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ABSTRACT

M OST evapotranspiration (ET) models are based
on physical principles controlling evaporation and
the conservation of mass and energy, and use daily
climatic data. ET models coupled with irrigation models
are valuable tools because they enable trained and ex-
perienced 1rngatnon specialists to provide urlganon
scheduling services at a reasonable cost.

Estimated standard deviations of mean dally ET
for 1. to 30-day periods (Sgr) at Akron, Colorado;
Davis, California; Kimberly, Idaho; and Lompoc,
CA varied from 0.9 to 1.3 mm/day. Sgr decreased
t0 0.4 10 0.7 mm/day for 15- to 30-day periods.

Standard errors of ET estimates (Sy x) with a com-
bination equation based on 243 days of data from
Kimberly, ID were normelly distributed. The Sy x for
daily values was 1.0 mm/day. The Sy x decreased in-
versely with the square root of the number of days for

" up to 30 days and was similar to those reported for other -
areas using models that operate on daily climatic data. "

A summary of factors affecting confidence levels in
irrigation scheduling is presented along with the ex.
pected standard deviations. Generally, the error in esti-
mating irrigation apphcations ‘exceeds estimated ET
errors. The error in measuring soil moisture is gener-
ally smaller than estimated ET and irrigation applica-

. tion errors.

INTRODUCTION

Irrigation scheduling with computers has continued

to expand following release of the USDA-ARS com-
puter program (Jensen, et al. 1970, 1971). In 1974,
about 155,000 ha (350,000 acre) were scheduled and
monitored at 1- to 2-week intervals on a field-by-field
. basis by commercial and agency service groups (Jensen,
1975), Between 1574 and 1976, seven commercial
groups added about 2,000 fields and 69,000 ha (170,000
acre}, and the total area served on a field-by-field
‘basis was over 243,000 ha (600,000 acre). Most service
. groups estimate soil water depletion and project irri-
gation dates using current climatic data. Estimated

soil water depletion can be adjusted after monitoring

each field. Momtormg practices depend on the crop,
soil ‘and experience of field technicians.
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Common problems encountered by service groups

_involve soil variability, determining previous irrigation

dates and amounts, and adapting experimentally de- .
rived general crop coefficients to specific conditions
in each field. Some problems are associated with
limited training and experience of personnel operatmg
the scheduling program and techmcmns monitoring
the fields,

The computer scheduling program is a valuable tool
for irrigation specialists, but many service groups expect
too much from scheduling programs. Some users do
not know which parameters or variables to adJust to
fit a program to field conditions. :

This paper was prepared in response to problems
encountered with irrigation scheduling. It also assesses .
the role of evapotranspiration (ET) models in schedul-
ing irrigations. . :

ET MODELS ARE NEEDED -
_ Irrigation is only one of many farm operations that

~must be scheduled; therefore, estimates of when to

irrigate that are within = 2 to 3 days for 20- to 30-day
freqt;encms are considered adequate (Jensen, et al.,
1971

Irrigation schedu]mg involves eshmatmg the earliest :
date to permit an efficient irrigation, and the latest '
date to avoid economic adverse effects on the crop. *
Within this time period, farm managers plan their
irrigations for the next S to 10 days to complete culti-
vations, crop spraying, :and other needed cultural
practices. Irrigation scheduling also involves estimating
the amount of water to be applied. In many cases, the
amount applied may be predetermined by the irrigation
system. For example, with sprinkler systems, either
7- to 8- or 11- to 12-h sets may be used. The date of the
next irrigation should permit sufficient soil moisture
to be depleted so that the water applied can be retained.
Some managers avoid full irrigations to permit retain- .
ing expected precipitation. Surface irrigation systems

-typically are operated for fixed time periods, but the

amount of water applied depends on both the irriga-
tion duration and the soil’s intake capacity, which may
change significantly during the: growing season. In arid
areas, many managers rely on past experience and tend
to irrigate at fixed time intervals. This practice can.
result in efficient irrigations when crops are planted -

" about the same time each year and the soil water level

is either at field capacity or at about the same level of
depletion at planting. Such schedules 2lso can be very
inefficient, however, if irrigations are regularly applied
too soon. Unintentional delays in irrigations followed
by excessive irrigation are common and are both inef-.
ficient and may reduce crop yield and quality,

Most farmers know the current seil water level in
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the plow lx{yer', but very few regularly evaluate the soil
water level at greater depths. As a result in some years

yields may be severely affected because of delayed

irrigations and in other years excessive irrigations
early in the season may leach valuable nitrate nitrogen
and cause expensive drainage problems.

