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ABSTRACT

Four consumptive use methods presented by the United Nations Food
and Agricultural Organization (FAO} (Doorenbos and Pruitt, 1977) and the
Jensen-Haise, SCS~modifled Blaney~Criddie, standard Penman and Wright-
mocdifled Penman (Wright, 1982a) methods were compared using dally
weather data from the USDA-ARS Snake Rliver Conservation Research Center
at Kimberty, ldaho. The FAG-modified Bianey-Criddie (FA0O-BC) method was
sejected as the best method for estimating consumptive use on a
statewide basis, based on accuracy and responsiveness of the equation
and the primary data requirement of air temperature, only. An
additional benefit of using the singie parameter FAO-BC method is that
It can be used as a multiple~parameter method where measured values of
wind, humidity and sciar radiation are availabie. A ten percent upward
ad justment to FAO-BC estimates per 1000 meters elevation suggested by
Pruitt (Doorenbos and Prultt, 1977) was found o be necessary.
Al fal fa/FAO-BC reterence ratios developed using Kimberly data were found

to be transferrable to other ldaho sites.

NOAA weather stations throughout Idaho were objectively rated
according to the degree of station aridity and environmental effects on
air temperatures. Mean monthly Temperatures at each NOAA site were
ad justed downward according to the station aridity rating and maximum
aridity effects reported by Allen (1983) for idaho. Monthiy statistics
were computed Tfor consumptive use estimated for 98 weather sites In
ldaho using +he calibrated FAQ-BC with elevatlon correction and

alfal fa/FAO-BC reference ratios,
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CHAPTER |

INTRODUCTION

Good estimates of consumptive use and firrigation requirements by
agricultural crops are important in planning, design and operation of
irrigation and dralnage systems and for evaluation and management of
hydrologic systems, Decisions concerning sizing of reservoirs, canals,
plpelines, pumping systems and farm appllication systems reqguire
knowledge of timing, volume and varlation of irrigation requirements.
Knowledge of Irrigation requirements [s necessary in choosing eccnomic
cropping patterns, for operating farm application systems effectively
and for westimating lebor, . capital, and energy requirements and

irrigation efficiencies.

State and federal water resources agencies have need of irrigation
requlrements and consumptive use estimates for use in evaluating siream
tlow depietion by current and proposed Irrigation development and for
review and |litigation of water rights applications and disputes. The
ldaho Department of Water Resources is responsibie for review and
processing of irrigation development proposals under the Carey Act and
the Bureau of lLand Management, USDI, Is responsiblie for Desert Land Act

[rrigation development.

Knowledge of minimum leveis of consumptive use are needed by
designers of systems for land application of effliuent from waste water

treatment plants to prevent hydraulic overloading of soli systems.



Definition of Terms

Consumptive Use. (CQU). The amount of water <+ranspired by an actively
growlng or photosynthesizing plant pius water evaporated from soil and
follage In the area occupied by the growing plant. This term Is
synonomous wilth evapotranspiration and is usually expressed in unlts of

length per unit of time.

Effective Rainfail. {(ER}. Rainfall which confributes foward meeting
the CU requirement of a crop. Effective rainfall Inciudes +that
precipitation which does not leave as surface runoff nor contributes to
subsurface drainage. Effective Rainfaii Is expressed in units of length

per unit of time,

Consumptive Irrigation Requirement. (CiR). The depth of irrigation
water, exclusive of within-season effective rainfali, required to meet
the CU requirement of a crop. This term may include contributions from
stored soii moisture or groundwater and Is expressed in units of iength

per unit of fime,

irrigation Efficiency. (IE). The percentage of diverted irrigation
water that is stored in the scoii and avallable for consumptive use by
the crop. This efficiency refiects iosses due 1o canal and reserveir
seepage and evaporation, operationai spilis, pipe leaks, wind drift from
sprinkier Irrigated fieids, excess or nonuniform Irrigation application

and surface runoff.

irrigation Requirement, ({R). The amount of water required +o be

diverted +tc¢ the irrigation system per unit of +time *To meet tThe



consumptive lIrrigation requlrement and leaching requlrement. The
irrigation requirement is calculated by dividing the CIR less carryoﬁer
soil mojsture and groundwater contribution and plus leaching requirement
by the irrigation efficlency, Irrigation requirement is expressed in
units of length per unit of Time or units of volume per unit area per

unit of time.

Carryover Soll Molsture. {(CM)., Moisture stored In soiis within rooting
depths during winter, at times when the crop Is dormant, or before the
crop Is planted. This moisture 1is available to heip mest the
consumptive use needs of the crop and can be expressed in units of
length per wunit of *time or units of volume per unit area per unlt of

time.

Previous Studlies

The importance of consumptive irrigation requirements for ldaho has
fong been appreciated. The ldaho Code (1943,1969) states +that no permit
shail authorize the diversicon for irrigation purposes of more than 1§
second~foot for each 50 acres of land, or more than 5 acre-feet of
stored water per acre per annum, unless The administrater +inds a
greater quantity to be necessary. One second-foot per 50 acres is

equivalent to 1.2 acre-feet per acre per month.

Bianey and Criddlie {1950} presented a temperature-based method for
determining consumptive use in Irrigated areas which was used in idaho
to determine irrigation requirements by Jensen and Bianey (1952).
Later, the Soll Conservation Service (1967a) publiished an irrigation

guide for southern and southeastern idaho based on a modlfled version of



the orliginal Blaney-Criddle method. Sutter and Corey (1970) extended
application of the SCS-modified Bianey-Criddie equation (Soil
Conservation Service, 1967b) to all major agricultural areas within
ldaho. Consumptive use and consumptive Irrigation requirements by crop
were estimated for 42 weather sites In Idaho. The publication by Sutter
and Corey was published as University of idaho Coliege of Agriculture

Builetin 516.

Jensen et al (1971) presented procedures for estimating consumptive
requirements and Iirrigation schedules using methods deveioped at +the
USDA Snake River Conservation Research Center at Kimberly, ldaho. Work
at Kimberly has included measurement of consumptive use with welghling
lysimeters, adaption of a comblnatlion-type method to estimate
evapotranspiration and development of crop coefficlents for southern
[daho crops. Research on consumptive use at Kimberiy has been reported
by Wright and Jensen (1972;1978), Jensen and Wrlight (1978}, Wright

(1979;1981a;1982a), and by Burman et ai (1980).

Need to Revise Bulletin 516

I+ has been shown by Pelton et al (1959) that mean air femperature,
as wused In the SCS-Blaney Criddle method, may not be a suitable
predictor of evapotranspiration by Itseif. They stated that I1imited
success [n application of a temperature ET method necessitated regional
adjustment to establlsh a mutual correlation between solar radiation, ET
and alr temperature for a particular crop surface within a particular
locale, and in part to adjust for +thermai lag and general advective
conditions, Pruitt (1960; Pruitt  and Jensen, 195%) found +he

Bianey-Criddie method to underestimate lysimeter measurements of Ladino



clover at Prosser, Washington uniess a cailibrated variabie "KY factor

was used.

In a comparison of consumptive use methods reported by Jensen
(1974), +the GSCS-medifled Blaney Criddle consistantly underestimated
monthiy consumptive wuse for alfalfa at Ten International sites.
Underestimation was greatest at arid locations. The study concluded
that the Blaney-Criddle method appears to require jocal or reglonai
coefficlents +to produce reliable results, It should be noted +that
comparisons of monthly consumptive use were made between the
Blaney-Criddie with an alfalfa hay coefficient and an alfaifa reference
(uncut alfalfe). When adjusiments are made to the alfalfa reference to
refiect three cuttings of hay, The difference between the reference
(lysimeter) and Blaney-Criddle Is reduced by about 50 percent. However,
the Blaney~Criddle deoes still underestimate, even with this correction
as Is discussed In subsequent sections of +his report. Pennington
(1980) compared +the  SCS-modlified Blaney-Criddie Yo  lysimeter

In Nevads. Seascnai

(1]

measurements of alfalfa hay at seven site

estimates by the Blaney Crliddle averaged 30 percent low.

Erpenbeck (1981; James and Erpenbeck, 1981) compared twenty~three
consumptive use methods at Prosser, Washington agalnst iysimeter and
gravimeiric data. He found +*he originat Bilaney-Criddie methed To
average 16 percent jow and the SCS-modifled Bianey-Criddie o average 28

percent low for the perliod 1954 through 1962.

The SCS-~modified Bilaney-Criddle has been noted fo underestimate
consumptive use for aifalfa hay, winter and spring grain and cora at

Kimberly (Freeman et al, 1981},



Because consumptive use estimates in Bulietin 516 were calcuiated
using the SCS-modified Bianey-Criddle, and because the SCS«modlfied
Blaney~Criddle method has been found to underestimate consumptive use,
this study was [nitiated to evaluate recent advances In consumptive use
estimating procedures to determine [f better procedures are avallable
and to apply a selected and validated procedure to weather stations in

idaho.



CHAPTER 11

ESTIMATING CONSUMPTIVE USE IN ARID ENVIRONMENTS

Potentlal ET, reference ET and pan evaporation ajl represent
standards on which crop ET can be based. These three £7T standards
attempt +to incorporate most ciimatic factors infiuencing crop ET wi?ﬁin
the standard itself, *thereby allowing ET of specific crops +to be
calculated by muitipiying the standard by a coefficient refiecting
physiological varlations. There is much discussion In +he |lteraturs

defining the standards and dictating thelr use.

Potentlal Evapotranspliration

Burman et al (1980) have defined potential evapotranspiration as
the rate at which water, {f available, would be removed from the soli
and plant surface. This Term Is expressed as the latent heat transfer
per unlt area or its equivaltent depth of water. Van Bavel {1966) noted
that evapotranspiration s at potential only when the vapor pressure at
the evaporating surface is at the saturation point and adequate mixing

of alr exlsts.

Because of the difficulty of attaining and verifying true potentiaj
evapotranspiration In fleid studies, Penman (1948) used clipped grass to
represent potentlial ET. Jensen (1974) represented potential ET wlith a
wel I-watered alfalfa crop 30 to 50 ¢m tali fo provide adequate mixing of
air., Doorenbos and Pruitt (1977) suggested using an extensive surface

of 8 T0o 15 cm ftall green grass cover 7o estimate potential ET. Because



of ambiguities invoived In Interpretation of the concept of potential
evapotranspiration and callbration of equations to estimate potential

ET, the term "reference evapotranspiration” has been used instead.

Reference Evapotranspiration

The use of the term reference evapotranspiration To define a
standard or potential against which ET by crops can be compared has
value In that ET by the reference crop can be readily measured and
duplicated between locations and climates for {ocal cailbration of
reference ET methods. There has been debate, however, on what type of
crop to use as a reference. Doorenbos and Pruitt (1977) defined
reference ET as "the rate of evapotranspiration from an extensive
surface of 8 to 15 cm, green grass cover of uniform helght, actively
growing, completely shading the ground, and not short of water." Jensen
et al (1970) proposed that reference ET be defined as "the upper limit
or maximum  evapotranspiration  that occurs under given climatic
conditions with a field having a weli~watered agricuitural crop with an
aerodynamical |y rough surface, such as alfalfa with 30 7o 45 cm of top

growth."

Erpenbeck (1980) lisTed reasons for sejection of alfalfa as an ET
reference, with The primary reason being That aifalfa is more |ike other
agriculturai crops than is grass. Since advection is a common
occurrence in irrigated areas and its affect on ET depends on crop
roughness, It is best fo use & reference with a helght and roughness
simitar to most crops. Alfaifa provides sufficlent canopy thickness to
abscrb solar radlation above the ground surface so that the measured

reference ET Is not Influenced by soli conditions. Alfalfa also has low



leaf resistance To water vapor diffusion and a large root system,
especlally compared to grass, which minimizes the effects of high

climatic demands and decreasing soll moisture on the reference ET,

Evapotranspiration for agricultural crops Is commonly computed with
elther grass or alfalfa references by muitiplying the reference by a
simple coefficient which varles with tlme according To crop Type and
growth stage. Crop coefficlents have been developed for a grass
reference by Pruitt (Doorenbos and Pruitt, 1977; Bﬁrman et af, 1980) at
Davis, California, and for an alfalfa reference by WfighT (Wright, 1679;

1981a; 1982a; Burman et al, 1980) at Kimberiy, ldaho,

Conversion of coeftficlents from a grass reference to an alfalfa
reference or vice versa [s difficult, as no frue [lnearity between the
references exists wlth time, location and climate (Doorenbos and Pruitt,

1977, p 45; Erpenbeck, 1980, p 104).

One benefit of basing crop coefficlients on a specific reference is
that the coefficlents are made Independent of the type of method used +o
estimate that reference. in other words, a reference value can be
measured or calcuiated with a temperature method, & combination method,
a radlation method, pan evaporation, or other method, as long as the
particular method Is calibrated Yo accurately predict the reference crop
selected. Thls premise was foljowed by Doorenbos and Pruitt (1977} by
presenting four different methods +to estimate reference ET  with
selection of method based according fo availabie weather information.

All methods use the same set of crop coefficlents,
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Use of an equation to estimate aifalfa reference ET Is useful In
that effects by cuittings can be ignored, thereby estimating ET by a

healthy, rapldly growing alfalfa stand throughout the growing season.

Pan Evaporation

Pan evaporaticn has been used as an evapoiranspiration standard for
many years, especially in Washington and Callfornie (Pruitt and Jensen,
1955; Prultt, 1956; 1960; 1966). One hinderence to +the widespread use
of pan evaporatlon as an ET reference has been varying effect on
evaporation brought about by pan +type, size and shape and by sliting
effects (i.e., bare ground vs. grass). These effects have been
quantified, however, and can be accounted for using procedures outiined
by Doorenbos and Prultt (1977) and discussed by Burman et al (1980) and

Jensen (1974).

Pan evaporation has not been extensively used In idahc to estimate
consumptive use due to the shortage of pans within the state (National

Oceanic and Atmospheric Administration (NOAA), 1982).



CHAPTER 111

METHODS CONSIDERED FOR REVISION OF BULLETIN 516

During 1982, 158 weather stations throughout idaho reported dafly
weather measurements to the Nationai Oceanic and  Atmospheric
Administration (NOAA, 1982). Of +these 158, only nlne report pan
evaporation and oniy__Three report radiation, humidify and wind speed
information,  However, al?m temperature an¢ precipitation data were

reported by all statlons.

Lack of solar radiation, humidlty and wind rurn data at more than
three slites in {daho preciudes the use of consumptive use methods
requiring this type of information, !eaving only temperature based

methods as belng app!icable.

Doorenbos and Prultt (1977) presented a temperature based method
(FAG-Bianey~Criddle) which Is self-callibrated according to climate and
elevation., Coefficients are presenfed which adjust the estimated
consumptive use depending on the average humidity, windspeed and
radlation of the site. The average climatic values of minimum humidity,
windspeed and radlation used for adjustment shouid be as representative
of +he site as possibie. If no values are avallable, They can be
estimated {Doorenbos  and Proitt, 1977). Sensitivity of +he
FAO-Blaney-Criddie (FAQ-BC) +o the three ciimatic parameters Is

discussed in a subseguent sectlon.

The SCS~-modified Blaney Criddle (SCS-BC) and FAO-BC temperature

meThods were selected during this study for comparison with consumptive

11




use measurements and estimates at four sites In Idaho. The FAQD
radlation, Penman and corrected Pepman methods (Doorenbos and Pruitt,

1977) were also compared to estimated ET at the sites.

The SCS-BC and FAO Blaney-Criddle, Radlation, Penman and corrected
Penman methods were evaluated using daily weather date from the USDA-ARS
research center at Kimberly, !daho (Twin Falis WS0). The Kimberly site
was selected because of The availabillity of solar radiation, relative
humidity (dew point temperature) daliy wind run, hourly wind speed, and
air temperature data in an agricultural sefting. The Kimberly site also
includes two welghing lysimeters (Wright and Jensen, 1978) and data from
this site were used +*o develop a combination ET method (Wright, 1682a;
Burman et ai, 1980) which can be used To represent the lysimeter
measurements (Jensen, 1974). The importance of using data from an
irrigated, agriculfural setting was demonsirated by Allen (1983} and Is

discussed in this report,

The adaquacy of methed estimation at Kimberly was judged by how
weli the estimate compared to an alfalfa reference as calculated using
the Penman-type combination method and appiication procedure developed
by Wright (1982a), hereafter refered to as Wright-1982. The Wright-1982
method was calibrated fo dally lysimeter measurements  of
evapotranspiration by alfalfa at Kimberly, ldaho by Wright, and has been
used In many areas of the world as part of the USDA-ARS Irrigation
schedul ing program (Wright and Jensen, 1978; Jensen and Wright, 1978).

This combination equation includes a wind function of the form (aw+bw

(u)) where a_ and b, are coefflcients which vary with time of season



according to pelynomial equations presented by Wright (1982a; Burman et
al, 1980). The term u Is the dally wind travel (km/d) at 2 meters. The

Wright - 1982 method s described in detall in Appendix A,

Monthly and dally values of reference ET were caiculated by seven
different ET methods wusing a modlification of the Forfran computer
program presented by Doorenbos and Pruitt (19772, This program,
entitled FAD24, includes esTlmating procedures for  the FAQ
Blaney-Criddie (FAQ-BC), FAO Radiation (FAO-RAD), FAO Penman (FAQ~PEN}
FAO-corrected Penman (FAQC-CPEN) and +the FAQC pan evaporation (FAO-PAN)
methods as originaily presented by Doorenbos and Pruitt (1977).
Procedures for estimating the SCS modified Bianey~Criddie (SCS, 1967b)
were included into the routine by Pennington (1980) at the University of

Nevada, Reno.

