDP)
117 AKCL1=C{~CRyLI+C{NC242) " PCT4+CUNCP 3 ) #DLTEF240 (NCR 34 ) ¥ PCTF23
118 IF(aKCI-D1I{NCF}) 231,252,232
ii9 232 AKC1=0D1(NCR) ‘
120 231 AV=(1.0=-0PL{MNFY)/AVME%100.0 '
121 [FLAV)Y1I3N,131,131
122 130 av=2,0
123 131 AV3=1.0+AV
124 AKC=AKCI=ALOG(AVII/ALOG(101.0)
125 G TN 32
126 31 DT=NDB(T)+J~4-NDE
127 PCT=100.
128 AV={1.,0-DPLINF)/ZaYM}=]100.0
129 AKCi=ClMCRSI+CIHCP 6 =DT+CINCR, TIHUT* 2L (MCR, 8)#0T=%3
130 TELARCL=N{NCRK))IBE4235,235
131 235 TF(AKCLI-NDIINCR))}242,241,24]1
132 Z41 EKCL1=D1(NCR)
133 G TD 242
134 33 AKC1l=N(NCR}
135 242 TFIAVYZ233,23442534
134 233 AV=4,0 .
137 234 AV3=1.0+2V
138 AKC=AKCIHALUGLAVIIZALOS(101.0)
139 A2 ET(J)=A¥raX{18,1,.01
140 IF{aK(=F) 38,121,121
141 I3 IF(S{J=1))42,42,43
14z 43 ETR=0,35(F=- kL)X [1hel, J)
143 R{J=1)="(J=-1)=FT7F
144 IT(~(Jd=-11)469,171,121

145 49 RLI=2)=R1J=2)+L(J=1)
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Table 11, Continued,

1446
147
148
149
150
151
152
153
154
155
154
157
158
159
160
16l
162
163
164
163
l1éh
157
168
169
170
17
172
173
174
175
176
177
178
179
180
131
182
183
184
185
186
i87
188
189
190
191
192
193
194
135
196
197
198
199

290

01
202

203

44
43

121
50
51
g1

115
99

890

93

57

7034
73451

%
e

S 2(J-1)

1F(={J
Fld=13)
H(J=23=1.0
TF{T(J~3))53,121,121
FT2ETR+2(4=3)
FLJ-3)1=0.0
6Y T 171 :
17 (20J=2) a4 44447
ET32045% (F=2XCYEX{16y144)
2{J=-2)=R(J=2)-ETR
G TO 45
IC((J=35)11214121 448
FT2=0,3%(F~AKC)2X{ 1541 ,.)
G{J=-3)=R (J=-3)-FTR
GO TD 40
1IF(ETRI50,51,51
ETR=9,0
ET(J)=FTIII+CTR
IPLIKF)=0PLINFI+ET(JI)-RX
TF(NPLINF)}115,99,99
DPLINF)=0.0
CONTINUE
ETRSET(MF,J)=FTR
FTSETUIMNF,JI=ETLY)
AKCI1{NF,J)=2KEL
AXCSETIMF, JY=AKC
DO 890 MM=1,4 ‘
RSETINY,MNF, Q) =Rk (J=-NM+]1)
DPLSFTINFyJI=UPLINF)
CONTINUF
SUMET=0,0
D7 57 J=4,M ’
SUMET=SUMET + ET(J)
RDIF=M-3
AET=SUMET/HDIF
AETFLD{MF)I=AET
nnoga0 J=1,3
CROPSTINF,J)=CRUP(D)
MAD=HEBR{TI+N(T)
IF (WDBIIY#N(I)+3-NDF) 250,250,255
PCT=100.Cx{NART T }+N {1 )+2=M0D) JUNDE=-NLP}
AKCS = ClICR,y1Y+CINCR, 2)¥OCTHCIMCE 3 3)2PCTE%240 (NCR, 4 ) #PC TH%3
GO TA 260 ’
DT=MDR{I)+M{]1)+3=NNE
PCT=100.0
AKCS = ClHCRyS)4LINCR oY DT+C I ICR, TI4DTH%240(MCE, 8)*D T3
TF  {AXLS JLT. D{NCO)) 44CS5=D{NrR)
IF {AKCS5 .0GT,. DLINCF)) AKCS=D1(NCE)
AJIS=NDACTI4+N(T )3
IF (AJJS 6T, TPLI)) Gu T T334
PLT=0TL101}
Go T 7341
LT=NT2(T) ,
FTPSs  [FTEZP(IN/MCXPII{ALIS=TP(III/DLTI®=2)})=TCT(])
ETAS AKCA3ETPS.
NOLA PPLIRFY
SURSCFIPT  J=1 IS 20%7 == J=2 15 3070 == J=3 15 409N
J=4 15 577 == J=5 IS 601D
NPLT=100, 05NN L1481 )42=HNP)/ (IPT+33,="iDD)

4bel2la121
=3)+k(J=-2)

0.0
Zh)
g (.

I
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Table ll. Continued.