Many farmers also know about how much water is
removed daily from their fields by ET. However, we have

observed that very few farmers utilize available average
ET data to plan and schedule their irrigations. The

main reason appears to be the time required for

routine book work and monitoring the available soil.
water level in each field. In 1daho, the Extension Service -

and U.S. Bureau of Reclamation began publishing
estimated current ET for major crops several times
each week in 1976. This information is influencing irri-
gation scheduling. :

Some service groups use existing average ET data to
provide estimates of the soil water status to farmers.
These groups take gravimetric soil samples periodically
or usé the *feel method” to determine the soil water
contéfit and recommend the time and amount of next
irrigation, The principal function -of a scheduling pro-
gram is to ‘aid service groups in performing routine
calculations of estimated soil water depletion and pro-
jected irrigation dates for a large number of farm
managers, A scheduling program is a& tool that in-
creases the ability of irrigation specialists to provide
irrigation scheduling services. A computer program
that has one or more models to simulate plant growth
and' ET does not make unirained and inexperienced

personnel instant experts. But, scheduling programs.

have become valuable educational tools for irrigation

specialists in understanding the ET process. Farm

managers receiving current estimates of ET rates and

the soil water status by fields have increased their under-

standing of the soil- plant—atmosphere system wlthout
 special training.

'One of the more common problems encountered
by 1nexpenenced personne] attempting to begin schedul-
ing services is the inflexibility of on-farm irrigation
systems and current water delivery policies.: Service
groups must be aware of farm management’s ability
to respond to recommended changes in irrigation prac-
tices and_the constraints of existing water delivery
policies. Some groups just beginning an irrigation
scheduling service also do not recogmze Limitations
of ET models in accounting for various factors affect-
ing the current soil water depletion. Others have
attempted to develop much more accurate estimates

-+ of soil water depletion than that required. : _
The material presented in the next section describes

the expected confidence lmits for estimating soil
water depletion using simple or complex ET models,
and other factors that create greater uncertainty in pro-
~ jected irrigation dates and amounts,

EXPECTED EVAPOTRANSPIRATION RATES

- Mean ET rates derived experimentally for various

crops in similar climatic areas when combined with

measured precipitation and estimates of runoff and
deep percolation, can provide excellent guides. for .

irrigation scheduling, as demonsirated by Brosz, et al.
(1975). The deviation from the expected mean ET rate
during any time period can be estimated from the_
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FIG. 1 Estimsied standard deviation of .evapotnn iration

the peak periods at Davis, CA [Pruitt, et al, 1972], Lompoc, CA
[Nixon, et al. 1972], southern Idaho [Wright and Iemen., 1972),
and in eastern Colorade [Heennmn, et a]., 1974). -

standard deviation of these rates.

The standard deviation of expected mean ET rates
for crops like grass or alfalfa during peak water use
periods, estimated from several recent publications,
appears to be normally distributed. Therefore a normal
distribution was assumed 25 = (x .+ S) - -5
with § = one standard deviation, and standard de\fla
tions of mean ET rates were estimated using equation

[1]

.....................................

where E;z =% + s or the 84 percent probab:lity E‘I‘

. rate, E; = X ~ S or the 16 percent rate, and Ser =

the estimated standard deviation of the mean ET rates
in mm/day for time periods of 1 to 30 days.
According to results plotted in Fig, 1, the estimated
standard deviation of daily ET ranges from 0.9 t0 1.3 .
mm/day. The estimated standard deviation of mean
ET rates for 7- to 10-day periods decreases to 0.6
to 0.8 mm/day and for 15- to 30-day periods to 0.4 to
0.7 mm/day. Therefore, if the expected mean ET rates