The FA024 routine was revised during tThis study Yo Inciude
procedures for estimating reference ET using the Jensen-Halise method
(Jensen, 1974), the Penman method as reported and applied by Jensen
(1974) and the Wright-1982 method. Revlisions to the routine during this
study aiso Incjuded modification To aiiow calcuiating the FAD
Blaney-Criddie using 1) daily values of humidity, wind, soiar radiation
and temperature; 2) monthly averages of humidity, wind, soliar radiation
and femperature; and 3} monthiy values of humidity, wind, and sclar
radiation averaged over the period of weather record and monthly values
of &air “emperature. Other modiflications to the FACZ4 program were
Incorporation of an elevation correction for the FAO-BC consisting of a
10§ increase In the ET estimate per 1000 meters above sea level
{Doorenbos and Prultt, 1977), correction of the equation for calculating

air pressure, and calcuiation of reference ratios for each method.
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Reference ratios, calculiated as reference ET estTimated by Wright-1982
divided by reference ET estimated by the other methods, were used +o
Indicate the relative goodness of fit of each method to Kimberiy
reference ET. A brief description of each consumptive use method
Incliuded in the FA024 program 1is Included In the Appendix A of this

report,

Resuits of Method Comparison

The FAOZ24 program was operated using a fourteen year period of
weather from 1965-1978 collected at Kimberly. Reference ET for a grass
reference (ET ) was calculated with the FAO methods using both daily
data and monthiy averages. Very smai! differences were found between
monthly values of ET  calculated with daily data and with monthiy data
for ail fourteen years as shown 1In Table i for the FAO-~Bianey-Criddle
method. This resuit Is significant in that the FAD~-BC method can be
used to estimate monthly consumptive use for weather sites throughout
Idahe wusing monthly values of humidity, wind, solar radiation and
temperature, rather than dally values, with very I[ittle error.
Averaging of daily data has no effect on The monthly esTimate due o
iInearity of +the FAO-BC method and ilnearity of procedures for
calcufating the coefficients used to adjust the FAO-BC estimate
(Doorenbos and Prultt, 1977). The percent daylight hours +term used in
the FAO-BC procedure is nonllinear; however, the effect of averaging over
a month has littie effect, The FAO~BC method is described in Appendix

A.

Monthly consumptive use at Kimberly was &lsc computed using the

FAO-BC with monthiy mean alr ‘temperature data, but with monthiy values



Table 1. Average monthly values of ETe calculated using the FAO-BC method
with daily aznd monthly weather data at Kimberly, 1966-1978.

Grass reference ETc, mm/day -

April May June July August September October
Daily¥® 3.50 5.46 6.99 7.94 6.81 k.76 2.07
Monthly¥%# 3.52 5. 44 65.94 7.63 6.81 4,73 2.63

#Daily values for mean air temperature, solar radiation; daytime wind
speed, and relative humidity.

#¥Monthly averages of mean air temperature, solar radiation, daytime wind
speed, and relative humidity.




for humidity, wind and solar radiation averaged over the fourteen year
period of record (long term). This computation simulated application of
the FAO-BC +o sites where only long term averages or ésTIma#es of
humidity, wind and sclar radliation are avaliable. Results are included
In Table 2. Table 2 also includes monthly averages for ET6 (grass), ETr
(alfalfa), and alfaifa hay ET, and standard deviations for the pericd of

record as estimated by the varicus equaticons.

Table 2 shows that the standard deviations (measure of varlance) of
estimates by the FAO-BC with short~term (monthly) weather are similar fo
deviations of ET_  estimated using Wright-1982. However, standard
deviations of monthly estimates by +the FA0-BC using long-term (14 year
average) monthly values for humidity, windspeed and solar radiation
{percent sunshine hours} and actuali monthly mean alr temperafure
averaged about 60 percent of those for ETr estimates using Wright-1982.
This result Is due to the reduction of varlables in the FAG-BC from 4
(temperature, humidity, wind, solar radiation) to 1 (temperature}.
Therefore, variation in the estimates Is iikely To be reduced, which Is
the case, However, mean vaiues of consumptive use are unaffected by
averaging the secondary weather parameters (humidity, wind, solar
radiation) due to {Inearity of the FAO-BC method. Reduction in varlance
of estimates by +he long +erm FAO-BC is aiso shown In Figure i. Each
point In this figure represents the monthiy consumptive use estimate for
one year of record. A more complete comparison of statistics generated
from estimates using the FAO-BC, SCS-BC and Wright-1982 methods and
lysimeter measurements of consumptive use has been described by Allen

and Wright (1983),

Standard deviations of monthiy alfalfa ET estimated using the



Table 2: Average monthly values of ETO and ETr calculated using FAQ methods,
Wrighi-1982, and the SCS-Bianey-Criddie at Kimberly, idaho, 1965-78.

April  May June  Juily August Sept. Oct.

Grass Reference ET_, mm/day

FAQ-BC Mean* 3.52 5.44 6,94 7.94 €.81 4.73 2.63
short term 5td Dev .78 .80 76 .39 .79 .62 A2
FAO-BC Mean¥* 3.46 5.44  7.07 8.03 6.79 4.73  2.863
long term Std Dev .38 .39 .30 .22 .40 .41 .23
FAO-Radiation Mean 4.10 5.80 &£.77 7.36 6.18 4.48 2.63
St+d Dev .76 .70 .67 .39 B4 .50 .31

FAO-Penman Mean 4.55 5.86 6.62 6.89 5.99 4,57 2.98
S+d Dev .73 .55 b1 .33 .57 .44 .27

FAQ-Ct+. Penman Mean 4,48 6.10 7.09 7.51 6.41 4.58 2,77
Std Dev .76 .61 .65 .33 .58 44 .28

Alfal fa Reference ETr, mm/ day

Wright-1982 Mean 4.20  6.21 7.54 7.9% 6.84 5.12 35.19
Std Dev .70 .65 .15 .42 .69 .54 .51

SCS-Blaney~Criddle aifalfa hay ET, mm/day

SCS5-Blaney-Cr. Mean 1.62 3,13  4.79 5.82 4.79 2.85 1.42
Std Dev .30 .39 » 38 <29 .48 .39 6
Wright-1982 Mean 2.60 5.78 ©6.64 6.47 5.20 3,48 1.15
St+d Dev .43 .60 .65 34 .52 37 11

¥ Using monthiy mean air temperature and monthly mean minimum refative
humidity, daytime windspeed, and percent sunshine hours.

¥% Using monthly mean alr temperature and iong term (14 vyear} average monthiy
relative humidity, daytime windspeed, and percent sunshine hours.

FAO-BC calculations include a 10% upward adjusiment per 1000 meters elev.
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SCS-modifled Blaney-Criddle (SCS~BC) are similar to those estimated
using the FAQ0-BC with Iong-term secondary data (Table 2). This
indicates tThat variation In monthiy estimates of consumptive use by
methods using temperature as the only variable Is Ilkely to be
underestimated. This phenomena must be recognized when calculating
frequency analyses of consumptive use data In order to obtaln meaningful
and accurate results. Allen and Wright (1983) suggested muitipiying
monthly standard deviations of estimates caliculated using the FAO-BC
method with {ong-term secondary data by 1.70, 1.64, 2.70, 2.22, 2.13,
1.61 and 1,35 for the months Aprii through October, respectively. These
multipliers were calculated by making comparisons with lysimeter
measurements of full-~cover alfalfa evapotranspiration at Kimberly,
ldaho.  Standard deviations of seasonal (Aprii-October) estimates using
the FAO-BC with long-term data shouid be muitiplied by 2.3. This value
was calculated by dlviding the standard deviation of seasonal ETr
estimated using the FAQO-BC with short-term secondary data (71 mm) by the
standard deviation of seasonal ETr estimated using the FAO-BC with
long-term data secondary data (30 mm}). The standard deviation of
seasonal ET_ estimated using Wright-1982 was 63 mm, which Is probably
about 15% low, based on monthly comparisons of standard deviations made

by Alien and Wright (1983).

As iIs shown In Tabie 2 and in Flgure [, the §CS-BC cieariy
underestimates monthly consumptive use for alfalfa hay at Kimberly as
compared to hay ET estimated by Wright-1982. Alfalfa hay ET as
estimated by Wright-1982 is for a well-watered, actively growing,
disease free, adequately fertliized alfalfa crop with no lodgling effects

{Wright, 1982b).
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The FAOD radiafion, Penman and corrected Penman methods compare well
with Wright-1982 at Kimberly (Figure 1 and Table 2). Grass reference
ET, should be about 85 percent of alfalfa reference ET. for FAO
equations applled at sites with climates similar +tc Kimberly {(Doorenbos
and Prultt, 1977). Comparlsons of the FAO, SCS and Wright methods at
weather sites near Wilder, Aberdeen and Rexburg are inciluded In Appendix

B.

FAQ Method Callbration

Reference ratios indicating the average reiative comparison of a
particular method +to +the Wright-1982 method were calculated for FAQ
methods by dividing ET_ estimated using the Wright-1982 method by ET,
estimated using the FAD  method, Monthiy reference ratios were

calcuiated as:

RR, = ET_,/ ET,; (0

where RR, js the reference ratio for month i, ET is the calcuiated

ri
alfalfa reference for month i using Wright-~1982, and ETO§ is +the

calculated grass reference for month | using an FAQ method.

Reference ratios were calcuiated for +the FA0 Blaney~Criddie,
Radiatlion, Penman énd corrected Penman methods. Calcuiated monthly
reference ratios for Kimberiy using 14 years of data are listed in Table
3. The ratios are used to convert grass reference as estimated by the
specific FAO method to an &lfalfa reference at Kimberiy. These ratios
incorporate a caiibration of the FAG-method +To Kimberly conditions,

besides a conversion from grass to alfalfa. They should not be used to
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Table 3. Calculated alfalfa/grass reference ratiocs for FAO methoda at
Kimberly, Idaho, and published alfalfa/grass reference ratios,

Reference
Ratio April May June July August September Cotober
FAQ-BCH 1.21 1.15 1.09 1.0% 1.00 1.69 1.22
FAQ=RAD 1.03 1.07 1.11 1.09 1.11 1.1l 1.21
FAQ-PEN .92 1.06 1.14 1.16 1,14 1.19 1.07
FAO~CPEN 0.96 1.00 1,09 1.08 1.08 1.13 1.16
Alfalfa/
grasyks 1.15 1.15 1.15 T.18 1.15 1.15 1.15
Alfalfa/s
grass®Es $.25 1.22 1.21 1. 1.2% 1.23 1.27
*FA0-Blaney-{riddle with an elevation correction of 10% increase per
1000 meters of elevation.
ftfrom Table 23, Doorenbos and Pruitt (1977), for a dry climate with
light to moderate wing.
*Etderived using ET/EPAN relationships for Prosser, Washington, and
ETe/EPAN relationships for Davis, California. {Erpenbeck, 1G81)
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Figure 1. Grass reference ET estimated using FAD-BC with monthly and long-term data and elevation

correction and alfalfa reference ET estimated using Wright {1982} for Kimberly, 1955-74.
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correct a grass reference calcuiated by any method other than the
particular FAO method stated to an alfalfe reference. Reference raftios
calculated for +the FAO-BC were tested against data from +three other

Idaho sites as discussed In a subsequent section.

Incliuded In Table 3 are alfaifa/grass reference ratios presented by
Doorenbos and Prultt (1977) and Erpenbeck (19812, Ratios calculated by
Erpenbeck average 7 percent greater than +Those by Doorenbos and Pruitt
for Aprii +through October. This may be due 7o the method used to
determine  +the coefficlents and complications due to using pan
evaporation as a common denominator between itwo different sites. Ratfios
calcuiated for +the FAO Radiation, Penman and corrected Penman approach
1.15 for the months June through October. April and May ratios are low
for all three methods lindicating a possibie overestimation of grass

reference ET by these methods for those months.

Reference ratios calculated for +the FAO-Blaney~Criddie wlth an
elevation correction vary from month o month, decreasing from April
through August and increasing from August through October. The ratios
of 1.01 and 1.00 for July and August indicate overestimation of ETO by
the FAO-BC for these months (grass ET should be 15% lower than alfalfa
ET). The reason for +this overestimation s not clear. Year-to-year
varfations of reference ratios for the FACG-BC at Kimberly are shown In
Figure 2, Variation among vyears for early and late months Is
considerable, indicating some Instability of +he FA0-BC as compared to

Wright-1982,

Because the FAO-BC method requires only monthly temperature data

and long-term averages for radiatlon, humidity and wind data, and
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because the FAQ-BC method provides better estimates of reference ET at
Kimberly +than other temperature methods evaluated, tThis method was

selected for further verification, callbration and testing.

Yerification of the FAQ-BC Method for {daho

The Wright-1982/FAQ-BC reference ratios calculated using Kimberly
data were tested for extension to other parts of Idaho using weather
data col lected by the Bureau of Reclamation (USBR) during the course of
its Irrigation management service study (McVey, 1981) and by Ricks
Coliege (Thomson, 1981). Weather measurements inciuded soiar radlation,
minimum and maximum alr femperature, daily wind run and dew point
temperature at 0800 hours for sites at Wilder (1973-1980), Aberdeen
(1978-1980) and Rexburg (1978-19801}. These  measurements ailowed
application of Wright-1982, a modified Penman combination ET method
(Wright, 1982a), for comparison with the FAO-BC. All wind data was
measured at 2 meters helght and daytime windspeeds {7am - 7pm) were
estimated using day/night wind ratios calculated from hourly wind data
for Boise, Pocatello and idaho Fails. Caliculation of wind ratios and
daytime wind 1is discussed in a subsequent section., A summary of
secondary weather parameters for these stations is Inciuded in Appendix

B, Table B-5.

Monthly reference ratios were calculated for Wilder, Aberdeen and
Rexburg by dividing the alfalfa reference estimated using Wright-1982 by
the grass reference estimated using FAO-BC with an elevation correction,
Elevations at the Wilder, Kimberily, Aberdeen and Rexburg weather sites
are 747, 1195, 1363 and 1481 meters, respectfully. Monthiy reference

ratios for each year of weather data are plotted in figures 3, 4 and 5
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for Wilder, Aberdeen and Rexburg. The 14-year average monthly reference

ratios calculated for Kimberly are also plotted in these figures,

Reference ratios calculated for Wilder, Aberden and Rexburg follow
the 14-year mean for Kimberly for each month and each site with the
exception of September and Cctober at Wilder, where the FAQ-BC estimates
higher relative to Wright-1982 than at Kimberly. This may be due to
dewpoint and alr temperatures recorded at the Wilder site during these
menths which were greater than at Kimberiy. The higher dewpolnt would
cause the second term of Wright-1982 to estimate iower ET, while +the
higher temperature would cause the FAO-BC fo estimate higher ET (see
Appendix A, page 8). The minimum refative humlidity term used to adjust
the FAQ-BC would be unaffected, since the higher alr temperture and
higher dewpoint temperature would cancel each other in calculating the
relative humidlity value. However, +the hnigher alr temperature would
result in a higher estimate by FAO~BC. Kimberiy reference ratios fit
Wilder, Aberdeen and Rexburg very pooriy when the elevation correction
was not used. Figures showing comparisons without +he elevation

correction are Inciuded in Appendix B.

Figures 6, 7, 8 and 9 show monthiy &alfalfa reference ET calculeted
for Kimberiy, - Wilder, Aberdeen and Rexburg using +the FAG-BC and
Wright-1982 methods. Grass reference ETO estimated by the FAO-BC was
multipiied by the Kimberly FAG-BC reference ratios before being piotted
in these figures. MonThiy values of minimum reiative humidity, daytime
wind and solar radiation were used in calculating the FAO-BC. Kimberly
FAO-BC monthly reference ratlos for April through October are 1.21,
1.14, 1,07, 1,01, 1.00, 1.08 and 1.22. Alfaife reference £T estimated

by the FAO-BC with Kimberly reference ratios compares very well with
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aifalfa reference ET estimated by Wright-1982, with the exception of

September and October at Wilder and August at Rexburg.

The FAO-BC with Kimberly FAO-BC/Wright-1982 reference ratios was
also tested using dally weather data measured at irrigated sites in the
Bell Rapids Mutual and Grindstone Mutual Irrigation projects (Allen,
1983) during 1981, These projects are located in the Bruneau Plateau
area south and east of Glenns Ferry., Both weather sites were located
over irrigated alfaifa, However, alfalfa at the Grindstone site was
ralsed for seed production, and consequently received less than optimal

Irrigation required for normal hay production.

Figures 10 and 11 are graphs of ten-day running averages of
reference alfalfa ET estimated for the Beli Rapids and Grindstone sites
using the FAO-BC with Kimberiy reference ratios and an elevation
correction, and using Wright-1982, Estimates by the two methods compare
very welil for the Beli Rapids slite (Figure 10) through +the entire
season, 1he FAD-BC does estimate iow, compared to Wright-1982, for the
Grindstone site during July and August. This is most Iikely due to
large-scale advective effects at the Grindstone site during these months
due to drying of the alfalfa seed crop and corresponding reduction of
actual crop ET. Dally alfaifa reference ET calculated by Wright-1982
and the FAO~BC are shown In Figure 12 for Bell Rapids. The proximity of
daily FAO-BC estimates ‘to Wright-1982 estimates Is remarkabie,
considering i+ is suggesfed thaT The FAO-BC oniy be used to estimate
consumptive use for periods of 30 days or ionger (Doorenbos and Prul+tt,
1977). The closeness of estimates ([ndicates +that the FA0-BC Is
sensitlve fo changes In temperature, wind humidlty and radiation in much

the same manner as Wright-1982, even though the FAC-BC Is composed of
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reference ratios and an etevation correction and using WRIGHT~1922 at Grindstone Bulte
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30

T I T ‘ T ! 1 [ k) i 1 i T
14.84.
Tﬂ;. WRTGHT-1982 DRILY RALFARLFHE ETR
-G el T FAO-BLANEY-CRIDDLE RT EELL RRP I ES
.,
= u
E 1s.9L
- B M ¥
- s.2}. 4 3
L i ) A
1] £.03 j |
[ L
-y
_— 4,0b
b %
[ - ¥
‘if z.el. ‘\
LIJ 2 5
(v a,0 ) i i | L i . ] i i — ! f
APRIL MAY JUNE SULy HUBUST SEPT. DT,
MOMTH 1981
Figure 12, Daily alfalfa referernce ET at Bell Rapids Mutual Irrigation Project during 1987 estimated

using WRIGHT-1982 and the FAD-Blaney-Uriddle with elevation correction and Rimheriy
reference ratios.




31

mostiy Ilnear relationships and the Wright-1982 method Includes many
nonlinear relationships (Appendix A). The comparison in Figure 12 may
be compietely fortutitous. However, it does Indicate that the FAQ-BC
with elevation correction and Kimberly reference ratios could be used fo
schedule irrligations In ‘The Be}l Rapids area, provided dally
measurements of temperature and daily measurements of humlidity, wind and
solar radiation are avallable. Simiter compariscns between dalily
alfalfa reference estimates using the FAO-BC and Wright-1982 methods for
Talmage, ldaho (elevation 1700 meters) Indicate a simliar goodness of

fit and sensitivity between methods (Allen and Brockway, 1982; 1983).

