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BELANEY —CRIDOLE f FACTOR {mm}, { = plC.36T + 8)

mum..u. Prediction of reference ET for grass {Eyp} from Blarney-Criddle
f factor for different conditicns of minimum relative humidity, sunshine
duration and day-time wind (from Doorenbos amd Pruitt, 1977).

Penman {1963) and has almest always been used in this fashion since, as it Is
used later in this paper when daily calculations are discussed,

Doorenpos and Pruitt (1977) have returned to the original two stage process
of Penman and have expanded the empirical function so that it Is a function
of maxlmum humidity, selar radiation in equivalent depth of water, daytime
wind velocity and the ratlo of day to night winds, They also utilize a
slightly revised version of the Penman equation. Their version of the Penman
Methed is:

A, :
Eto =lo (R +b_H< ' E(u) - (ea - ed) (6)

where Epp is as previously defined in mn 8 3and 5 and {s in mp
day=1

& = the slope of the saturatien vapor pressure-temperature
relationship in mb °C-1

Y = the psychrometer constant in mbh “C-1l

Rn = net radiation in wac»<wnm=n depth, in mm
f{u) = wind mcnnnwos = 0.27 (1L + == Hoo
U = wind travel in km day-i
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: and the mean actual vepor pressure.

¢ = an overall correction coefficient discussed in detail above

The reader is referred to Doorenbos and Pruitt (1977) and Jensen (1974) for
details in caleulating the gbove quantities, It is especially imporcant thar
the wind function £(u) and the vaper pressure deficit term he calculated as
Doorenbos and Pruitt recommended. In addition, complete consistency is re—
quired in the calculation of ET, from the methed of estimating Eto through
the use of grass related crop coefficients.

A later section of this paper will discuss the estimation of daily ET for
irrigation scheduling. The Penman method will be used but the wind function
£{u), net radlation and the vapor pressure term {ea-ed) will be calculared
in a different way, The result will be the estimation of Ery and alfalfa
related crop coefficlents must be used.

ESTIMATING DAILY ET

Estimation of crop water requirements ia usually done on a daily basis for
purposes of irrigation scheduiing. In this manner it is easy to incorporate
corrections for 4 wet soll surface or a dry seil profile, even though other
appruaches are feasable, gee Doorenbos and Prultt (1977). A version of the
combination theory such as the Penman method is vnommzﬁwm the only mcwnmrH¢
procedure for estimating dally ET.

Penman Method, >hhmhmm Bage

The Penman Method, as aomwmpma for the prediction of reference crop FH is as
follows (Wright, 1981);:

b . 4 . .
Mnn b+< Aw=+ov+ Ty Hu.uoammmmnmnv : nuu
where Epp = ﬂmmnumﬂnm nﬂov ET, alfaifa based, in cal nE!N gl

A, Y are as vnm<»ocmpw defined ub Eq. 6

G = goil heat fiux to the m:nm»nm in cal cm-2 4-I

Ry = net radiation in cal ecm-2 d-1

Wf iz the wind function, dimensionless

{ea—ed) is the vapor preasure deficic term jin mb
15.36 1s & constant of proportionality in cal cm=2 d=! mp=1

Soil heat flux ¢ is usually assumed to be zero for short term caleulations,
see references such as Jensen {1974) or Burman et al., (1981) for detail om
the method of caleylating A, ¥ and vapor pressures, The calculation of Ry,
Wf and the vapor pressure deficit term need apecific comment,
Net radistion Ry is not uaually measured as part of a climatological starion
ugsed for irri{gationm scheduling., However, Rn may be estimated by. the follow-
ing procedure or for an alternative approach, see Doorenbos and Pruiret (1977),

Rn = (L - o) Re - Rp (8}

where Ry = net radiation in cal em® at
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Jensen {1974) represented average conditions and were mpstly bagzed on ET
values obtained from soil warer balance data. Figure 1 shows @& generalized
crop curve using the "basgl" definition. An extensive table of growing sea-
son dates and crop cocfficients suitable for daily use are presented by
Wright (1981} and Burman et al. (1981),

When available water within the roct zone limits growth and ET, Kz will be
less than 1.0 and can be approximated by relationships similar to:

Ra = [Baay + 1)1/[£n(101)] (19}

in which Ay = the percentage of available water (100 when the
soil 1s at field capacity), and Ky = 1 when Ay = 100, and X5 poes to zerc as
Ay poes te 0. Thisg algorithm was developed for a Southern Idaho soil Jensen
et al. (l970). Since it depends on scil properties, appropriate relation-
ships for other soils stould be selected, Estimates of the effects of de-
creasing sell water on ET have been presented by Denmead aand Shaw (1962).

Increased soll evaporailon due to rainfall or frrigation, can be estimated by:
Ks = (K] - Kqi) exp (-it), K3*Ket : {20)

in which t = the number of days after the rain or i{rrigation; A » rhe
comblned effects of soil characteristics, evaporative demand, cte: and ¥gp =
the value of Ke at the time the rain or irrigation occurred. This alporithm
will also vary for various soils and locations. At Kimberly, Idaho K; was
approximated by: (0.9 - K¢) 0.8; (0.9 - Ko)0.5; and (0.9 - Ke) 0.3; for the
firsp, sccond, and third days after a vailn or irvigation, respectively Jensen
et al, {(1870).