‘are used to estimate future irrigation dates, the standard -

error of these estimates for 10 day periods will be less

‘than 8 mm. Thus, two-thirds of the time if mean ET

rates are used to estimate ET for 10-day periods, the -

‘projected irrigation dates will be accirate within % 1

day for periods with no rain when mean ET rates are
6 to 8 mm/day. ,

- ACCURACY OFETESTIMATES _
The estimated standard errot of ET estimates ( ;)

for Kimbetly, ID for daily and 3- to 30-day independent

periods was calculated as the standard deviation of
the difference between estimated ET (y) using U.S.
® using
welghmg lysimeters (%z.m,. :

Data for 243 days from 1968 through 1971 for periods
when the Iysuneter and surroundmg ﬁeld had a full -
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FIG, 3 Esiimated standard error In estimating evapotranspiration
ai Kimberly, ID, compared with estimates of other areas. -

only limited data during periods of very low ET, Esti-

ET was estimated with 2 combination equation mates of daily ET may be improved using the Bowen
described by Wright and Jensen (1972) which requires ratio and energy balance methodology, but this requires
daily net radiation, windspeed, mean vapor saturation continuous measurements of net radiation and humidity
deficit, and air temperature. Net radiation was esti-
mated from solar radiation, windspeed was from the ample, Fritschen (1965) reported 13 selected days of
Kimberly U.S, Weather Service anemometer located ET measured with the Bowen ratio method and lysi-
3.66 m above ground, and dew point was based on meters in Arizona in 1963 and 1964. The estimated
humidity measured at 0800 h at the same site. Mean standard error of the ET determined by the Bowen
saturation vapor pressure was the mean of the satura- ratio-energy balance method compared with the lysi. -
tion vapor pressure at the maximum and minimum air meter ET was 0.63 mm/day using daily totals and
temperatures. S 0.35 mm/day vsing only daytime totals. Similarly,

The daily estimating errors were essentially normally Parmele and Jacoby (1975) reported 7 days of Bowen
distributed, except for about 5 percent of the low esti- ratio data and corresponding lysimeter data with an
mates as shown in Fig. 2, The standard errors for the estimated standard error of 0.17 mm/day. Thus the
estimated 3- to 30-day mean ET rates decreased in- standard error may be reduced by using the Bowen ratio
versely with the square root of the respective time technique, but the method is much more complicated -
period as shown in Fig. 3. Therefore the standard error and expensive than using daily climatic data. For
for a period can be estimated from the standard devia- scheduling purposes, the increased accuracy probably
tion of daily ET from the mean (sy~sn/a ). would not justify the increased cost and reduced reli-
: : ability due to a greater probability of instrument failure

The data presented in Fig. 3 also indicate that the when operated c¢ontinuously during the entire growing
standard error in estimating daily ET with ET models geason, :

ily climatic data is about I 'mm/day. Tanner :
and daily climatic data is abo mm/day. Tanner_ o, ¢\. IRRIGATION CONFIDENCE