The FAG~BC apparently ls not as sensitive to pronounced advection
{(large vapor pressure deflcits and high temperatures of air masses
moving In from oufside the Irrigated areas) as is Wright-1982 (Figure
t1). This advection occurred due to the proximity of the alfalfa site
to the project boundary (400 meters in an wupwind direction) and lack of
ET by the drying seed crop upwind of the site to bring the advective air
mass Into equllibrium wlth surrounding Irrigated flelds. Thisg
Insensitivity of the FAD-BC to severe advectlion ({or exireme evaporative
demands) experlenced at the Grindstone site would rareiy be experienced
at weather sites situated over well-watered alfalfa or grass with af

ieast 100 meters of irrigated fefch in an upwind dirsction.

In summary, the FAO-BC method with Kimberly FAO-BC/Wright-1682
reference ratios and an elevation correction of +10 percent per 15600
meters performs very well using weather dafa from 6 sites In southern
idaho as compared o Wright-1982, I+ provides good estimates of

reference ET on a 10-day or 30-day basls and should provide improved

estimates of monthly consumptive use for temperature stations Throughout




32

tdaho, provided good estimates of average minimum relative humidity, day

time wind speed and solar radiation are available.




CHAPTER 1V

APPLICATION OF THE FAO~BLANEY-CRIDDLE METHOD TG IDAHO

Application of +the FAO-Blaney-Criddie  (FAD-BC) method for
estimating consumptive use requlres monthly averages of mean daily alr
temperature and general estimates or measurements of humidity, sunshine
and wind. Use of humidity, sunshine (radiation) and wind estimates,
termed secondary weather parameters, provides an improved prediction of
the effect of climate on evapotranspiration (Doorenbos and Pruitt,

1977). The basic form of the FAD-BC is the foliowing:

(;' + o E;.a-:»;u/sm;;:, \>
ET, = (a + b [P(0.46 T + 8~?3)])M+mﬁjeyliggg.:~~l\“\(2)

where:
ET, = grass reference evapotranspiration, mm/day
T mean dally temperature In °C over +he month considered
P mean dally percentage of tTotal annuai daytime hours
obtalned from Table 1 of eppendix B for a glven month
and iatitude
a = intercept to adjust estimates based on minimum relative
humidity (RHMIN) and ratio of actua! sunshine hours to
possible (NRATIO)
0.0043 (RHMIN) =~ NRATIO -1.471 -
multlipiler to adjust estimates based on minimum relative
humidity (RHMIN), ratio of actua! sunshine hours To
possibie (NRATIQ) and mean daytime (7am-Tpm) wind
speed In m/sec (UDAY)
Elev = elevation of station in meters.

it

oo
H

The b coefticient In equation 2 can be interpoiated from tablies
presented by Doorenbos and Pruitt (1977)., The effects of the secondary
parameters, mInimum relative humidity, ratic of actual sunshine heours
and daytime wind speed, on adjustment of reference ET estimated by the

FAO-BC is shown in Figure A<t of Appendix A. The ET reference by the

33
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FAO-BC 1s sensitive to estimated or measured values of +the three
secondary parameters. Also, tThe use of long term monthiy averages for
secondary parameters rather +than measurements for specific years does
decrease the year-to-year variation (standard deviation) of the
estimates. This decrease was discussed in Chapter 3 and presented {n

Table 2 and Figure 1.

Avaliability of Secondary Weather Parameters

Measurement of the secondary weather parameters, minimum daiily
humidity, daytime wind speed, and ratic of actual sunshine hours (solar
radiation), are avallable for only |Imited sites In Idaho and for
varying perlods of time. Because estimates of consumptive use are
desired for many areas where only alr temperature and precipitation are
measured, avallable long-term measurements of secondary weather
parameters must be extended to surrcunding temperature stations to

enable use of the FAQO-BC.

The major sources of secondary weather data used during this study
Yo caiculate the a and b coefficlents used with +he FAD-BC inciude the
Climatological Handbook for Columbia Basin States =~ Volume 3 (Pacific
Northwest River Basins Commission, 1968}, and soiar radiation studies by
Satteriund and Means (1978). |Weather data from tThese sources were
compared with hourly wind data for Kimberiy, ldaho {Wright, 1981a) and

hourly SOLMET data for Bolse and Pocatello (NOAA, 1978).

The Pacific Northwest River Basins Commission {PNWRBC) reports
include hourly data for relative humidity and wind for Tfen stations in

idaho.  These stations and perlod of record for each station are llsted
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Iin Table 4., Data presented by the PNWRBC inciudes hourly frequency
analyses of relative humidity, windspeed and direction, alr temperature,
sky cover, dewpoint  temperature, cloud <celllng helgh?s and
precipitation. Actual measurements of global solar radiation (fotal

sky) were not reported.

Satteriund and Means (1978;1979) used & soiar radiation model do
estimate globa! solar radiation throughout the Pacific Northwest reglon.
Monthiy radlation estimates reported for the fen stations listed in
Table 4 were taken from the 1979 report. Values compare well with USDA

solar radliation data at Kimberly and sclar data from SOLMET.

The SOLMET data consists of hourly weather measurements recorded
for Bolse, Pocatello and Lewlston, [daho during the pericd 1952 - 19756,

This data was made avalitable by NOAA on maghetic Tape.

Calculation and Comparison of Secondary Data

Mean monthiy minimum relative humidity for each secondary station
was excerpted from frequency anaiyses presented in the PNRBC reports by
multiplying bracketed humidity levels by the probability of occurrence
reported for each bracket. The minimum hourly sum of +the products
calculated was selected as the minimum relative humidity for the month

and station. The minimum usually occurred between 1500 and 16CG0 hours.

Daytime and nighttime windspeeds were caicuiated In the same manner
as relative humidity. Bracketted wind speeds were muitiplied by the
probability of occurrence reported for each bracket. Products obtained
were summed for each hour and recorded. Daytime windspseds (UDAY) were

calcufated by averaging hourly wlindspeseds between 0700 and 1900 hours,
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Table 4. Location and period of record for secondary
weather parameters used in FAQ-BC.

Station Period of record
1 Coeur D7 Alene 1948-1953
2  Lewiston FAA AP 1849~1958
3  Boise WSO AP 1949-1958
4  Mountain Home AF 1951-1961
5 Gooding Airport 1949-1954
6 Burley FAA AP 1948-1954
7 Malad 1948-1953
8 Pocatello WSO AP 1949~1958
9 Idaho Falls FAA AP 19481954
10 Dubois Experiment Station 1948-1954
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Nighttime wind speeds (UNITE) were calcuiated by averaging hourly wind
speeds between 1900 and 0700 hours. A day/night wind ratic (URATIO) was

calculated for each month and site as: URATIO = UDAY/UNITE.

Mean monthly minimum relative humidity and daytime wind speeds and
day/night wind ratios for Pocatello and Bolse were also calculated using
hourly data from the SOLMET tapes for the period 1952-1976. Values for
SOLMET humlIdity and wind agreed well with +the data from the PNWRBC
reports, thereby verifying reiifability of the PNWRBC data. Data from
the two scurces were from different periods of Time. Similarity of data
from the two sources indicates that the PNWRBC data should be
representative of average climatic weather conditions at the ten weather

sites reported.

Figures 13 and 14 include mean monthiy minimum relative humidity at
Boise and Pocatelio from the PNWRBC and SOLMET sources. Also pliotied in
each figure are 14-year mean monthly values of minimum relative humidity
at Kimberiy. Humidity at Kimberly 1is similar to the alrport sites at
Boise and Pccatelloc eariy and {ate in the growlng seascon when
precipitation Is greatest. During June, July, August and September,
however, relative humidity at the airport sites Is 7 To 10 percent lower
than at the Irrigated, agrlcultural site at Kimberiy. For this reason
long term minimum relative humidlity at ali secondary weaTher stations
was |imited to above 30% in the consumptive use estimating program,
based on data at Kimberiy. Reasons necessitating this adjusiment are

discussed in more detall by Alien (1982) and Allen et ai (1983},

Mean monthly wind speeds for Z4-hour and daytime (Jam =~ 7pm)

periods are presented In Tabies 5 and 6 for Bolise and Pocatelio from
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SOLMET and PNWRBC sources and for the Kimberiy USDA-ARS sfite. Wind
means from the SOLMET source are also presented for the period from 1965
-~ 1976 for comparison with the 1965 - 1978 perlod at Kimberiy. Wind
speeds from The SOLMET source compare well with The PNWRBC data as shown

In Figures 15 and 16,

The alrport Z4~hour wind speeds (Bolse and Pcocatel lo) exceed those
at Kimberly durlng June, July, ﬁugusT and September. Lower 24-hour
winds at Kimberiy may result froﬁ agriculturai crop cover and lower mass
transport of air caused by lesé warming of the ground surface during
daylight hours and less cooiing of +the surface at night due to the

effect of Irrigation.

Daytime wind speed at Kimberly Is similar to wind speed at Bolse
(Figure 17) for all months, due to higher day/night wind raflos at
Kimberly during the summer months (Table 7). Day/night wind ratlos at
Kimberly do not exceed ratios at Pocatelio as much as they do Bolse.
Consequently daytime wind speeds calculated at Pocatel ic exceed those at

Kimberly during June, July and August as shown in Figure 18.

Secondary parameters calculated for the ten Idaho stations reported
by the PNWRBC (1968} and Satteriund and Means (1978) are listed In Table
8 along with parameters caiculated for the USDA station at Kimberly.
Day/night wind ratios at all sltes In Tabie 8 are less than the 2.0
defauit value suggested by Doorenbos and Pruitt (1977). The NRATIO
values In Table 8, defined as the ratio of actual sunshine hours fo
possible sunshine hours, were calculated from the Satturiand and Means
data wusing relationships presented by Doorenbos and Prultt (1977).

Clear sky solar radliation estimated using the Doorenbos and Prultt
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Table 5. Mean monthly 24-hour wind speed at Bolse, Pocatello and
Kimberly from SOLMET, PNWRBC and USDA sources.

24-Hour mean monthly wind (m/sec)

BOISE BOISE  BOISE  POCATELLC POCATELLO POCATELLO  KIMBERLY
SOLMET SOLMET PNWRBC SOLMET SOLMET PNWRBC USDa
1952-76 1965-76 1949-58 1952-76 1965-76 1949-58 1965-78

APR 3.76 3.91 3.35 4.y 4,22 3.74 3.79
MAY 347 3.58 3.08 3.95 3.77 3.44 3.28
JUNE 3.36 3.37 3.10 3.88 3.64 3.56 2.89
JULY  3.05 3.13 2.80 3.45 3.12 3.16 2.21
AUG 2.99 3.17 2.62 3.40 3.07 2.93 2.14
SEPT  2.95 3.05 2.67 3.44 3.21 2.95% 2.50
0CT 3.06 3.04 3.08 3.45 3.23 3.20 2.66

Table 6, Mean monthly daytime wind speed for Boise, Pocatello and
Kimberly from SOLMET, PNWRBC and USDA scurces.

Daytime mean monthly wind (7-7) (m/sec)

BOISE BOISE BOISE POCATELLO POCATELLO POCATELLO KIMBERLY
SOLMET  SOLMET  PNWRBC  SOLMET SOLMET PNWRBC USDA
1952-T6 1965-76 1949-58 1952-76 1965-76 1949-58 196578

APR 4.18 4 42 3.60 5.14 4,81 4.40 4.70
MAY 3.96 4.07 3.40 4.61 .41 4.00 k.00
JUNE 3.82 3.87 3.50 4.60 4.30 5.30 3.60
JULY 3.50 3.56 3.10 4,14 3.73 3.80 2.80
AUG 3.33 3.43 2.90 4,04 3.67 3.40 2.80
SEPT 3.18 3.28 2,80 3.5% 3.80 3.30 3.10
ocT 3.15 3.20 3.10 3.89 3.67 3.50 3.30
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Table 7. Mean monthly day/night wind ratios for Boise, Pocatello and
Kimberly from SOLMET, PNWRBC and USDA sources.

Day/Night mean monthly wind ratios

BOISE BOISE BOISE POCATELLO POCATELLG POCATELLO KIMBERLY
SOLMET  SOLMET  PNWRBC  SOLMET SOLMET PNWRBC USDA
1952-76 1965-76 1949~58 1952-76 1965-76 1949-58 1965-78

APR .25 1.30 1.16 1.37 1.33 1.43 1.63
MAY 1.33 1.32 1.23 1.40 1.41 1.39 1.56
JUN 1.32 1.35 1.30 1.46 144 1.52 1.65
JUL 1.35 1.32 1.24 1.50 1.49 1.51 1.73
AUG 1.26 1.18 1.24 1.46 1.49 1.38 1.89
SEP 1.17 1.16 1.10 1.38 1.45 1.27 1.63

oCT 1.06 1.1 1.01 1.29 1.32 1.21 1.63
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Table 8, Secondary weather parameters calculated from PNWRBC
report and from USDA data at Kimberly.

Parameter March April May June July August Sept. Oct.

COEUR DYALENE
nratio 45 .65 .59 .62 .85 .72 B4 .48
min.RHE (%) 64, 45, 46. 47. 33. 33. 37. 58.
daywind (m/s) 3.3 3.4 3.5 3.2 3.1 2.9 3.0 2.8
b/N ratioc 1.24  1.38 1. 46 1.44 1.53 1.4%  1.3% 1.26
solar (mm/d} 4,64 7.51 B.69 9.64 11.12 8.74 6.43 3.84

LEWISTON FAA AP
nratio LAY .63 .67 .67 .88 .81 Y .49
nin.RH (%) ug. 38. 39. 37. 22. 23. 26. 48.
daywind {(m/s) 2.4 2.3 1.8 1.9 1.8 1.7 1.5 1.5
D/N ratio 1.35 1.34 1.30 1.40 1.208 1.37 1.10 1.14
solar (mm/d) 4,85 7.53 9.38 10.13 11.44 9.47 6.72 4,03

BOISE WS AP
nratio .60 .70 .73 .75 .87 .83 .81 .66
min.RH (%) g7, 36. 37- 32. 22. 23. 27. 38.
daywind (m/s) 3.7 3.6 3.4 3.5 3.1 2.9 2.8 3.1
D/N ratio 1.07 1.16 1.23 1.30 1.28 1.24 1.10 1.01
solar {(mm/d} 5.81 8.25 9.94 10.81 11.39 9.79 7.82 5.12

MOUNTAIN HOME AF

nratio .61 .73 .69 .78 .89 .85 .80 .70
min.RH (%) 42, 33. 33. 28. 16. 16. 21. 32.
daywind (m/s) 3.7 3.8 3.8 3.7 3.0 2.9 2.7 3.0
D/N ratio 1.40 1.4%0 1.39 1.35 1.1¢ 1.30 1.35 1.44
solar (mm/d) 5.93 8.45 9.66 11.05 11.56 10.01% T.79 5.34
GOODING AIRPORT
nratio .64 .80 .75 .81 .86 .84 .82 .72
min.BH (%) 47, 30. 31. 28. 19. 21. 24, 33.
daywind (m/s8) 3.9 b 2 .0 3.9 3.0 3.0 3.1 3.2
D/N ratio 1.24 1.38 1.35 1.47 1.28 1.21 1.26 1.19

solar {mm/d) 6.09 8.96 10.08 11.31 11.31% 6.89 7.94 5.

BURLEY FAA AP
nratio .59 T .72 .78 .88 .84 .81 .73
min.RE (%) Lg. 36, 34, 31. 25. 26. 20. 35.
daywind {(m/s) 4.4 .2 3.8 3.0 2.9 2.7 2.8 2.8
D/N ratio 1.39 1.47 1.35 1.59 1.34 1.37 1.36 1.37
solar {mm/d) 5.90 8.72 9.86 11.08 11.51 9.91 7.92 5.54
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Table 8. continued.

Parameter March April May June July August Sept. Oct.
MALAD

nratio .60 .78 .71 .80 .88 .84 81 712

min.RH (%) 55. 38. 41, 35. 29. 28. 29, 39.

daywind {m/s) 2.2 2.7 2.7 2.4 2.2 2.5 2.1 1.7

D/N ratio 1.29 1.43 1.49 1.33 1.24 1.34 1.27 1.16

solar {mm/d) 5.98 8.89 9.81 11.25 11.51 9.9 7.94 5.58

POCATELLOC WSO AP

nratio .61 .75 T .79 .87 .82 .78 .Bb
min.RH (%) hg, 34, 33. 27. 20. 18. 21. 33.
daywind {(m/s) 4.2 4.4 5.0 u,3 3.8 3.4 3.3 3.5
D/N ratioc 1.28 1.43 1.39 1.53 1.51 1.3 1.2 1.2

solar (mm/d) 5.93 B.62 9.77 Hl.14 11,2 9.77  7.72 5.19

. IDAHO FALLS FAA AP

nratio .57 .75 .70 LT7 .87 .81 .78 .66
min.RH (%) Lg, 33. 31. 33. 25. 26. 26. 35.
daywind (m/s) 4.2 4,6 4,2 4.1 3.5 3.2 3.1 3.2
D/N ratioc 1.18 1.31 1.26 1.32 1.30 1.27 T.14 1.1
solar (mm/d) 5.64% 8,53 9.69 10.95 11.41 9.67 7.65 5.13

DUBOIS EXP. STATION

nratio .58 .T6 .67 .73 .84 .78 .75 .66
min.RH (%) 53. 31. 28. 29. 18, 18. 19. 32.
daywind (m/s) 2.9 3.6 3.4 3.5 3.5 3.1 2.7 2.3
D/N ratio 1.08 1.27  1.18  1.26 t.2h 1.21 t.12 1.0

solar (mm/d) 5.66 8.60 9.430 10.64 11.14  9.38  7.41 5.02

KIMBERLY USDA-ARS 1965~78
nratio .59 .67 .73 .75 .83 .78 .76 .69
min.RH (%) 4§, 37. 34, 34, 30. 30. 31. 34,
daywind {m/s) 4.4 b7 4.0 3.6 2.8 2.8 3.1 3.3

D/N ratio t.39 1.63 1.56 1.65 1.72 1.88 1.63 1.63
solar (mm/d) 5.96 8.64 10.6%1 10.93 11.22 6.60 7.75 5.47
max RH (%) 0. 86. 86. 86. B6. 85, 86. 89.

ave RH (%) 0. 62. 6G. 60, 58. 57. 58. 61.
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retationship (NRATIO =1} compare very well with clear sky solar
radiation measured at Kimberly by Wright (1978}, averaging about 4%
jower than Kimberly values. The sum of the two coefficlents used in the

solar equation averages 0.78 for Kimberly clear-sky solar data.