WATER BALANCE CALCULATIONS

Seasonal irrigation water regquirement amounts are obwviously very important

to the frrigation industry, In the western United States laws limlt transfers
of water from irrigation to industrial or municipal use to the amount histori-
cally used for irrigation, VFor this reason added importance has been given
to the measurement and estimation of ET and irrigation water requirements.
Most western states are experiencing legul deliberaticons concerping seasonal
irrigacion water reguirements., Some facets of this are discussed by Burman
(1979},

The development of the Blaney-Criddle method led to the publication of state-
wide atlases that show climatic data, irvigation water requirement estimates,
typical growing secasons, and in many cases irrigation efficiency estimates.
These atlases have been used for irrigation scheduling, water rescurce analy-
sis and water right transfers., At least three western states are now revising
the atlases., Some of these states are on the third revielon and they are
being prepared for castern states where supplemental irrigation 15 practiced.

Seasonal estimates of irrigarion water are useful in the snalysis of future
regulation of water pumped from agquifers such as the Ogalla Formation. Ob-
viously, water not pumped involves no expenditure of energy and does not
furthcr deplete the equifer. Improvements in the art and sclence of estimsting
irrigation water requirements are importent in management of these resources.

FUTURE RESEARCH AND DEVELOPMENTS
- Future water management will be grcatly influenced by three major factors,
Firstly, competition for water between agricultural, municipal and industrial

water uses will increase, Secondly, energy avallability and cost will nave a
great impact on irrigaclon. Thirdly, economics will force agriculture to
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become more efficient in fts use of resourced 9y " "
irrigation equipment, water and manpower in the future, The tepica of this
paper are germaine to all of these problems. a pointed illustration of some
of these 1s the publicity glven to the use of pump irvigation in the zparnan
from the Ogallala aquifer formation, |

Stone (1977) haa reviewed management techniques that can be used to increase
or decreage ET, :

A case where it 1s desirable to increase ET is in land application of waste-

water for treatment. Techmiques that may be applied based on future research
are altering plant reflectence, using various kinds of surface eulching, the

use of shade, vapor barriers, windbreaks, and Favorsble canopy geomelbry.

Many of these management techniques are discussed In detail in the ASAE Monoe
graph "Modification of the Aerlal Environtient of Crops" Barfield and Gerber
{1979). Much future resecarch by plant breeders will be uevorea co tne task

‘of producing new cultivars of commercial crops that make more efficient use

of water Bitoun (1979). In addition to selection for the purpose of water
use efilciency, selection will need to be bosed on crops that can uge poorar
quality water satisfactorily from irrigation return flows and municipel waste
water, These will both have an influence en the sclence and art of predice=-
ing irrigation water requirements, ) :

The optimum timing und applicativn of irrigation water hns been rescarched

for mapy years, It is very Llikely that this will continue or even accélerate.
In mapy cases muxinum yleld per unic of wuter 2ay be more fmportant than
maximum yleld per acre. These developments will certainly have an influence
an the way irrigation water requirements are met.

In spite of the major strides that have been made in predicting Lfrrigation
water requirements it is still far from an exact sciente. The results of
agrencmic and engingering experiments have ko be combined with experience

In crder for good irrigation water requirement estimatés to be made. Aca-
demicia and researchers have a tremendous challenge to summarize and simplify
rosults so that fleld engineers, hydrologists and agronomists can use the
vast amounts of information in a correct manner. An often overleooked task

is the education of field engineers, agronemists, technicians in irrigation
scheduling and others, . .

SUMMARY

Many advances in the art and science of predicting irrigetion water require-
ments have been made in the past decade. These include the emergence and
acceptance of the reference crop ET concept replacing the often ambigious
"potential EI"., The additional ET data collected in the past 10 years has
resulted in significant improvements in crop coefficients. The concept of
a "busql" crop curve should benefilt irrigation scheduling. The widespread
research technique of relating ET or lrrigation water applied to crop yield

resulting in "production functions” will permit the best possible management

of scerce irrigation water, Analysis ot a very broad based data set has-
resulted in calibration of the Blandy-Criddle, radiation, Penman and pan
evaporation methods for the estimation of grass related reference crop ET,
This mudification of the Blaney-Criddle method is the wost dramatic in the
histery of the method. Instead of a one-step process, Blaney-~Criddle
estimates can be first made for reference crop ET and then e¢rop ET can he
calculated by the use of a grass related crop coefficient. This results in
much more flexibility for the Blaney-Criddle Method, The Peuman method has
been improved for the estimation of daily ET estimates using alfalfa relaced
rveference crop ET, This is accomplished by using variable albedo, net radia-
tion and wind function coefficients. Some states are now on thelr thitird re-
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