and Pelton (1960} reported a standard error of mm/
day with the Penman equation in- Wisconsin. The  The principal factors affecting the confidence levels
standard error in estimating ET for Kimberly of predicted irrigations include probable ‘errors in .
decreased to 0.5 mm/day for 4-day periods, 0.33 estimating ET, the amount of irrigation water applied,
mm/day for 9-day periods, and 0.2 mm/day for drainage from the root zone, upward flow from a capil-
25-day periods, which is about one-half of the expected lary fringe, and effective rainfall, Estimated magni-
standard deviation of mean ET for comparable periods. tudes of uncertainty of various components affecting
Similar results were obtainable with either a combina. - soil water depletion illustrate the need to monitor soil
tion equation calibrated for an area, or a calibraied water depletion to adjust or tune the estimated soil
equilibrium equation (Priestley and Taylor, 1972} in water depletion to observed conditions. Monitoring
Wisconsin, Ohio and Denmark, ' soil water depletion may not be required during the
_ The regression equation for the estimated standard entire growing season if an excess amount is applied’
-error of ET estimates shown in Fig. 3 is plotted as a at each irrigation or if the amount of irrigation water
dashed line in Fig. 1 to illustrate that for single days, applied and rainfall are known with reasonable ac-
estimates of daily ET using climatic data may be only curacy. For example, Heermann, et al. (1976) reported
slightly better than using the expected daily ET for a that the USDA-ARS scheduling program calibrated
location. However, for time periods greater than one for the eastern Colorado area satisfactorily predicted
- day, ET models greatly improve the accuracy of ET soil water depletion without adjustment during several
estimates when compared with using the expected cropping seasons. N E
mean daily ET. R - - _The standard error in estimating soil water depletion
The standard error in estimating ET does not seem (D) and the contribution of the various components
to be related to the magnitude of ET,. although we had that are summed (m = m, + ... 4+ my) can be approxi- -

and air temperature gradients over the crop. For ex- -



mated assuming that the individual components are
independent and normally distributed random variables,

(Q.Jﬂlaf...'l'o’n’).

sp=vSh+ Siq)* Sk * 04

where S is the estimated standard error of the esti- -

mated soil water depletion, Sgr = (M)Syx = the
standard error in estimating ET over the iime period
At since the last reference value (measured soil water
depletion or field capacity following a full irrigation
when D = 0),5(1q) = the standard error in estimating

the net amount of water applied for each irrigation or-

irrigation (I) minus internal drainage (d), SR = the
standard error in the measured or estimated rainfall
that penetrated the soil, and Sy is the standard error
in the estimated flow into the root zone from a capillary
fringe. o o
Gravimetric soil sampling has been used for pre-
dicting irrigation dates on research plots. and fields
for over half a century. Several commercial service
groups use gravimetric procedures to monitor the soil
water content and predict irrigation dates using mean
expected ET, During the past decade, neutron probes
have been used largely for soil water measurements
- in research but they are used to a limited extent to
monitor fields and schedule irrigations  commercially
(Gear, et al. 1976). . g

The standard error in estimating soil water content’

from gravimetric samples varies with soil characteris-
tics. For example, Staple and Lehane (1962} found
that the standard deviations for gravimetrically deter-
mined soil water for a 1.2-m profile ranged from 15 to
32 mm. Taylor (1955) estimated a coefficient of vari-
ability (100 S/v/x) of about 10 percent for field sampling,
These standard deviations included natural variations
within the field. -

The standard error in estimating the depletion of
soil water is normally less with the neutron probe be-
cause a larger soil volume is sampled and the water
content is measured on a volume basis at the same sites
within the field. The standard error in measuring soil
moisture: with a neutron probe reported by Bowman
and King (1965) ranged from 0.1 percent by volume

at Jow moisture levels to 0.25 percent at high levels, -

or from 1.3 to 3.3 mm for a 1.3 m-profile. van Bavel
(1963) conservatively estimated the absolute:accuracy
of the neutron method to about 0.5 to 1 percent moisture
by volume, or 5 to 10 mm/m of soil. : _

The objective of periodically monitoring soil water
for irrigation scheduling purposes is not to determine
the absolute soil water content in a field, but to de-
termine. the depletion from -effective field capacity
(Jensen, 1972), This is much easier than sampling
adequately to determine the average absolute water
content. For example, if a field contains some soil
with an available water-holding capacity of 150 mm/m

and some with 200 mm/m, the irrigation objective .

- may be to irrigate the entire field before about 100 to
120 mm of available soil water have been depleted.

Thus, fewer mionitoring sites, if carefully selected to

represent the major soil type and crop growth char-
acteristics, are needed to determine the soil water deple-

TABLE 1. STANDARD ERROR OF THE
ESTIMATED MEAN DEFTH OF WATER
APPFLIED WITH SPRINKLER SYSTEMS
VERSUS THE UNIFGRMITY OF
APPLICATION AND THE NUMBER OF
: ' GAGES USED.