Calculated a and b coefficlents for use with the FAO-BC procedure
are listed In Table 9 for the 10 PNWRBC stations and for Kimberiy. The
tat coefficlent represents the intercept and 'b' is the slope of the
line representing 575 vs. the FAO-BC 'f' vaiue where: f = [P(0.467 +

8.13)] in equation 2.

The effect of higher relative humidity, Ilower wind speed and less
solar radlation In northern {daho reiative tTo southern Idaho is
accounted for by the lower values of 'b' for Coeur d'alene and Lewiston,
Values of ‘Yat are greater for northern Idaho during most months.
Coefficients calculated using Kimberiy data foilow Those for the other
south idaho stations. Mountain Home, OGooding and Pocatello o7
coeffliclents exceed those for other stations during some months,
possibly due to the aridity of the weather site environment at these
stations. Average monthiy wind, minimum humidity and solar data for the

secondary sltes is shown {n figures in Appendix B.

Jemperature Data and Site Aridity

Air temperature data |s available for over 100 weather sites in
Idaho on a dally and monthly basis (NOAA, 1982) Inciuding maxima, minima
and mean values. Lengths of record for NOAA stations vary from 12 to

over 90 vyears.

The majority of temperature stations consist of maximum/minimum
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Table 9. Coefficients a and b calcuiated for secondary weather
stations used to adjust FAO-BC estimates.

March April May June  July August Sept. Qct.
Coeur- a =-1.59 =1.87 ~1.80 =~1.83 «2.12 =1.99 -=1.86 ~1.64
dtalene b .99 1.31 1.26 1.26 1.56 1.45 1.36 1.06
Lewiston a ~1.67 =1.88 <«1.91 ~1.92 2,16 ~2.09 =1.95 -1.69
b 1.12 1.30 1.30 1.32 1.53 1.47 1.35 1.09
Boise a -~1.81 =1.95 =~1.98 2,02 =2.15 =2.1%1 =2.09 -1.91
b 1.26 1.4 1.45 1.52 1.61 1.57 1.55 1.37
Mountain- a ~1.84 ~2.00 -1.96 -2,06 =~2.17 =2.13 -2.08 ~1.97
Home b 1.32 1.51 1.48 1.58 1.62 1.56 1.58 1.45
Gooding a ~-1.86 =~2.08 =2.03 =~2.00 =2.14 2,12z =2.10 =1,99
b 1.30 1.63 1.57 1.62 1.60 1.58 1.58 1.47
Burley a -1.79 =-2.01 =-1.98 =-2.06 =-2.16 =~2.12 =-2.09 -1.99
b 1.27 1.53 1.49 1.57 1.61 1.56 1.55 1.43
Malad a =1.77 =-2.03 =1.94 =2.06 -2.16 =2.12 =-2.09 =1.96
b 1.14 1.43 1.3% 1.46 1.56 1.55 1.50 1.32
Pocatello a ~1.81 =2.01 «1.,98 =2.07 =2.1% -2.10 ~-2.06 =1.93
b 1.27 1.55 1.51 1.63 1.66 1.60 1.56 1. 44
Idaho- a =~1.77 =2.02 =1.98 =2.04 =2.15 ~2,00 ~2.06 «1.92
Falls b 1.24 1.57 1.53 1.56 1.64 1.58 1.55 1.40
Dubois a =1.76 =-2.04 -1.95 =~2.01 =2.12 =2.06 =2,03 =1.93
b 1.16  1.55 1.7  1.53 1.62 1.55 1,49  1.38
Kimberiy a =1.79 =~1.92 =1.99 -2.0%1 =2.11 -2.06 ~2,04 «%,5%
USDA b 1.27 .46 1.51 1.51 1.56 1.53 1.52 1.44
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mercury thermometers housed in white, wooden NOAA Ycotton reglion-type®
shelters (CRS) about 4 feet above ground surface. Types of ground
surface cover around the CRS may be dry, bare soll, unirrigated grass,
weeds, or native vegetetion, irrigated +urf or pasture, or gardens.
Shelters are often |ocated near gravel or asphalt roads, streets and
driveways, and near bulldings and trees, all of which impact alr

temperatures in and near the shelter.

Siting and aridity affects on alr temperature and vapor pressure
have been studied and discussed by many researchers. Holmes (1970)
recorded decreases of 3.0 and 2.0°C, respectively, in temperature of air
traveling from virgin pralrie to a large fake and to an irrigated region
in Alberta durlng August, 1968. Air temperature at Z0 meters elevation
increased 2.0°C as air moved back to virgin prairle. Surface radiation
temperatures measured over I[rrigated land averaged 10.0°C lower than

over uncultivated prairle at 1430 hours during this same period.

Hanks et al (1971) studied temperature, vapor pressure and wind
speed gradients along borders between dryland and Irrigated flelds of
graln sorghum during August at Akron, Colorado. They determined That
border advection, manlfested by horizontal Temperature and vapor
pressure gradients, occurred over most of the Irrigated plot, but was
most evident from O Yo 40 meters from the upwind edge. Hanks et ai
measured alr temperature differences of 2.5°C at 40 cm and 1.0°C at 2
meters above ground surface between the dryland and Irrigated plots.
Vapor pressure at 2 meters averaged 1.3 miiiibars (14%) higher over the
Irrigated plots as compared to dryland. Actual measured
evapotranspiration rates averaged 5.1 mm/day from the Irrigated sorghum

and 3.2 mw/day from the dryland sorghum,
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Burman et al (1975) measured decreased alr fempsrature, increased
vapor pressure and decreased wind speed along a transect extending from
dry sagebrush land Into the center of a large Irrigated area in southern
Idaho during August, 1972. Alr temperatures averaged 1.0 to 3.0°C |ower
over Irrigated sites than over desert. Vapor pressure deficits were 15
o 22 mlilibars less over Irrigated areas and windspeed was reduced
about 40 percent within the Irrigated areas, mostiy due to stabillity
effects on momentum transfer over Irrigated land. Calcuiated reference
ET {(potential) averaged 8 mm/day in the center of +the irrigated area

(Kimberly) and 10 mm/day at the desert slte.

Hashem! and Habibian (1979) compared temperature, humidity and wind
measurements at dryiand and irrigated sites in southwestern iran. Air
temperatures during April, May, June, Juiy and August averaged 2.0, 1.5,
2.5, 1.8, and 2.0°C higher over dryland than over irrigated areas.
Relative humidity measurements were 5 percent jower over dryland and
measured wind speed was 50 percent higher, Calculated reference ET
using dryland weather averaged 1.3 mm/day greater than ET computed using
weather measurements over irrigation. They concluded that ET computed
using meteoroijogical data from a station In a desert area tends o
overestimate ET which wili occur when a large irrigated agriculture is

established within tThe area.

Aflen (1983) measured differences In dally maximum end minimum alr
temperatures between two irrigated and two arid desert locations In
southern lIdaho durling 1981. Average monthly deperture of alr
temperatures over the arld sites from the Irrigated sites are |isted in
Table 10 along with smoothed monthiy aridity effects in degrees Celslus.

These aridity values were used To adjust NOAA temperature data during
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this study, based on slte descriptions, ground cover and Jjocal and

regional irrigation distribution.

Calculated reference ET reported by Alien (1983} using weather data
from +the Irrigated sites averaged 8.7 mm/day during July, whereas
reference ET calculated using ‘emperature and estimated dewpolnt data
from the desert site averaged 10.5 mm/day during the same period. Use
of alr and dewpoint temperatures from arid sites caused an
overestimation of seascnal ETr of 210 millimeters (17%) using

Wright-1982 and 260 millimeters (21%) using FAO-BC.

Sensitivity of +the FAO-BC +to changes in mean monthly air
temperature Is summarlized 1In Tabie 11, An overestimation of alr
temperature by 4°C when actual alr temperature over an Irrigated fieid
is 20°C will cause the FA0-BC +to overestimate ET. by 11 percent (Table
11). A corresponding underestimation of dewpoint caused by using data
from an arid slite and the resulting decrease In reiative humidity
(caused by both lower dewpoint and higher maximum alr ftemperature) will
further increase overestimation of reference ET by the FAD~BC or

Wright-1982 methods.

Rating of Temperature Statlions

Site and equipment descriptions are flied - for all current NOAA
temperature stations In ldahe. These descriptions, termed B-44 forms,
were made avallable by the Netlonal Weather Service Forecast Office in
Bolse, Ildaho {Olson, 1981). The B-44 forms contain Iinformation
concerning station location and layout, observer and equipment fype.

However, informatlon concerning vegetative cover at and around the
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Table 10. Average monthly departure of air
temperatures over arid areas from alr
temperatures over irrigated areas in
southern Idaho during 1981 and aridity
effect used in adjusting data., From
Allen (1982).

Temperature Departure, C

Month Maximum Minimum Average Aridity
4pril 2.7% 2.4 2.5 1.0%%
May 1.3 ) 0.9 1.5
June ‘ 2.k 1.8 2.1 2.0
July 4.8 2.9 3.8 3.5
August 5.2 b.3 4.7 5,5
Septenber 3.3 2.7 3.0 3.0
October 0.3 1.6 0.9 0.0

% difference between average of desert sites
2 and 4 and average of irrigated sites
1 and 3.

®#%  aridity effect used to adjust mean monthly
temperatures from NOAA stations

Table 11. Sensitivity of FAO-BC ET estimates to changes in
air temperature.

Mean air temperature Increase in air temperature, C
{celsius) +1 +2 +3 +1 +5 +6 +7 +8 +10

Sensitivity, 4 change in FA0-BC estimate

10 3.6 7.3 11.0 1.6 18.3 21.9 25.6 29.2 36.5
15 3.1 6.2 6.3 12.3 15.4 18.5 21.6 24.7 30.9
20 2.7 5.3 8.0 10.7 3.4 16.0 18.7 21.4 26.7
25 2.4 LT 7.1 9.4 11.8 14.2 16.5 18.9 23.6
30 2.1 4.2 6.3 8.4 10.6 12.7 14.8 16.9 21.1
35 1.9 3.8 5.7 7.6 9.5 11.5 13.4 15.3 19.1
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stations is generally lacking.

A questionalre was developed and submitted to observers at 100 NOAA
sites In idaho. informatlion was requested concerning ground surface
type around the weather sites, prevaillng wind directions, land use
types and Irrigated areas and trends within a | miie radlus and within a
30 mile radlus around each site. About 70 of the 100 questionaires were
returned. Unreturned questionalires were followed by phone conversations

tc obtain requested information.

Using Information from the questionalres, B-44 forms and phone
conversations, NOAA weather sites were objectlively rated as fo affects
of arldlity of the site and surrounding area on recorded alr temperature.
Results of the rating analyses are listed In Table 12. Cummuiative
ratings are based on ratings for the station, area and region, with most
emphasis placed on the station and area environment and precipitation
patterns. The mathematical relationship used to calculate cummuiative
station aridlty Is: Cummulative arlidity = 0.4(Station aridity) +
0.5(Area aridity) + 0.1(Reglonal aridity). Cummulative aridity ratings
are used in the consumptive use estimating program to adjust mean
monthly temperatures to temperatures expected i{n a large, Irrigated
environment over a weli-watered, actively growing grass or aifalfa.
Temperature differences {isted in column 4 of Table 10 are The maximum

ad justments made (aridity = 100).

Results of Temperature Adjusiment

Average reference ET estimates for Aprii - October and for July,

only are listed In Table 13 for three NOAA stations at Twin Falls. The
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Table 12. Aridlty ratings for ldaho NOAA weather stations for
adjJustment of mean monthiy alr temperatures.

Aridity ratings

O=irrigated 100=Completely arid

Aberdeen Exp. Station
American Falis 1 SW
Anderson Dam

Arbon 2 NW

Arco 3 SW

Ashton

Bayview Model Basin
Blackfoot 2 SSW
Biiss

Boise WSO AP
Bonners Ferry 1 SW
Bruneau

Burley FAA AP
Cabinet Gorge
Caldwell

Cambridge

Cascade 1 NW
Castleford 2 N
Chailis

Chilly Barton Flat
Coeur D'Alene 1 E
Cottonwood

Councli

Deer Fiat Dam
Driggs

Dubolis Exp. Station
Emmett 2 E
Fairfield Ranger Staticn
Fort Hall indlan Agency
Garden Vailey RS
Glenns Ferry

Grace

Grand Yiew 2 W
Grangeville

Halley Alrport
Hamer 4 Nw

Haze!lton

Hill City

Hol fister

Howe

Station Area Region Cumm

% % % %

Ground
Cover

TO¥ 3O 40%R¥ 454
90 40 i5 60
50 74 80 65
50 40 40 45
30 70 70 55
i¢ 50 20 30
50 Y 0 20
40 40 30 4G
20 40 80 35
100 70 20 75
10 40 20 25
&0 50 30 40
60 30 10 40
40 30 20 35
490 30 30 35
20 40 20 30
30 40 40 35
40 0 50 20
80 50 25 60
60 50 50 55
60 40 30 45
20 10 50 20
50 50 20 45
10 0 0 5
30 20 10 25
80 9t 100 S¢
20 20 30 20
10 20 20 15
30 30 $0 30
70 60 50 &5
70 90 90 80
30 30 ¢ 25
50 10 90 35
60 40 30 45
70 U 50 70
20 90 50 60
75 60 30 65
30 30 20 30
80 60 70 70
20 100 80 65

bare ground
bare ground
bare ground
garden
grass
grass

bare ground
grass

grass

bare ground
grass

bare ground
grass

bare ground
bare ground
grass

grass

bare ground
bare ground
bare ground
dry grass
grass

dry gress
grass
grass

bare ground
grass

grass

grass

dry grass
dry grass
bare ground
bare ground
grass

bare ground
dry grass
bare ground
bare ground
dry grass
grass
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Table 12. Continued.

Aridity ratings

O=irrigated 100=Compietely arid

fdaho Clty

tdaho Falis 2 ESE
fdaho Falis 16 SE
idaho Falis FAA AP
idaho Falls 46 W
lsland Park Dam
Jerome

Kel logg

Kjligore

Kooskia

Kuna 2 NNE
Lewiston WSO AP

Lifton Pumplng Station

Mackay Ranger Station
Malad

Malad City

Maita 2 E

May

McCal |

Minidoka Dam

Montpel ler Ranger Station

Moscow=Univ. of f(daho
Mountain Home

New Meadows Ranger Station

Nezperce

Qakiey

Ola 4 §

Oreofino

Pal isades Dam
Parma Exp. Station
Paul 1 ENE
Payette

Plicabo

Pocatel io WSO AP
Porthlil

Potlatch 3 NNE
Preston Sugar ractory
Reynolds

Richfleid

Statlon Area Region Cumm  Ground

% % 4 %  Cover

20 30 30 25 irr grass
75 50 20 5%  bare ground
30 40 40 35  grass

S0 70 30 7% dry grass
100 100 100 100 bare ground
60 10 10 30 bare ground
90 60 10 65 bare ground
80 20 20 45  bare ground
30 10 10 20  bare ground
30 30 30 30 grass

0 0 0 0 grass
70 50 20 55 dry grass
20 20 50 25  bare ground
30 50 40 40  bare ground
20 50 60 40 grass

40 50 60 45 dry grass
30 0 30 15 bare ground
50 50 10 45  bare ground
60 40 30 45  bare ground
50 70 50 60 grass

70 30 20 45 bare ground
20 15 10 15  wheatgrass
80 65 90 75  bare ground
20 20 20 20 grass

10 20 20 15  bare ground
20 40 80 35 grass

20 50 20 35 grass
30 30 20 30 grass

90 40 40 60  bare ground
30 0 0 10 bare ground
40 25 10 30 bare ground
10 20 0 1% grass

30 10 10 2t grass
100 S0 60 90  roof top

70 30 30 45  grass

10 10 i0 i grass

a0 40 20 40  bare ground
90 90 80 90  range

30 40 50 35 grass
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Table 12. Contlinued.

Aridity ratings

O=irrigated 100=Compieteiy arlid

Station Area Region Cumm  Ground

) % 4 9 Cover

Riggins 80 60 60 7G  bare ground
Rupert 60 50 20 50  bare ground
St Anthony 1 WNW 40 70 60 55  bare ground
Saint Maries 50 30 30 40  dry grass
Salmon 8a 80 80 80 dry grass
Salmon 1 N 80 80 80 80 grass
Sandpoint Exp. Station 10 5C 20 30 grass
Shoshone 1 WNW 100 50 80 75  bare ground
Stanley 60 60 60 60 dry grass
Strevel | 20 60 80 45  grass

Swan Fails Power House 100 75 80 85 bare ground
Swan Valiey 40 20 40 30 bare ground
Tensed 20 15 10 15 grass
Tetonia Exp. Station 10 10 10 10  grass

Three Creek 80 80 80 80  bare ground
Twin Falls 2 NNE 90 40 10 55  bare ground
Twin Falis 3 SE 50 30 0 35 grass

Twin Falis WSO 0 0 0 0 grass
Welser 2 SE 40 10 b 20 dry grass

¥ Rating of Immediate temperature sensor enviromment (50 meter
radius).
*¥% Rating of area within 1 mile {1600 meter) radius In upwind
direction.
¥#¥ Rating of area within 30 mlie (48 km) radius In upwind direction.
# Cummulative rating used to adjust alr temperature data.
The cummulative rating Is based primarily on staetion and
area ratings and is only slightiy iInfliusnced by regional
effects (regional advection).
The cummulative rating Is calculated as:
Cumm = 0.4(Station) + 0.5(Area) + U.1{(Regional) aridity ratings.
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effect of adjustment of mean temperatures for estimated station aridity
effects on ET_ as estimated by the FAO-BC is apparant, Differences
between seasonal estimates for Twin Falis 2NNE and Twin Falls WSO were
reduced from 96 mm (3.8 inches) t0 20 mm (0.8 Inches). The Twin Falls
2NNE station was sited in northeast Twin Falls, over bare ground near
bulldings, asphalt streets and parking lots. The W50 station is sited

in an agricultural setiing (Kimberly USDA-ARS) over Irrigated grass.