204
205
206
207
203
206
210
211
212
213
214
215
216
217
2138
219
220

221

222
223
224

225
226
227
228
229
230
231
232
233
e34
235

236

238

C

JEINDCT~109)2494245,4249
249 MPLT=100,0
24658 CANTINYFE
o 128 J=1,5
CERENES |
NPAKSU{J ) =iPLTHAVVYEL JJ%,N01
[er=(J¢l) =10
AVW=CPEKS{J)=DPL{NF)
CALL SCHED (MBN, AVW NI, MXT MXNP, [y [PLAL AV, M)
CALL CATEZE {NXDeIX,TYeaiil4)
CALL DATFF (NXNDPLUX 4 JY ¢ 0H)
53 TF (DPAKSU{JY « JOPLINF)) 50461461
60 AT2 = BDPL{NF)/E
GN TN 63
&1 AIP = NDPAKSUIJI/AE
63 IF (J .6T. 1) GG TO 65
W2TTE (Hyh4) CROPAKCS 3 DPLIMF) yNPAKSU(SY 2 ETLSyATIPR I OMLT XY, TY oMY
1 (JX),JY,21R, TylyNF
04 FUOAMAT  ('0' 4224442 4F5429FF42,5%p%20% NVG2FGe2e" | " 9lA3,2(2%X4A4%,1]
231 | '4F4.14174214)
GO TN 108 ’ :
65 WRITE (&463) IPCDPAKSULI) 4 ETES s ATrReMONEIX) p TY MONCIXYJYA1R
63 FORMAT (" %3 T31,12,% D 32FGe24" | '"4283%,2{2X,R4413),
1 ' ! ',FQ.I,I?,ZI’H
103 CONTINUE
109 CUNTINUE
WI{14Ng)=DPL{NF])
Wl{2yMNG)=SuUMa(NF}
WI(34h4)=R({¥=2)
Wll4yN4)=(u=1)
HILSaKG)=R (M)
N4=N4+]l
110 COINTIKUE
WK = [INDS(I) + N(I) - 53)/77
DD = 14.%(R{T,1)+B(T,2)%0K+ SlT,2)%aKe%2¢ R{1,4)3WK2=3 +
1 SIS WK%=RSG + A(],06) FHKE%5)
I (PP LY, D.O) PP=0,0
WRITE (be163) PO,T,L
163 FORMAT ('OPYCRARBLE RATHN NEXT ThD WEEKS=1,F5.232X, " TNCHESY, 30,212
1 )
W3ITE [ 6,201)
801 FIRMAT ('=+%%=TADBLE 7IF NAILY VAL'YJESHw%e)
N A30 NF=1,NFY
WRITE (6,803 (CRANPST{MNE,K),K=1,3)
803 FORYAT (YD ,284 472,/

1 0 nNAY ETF ET i AKC1 AKCY, '
2 R X FLJ-1) 0 2(J-23 P (J-3) NPLTy /)
DY RN =4,

S WUITE (693020 HICT4d) ot TRSETINF 4 U)o LTSETUNF 3 d )y X (16, 14d),
IAKCIIOMF o J g AKCSET (R d) g LESETIRM, IF 0} 1%, 4) y DELSETINE 4 )

802 FReuwaT (1

aI‘S;ZX,FS.‘nF 5.3'dF8l2‘

A20 TANTINHE :
WPETE {6e421) ASTFLD{MF)

821 FUPMAT  (13X%,"AFT=',F7.3)

A30 CONTINIIE

100 CONTINUE

Cxx  NDA(1)= NDo FF FIELNS FOF WHICH AMZLYSITS &S FlUL

MNPV L) =N4-1
a1 FETURN
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254
255

256
257

258
25¢
267
2gl
262
263

264
265
266

267

268

269
270
271
272

C

1
1

END

SHRRNUTING LVAP[ 14X}
SUAIAUTING T CALCULATE CVABRSTALNSPIRATICN PCTLNTIAL
REAL METHL
CTMMIN Alay5)y CTRUA4)TXF L&) W (4,300,
IX(164493G) yNESC(5) s aTF{A)4CrlPIR)LAIFSI2),FIRCLLS),
ENGGY g NIBL4) 4SS 4 )y MOBAY (4) a9, 100) 0L Iy BV, REVS[44200,8(750)
DT 10 J=4,K
X{osledl= (X{1s1ad) +# XU241,4))/72.0
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ABSTRACT

Wise resource management techniques are necessary if the population
of the Earth is to continue to expand. The Earth Resources Technology
Satellite program combines remote sensing in space with 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:
LAT = Leaf area index
MSS4/5 = Ratio of band 4 (0.5-0.6 u) to band 5 (0.6-0.7 u)
R2 = Regression coefficient.

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

SM2 = 101,11 - 4,00MSS4 - 70,31MSS4/5

where;
SM2 = Soil moisture dry weight at 0 to 15 cm (%)
MSS4 = Band 4 (0.5-0.6 u)
MSS4/5 = Ratio of band 4 (0.5-0.6 u) to band 5 (0.6-0.7 u).



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 ~ 0.000467%> ~ 0.00000402X°
Y = 0.998 ~ 0.00297D - 0.000747D°
where:
Y = Wheat crop coefficient
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.