Sl if measured with the following -
number of gages} -

ug st 2. 4 8 16
100 0 0 R )
85 - 6.3 44 81 22 1.6
80 125 8.8 6.9 4.4 3.1
85  18.8 13.3 Bt 6.6 4.7
80, 250 177 12.5 8.8 6.3
a8 31.8 221 156 111 7.8
0 §87.6 266 188 133 9.4

* Christiansen’s uniformity coefficlent, U, = 100 (1.0 -

| Ilx - x/Nx) 0.8

$For Up > 70 percent, Up > 100 (1 - —-_——) (Hart
- : x

and Reypolds, 1966), and assuming x = 100 percent.
18y = s/n/n, where n iz the number of randomly spaced
u’in gages used.

tion compared with estimating absolute quantities.
The standard deviation of soil water depletion- from a
0.75-m depth of Portneuf silt loam in southern Idaho
on which sugarbeets were grown was evaluated for 6
irrigation intervals using 8 neutron sites. Irrigations
were made in alternate furrows spaced 60 cm apart
and the furrows irrigated were alternated each irriga-
tion. The estimated standard deviation of soil water
depletion averaged 7 mm on plots irrigated for 24 h
and averaged 11 mm on plots irrigated for only 12 h,
The higher deviation on plots irrigated for 12 h oec-
curred because these plots did not reach effective
field capacity after each irrigation during the summer
months. These results agree with expected values
suggested by van Bavel (1963). Therefore, since soil
water monitoring. with the neutron probe probably
would be limited to the top meter of soil, the standard
error in measured soil water depletion per neutron
probe site (Sg) could be approximated using Sg = 5 mm
following full irrigations and Sg = 10 mm on furrow-
irrigated and other fields that may not receive full.
irrigations. _

- The greatest uncertainty in estimating soil water

‘depletion is associated with the net irrigation (I-d)

applied on surface-irrigated fields, except when ex-
cess irrigation water is applied. Overirrigation is
common on many surface-irrigated fields. On the Idaho
plots irrigated for 24 h, the standard deviation of the
net irrigation amount for 6 irrigations ranged from
6 to 19 mm. The smallest value occurred late in the

- season when ET rates wete low. These results indicate

that the standard error of (I-d) may be approximated
by using S(1.q) = 15 mm where full irrigations (D & ()
are applied with furrows. This may be less for basin
irrigation. With partial irrigations on medium textured
soils S(1.4) -could be approximated as 30 mm. '
With sprinkler systems, the average amount of
water applied can be estimated based on nozzle sizes, -
sprinkler spacings, and operating pressures. Also,
the mean irrigation depth can be estimated from mea-
surements of the amount applied using several cans
or rain gages. The number of gages needed depends on'

‘the expected uniformity coefficient and desired accuracy,

as shown in Table 1. With center pivot systems, the
irrigation depth remains relatively constant for each -



rotation once the mean depth has been determined.

If water is measured into level basins the standard
deviation of the amount delivered may be about 5 per-
cent, but the standard deviation of the amount applied
to the field would be greater because of nonuniform
leveling and intake capacities. Service companies
can estimate the net amount of water applied by mes-
suring the average soil water content prior to several
normal irrigations and the average amount retained
2 to 3 days after these irrigations.

If rainfall is measured with at least one gage on each
‘small farm and perhaps with several gages on large

farms, the standard deviation of measured rainfall:
can be assumed to be SR = 3 mm, If only widely

scattered rain gages are used, SR may be much greater.

If soil water depletion is to be monitored, the error
* due to drainage can be minimized if the monitoring
is delayed 3 to 4 days after an irrigation. Drainage
from the soil also varies with ET rates (Jensen, 1972,
and Miller and Aarstad, 1974). The standard deviation
of estimated upward flow into the root zone is relatively
unknown.