The effect of adjusting station temperature records downward based
on station aridity is aiso lllustrated by comparing Tabies C-~3 and C-5,
Figures C-2 through C-10 and Figures C-19 +hrough C-27 in Appendix C.
The figures especially Itlustrate the smoothing of reference ET
estimates among statlon groupings, Indicating that adjusiments o
specific stations are reasonablie. The net effects of the adjusiments
are consumptive use estimates representative of irrigated crops In
developed areas greater than 500 acres in size, which is the likely case
for the vast majority of irrigated development In ldaho., In Irrigated
developments less than 500 acres in size, border advection of hot, dry
alr masses from adjacent, dry lands would begin t¢ creafte a dlscernable
increase In average consumptive use over the developed area. In these

Instances, consumptive use estimates should be increased.

tffective Precipltation

Monthiy estimates of effective preciplitation were calcuiated during
this study using a method developed and reported by the SCS (1967b).
Estimates were based on monthily precipitation, crop consumptive use and
avaliable soll moisture (rooting depth) and were calculated for each

crop. The SCS method Is appiicéble to arid areas with high intake solls
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Table 13. Result of adjusiment of mean monthly temperatures for
Twin Falls weather stations.

Stations
Twin Falls Twin Falls Twin Falls
2NNE 3S8E WSO
Aridity rating, % 55 35 0
Average seasonal ETR, mm
without temp. adjustment 1446 1418 1350
with femp. adjusitment 1376 1374 1350
Average July ETR, mm/day
without temp. adjustment 8.9 8.8 B.3
with femp. adjustment 8.3 8.4 8.3
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with |ITtle runoff. I+ was developed using 50 years of precipitation
and consumptive use data at 22 stations throughout the United States.
Soit intake rates and rainfall Intensity were dlsregarded In method

development (SCS, 1967b).

Selection of Crop Coefficients

Estimating ET for a specific crop can be a very compiex process,
depending on the degree of reflinement used. To obtaln accurate
estimates, all major contributing crop and environmental conditions must
be considered. These include cilimate, soil molsture, crop type, stage
of growth, stomatai resistance and controi, and reiative leaf area and

surface cover.

The development of the reference ET (ETr) concept has enabled
Integration of crop variables Intoc |inear ETr multipiters fermed crop
coefficlents. The use of time-varlable crop coefficients with a
reference ET estimate s wlidely used In irrigation scheduling,

Irrigation planning and In estimation of crop water requirements,

Crop ET is estimated with crop coefficients and a reference ET

using the following procedure:

ET.. = K_.. ET. . (3)

where: Ech = Consumptive use by crop "c" during time period j

ch = Mean crop coefficient for crop %c" during period j

ETrj = Reference ET during period j.
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Crop coefficlent ch Is dimensionless; therefore ET_; and ET.; have

J cj
equivalent units.

Information concerning types and application of crop coefficients
has been published in many references (Burman, et al, 1980). The
magn!tude and shape of crop coefflcient curves for growing seasons vary
widely, depending on +the reference or ET method used with the

coefficlents.

The SCS (1967b) pubiished a serles of "crop growth stage
coefficient curves" used to estimate monthiy crop consumptive use based
on the SCS-modified Blaney-Criddle method presented in the same report.
Crop growth stage coefficients for many crops were plotted versus
percent of growling season to allow adjustment of the shape of the curve
depending on length of +the growing season. Crop growth stage
coefflicients should be used only with the SCS-modified Blaney-Criddie,

as these coefficlients are not based on a particular reference.

Prultt (Doorenbos and Prultt, 1977; Burman et al, 1980) develicped
time~variabie crop coefficlents for use with a grass reference (ETO)
using data from Davis, Caiifornia and FAQ sources. These coefficlients
have higher values than alfaifa-based coefficients due Yo differences in

the grass and alfalfa references,

Wright (1981a; 1982a; Burman et al, 1980) presented time-variabie
crop coeftficlents bhased on an alfaifa reference (ETr) using lysimeter
measurements at Kimberly, ldaeho., These coefficients can be used to
estimate consumptive use on a daily basls for irrigation scheduling.
Two sets of crop ceefficlents have been published by Wright for Tfwo

different uses, "Mean® crop ceoefficients {Wright, 1981a} can be used to
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estimate evapofranspiration by actively growing crops where evaporation
from the crop and sol! surface due to Irrigation and precipitation are
accounted for within the coefficient values. The surface evaporation
effects are for average occurances of precipitation and irrigation of a
sflt ltoam soll In southern ldaho, "Basal™ crop coefflclients (Wright
1974; 1982a; Burman et al, 1980) estvimate evapoiranspliraton by crops
wlth dry soll surface conditions In an effort to make the coefficients
independent of soil type and Irrigation and precipitation frequencies.
Numeric adjustment of the basal coefficlent for effects of surface
wetness and soli drying properties must be done separateiy using an
exponential ly shaped drylng curve. Length of the curve Is based on soil
type and magnitfude I[s based on the calculated vajue of the crop
coefficlent during the specific time period. The sum of surface
evaporation and crop ET Is limited to less than or equal To the

reference ET (Wright, 198ta).

Comparisons of mean and basal crop coefficlents {Kcm and ch} are
shown for a bean crop at Kimberiy, in Figure 19, and for a generalized
crop with a normalized time axis in Figure 20. The KC curve In Figure
19 represents actual i[ysimeter measurements divided by caiculated ETr“
This curve indicates the large fluctuations in daily Kc values resulting
from wet surface évaporafion, measurement variation, or other factors.
The Kcm curve is a result of a smoothing of the measured Kc values,
Incorporating the effects of surface evaporation. The basal (ch curve)
represents the ratio of crop ET to reference ET when & dry soll surface

condition exists.

Figure 20 Includes the adjusiments made Yo the basal curve to

compensate for known occurrences of Irrigation and precipitation. The
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(LAI)} for snap Beans raised to maturity at Kimberly,
Idaho {(from Wright, 1682a).



CROP COEFFICIENT

1.0

e oo @) mscr s i i i e i i i i kit o o G— —— e e e e e e e e e e e —
1l Adjusted C F
i — Adjuste rop
:’ Coefficient 3
! “s o
S ¢
R
I
L N,
B &
H F e
R
L.y
" Complete Partial Complete
! lrrilg&i'i?rn os"i Raérla : lll'rigclﬁonl Irri|gc1fioln 1 | . | { I
20 40 @ 60 80 20 40 60 80
PERCENT TIME ELAPSED DAYS
Planting | Emergence| Rapid Growth Max Cover | Maturation

Figure 20. Generalized hasal ET crop coefficient, Kcb, curve showing adjustment of the crop
ceefficient, Kc, for wet surface soil due to irrigation and the resulting mean
crop coefficient curve {after Wright, 1981a).

29



63

normal 1zed time base plotted in Figure 20 is used for both basai &and
mean coefficlents., Both types of coefficients are Yo be used to
estimate ET from a crop which s not Iimited by lack of soll molisture

with the root zone,

Grass reference~based crop coefficients reported by Doorenbos and
Pruitt (1977} were graphicaily compared to¢ alifaifa~based mean crop
coefficients reported by Wright (1981a). OCOrass~based coefficients were
divided by 1,15, a general alfalfa/grass coefficient suggested for a
Kimber|y~type climate (Doorenbos and Pruitt, 1977). The two curves
compared well for most crops after adjustment of lengths of crop
deveiopment stages for the grass-based coefficients, A major
disagreement occurred for potatoes, however, with +the FA0 (grass
reference) curve peaking about 20% above +the aifalfa-reference curve.
This difference may be due to differences In potato cultivars used to
develop the curves {irish vs. Russet=-Burbank) or due to climatic

differences between the areas used in curve development.

Mean crop coefficients reported by Wright (1981a} are Ilisted In
Table 14. Coefficlients are presented {n a normaiized form with the
abscissa (time axis) divided Into percent Time from planting to
effective cover and days after effective cover, as shown in Figure 20.
Average dates of growth stages for crops at Kimberiy are iisted in Tabie

15,

Because crop coefficients by Wright were deveioped for southern
Idaho conditions using Kimberiy lysimeter deta and because the FAQO-BC
with the reference ratlo calibration predicts alfalfa reference ET very

well for southern idaho sites (Fligures 6-~i1), mean crop coefficients
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Table 14. Daily mean ET crop coefficients (Ke), for normal irrigation and
preacipitation conditionsa, for use with allalfa reference ET for
crops grown in an arid region with a temperate intermountain

climate,

Coefficients were experimentally determined from

weighing lysimeter ET data, Kimberly, Idaho, 1968-78.

(From Wright,

1981.)

Mean ET crop coefficients, Kc

Time from planting to effective cover (%)

Crop 10 20 30 50 50 60 16 80 90 100
Barley 0.30 0.30 0.32 0.40 0.65 0.85 0.95 0.99 1.00 1.00
Peas 0.30 0.30 0.30 0.36 0.43 0.51 0.58 0.73 0.85 0.93
Sugar Beets 0.30 0.30 0.30 0.30 0.30 0.32 0.40 0.60 0.80 1.00
Potatoes 0.30 0.30 0.30 0.31 0.48% 0.57 0.69 0.77 0.82 0.8B5
Corn 0.30 0.30 0.30 0.30 0.32 0.42 0.55 0.70 0.85 0.95
Beans 0.30 0.30 0.30 0.35 0.45 0.55 0.68 0.80 0.90 0.95
Winter Wheat 0.30 0.30 0.50 0.75 0.%0 0.09 1.00 1.00 1.00 1.00
Days after effective cover(%)
10 20 30 40 50 60 70 80 g0 100
Barley 1.00 1.00 0.90 0.50 0.25 0.15 - - - -
Peas 0.90 0.65 0.53 0.35 0.20 0.15 = - - -
Sugar Beets 1.00 1.00 1.00 ©0.98 0.94 0.89 (6.85 0.80 0.74 0.60
Potatoes ‘0.85 0.83 0.81 0.79 0.75 0.70 0.65 0.50 0.35 0.25
Field Corn 0.96 0.95 0.94 0.90 0.85 0.79 0.74 0.35 0.25
Sweet Corn 0.93 0.93 0.90 0.85 0.75 0.58 0.40 Q.20 -
Beans £.05 £.90 0.67 0.33 £.15 0,10 = = - =
Winter Wheat 1.00 1.00 1.00 0.95 ¢.55 G.25 0.15 0.15 - -
Time from new growbth to harvest (%)
10 20 30 40 50 50 70 80 90 100
Alfalfa (1st) 0.70 0.82 0,91 0.96 1.00 1.00 0.98 0.96 0.95 (.95
{(2nd & 3rd) 0.406 0.50 0.80 0.96 0.98 1.00 1.00 0.98 0.95 (.95
{(4th) 0.40 0.44 0,60 0.65 0.55 0.50 0.45 0.35 0.30 0.25
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Table 1%5. Dates of crop growth stages identifiable in the field for use with
erop curves, Kimberly, Idaho, 1968-78. (From Wright, 1981.)

Month/Day Days
Full Heading/ Planting Cover to
Crop Plant Emerge Cover Bloom Ripe Harvest to cover harvest
Barley sy 4715 6/20 6/20 7/15 8/10 80 55
Peas 4710 /25 6/05 6/15 T/05 7/25 55 50
Sugar Beets 4/15 5/10 7/10 - - 10/15 85 g5
Potatoes L/25 5/25 7/10 7/01 5720 10/10 75 50
Field Corn 5/5 5/25 T/15 T/30 /16 G/20 72 70
Sweet Corn 5/5 5/25 7/15 7/20 8/15 8/15 72 30
Beans /22 6/05 7715 7/G5 8/15 8/30 55 45
Winter Wheat(2/15)% (3/01) 6/05 6/05 7715 8/10 {110) 60
Alfalfa(1st) L/01%% 6/15 76
{2nd} 6/15 8/01 46
{3rd} 8/01 /15 46
{§th) 9/15 10/30 46

* Effective dates in parenthesis. Crop planted on 10/10 and emerged 10/25.

#% Frfective planting date for established alfalfa 1= date growth begins in
spring or harvest of preceding crop. Final harvest is date crop becomes
dormant.
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reported by Wright (198ta) were used during this study Yo estimate
monthly crop consumptive use for |Idaho stations. A computer routine
Incorporating coefflicient data listed in Table 14 Is described in a

following sectlon of This chapter.

Development of Additional Crop Coefficients

Alfalfa-based crop coefficients for some Idaho crops, such as
onions, orchards, hops, smali vegetables, and alfalfa seed have not yet
been developed for |daho. Coefficlent curves for these crops were
adapted to an aifalfa reference during this study by conversion of
coefflcients for a grass reference or comparison with consumptive use
data from other sources, A mean curve for estimating consumptive use by
alfalfa hay, Including cutting effects, was developed using coefficient
data reported by Wright (1981a). Normalized coefficlients developed

during this study are presented In Table 156.

Coefficlents for onlons were adapted using mid=-season and maturity
coefficlents and lengths of stage development presented by Doorenbos and
Pruitt (1977). Coefficlients for small vegetables were excerpted from
the same source. The coefficient curve and normalized +Time scale
developed for small vegetabies Is an average for cabbage, caulifiower,

broccel i, radishes, tomatoes, peppers and squash.

Two normalized, alfalfa-based coefficient curves were developed for
orchards. The two curves, one for fruit trees without ground cover and
one for fruit trees with ground cover, were deveioped from coefficient
data presented for apple and <cherry +*rees by Doorenbos and Prultt

(1977). These curves represent mature trees with Infrequent wetting by
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Table 16. Daily mean ET crop coefficients (Ke), for normal irrigation and
‘ precipitation conditions, for use with alfalfa reference ET for

crop growth in Idaho,
published research.

Coefficients were determined from

Mean ET crop coefficients, Kc

Time from planting to effective cover (%)

Crop 10 20 30 40 76 80 100
Fruit trees, no cover .50 0.46 G.51 .58 .77 0.81 0.85
Fruit trees, cover 0.45 0.62 .75 0.85 1.03 1.05 1.07
Small vegetables 0.30 0.35 0.4G6 0.50 0.65 0.70 0.80
Onions 0.30 0.35 0.40 0.50 0.65 0.70 0.80
Hops .30 0.30 0.30 0.3% 0.75 .87 0.85
Alfalfa seed - 0.55 0.65 0.72 0.78 0.88 0.89 0.90
Days after effective cover(%)

10 20 30 40 70 80 100
Fruit trees, no cover 0.85 0.85 0.85 0.85 0.85 0.85 G.70
Fruit trees, cover 1.67 1.07 1.07 1.07 1.07 1.07 0.85
Small vegetables 0.80 0.80 0.8C ¢.80 0.65 0.55 0.40
Onions ¢.80 0,80 0.80 0.80 0.75 0.70 0.60
Hops 0.95 0.95 0.95 0.95 G.95 0.95 0.90
Alfalfa seed 0.90 0.90 0.90 0.88 G6.75 0.62 0.45

Time from green-up to frost#® (%)

0.0 3.5 7.0 10.5 14.0 83.0 87.3 91.5 95.8 100.

Mean alfalfa hay 0.55 0.71 0.83 0.9% 0.95 0.70 0.63 0.50 0.36 0.25%

#last occurence of 24 degrees Fahrenhelt in spring until first occcurence
of 24 degrees Fahrenheit in fall.
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irrigation or rain. For young orchards with free cover of 20 o 50%,
consumptive use estimates reported using these curves should be reduced
by 30 to 20% respectively for orchards without ground cover and 10 to 7%

respectively for orchards with ground cover.

Consumptive use by hops has been reported by Middieton (1963) based
on solil moisture measurements made during 1959-1961 at Prosser,
Washington. Consumptive use from mid-dune to mid-August averaged 470 mm
(18.5 inches). Pan evaporation averaged 640 mm (25 inches) during the
same period, Based on *these reported results and on observations by
Romanko (1982) at Parma, lidaho, a normaiized curve was developed for

hops, peaking at 0.95 as shown In Table 16.

Consumptive use of water by alfalfa grown for seed production Is
highly dependent upon stand management, soil type, and amounts and
timing of irrigations. Many researchers and growers have conciuded that
seed ylelds are often maximized when Irrigations are reduced and crop ET
Is suppressed. Kolar and Kohl (1976), during irrigation +trialis on
aifalifa seed grown on a deep siit locam &t Kimberly, found +that
consistantiy good seed ylelds occurrsd with +two irrigations per season,
one in iate May and one when avallable moisture in the upper 2.3 meters

(7.5 feet) of soll was largely depleted.

On deep sclls In Nevada, Mahannah (1973) found that an irrigation
of 380 mm (15 inches} applied Tn November with an additional 130 mm (5
inches) applied in late May produced more seed than when an lirrigation
of 115 mm (4.5 Inches) In July was added 1o the previous Irrigations.,
Actual crop use varlied from 440 mm fo 625 mm (17.5 o 24.6 inches) per

year for seed whereas alfalfa for hay used from 1140 +o 1220 mm (45 to
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48 lInches),

Depression of ET  through reduction of Irrigation tends to
discourage green Top growth and encourages seed production.  However,
some franspiration is necessary 1o carry on plant malntenance processes
and for bloom and seed growth. Large applications of water after
initial tiower bloom can encourage addlitional regrowth, reducing seed

production (Melton, 197Z}.

Based on published research findings and irrigation and cuitivation
practices by growers In south-central and scuth-western lIdaho, &
normal ized crop coefficlent curve was developed for alfaifa seed crops,
assuming depressicn of ET due +to reduction of irrligation appilcations.
Coefflcients from this curve are listed in Table 16 and Figure 21. In
instances where alfalfa seed 1is watered in a manner simiiar to alfalfa
hay, consumptive use wiil Increase foward that of hay. However, {odging
of the mature, seed~bearing plants wiii 1{imiT ET +o below that for the

alfalfa reference (Wright, 1982bJ.

Because cutting dates of alfalfa hay vary widely from year to year,
and according to management attitudes of growers, a mean aifaifa hay
curve was developed during +this study which incorporates smoothed
effects of cuttings on ET. The mean coefflcients provide consumptive
use estimates for hay which fcilow & smooth curve through the growing
season, whereas actual ET from alfalfa hay decreases greatly immediately

after cutting (Wright, 1981a).

Long-term average dally ET estimates for alfaifa hay at Kimberly
using mean. coefficlents and actual coefficlients which foilow cuttings

are plotted in figure 21, Alsc inciuded In the figure are curves
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representing ET for seed alfalfa and the aifaifa reference. The areas
under the +1wo curves representing ET from alfaifa hay are similar,
totaiing 941 and 929 mm for a typical growing season. Monthiy and
seasonal ET totals for the four curves plofted In figure 21 are |lsted

In Table 17,

All crop coefflcients presented for aifalfa hay estimate
consumptive use for a healithy, disease-free, actively growing,
Insect-free, well-watered crop with no windrow or compaction effects,
Wright (1982b) and Hill (1980) have shown tThat consumptive use by
alfalifa Is often linearly proportional fo dry matter yieid. Therefore,
consumptive use estimates for alfalfa hay using +the procedures and
coefficients In this report may require downward adjusiment for areas
with suboptimal ylelds. Wright (1982b) reported vields from lysimeter
and adjacent research flelds averaged 17.3 tonne/ha (7.8 tons/acre) at
12%4 moisture over a 7 year perlod. The Twin Falls county average for
alfalfa hay Is about 13.3 fonne/ha (6 tons/acre). New alfaifa varieties
Introduced Inte ldahe within the last +ten years with Flemish background

also tend to use less water due to lodging of the fine-stemmed piants

(Wright, 1982b). , Jim Witar weccomenng Pastore GO
' e Br REDOCED By ApoLT A0 Te AT S
. ; .
ShME EERmn Mo ruseaes’ fogreen
: . Si age DQMQ*QD[BQD* Qﬁiﬁﬁ WARS 1T o LEAF AREA SowPAREDL e
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A questionaire was sent out to each county extension office in
Idaho requesting average dates of planting, emergence, effective cover
and harvest for all crops grown In each county. Response to the
questionalre was generally poor, with oniy 65% returned., O0f those
returned, few Included reasonabie estimates for crop stage development,

The returned questionaires were helpful, however, in quantifving crops
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Figure 21.

JUL
MONTH

Smoothed fourteen.year averane daily LT estimates for alfalifa reference,

seed alfalfa and alfalfa hay for Kimberiy, Idaho, 1965-1978 {after

Siright,

198Ya)

Tabie 17. Average Monthly ET for alfalfa hay, alfalfa
seed and reference alfalfa for Kimberly, id.
April 10-October 20, 1965-1978.

Monthly Evapotranspiration, milllmeters (inches)
Alfalfa Alfalfa Al falfta
Hay Hay Seed E?r
3 cuttings  Mean cut
April 73 (2.9) 74 {2.9) 81 (3.2} 97 (3.8}
May 185 (7.3) 176 (6.9) 188 (7.4) 190 (7.5)
June 154 (6.1} 191 (7.5) 199 (7.9) 218 (8.6)
July 235 (9.3) 197 (7.8) 186 (7.4) 242 (9.5)
August 152 {(6.0) 161 (6.3) 134 (5.3} 212 (8.4)
September 110 (4.3) 102 (4.0) 73 (2.8} 150 (5.9}
October 29 {1.1) 27 (1.1 25 (1.0 69 (2.7
Seasonal 941 (37) 929 (37) B89 (35) 1180 (477
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grown within speciflc areas of counties.

Flfty=three agricultural reglons within ldaho were Tidentified for
which dates of crop stage development were estimated. Dellneation of
regions was based on topography, geography, elevation, weather patterns

and weather station proximity.

Dates for planting, greenup, cover and harvest can vary widely from
year to year and farm to farm, depending on temperature, precipitation,
soll types and cultural practices. Often, however, cover and harvest
dates vary considerably less +than dates of planting due to greater
amounts of degree-days and longer day lengths during midseason, which In
effect convert large differences In the number of l|ow energy days in
early season to small differences in the number of high energy days

later on.

The Bureau of Reclamation has deveioped and tested procedures for
relating crop stage development to a cummulative potential ET calculated
using the Jensen-Halse radlation equation. This approach attempts to
account for Intraseasonal variation In crop development due To varlation
in weather patterns, most notably radiation and femperaturs, as
refiected in the Jensen-Halse equation., Planting dates for crops must
be known, however, and the procedure is stiil in the +“esting stages

{Buchhelm and Brower, 1981).

James, et al (1982) estimated dates of planting and greenup for
speciflc years based on & running 30-day average of mean alr
temperature. Mean temperatures at which planting or greenup occurs were
taken from the Irrigation Water Requirements pubilcation by The SCS

(1967b) or from previous work In +the state of Washington. No attempt
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was made to adjust lengths of growth stage development after pianting
depending on weather during each season. Therefore, deiay of planting
by 20 days, for exampie, due to cooi spring temperatures was assumed o
cause crop development, effective cover and harvest dates To lag by an
equal amount. Thls assumption may not hold true depending on crop types
grown. In addition, effects of frost and day-to-day temperature trends
on planting or Initiation of growth are not accounted for In this

approach.

Because cool, wet springs may often be followed by hot, dry summers
and vice versa, éﬁ; because éfop deveiopmenf varies with farm and field,
It was ;ssumed during +his study that dates of pianting, greenup,
effective cover and harvest are randomly and normaliy distributed about
long=term means, Using This assumption in addition to the fact that
reference evapotranspiration in southern ldaho has been found fo aiso be
normal ly distributed (Allen, 1980; Wright and Jensen, 1972; Allen and
Wright, 1983), statistics of consumptive use estimetes using average
dates of planting, cover and harvest should not significantiy deviate

from actualIty.

information sources wused In determining average dates of planting,
effectlve cover and harvest inciuded Wright (1981a), USBR crop
Information (McVey, 1981), questionaires from and conversations with
county extension agents, and ldahe Agricultural experiment station
bulletins pertaining To crop weather caiendars (Faubian, 1975), soli
temperatures (McDole et ai, 1980), freezing temperatures and growling
seasons (Everson et al, 1978}, and growing degree days (Everson et al,

1976) for areas within the state of ldaho.
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Planting or greenup dates for cereals and row crops were Jargely
based on Wright (1981a) (Table 15) with adjusiment of dates for other
sites determined by varlation in alr temperature, soll temperature and
growing degree days of areas as compared to Twin Falls. Greenup for
alfalfa at all sites was based on the iast ayerage occurrence of 24°F in
the spring (Everson et al, 1978} and freezé;down was based on the firs?
average occurrence of 24°F sn The fati. These dates compare very weil

"Wifh observed dafes of greenup and freeze-down at Kimberly and in

western |daho. Grass pasfure was assumed to begin grow+h 7 days before

the last average cccurrence of 24%F in the spring and cease 7 days after
the first average occurrence of 24°F in +the fali (Kruse and Halse,

1974).

Leaf deveiopment for orchards and pianting and growth of vegetabie
crops was based on freezing Temperature data and growing degrees,
Planting and growth stage dates for lentiis and peas grown in northern
idaho were based on telephone conversations with county extension agents

and University of ldahe, College of Agriculture faculty at Moscow.

Dates for heading and harvesting of grain, and cover and die«down
of potatoes for southern Idaho were determined from information by

Roylance (1965) and Kleinkopf {(1982).

The tlength of Time between planting (greenup) and effective cover
were held constant among sites for the crops alfalta seed, beans, corn,
sugar beets, cereals, pasture, orchards, vegetablies, onlions and hops.
Lengths of +time between effective éover and harvest were held
essentlally constant among sites for the crops beans, corn silage, sweet

corn, peas, spring grain and hops. Time Jengths varied, depending on
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location and elevation for other crops. Tabies of estimates of crop

growth dates for ldaho areas are Inciuded in Appendix Table C-2,

Crop coefficlents tlsted In Tables 14 and 16 were included in a

computer routine described in the folliowing section.

Lomputer Programs

Monthly estimates of consumptive use and resulting statistics were
calculated using the computer program CONSU. This program, written in
FORTRAN [V, was developed specifically for this study. A listing of

CONSU is included in Appendix D.

The consumptive use method employed In  CONSU is the
FAO-Blaney-Criddie with Kimberly reference ratios and an elevation
correction, Crop coefficients used Include mean coefficients deveioped

by Wright (1981a) based on an alfalfa reference.

Data requirements for CONSU Include monthly average mean daily
temperature and monthly preclpitation totals for each NOAA weather
station for +the avallable period of record. Temperature and
precipltation can be read directly from a tape of monthiy vaius supplied
by NOAA for all statlions in the state of Idaho or data can be read from
a condensed date flie maintained on the HP-1000 computer system at

Kimberiy. Results are equivalent,

Other data required by CONSU Inciude secondary weether parameters
listed in Table 8 for Il idaho sites, NOAA weather station descriptors
and tape Information listed in Table | of Appendix C for each statlion,

and crop stage dates for 56 {ocaTions throughout the state. Crop stage
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dates are Included In Table 2 of Appendix C.

Program CONSU generates "a and b" coefficients required by the
FAO-BC method and estimates reference ET using portions of programming
exerpted from FAO24. The "a and b" coefficients are calculated from
tabies in program memory for +the secondary weather stations. These
coefficients are applied to all ‘emperature stations wlithin each
secondary weather reglion (Table C-1 and Figure C-1 In Appendix C). Crop
coefficient curves and monthly averages are calcuiated using subroutine
CROP and growth stage dates for the area of interest. Monthly
consumptive use [s estimated by muitiplying reference ET by mean monthly
coefficlents for <crops grown within +the weather station area.
Irrigation requirements require estimation of effective rainfaii, which
is calculated using the SCS method (1967b). Maximum net Irrigation

application depths are Included in CONSU for each crop Type.

Calcutation of Consumptive Use

Monthly means, standard deviations and skews were calcuiated for
reference ET, consumptlive use, irrigation requirement and precipltation
using avaliable lengths of weather records. Statistics were computed
for all crops specified for the agricultural region representing the
weather site. These statistics, along with Intermediate and summary
data, were written to disk files and to paper. The percent of months

wlth nonzero values for precipitation were aiso recorded.

A program entitied IDAMP was used to plot monthiy means and
standard deviations of computed reference ET for each idaho statlon onto

a |line printer map of the state of Iidaho for comparative purposes.
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Program IDAMP was also used to plot The month and day of crop growth

stages. Resulfs of program IDAMP are Tncluded In Appendix C.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Four consumptive use methods presented by the United Natlions Food
and Agricultural Organization (FAQ) (Doorenbos and Prultt, 1977) and the
Jensen-Halse, SCS-modifled Blaney-Criddle, standard Penman and Wright-
modified Penman (Wright, 1982a) methods were compared using dally
weather data from the USDA-ARS Snake Rlver Conservation Research Center
at Kimberiy, ldaho. The FAQ-modified Blaney-Criddie (FAQO~-BC) method was
selected as the best method for estimating consumptive use on a
statewlde basls, based on accuracy and responsivness of the equation and
the primary data requirement of alr temperature, only. An additional
benef i+ of using the singie~parameter FAQ-BC is that It can be used as a
muitiple-parameter method where measured vaiues of wind, humidity and

sotar radiation are avaliable.

Reference ET estimated by the FAO-BC was compared with reference ET
estimated using the Wrighit-modified Penman at four agriculturai sites
across ldaho., The Wrlght method Includes & wind term calibrated to
precislon lysimeter measurements of aifalfa ET at +the Kimberiy site
(Wright, 1982a) and closely approximates actual ET by an actively

growing alfaifa crop (Jensen, 1974).

Comparlison of the FAQ-BC and Wright methods at the four sites
verified the need for adjJustment of FAO-BC estimates to account for
elevation effects on radlation and alr temperature. The ten psrcent
upward adjustment to FAO-BC estimates per 1000 meters elevation

suggested by Pruiltt (Doorenbos and Pruitt, 1977) caused the FAO-BC to
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compare weil with the Wright method at all sites. Site elevations
ranged from 680 meters elevation at Wilder to 1480 meters elevation at
Rexburg. Alfalfa/FAO-BC reference ratios developed using Kimberly data

were ajso found to be transferrrable to other Idaho sites.

Secondary weather data requirements of the FAO-BC Include daytime
wind speed, minimum rejative humidity and percent possibie sunshine.
Secondary weather data publlished by the Pacific Northwest River Basins
Commission (1968) for 10 Idaho locations was reformatted for use with
this study. Relative humidity data was adjusted in some Instances +to
reflect an agriculturai setting. Solar weather data published by
Satteriund and Means (1979) was also used, Daytime wind speeds and

calculated day/night ratios are reported.

Because many National Oceanic and Atmospheric Administration (NOAA)
supported weather sites are sltuated In dry, nonagricuitural settings,
alr temperatures recorded at many stations are greater than those
experienced above a well-watered, actively growing and +transpiring
agricuttural crop. Use of arid temperatures with a consumpTive wuse
method calibrated using agricuitural Weather data can lead +o
overestimation of consumptive use requirements. Consequentiy, NOAA
weather stations throughout Iidaho were objectively rated according o
the degree of statlon aridlty and enviromment effects on alr
temperatures. Monthly mean temperstures from each NOAA slte were
station aridity rating and maximum

aridity effects reported by Allen (1983; Allen et al, 1983},

Statistics were computed for consumptlive use estimated using +the

calibrated FAD-BC with long~term average secondary data, Tthe callbrated
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FAO-BC with vyearly averages of monthiy secondary data (short term) and
with the Wright-modified Penman method. Population means were quite
similar among methods; however, standard deviations calculated for
monthly consumptive use estimates over a fourteen vyear period varied

among methods used. Standard deviations for the FAO-BC with long term

secondary data were half the value of standard deviations calculated for
the FAQO-BC with short-term secondary data and for the Wright-method.
This result is due fo use of a single-parameter method as opposed to a
multiple parameter consumptive use method where variations within
indlvidual weather parameters are better reflected in +the equation
estimate. Results of these comparisons [ndicate that coefficlients of
variation for the single~parameter FAO-BC should be adjusted to account

for varlation of weather parameters held constant during equation use.

Crops cultivated In varlous agricultural reglons of Idaho were

identified and dates of crop growth stage deveiopment were determined,

Crop coefficient curves based on an alfalfa reference were developed for

frult trees, small vegetabless, onfons, hops and alfaifa sesd.

A computer routine was written +o compute monthly consumptive use
and irrigation requirements for 98 NOAA weather sites in agriculturai

areas of ldaho.

Recommendations

Based on results of +this research, it Is recommended +that
coefficlients of variation (standard deviation/mean) be adjusted before

frequency analyses of consumptive use estimated using +he FAQ0-BC with
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iongterm secondary data are performed, Without necessary adjustment,
risk levels calculated using FAQD-BC estimates wiil not represent

probabilities of real occurrence.

Consumptive wuse by crops for periods of less than thirty days
duration are wuseful In design and scheduling of irrigation and river
operation systems. It Is recommended that consumptive use for periods
of less than thirty days duration be estimated for ali stations based on

monthly estimates computed durling this study.

A statewide consumptive use bulletin can be published for idaho
which lincorporates all of the research and resujts reported for +this
study. The bulietin should Inciude frequency tabies computed using

ad justed FAO-BC stetistics.

Lack of high quality and continuous weather data representative of
agricultural setfings for sltes other than Kimberly severely hampered
method comparison, calibration and verificatlion. instal lation of an
agricultural metercloglical network across !daho would greatly facliitate
future consumptive use studles., Utllization of current microprocessor
and ejectronic fechnoiogy can provide compietely automated weather and

consumptive use data collectlion, reduction and dissemination.

Development or adaption of remote sensing technliques and satelite
Imagery could facltlitate the quantification of crop types and dates of

age development throughout the state.
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Appendix A

Description of Evapot{ranspiration Methods

FAQ~BLANEY~CRIDDLE METHOD

The FiO~Blaney~Criddle {FA0-BC) Method is suggested for areas where

available primary climatic data includes air temperature data only.

The FAO-BC with elevation correction, as suggested by Doorenbos and
Pruitt (1977), representing mean grass reference ET over a given month,

is expressed as:

E'i‘oz{a+b[p(0.156'l’+8.13)]}(1.+0.1E/1000.) nn/day (A-1)

where: ET = grass reference evapoiranspiration in mm/day for
0
the month considered
T = mean dally temperature in deg. C. over the month
considered
p = mean daily percentage of total annual daytime hours
obtained from Table 4-1 for a given month and latitude
a,b = adjustment factors which depend on minimum relative
humidity, sunshine hours and daytime wind estimates
E = elevation of station in meters

Figure A-1 can be used to estimate ET0 graphically using caléulated
values of p(0.46T+8.13). The value of ©p{0.46T+8.13) is given on the
X-axis and the value of ETO can be read directliy from the Y-axis,
Relationships are presented in Figure A-1 for (i) three levels of
minimum humidity (RHmin); (ii) three levels of the ratio actual to

maximum possible sunshine hours (n/K); and (iii) three ranges of daytime
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Fig. A-1. Prediction of ETo from Blaney-Criddle { factor for different conditions
of minimum relative humidity, sunshine duration and day time wind.
From Docrenbo.s. and Pruiltt (1977).
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wind conditions at 2 m height (UDAY).1 Information on general monthly or
seasonal weather conditions and approximate range of RHmin, n/N, and
Uday Tfor a glven site may be obtained from published weather
deacriptions or from extrapolation from nearby areas or from local
information. The nomenclature used by FAO24 to depict general levels of

humidity, sunshine and wind is given in Figure 4«2,

Alfalfa reference ET for Idaho stations was calculated irn this
study by multiplying ETO estimated by Eq. A-1 by an alfalfa/FAQ0-BC

reference ratio calculated at Kimberly for the appropriate month,

FAC-RADIATTON METHOD

The FAO-Radiation Method is essentially an adaption of the Makkink
formula (1957). This method is suggested for areas where available
climatic data include measured air temperature and sunshine, cloudiness
or radiation, but not measured wind and humidity. Knowledge of general
levels of humidity and wind is reguired, and these are to be estimated
using published weather descriptions, extrapolation from nearby areas or

from a local source.