Each estimated standard error in equation [2]
‘should be divided by the number of samples or mea-
surements used to determine the magnitude of the
mdependent variable. The Sp will be reduced most
by increasing the number of samples used for the
variable with the largest standard error

(Sp=+/Sim, +...+ 8 fg)

CONFIDENCE LEVELS

The expected confidence levels when scheduling
irrigations using - a8 climatic-based ET model and
the influence of major components can best be illus-
trated with an example. The confidence limits of the
projected irrigation dates in this example were approxi-
mated at the 95 percent probability level (x 20) as
follows.

28p
T [8)
CL. {ET] ]
where C.L. is the approximate confidence limit “in

days, Sp is the estimated standard error of sojl water

depletion, and [ET] is the expected mean ET rate

from the date of computation to the next forecasted
irrigation.

Given:
Location: Kimberly, ID 42° N, ¢lev. = 1195 m
Crop: Alfalfa, last cut on 10 June, expecied next
' ‘cutting 4 August (irrigation not permitted 28
July - 11 August).
Last irrigation: 20 June
‘Last monitored: 30 June, 4 neutron probe. sites, D =
105 mm
Last update and forecast: 5 July, estimated D =
- 145 mm )
Available soil water: Maximum = 300 mm
Allowable depletion = (.65 x 300 = 195 mm
Average ET = 9 mm/day
Rainfall = 0 (average July rainfall is 6 mm)
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FIG. 4 Example confidence limits at the 95 percent probabllity kevel
associated with Irrigation scheduling sfter monitoring on 30 June.

Results

With a scheduling model using daily ET estimates,
the projected first irrigation date of 11 July has con-
fidence limits of £ 1 day. If a full irrigation is applied on
11 July as forecasted and the estimated standard devia-
tion for S(1.q) is 15 mm, the confidence limits increase
greatly after Irrigating because of the large uncertainty
of the irrigation depth. Also, the large uncertainty due.
to (1. d) masks the smaller uncertainty of the monitored
soil water depletion until the field can be ‘monitored .

- again. The constraint of not allowing an irrigation for

1 wk before the intended next harvest date until 1 wk
after harvest is very common. Therefore, the irrigation
service groups would monitor this field no sooner than
3 days aftér the 11 July irrigation to minimize the error
due to drainage, and no later than 26 July to determine
whether another irrigation should be recommended
before the August cutting. In this example, if the soil
water depletlon on the date of monitoring was near .
the minimum depletion, or the upper confidence limit,
an irrigation might not be needed until after the August
cutting. If the soil water content was near the maximum
depletion, or the lower limit, then the service company -
might recommend at least a partlal irrigation - before
cutting.
In many 1rrrgated areas with limited water supplies

or with high water costs, full irrigations oommonly__
are not applied after midseason, This practice allows
the soil water to be depleted so that over-winter pre-
mpltatlon can be retained, but more frequent monitor-

_ing may be required, because there will be less water:
- available for crop use following an irrigation,

In areas where expected rainfall is significant, the
confidence limits associated with expected rainfall -
should be included in determmmg the conﬁdence
limits of the forecast irrigation dates, .

“The example illustrated in Fig. 4 reveals several
points. Soil water depletion may be monitored on this
crop and soil only once each 3 to 4 wks if the service
company knows the approximate amount of irrigation
water applied and rainfall is either measured or negli-
gible. It also illustrates that a large uncertainty of a.
single component affecting soil water depletion will
mask or dominate the overall uncertainty of estimated .
soil water depletion and projected irrigation dates.

The effect of using a model to estimate daify ET



TABLE 2, GOMPARISON OF THE CONFIDENCE LIMITS
ASSOCIATED W1TH THE STANDARD ERROR OF DAILY
ET ESTIMATES (Sy.x) WITH CONFIDENCE LIMITS
ASSOCIATED WITH THE STANDARD DEVIATION OF
EXPECTED ET (S3;) AT KIMBERLY, IDAHO.