Note that air humidity refers here to minimum daytime humidity and that
wind refers to daytime wind. If estimates of 24 hour umean wind are
avallable, these need to be converted to daytime wind. Generally
Uday/Unight approximately equals 2 and mean 24-hr wind data should be
multiplied by 1.33 to obtain mean daytime wind. For areas with either
predominantly night or daytime wind, the following factor can be used:

Uday/Unight ratio 1.0 1.5 2.0 2.2 3.0 3.5 4.0
correction for Uday 1.0 1.2 1.33 1.43 1.5 1.56 1.6
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Figure A-2. Climatological nomenclature for FAO methods.
(From Doorentos and Pruitt, 1977)

Where climatic data are not used as direct input data but general levels
of climatic variables are needed, the following nomenclature is used:

TEMPERATURE

Tmeansz (Tmax+Tmin)/2.
hot Tmearn >30 deg. C Data is collected from max/min
cool Tmean <15 deg. C thermometer or thermograph records.
HUMIDITY

RHmin, minimum relative humidity
RHmin is lowest humidity during day-

low <20% dry <20% time and is reached usually at 1400
medium 20-504%  humid >70% to 1600 hrs. From hygrograph or wet
high >50% and dry bulb thermometer. For rough

estimation purposes when read at 1600
hrs subtract 5 to 10 for humid cli-
mate and up to 30 for desert climate,

RHmean, mean relative humidity
RHmean is average of max. and min.

low <H0%  low <40% relative humidity opr

medium-low 40~55% medium 40-70% RHmean=z ( RHmin+RHmax ) /2.
medium-high 55~70% high >70% Whereas for most climates RHmin will,
high >70% vary strongly, RHmax equals 90 to

100% for humid cliimates, 80 to 100%
for semi-arid and arid climates

where Tmin is 20-25 deg.C. lower than
Tmax. In arid areas RHmpax may be
25-40% when Tmin is 15 deg.C. lower
than Tmax.

WIND
For rough estimation purposes sum of
light <110 mi/day several windspeed observations divi-
moderate 110-265 mi/day ded by number of readings to give
strong 265-440 mi/day wind run in mi/day.
very strong >440 mi/day
RADIATICN
Ratio between daily actual {n) and
sunshine n/N daily maximum possible (N) sunshine
duration.
low < 0.6 n/N>0.8: near bright sunshine all day
medium 0.6-0.8 n/N 0.6-0.8: some 40% of daytime hrs
high > 0.8 full cloudiness or partially

clouded for T0% of daytime hrs,.




96

The Form of the FAO-radiation method is:

ETo = c(w’as) mm/day {(4=-2)

where: ET = grass reference evapotranspiration in mm/day for

the periods considered

Rs = global solar radiaiton in equivalent evaporation
mnn/day

W = psychrometric weighting factor which depends on
temperature and altitude

¢ = adjustment factor which depends on mean humidity
and daytime wind conditions

RS can be measured directly using a glcbal pyroncmeter or estimated

as;

Rs = {0.25+0.50 n/N)Ra {Doorenbos and Pruitt, 1977) (4-3)

where n/N is the ratioc between actual measured bright sunshine hours and
maximum possible sunshine hours. Both n and N are expressed in mean
daily values, in hours. Variable N is fixed with month and latitude,
where n must be observed. Values of Ra in mm/day for different months
and latitudes can be found in standard tables. Rs iz obtained in mean

equivalent evaporation in mm/day for the pericd considered.

Cloudiness observations can be used to calculate RS as outlined by

Doorenbos and Pruitt (1977).

The weighting factor (W) reflects the effect of temperature and

altitude on the relationship between Rs and ETO and is calclated as:

W = D/(D+C) {A=-4)



97

Table A~1, Mean daily percentage (p) of annual daytime hours for

different latitudes in the northern hemisphere. (From
Doorenbos and Pruitt, 1977).

Latitude Jan Feb Mar Apr May June July Aug Sept Oet Nov Dec
60 15 .20 .26 .32 .38 .41 .0 .34 .28 .22 .17 .13
58 .16 .21 .26 .32 ,37 .40 .39 .34 .28 .23 .18 .15
56 A7 .21 .26 .32 .36 .39 .38 .33 .28 .23 .18 .16
54 .18 .22 .26 .31 .36 .38 .37 .33 .28 .23 .19 .17
52 L19 .22 .27 .31 .35 .37 .36 .33 .28 .24 .20 .17
50 .19 .23 .27 .31 .34 .36 .35 .32 .28 .24 ,20 .18
48 .20 .23 .27 .31 .34 .36 .35 .32 .28 .24 .21 .19
46 .20 .23 .27 .30 .34% .35 .34 .32 .28 .24 .21 .20
4y 21 .28 .27 .30 .33 .35 .34 .31 ,28 .25 .22 .20
32 2% .24 .27 .30 .33 .3% .33 .31 .28 .28 .22 .21
40 22 W24 .27 .30 .32 .34 .33 .31 .28 .25 .22 .21
35 .23 .25 .27 .29 .31 .32 .32 .30 .28 .25 .23 .22
30 24,25 .27 .29 .31 .32 .31 .30 .28 .26 .24 .23
25 L2426 .27 .29 .30 .31 .31 .26 .28 .26 .25 .24
20 25 26 .27 2B .29 .30 .30 .29 .28 .25 .25 .25
15 .26 .26 .27 .28 .29 .26 .29 .28 .28 .27 .26 .25
10 260 .27 .27 .28 .28 .29 .29 .28 .28 .27 .26 .26

5 27T .27 .27 .28 .28 .28 .28 .28 .28 .27 .27 .27
4] LT W27 2T 2T W27 .27 .27 W27 .27 .27 .27 .27
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where: D = the rate of change of the saturation vapor pressure
with temperature
C = the psychrometric constant

The temperature at which D is calculated should be the mean air
temperature in deg. Celsius for the period considered, Where
temperature is given as Tmax and Tmin, the temperature (Tmax+Tmin)/2

should be used.

The adjustment factor {¢) is given by the relationship between the
radiation term (W‘Rs) and reference crop evapotranspiration (ETO) and is
shown graphically in Figure A-3, It depends greatly on general levels
of mean relative humidity (RHmean) and daytime wind (0700 hours) at 2 m

height above the so0il surface.

FAC-PENMAN METHOD

For areas where measurements of temperature, humidity, wind and
solar radiation are available, an adaption of the Penman method (1948)
may be used; compared to the other FAO methods presented it is likely to

provide the most satisfactory results (Doorenbos and Pruitt, 1977).

The original Penman (1948} eguation predicted evaporation losses
from an open water surface (Eo}. Experimentally determined crop
coefficients ranging from 0.6 in winter months to 0.8 in summer months
related E0 to grass evapotranspiration for the climate in England. The
Penman equation consisted of two terms: the energy (radiation) term and
the aerodynamilc (wind and humidity) tern. The relative importance of

each term varies with eclimatic conditicns. Under c¢alm weather

conditions the aerodynamic term 1s usually less important than the
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energy term., Under windy conditions and particularly in more arid
regions the aerodynamic term becomes more important. The FAQO-Penman
includes a wind funection which is different from the original Penman

equation.

The form of the FAC-Penman equation is:

BT, = [W'R+(1-W)"£(u) (e e )] (A=5)

radiation aerodynamic
term term

grass reference evapotranspiration in mm/day
weighting factor which depends on temperature
and altitude (see radiation method)

=0
H o

R_ = net radiation in equivalent evaporation in mm/day
f(u? z wind-related function
(ea'ed) = difference between the saturation vapor pressure

at mean air temperature and the mean actual vapor
pressure of the air, both in mbar

The suggested wind function applies to conditions found during
summer, with moderate winds, RHmax of about 70 percent and day-night
wind ratios of 1.5 to 2.0; no adjustment is required for these
conditions, However, if 24-hour wind totals are used there will be an
under-prediction of ETO by 15 to 30 percent in areas where daytime wind
greatly exceeds nighttime wind, where RHmax approaches 100 percent, and
where radiation is high, Conversely, for areas experiencing moderate to
strong wind, where nighttime humidity (RHmax) is low, and where
radiation 1s low, the equation will over-predict ET ;  this
over-prediction increases with decreasing ratios of Uday/Unight. Under
these conditions an adjustment factor (c¢) (corrected Penman) should be

applied.



101

The mean actual vaper pressure may be measured or calculated from
measured air temperature and relative humidity data or wet and dry bulb

or dewpoint measurementis.

The effect of wind on ETo iz included in the FAO-Penman method in

the wind function term of the form:
Flu) = 0.2701+(0/100)] {A=0)

where U is 24-hr wind run in km/day at 2 m height. This expression is
valid when (ea-ed) is expressed in mbar and is calculated according to

the methods suggested by Doorenbos and Pruitt (1977).

Net radiation (Rn) is the difference between all incoming and
outgoing radiation. It can be measured, but such data are seldom
available. Rn can be calculated from solar radiation or sunshine hours
{or degree of cloud cover), temperature,humidity data and albedo. For

most crops, albedo {reflectance) is 0.25.

To obtain total net radiation (Rn), the algebraic difference
between net incoming shortwave radiation (Rns) and net outgoing longwave

radiation (Rnl) is ealculated as:

(&~7)

If measured sclar radiation (RS) is not available, 1t can be

calculated using equation A-3.
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Net shortwave radiation (Rns) is calculated as:

R o = (1-A)Rg (A-8)

where A is the crop albedo.

Net longwave radiation (Rnl) can be determined from available
temperature (T), vapour pressure (ed) and ratio n/N d¢ata as described by

Doorenbos and Pruitt (1977).

FAQ-CORRECTED-PENMAN

The FAC-Penman eguaion given assumes that most common conditions
are where radiation is medium to high, maximum relative humidity is
medium to high and moderate daytime wind is about double the nighttime
wind. However, these conditions are not always met and correction to

the Penman equaticn is required,

ET = c[W.Rn+(1-w).f(u),(ea-ed)] (A-9)

radiation aerodynamic
term term
This equation is the same as the FAO-Penman with the addition of ¢, an
ad justment factor to compensate for the effect of day and night weather
conditions. Table A~2 presents the values of ¢ for different conditions
of RHmax, Rs’ Uday and Uday/Unight. The information for using Table A-2
may be difficult to obtain from available climatic records but it can
usually be derived for the different seasons from published weather

descriptions or from local sources. Winter conditions require low ¢
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Table A-2. Adjustment factor (¢} in corrected Penman eguaticn.
RHmax = 30% EHmax = 60% HHmax = 90%
Rs mm/day 3 6 9 12 3 ) G 12 3 6 9 12
Uday m/s Uday/Unight = 4.0
0 .86 .90 1.00 1.00 .96 .98 1.05 1.05 .02 1.06 1.10 1.10
3 .79 .84 .92 .47 .92 1.00 1.11 1.19 .99 1,90 1.27 1.32
b 68 .77 BT .93 .85 .96 1.11 1.19 LO4 1,10 1.26 1.33
9 .55 .65 .78 .90 .76 .88 1.02 1.14 .88 1.01 1.16 1.27
Gday/Unight = 3.0
0 .86 .90 1.00 1.00 .96 .98 1,05 1.05 1.02 1.06 1.10 1.10
3 .76 .81 .88 .94 87 .96 1.06 t.12 L94 1.08 1,18 1.28
6 .61 .68 .81 .88 77 .88 1.02 1.10 .86 1.91 1.15 1.22
9 A6 86 .72 .82 .67 .79 .88 1.05 .78 .92 1.06 1.18
Uday/Unight = 2.0
G .86 .90 1.00 1.00 .96 .98 1.05 1.05 1.02 1.06 1.10 1.10
3 b9 .76 .85 .92 .83 .91 .99 1.0% .89 .98 1.10 1.1k
6 .53 .6t .74 .84 .70 .80 .94 1,02 79 .92 1.05 1.12
g .37 .48 .65 .76 .59 .70 .84 .95 g1 81 .96 1.08
Uday/Unight = 1.0
0 .86 .50 1.00 1.00 .96 .88 1.05 1.05 1.02 1.06 1.10 1.10
3 o4 .71 .82 .89 78 .86 .oh .eg .85 .92 1.01 1.05
6 A3 .83 .68 .79 b2 .70 .84 .83 72 .82 .85 1.00
9 27 W41 .59 .70 50 .60 .75 LBT 62 .72 .87 .96
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values smaller than 1.0 to compensate for 1low radiation, non-summer
conditions (similar factors no doubt caused the use of winter crop
coefficients of 0.6 as compared to 0.8 for mid-summer in the original

1948 Penman method).

WRIGHT-1982

Procedures for applying the original Pemman (Penman, 1943), were
modified by Wright and Jenmsen (1978) and Wright (1982) to improve
estimates of net radiation and reference ET throughout the growing
season, particularly the early and later portions. The result of
improvements made to the Penman is the Wright-1982 equation, which can

be used to estimate daily alfalfa reference ET.

The Wright method described in this section is used to estimate
daily reference ET for an alfalfa crop which is well watered, actively
growing, and at least 30 ecm tall. The alfalfa reference is meant to
represent the maximum expected level of crop ET for existing climatic

conditions, The modified combination equation presented by Wright

(1982) is:
-1
E, . = [D/(D+C)(R,~G) + C/(D+C)(15.36)}(Wo) (e -e ) (L) {(4-10)
in which E = the computed reference evaporative flux on a water depth

tr

equivalent basis, Rn = the net radiation, G = the soil heat flux, wf = a
wind function and is dependent upon daily wind travel, (es-ed) = the
mean daily saturation vapor pressure deficit, D = the =slope of the

saturation vapor pressure temperature curve, C = the psychrometric
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constant, 15.36 = a constant resulting from unit conversicn, and L = the

latent heat of evaporation.

The following outline for applylng Wright-1982 was reported by
Wright (1982) and should be closely followed for proper applicaticn of

the method (Burman, et al, 1980).

The latent heat of evaporation is calculated by Wright (1982) as:
L = (595-0.51T_)0.1 (a-11)

in which Ta =z the mean daily air temperature in Celsius and the

coefficient 0.1 converts E to millimeters per day. The terms D/(D+C)

tr
and C/{D+(), whose sum equals one, are temperature and pressure
dependent, and weight the two components of the equation. The term
B/({D+C) is equivalent to W used in the FAQ radiation and Penman methods.,

However, it 1s not calculated in the same manner, The D and C terms are

calculated by Wright (1982) as:

D = 33.863900.05904(0.00738T_+0.8072) '~3.42x107" ] (A-12)
which is valid for Ta2’23 deg. C., and

C = (e P)(0.622L)"" (A=13)

in which cp = the specific heat of air arnd P = the atmospheric pressure,

1

The mean values used for Kimberly were e = 0.24 g"?C— and P = 875

mbar.
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The soil heat flux, G, is estimated from changes in daily air

temperature by:
G = (Ta—Tp)cS (4-14)

in which ‘I'p z the mean air temperature for the preceding three days, and

¢_ = an empirical, specific heat coefficient for the s0il, For

8
Kimberly, cS on a surface s80il basis is approximately nine cal cm_20'1.

Measured net solar radiation (Rn), as required for Eq. A4-10, is

usually not available for a continuous crop of alfalfa. Therefore, Rn

is estimated from daily solar pradiation, temperature and humidity data

as:
R, = (1=A)R~R, (4-15)
Ry = [a(Ry/Ry )+bIR, (a-16)
_ 5 -8 L~
Boo = [24=0.04l(e ) " 1(11.71x10 ") [(T,+T,)/2] (A=17)
in which RS = the measured incident solar radiation, A = the crop
aibedo, Rb = net outgoing longwave radiation, Rso = g¢lear day solar
radiation, Rbo = net clear day outgoing longwave radiation, a; = a

parameter for estimating the effective emittance of the atmosphere, ed =
the saturaticn vapor pressure at mean dewpolnt temperature, (11.71x10“83

T, = maximum and minimum daily

= the Stefan-Boltzman constant, and Te, y

Kelvin air temperature.

Crop albedo is varied with date (Wright, 1482} to account for sun
angle effects, For mostly clear days when (RS/RSO) is greater than 0.7,

the albedo is calculated by:
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A = 0.29+0.06 SIN[30(M+0.0333N+2.25)] {4~18)

in which M = the number of the month (1-12), N = the day of the month,
and the sine function is in degrees. M and N are combined to
approximate the day of the year in a manner s¢ that the sine function
equals -1 on June 271; thus A = 0.23, and 0 on September 21 when 4 =
0.29, An approximately equivalent term for Eq. A-18 is SIN(D+96) in
which D = the day of the year, An A of 0,30 is suggested by Wright

{(1982) for cloudy days when (RS/RSO) is less than or equal to 0.7.

Coefficients used for Eq. A-16, when (Rs/Rso} is greater than 0.7,
are a = 1,126, and b = -(.07. When (RS/RSOJ is less than or equal to

0.7, coefficients are a = 1,017 and b = -G.06.

The coefficient a, cf Eq. A~17 1s varied to account for seasonal

changes in the earth's net emissivity due to changes in day length and

upper atmospheric conditions by:

a, = 0.2640.1exp{~[0.0154(30M+8-207) 1%} (4=-39)

This is a '"normal" distribution equation (Wright, 1982). The

exponential term has a maximum value of 1 on June 27; thus a, = 0.36,

1

and a minimum value of 0 on about March 1 and October 30, when a

1 =

0.26. The  approximate day of the  year equivalent is:

exp{-[0.0154(D—180)]2}. The wind function of Eg., 4&-10 is obtained by:

(A-20)
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in which aw and bw = empirical coefficients dependent upon the
aerodynamic characteristics of the crop surface and the general nature

of the locatlon ay it affects sensible heat advectiion; and U2 = the 2)4

hour daily wind at 2 meters, Time dependent functional relationships
were developed by Wright (1982) for Kimberly, Idaho, to permit varying
Wf to account for the seasonal changes in sensible heat advection. This
is caused by changes in the dryness of arid surrounding areas, and
changes in the relative proportion of dayiime wind travel (Wright,1982).

The wind function coefficients are calculated as:

a = 23.8-0.7865D+9.7182x10"3D°-5.4589x10"°D>

b

+1.42529x10” D -1.41018x10" 19p° (a-21)

b = -0.0122+5.2956x1o“”D-5.9923x10'592+3.4002x10‘8D3

-9.00872x10" " 'p%+8.79179x10~ 147 (A-22)

The vapor pressure deficit, (es—ed), of Eg. A-10 is calculated
from eS as the average of the two saturation vapor pressures
corresponding to the daily maximum and nminimun air temperature, and &4
as the saturation vapor pressure for the measured 0800 hr dewpoint

temperature, T The 4 term is assumed to represent the daily average

dp*

vapor pressure, This procedure differs from the FAO-Penman methods,
The respective saturation vapor pressures can be calculated by the

empirical polynomial equation presented by Wright (1982):

T+02T2+c T3+chTu+c o {(4-23)

e=c 3 5

+C

g
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in which T = the respective Celsius temperature, ey = 6.105, ¢y = y.uy x
-1 el -l -6

10, ¢, = 1.434 x 10 7, 03 = 2.623 x 10 , ¢y = 2.953 x 10 7, Cg =

2.559 x 1070,

Equations A-10 through A-23 and descriptions for use were exerpted

from Wright (1982).