~ Confidence
limit based
on
Date v Action —————  Difference
Sx g
. e v dayss v = - -
30 June Soil water depletion (D) 0.6 . 0.8 0
me :
11 July Projected date of irrigation 1.0 21  -11
11 July Estimated D after irrigating 8.9 43 =04
20 July Estimated D= 72 mm 3.8 5.2 -1.8
25 July Betore monitoring D 4.0 58 -1.8
‘28 July After measuring D 0.6 0.8 ]

on the confidence limits compared with using expected
ET rates for the area is summarized in Table 2 for
the example. These data show that the large increase
in confidence limits caused by the irrigation persisted
until the next monitoring date. Also, the model using
daily ET estimates reduced the confidence limits by
0.4 to 1.8 days compared with the model using expected
or mean ET rates for this crop and area.

The confidence limits illustrated in Fig. 4 and Table

2 are approximately at the 95 percent probability -

level. For most farm crops on medium textured soils
reserve available soil water probably is sufficient to
operate within confidence limits expected at the. 68
percent probability level or + 1 estimated standard devia-
tion,

SUMMARY AND CONCLUSIONS

Irrigation scheduling services using computers and
models that simulate plant growth and daily-ET are
rapidly expanding in the western USA. Estimates of
soil water depletion and projected irrigation dates for
individual fields are usvally verified by periodically
monitoring each field with gravimetric soil sampling
techniques, neutron probes, or the “‘feel” method.
Irrigation scheduling service groups using models to
estimate daily ET may reduce the confidence limits at
the 95 percent probability level 0.5 to 2 days depending
on the period of time involved compared with projec-
tions based on expected or average ET data for a given
crop, stage of growth, and region. The confidence limits
of forecasted irrigation dates are dominated by -the
component having the greatest uncertainty For most
surface-irrigated farms, the greatest ‘uncertainty is
associated with the quantity of water applied during
an irrigation, except when excessive water has been
applied or when a heavy rain decreases soil water
depletion to zero.

The estimated standard deviation of deuly evapo-
transpiration varies from 0.9 to 1.3 mm/day in the
western USA, The estimated standard deviation

decreases to about 0.5 to 0.7 mm/day for 15-day periods

or longer. The estimated standard error (Sy.x) for
estimated daily ET using ET models that require daily
climatic data is about 1 mm/day. Sy y decreases
- inversely with the square root of time for periods of
1 to about 40 days. Therefore, ET models do not reduce

-the standard errors of daily estimates significantly,

but reduce Sy x to about one-half the estimated standard
deviation of mean ET for summer months. The standard

error in estimating daﬂy evapotransplratlon is nor-
mally distributed.

References

i Brosz, D. D, D, W, DeBoer and J. L. Wiersma. 1975. Watet
application depths for optimum crop production. ASAE Paper No.
75.2001, ASAE, St. Joseph, MI 49085,

2 Bowman, D. H.. and K. M. King, 1965. Detemmatm of -

"evapotranspiretion using the neutron scattering method, Canadian I.

of Soil Sci, 45(2):117-126.
3 Fritschen, L. J. 1965. Accuracy of evapotranspiratlon deterb
minations by the Bowen ratio method. Bull. of 1.A.S.H. 10(2):38-48.
4 Gear, R, D., A, 5. Dransfield and M. D, Campbell. 1976,
Effects of irrigation scheduling and coordinated delivery on irrigation
and drainage systems. Am. Soc. Civ. Eng. Natl. Water Resources

" and Ocean Engineering Convention, Preprint 2720, 17 p.

5 Hart, W., and W. N, Reynolds. 1965. Analytical design of
sprinkler systems. TRANSACTIONS of the ASAE 8(1):83-89.

6 Heermann, D. F., H. H. Shull, and R, H. Mickelson. 1974,
Center pivot design capacities in eastern Colorade. Proc. Am. Soc.
Civ. Eng., I. Irrig. Drain. Div. 100(IR2);127-141.

7 Heermann, D. F., H. R. Haise, and R. H. Mickelson. 1976.
Schedulmg center pivot sprinkler irrigation systems for corn produe-
tion in eastern Colorado. TRANSAC'HONS of the ASAE 19(2):284-
287, 293.

8 Jensen, M. E. 1972, Programmmg 1mgahon for greater effi-
ciency. p. 113-162. IN: Daniel Hillel (Ed.), Optimizing the Soil
Physical Environment Toward Grester Crop Yields, 240 p., Aeademje
Press, New York.

9 Jensen, M. E. 1975. Scientific n-rigatmn scheduling for saliffity
control of irripation return flow. Environmental Protection Techs
nology Series EPA-600/2-75-064, 2 p,

. 10 Jensen, M, E., D. C. N. Robb, and C. E. Franz.oy 1970,
Scheduling irrigations using climate-crop-soil data. Proc. Am. Soc.

. Civ. Eng., }. Irrig. Drain. Div. 9%(iR1):25-38..

11 Jensen, M. E., J, L. Wright, and B, I. Pratt, 1971, Estimating

".soil moisture depletion from climate, crop and soil data. TRANSAC-

TIONS of the ASAE 14(5):954-959,

12 Kristensen, K. J., and S. E. Jensen. 1975, A model for esti-
mating actual evapotranspiration from potential evapotranspiration,
Notdic Hydrol. 6:170-188, :

13 Miller, D. E., and J. 5. Aarstad. 1974, Calcvlation of the
drainage component of soil water depletion. Sofl Sci. 118:11-15.

14 Parmele, L. H,, and J. L. McGuinness, 1974, Comparisons -
of measured and estimated daily potential evapoiransplmﬁon in a
humid region. J. Hydrol, 22:239-251. :

1S Parmele, L. H., and E. L. Jacoby, Jr. 1975. Estimating evapo-

" transpiration under nonhomogeneous field conditions. USDA, Agrie.

Res. Ser., Northeast Region, ARS-NE-51, 61 p.

16 Priestly, C. H. B,, and R, J. Taylor. 1972. On the assessment
of surface heat flux end evaporation using large-scale parameters.
Monthly Weather Rev. 100(2):81-92.

17 Pruitt, W. O., S. von OQettinger, and D, L. Morgan. 1972,
Central California evapotranspiration frequencies. Proc. Am. Soc. .
Civ. Eng., J. Irrig. Drain, Div. 98(IR2):177-184, b

18 Ntxon, P. R., G. P. Lawless, and G. V. Richardson. 1972,
Coastal California evapotranspiration frequencies. Proc. Am. Soc.
Civil Eng., J. Irrig. Drain. Div. 98(IR2): 185.191, , :

19 Rijtema, P. E. 1959, Calculation methods of potential evapo-’
transpiration. Rept. Conf. on Supplemental Irrig., Comm, VI, Int.
Soc. Soil Sci., Copenhagen, Tech, Bull. 7, Inst, for Land and Water
Maznage. Res.. Wageningen, The Netherlands, 10 p.

20 Staple, W. L., and I. J. Lehane. 1962. Vanabili:;y in soll mols-
ture sampling. Canadian 1. Soil Sei. 42:157-164.

21 Tanner, C. B., and W. A, Jury, 1976. Estimating evaporathn'
and transpiration from a row crop during mcomplete cover, Agrofi.
1. 68:239-243.

22 ‘Tanner, C. B, and w. L. Pelfon. 1960. Potential evapotrans-
pirstion estimates by the approximate energy balance method of
Penman. J. Geophys. Res. 65(10):3391-3413.

23 Taylor, S. A. 1955. Field determinatlons of soll moisture.
Agric. Eng, 36:645-659. |

24 van Bavel, C.H.M. 1963. Neutron scattering measurement of
soil moisture: Development and current status, Proce., Int, Symp. on
Humidity and Moisture, Washington, DC, May 20-23, p 171-184.

25 Wright, J. L., and M.'E. Jensen. 1972. Peak water requha-
ments of crops in southern Idaho. Proc. Am. Soc. Civ. Eng., J. Irrig.

.'Drain Div. 98(1R2):192-201.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