SCS~BLANEY~CRIDDLE

-

The SCS-Blaney-Criddle (S8CS-BC), also termed TR21 {Technical
Release no 21, 1967) in the FAO24 computer program is uniike the other
ET methods presented in that it does not predict ET by a specifie
reference crop. Rather, ET for any crop must be calculated using
special coefficients presented by the SCS (1967b). These coafficients
are not the same as coefficients used with an alfalfa reference ET

method. The SCS~-RBC method is of the form:

U= Kth(tp)/TOO (&4=-24)

where U is the monthly consumptive use of a c¢rop in inches; Kt is a
clinmatic coefficient related to mean air temperature. Kt =
0.173t-0.314, where t is mean air temperature in Fahrenheit. Ke is a
coefficient reflecting the growth =stage of a specific c¢rop. Values for
Kc can be selected from curves presented in Technical Release 21 (SCS8,

1967b).

The t term 1in Eg. A-24%  1s mean air temperature in degrees
Fahrenheit., The p term represents the monthly percentage of daylight

hours in the month. Values of p are tabularized in Technical Release
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21, This p is the same as that used by FAC-Blaney-Criddle.

JENSEN-HAISE

Jensen and Haise (1963) evaluated 3,000 observations of ET as
determined by soil sampling procedures over a 35-year pericd. From
about 100 values for well-watered crops with full cover in the western
United Staﬁes, a 1linear relationship between ET/Rn and mean air
temperature was apparent, where Rn is net radiation. The form of the

Jensen-Haise equation is:

Etp = cT(T-Tx)RS (4-25)

where Etp represents potential evapotranspiration, C, is a temperature

coefficient, and Tx iz the intercept of the temperature axis. These
coefficients are considered as constants for an area., Constants for Eq.

A-25 were initially C 0.014 and Tx = 26.4 for temperature in deg.

t, H

Fahrenheit, and 0.025 and -3 for temperature in deg., Celsius., dJensen

{1966} later defined Ct as:

-
H

= 1 /(c1+c (4=26)

2Ly

and

o«
1]

50 mb/(ezmeq) {A=27)

where e, and e, are the saturation vapor pressures at the mean maximum

and mean minimum temperatures, respectively, for the warmest month of
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the year in an area, and 02 = 13 deg. Fahrenheit or 7.6 deg. Celsius.

Jensen et al (1970) defined C1 = 68 deg. F - (3.6 deg., F X elevation

in ft/1000 ft), and Tx = 27.5 desg. Fo- 0.25(e2-e1) deg. F/mb -
(elevation/1000) deg. F. For temperatures in degrees Celsius, C,I = 38
- (2 deg. C X elevation in m/305) and Tx = «2.5 - 0.1u(e2-e1) deg.

C/mb -~ elevation (m)/5%50.

Crop coefficients based on alfalfa or grass reference should not be
used with potential ET as calculated using Jensen~Haise, Instead, crop
coefficients based on the Jensen-Haise method should be used (Jensen et

al, 1970).

The Jensen-Haise method was included in the FAG2Y computer program

during this study.
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Table B-1. Average monthly values of ET  and ET. calculated using FAO
methods, Wrlght-1982, and 583 Bianey ~-Criddle at Kimberly,
Idaho, 1965~78.

April May June  July August Sept. Oct.

Crass Reference ET_, mm/ day

FAO-BC Mean* 3.52  5.44 6.94 7.94 6.81 4,73  2.63
short term  5td Dev .78 .80 16 .59 .19 .62 .42
FAO-BC Mean** 3.46 5,44 7,07 B.03 6.79 4,73 2.63
fong term Std Dev .38 .39 .30 .22 40 N .23
FAO-Radiation Mean 4,10 5.80 6.77 7.36 6.18 4,48 2.63
Std Dev .76 .70 .67 .39 .64 .50 .31

FAO~Fenman Mean 4,55 5.86 6.62 6.89 5.99 4,57 2.98
Std Dev .73 55 .61 33 .57 44 27

FAO-Ct. Penman Mean 4.48 6.10 7.09 7.51 6.41 4,58 2,77
Std Dev <76 .61 .65 .33 .58 .44 .28

Alfalfa Reference ETr' mm/ day

Wright-1982 Mean 4,20 6.1 7.54 7.99 6.84 5.1z 3,19
Std Dev .70 .65 153 A2 .69 .34 31

S5CS~Blaney~Criddie aifalfa hay ET, mm/day

SCS-Bianey~Cr. Mean 1.62  3.13 4,79 5.82 4.79 2.85 1.42
Std Dev .30 .39 .38 .29 .48 .39 .16
Wright-1982 Mean 2.60 5.78 &.64 6.47 5.20 3.48 1.15
Std Dev 43 B0 .66 .54 52 .37 Wi

¥ Using monthiy mean air temperature and monthiy mean minimum relative
humidity, daytime windspeed, and percent sunshine hours.

*¥* |ysing monthly mean air temperature and long term {14 year) average monthiy
relative humidity, daytime windspeed, and percent sunshine hours.

FAO-BC calculations inciude a 10% upward adjustment per 1000 meters elev.
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Table B-2. Average monthly values of ET_ and ET caiculated using FAO
methods, Wright-1982, and SCS-BlaneyCriddie at Wilder,
Idaho, 1973-1980.

April May June  July August Sept. Oct.

Crass Reference ETO, mm/ day

FAQ-BC Mean¥* 3.7 5.23 6.88 7.66 6.22 4.57 2.41
short term  S+d Dev 82 .80 1.09 .66 .65 .69 .40
FAQO-BC Mean*#* 3.96  5.47  7.61 8.72 7.25 5.33 2.61
long term Std Dev .40 .33 .53 .50 A0 .39 16
FAO-Radiation Mean 4,17 5.43 6.58 7.17 5.8} 4,27 2.43
Std Dev .76 .99  1.24 .63 .75 .68 .47

FAO-FPenman Mean 4.4 5.43 6.36 6.59 5.35 3,95 2,43
5+d Dev .80 73 .79 .45 .59 52 .20

FAQ-Ct. Penman Mean 4,37 5.54 6.62 6.85 5.58 4,06 2.40
St+d Dev .74 .79 .91 A5 .60 .55 .25

Alfalfa Reference ETr’ mm/ day
Wright-1982 Mean 4.20 5.94 7.47 7,72 5.88 4.28 2.59
Std Dev y .83 .93 .56 b2 .64 27
SCS-Blaney-Criddie aifalfa hay ET, mm/day

SCS-Blaney-Cr. Mean 2.25 3.7 5.6 6.87 5.46 3.58 1.67
Std Dev .41 .38 i .53 .55 45 16

* Using monthly mean air Temperature and monthiy mean minimum relative
humidity, daytime windspeed, and percent sunshine hours,

*% Using monthiy mean air temperature and iong term (14 year) average monthly
relative humidity, daytime windspeed, and percent sunshine hours.

FAO-BC calculations inciude a 10% upward adjustment per 1000 meters elev.
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Tabie B-3. Average monthly values of ET_ and ET. calculated using FAQ
methods, Wright-1982, and SCS Bianey~Criddle at Aberdeen,
idaho, 1978~1980.

April May dune Juty  August  Sept.

Grass Reference ETO, mm/ day

FAQ-BC Mean#* 2.79 3.99 6.04 7.42 6.01 4.54
short term Std Dev .12 .69 .32 .37 .32 A7
FAO-BC Moan*¥ 2.64 5.18 7 44 8.44 5.80 5.02
long term S$t+d Dev .15 .35 .25 .14 21 .36
FAC-Radiation Mean 3,13 3.7 5.87 6.566 5.32 4,04
S+d¢ Dev 29 .68 .26 .66 .66 65

FAQO-Penman Mean 3.51 4,27 5.55 .25 5,22 4,12
$+d Dev .14 .58 24 .39 .23 .45

FAOQ~Ct. Penman Mean 3.44 4,35 6.00 6.77 5.50 4.186
S+d Dev 21 .69 .28 .49 .35 55

Aifaifa Reference ETrP mm/ day
Wright-1982 Mean 3,34 4,66 6,43 7.47 6.07 4,71
Std Dev .19 .74 .28 .35 .27 62
SC5-Blaney~Criddie aifaifa hay ET, mm/day

SCS-Bianey-Cr. Mean 1.55 2.80 4.32 5.453 4.36 2.95
Std Dev .08 54 .50 .15 22 a33

*¥ Using monthiy mean air temperature and monthiy mean minimum relative
humidity, daytime windspeed, and percent sunshine hours,

*¥* Using monthly mean alr temperature and fong term (14 year) average monthly
relative humidity, daytime windspeed, and percent sunshine hours.

FAQ-BC calculations inciude 1060 meters eiev.
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Table B-4. Average monthiy vailues of ET_ and ET_ calculated using FAQ
methods, Wright-1982, and SC8-BlaneylCriddle at Rexburg,
Idaho, 1978-1980.

April May June  Juiy August Sept. Oct.

Grass Reference ET,, mm/day

FAO-BC Mean* 3.07  4.62 6,69 7.77 6.42 4.77 2,54
short term  Std Dev 74 .91 .85 .28 .36 17 .60
FAO-BC Mean*#* 3.86 5.47 7.15 8.47 6.87 5.07 2.49
long term Std Dev .56 .22 W32 .02 .29 .20 .35
FAO-Radiation Mean 3.5t 4.76 6.50 7.00 5.74 4,22 2.60
Std Dev .55 .92 .59 .21 .41 .59 53

FAO-Penman Mean 3.91 5.10 6.42 6.77 5.76 4,53 2.99
Std Dev 530 1.06 .75 .21 .30 .54 .45

FAO~Ct. Penman Mean 3.75  5.15  6.74 7.18  5.96 4,42 2.73
Std Dev .57 1.13 74 .22 .29 .61 .45

Alfalfa Reference ETr, mm/ day
Wright-1982 Mean 3.73  5.45 7.35 7.99 6.81 5.27 3.23
Std Dev 540 1,12 .84 .39 .30 .91 .48
SCS-Blaney-Criddie alfaifa hay ET, mm/day

SCS-Blaney-Cr. Mean 1.64 2,85 4,24 5.47 4,34 2,95 1.38
Std Dev .39 .25 32 .03 .32 A7 .23

¥ Using monthily mean air temperature and monthiy mean minimum relative
humidity, dayfime windspeed, and percent sunshine hours.

¥*% Using monthly mean air temperature and iong term (14 year) average monthiy
relative humidity, daytime windspeed, and percent sunshine hours.

FAO-BC caiculations include a 10% upward adjustment per 1000 meters elev.
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Table B~5. Average secondary weather parameters caiculated for USBR
stations and for the USDA station at Kimbertly.

Parameter

nratio
min.RH (%)
daywind {m/s)
D/N ratio
solar (mm/d)
max.RH (%)
ave,RH (%)

nratio
min.RH (%)
daywind (m/s)
D/N ratio
solar (mm/d)

nratioc
min.RH (%)
daywind (n/s)
D/N ratic
solar (mm/d}

nratio
min.RH (%)
daywind (m/s)
D/N ratio
solar (mm/d)

nratio
min.RH (%)
daywind (m/s)
D/N ratio

solar (mm/d)

April  May June July August Sept. Oct.

KIMBERLY, IDAHD 1965-78

.67 T3 75 83
37. 34, 34. 30.
4.7 4.0 3.6 2.8
1.63  1.56  1.65 1.74
8.64 10.61 10,93 11.22
86. 86. 86. 86.

62, 0. 60, 58.

WILDER, IDAHO (USBRJ) 1973~80

65 .70 14 76
34, 30, 27. 25.
2.6 2.4 2.0 1.5
1.16  1.25  1.30  1.24
.10 9,63 10.62 10,38

Fievation=-1195 meters

.78 .16 .69
30. 31. 34,
2.8 3.1 3.3

1.88 1.63  1.63
9.60 7.75 5.47
85, 86. 89.
57. 58. 61,

Elevation--747 meters

.12 T35 .66
27. 7. 34,
1.2 1.1 1.3
1.24 .10 1¢011/
8.92 7.36 5.27

ABERDEEN, I1DAHO (USBR} 1978-80 Elevation--13863 meters

.52 .48 .11 .79
38. 38. 36. 30.
3.0 2.6 2.5 2.3
1.43 1.39 1.53 1.51
7.01 7.79 10,38 10.63

RUPERT, iDAHO (USBR} 1977

.56 W70 72 B2
3. 35. 34, 30.
4.6 3.8 3.4 2.7
1.87 1.55 1.64 1,70
8.Gz 9.70 10.42 10.90

271 70
29. 30.
2.0 2.1
.38 1.27
8.91 7.31

Eievation-~1259 mesters

78 A6 .09
29. 31. 34,
Z2.8 2.5 3.2
1.86  1.62 1.63
.37  7.54 3.34

REXBURG, [DAHO (USBR) 1978-80 Elevation--1481 meters

.59 .38 75 B0
42. 44, 35, 32,
4.0 3.7 3.5 2.9
1.31 1.26 1.32 1,30
7.34 8.69 10.7z2 10.7Z

v Day/night wind ratios (D/N) for Wilder,
Rexhurg were taken {rom PNWRBC date for

idaho Fall

s. Tthese ratios were used o

76 <73 -64
31, 31. 27 .
2.8 2.7 2.4
1.27  1.14 1.11

9.14  7.1¢  5.14

fAberdeen, Rupert and
Boise, Pocateilo, Kimberly and
calculate daytime wind.
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reference ratios for no elevation correction.
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Figure B-4. Long-term average minimum relative humidity for five of eleven Idaho weather stations
eported by the Pacific Northwest River Basins Commission (PNRBC) and for Kimberliy.
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Figure B-5. long-term average minimum relative humidity for six of eleven [daho weather stations

reported by the Pacific Northwest River Basins Commission (PNRBC) and for Kimberly.
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Figure B-5. Long-term average total sky solar radiation for six of twelve 1daho weather stations
reported by Sattertund and Means {1975) and USDA solar radiation data for Kimberly
{Twin Falls 1955-78).
o
s J
=y
t
0
R
]
i T
i =
=
wd £
= 1
o o
s ‘
JE %BoIsE
= 2
jna
e
N
ze% 1. L A i 3. L
3 4 a & 8 9 16

-
MONTH OF THE YEARR
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reported by Satterlund and Means {1975),
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Figure B-8. Long-term day/night wind ratios (7-7) for five of eleven Idahowsather stations reported
by the Pacific Norihwest River Basins Commission (PNRBC, 1968).
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Figure B-9. Laong-term day/night wind ratios {7-7} for five of eleven Idaho weather stations reported

by the Pacific Northwest River Basins Commission (PNRBC, 1968,
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Figure 8-11. Daytime wind speeds at two meters for five of eleven Tdaho weather stations reported

by the Pacific Morthwest River Sasins Commission {PNRBC, 1968) and at Kimberly.
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Table C-1.

NOAA weather

station descriptors and weather fape Information.

Elev NDAA No, Start End

No 8§ CA A.R Lat. Long. (ft) No. Rec Rec Rec  Station Name
1 8%49§ 45%4258 11250 4405 10 754 1 754 Aberdeen Exp. Station
2 8 49 60 4247 11252 4318 227 661 1312 1972 American Falls 1 SW
3 4 26 65 4321 11528 3882 282 456 1973 2428 Anderson Dam
4 8 19 45 4230 11234 5170 347 210 2429 2638 Arbon 2 NW
5 9 13 55 4336 11320 5328 375 675 2639 3313 Arco 3 SW
6 9 28 30 4404 11127 5260 470 756 4069 4824 Ashton
7 1 09 20 4759 11633 2075 667 392 6301 6692 Bayview Model Baslin
8 9 07 40 4310 11221 4487 915 733 7098 7830 Blackfoot 2 SSW
9 5 31 35 4258 11500 3275 1002 736 8226 891t Bliss
10 3 01 75 4334 11613 2838 1022 361 9380 9740 Bolse WSO AP
11 1 11 25 4841 11610 1860 1079 588 9741 10328 Bonners Ferry 1 SW
12 4 24 40 4253 11548 2530 1195 304 10525 10828 Bruneau
13 6 17 40 4232 11346 4157 1303 501 12983 13483 Burley FAA AP
14 1 09 35 4805 11604 2260 1363 278 13484 13761 Cabinet Gorge
15 3 15 35 4340 11641 2370 1380 756 13762 14517 Caldwell
16 3 02 30 4434 11641 2650 1408 736 14518 15253 Cambridge
17 3 54 35 4432 11603 4896 1514 458 15325 15782 Cascade 1 NW
18 5 53 20 4229 11452 3825 1551 199 15818 16016 Castleford 2 N
19 10 21 60 4430 11414 5175 1663 754 16381 17134 Challis
20 10 22 55 4359 11349 6260 1671 536 17135 17670 Chiily Barton Fiat
21 1 38 45 4741 11645 2158 1956 696 18506 19201 Coeur D'Alene 1 E
22 232 20 4601 11620 3945 2154 493 19677 20169 Cottonwood
23 3 02 45 4444 11626 2950 2187 754 20245 20998 Counclili
24 3 15 5 4335 11645 2510 2444 732 22323 23054 Deer Flat Dam
25 9 51 25 4344 11107 6116 2676 678 23642 24319 Driggs
26 10 13 90 4415 11212 5450 2707 671 24320 24990 Dubois Exp. Station
27 3 48 20 4352 11628 2370 2942 755 26190 26944 Emmeit 2 E
28 5 14 15 4321 11447 5065 3108 384 26945 27328 Fairfield Ranger Station
29 B8 07 30 4302 11226 4460 3297 744 27977 28720 Fort Hall Indian Agncy
36 3 02 65 4404 11555 3212 3448 727 28822 29548 Garden Yalisy RS
31 4 24 80 4256 11519 2510 3631 750 29826 30575 Glenns Ferry
32 8 16 25 4235 11144 5550 3732 876 31147 32022 Grace
33 4 24 35 4300 11608 2400 3760 612 32023 32634 Grand View 2 W
34 2 32 45 4555 11608 3360 3771 685 32635 33319 Grangeville
35 5 14 70 4331 11418 5298 3942 75% 35205 35959 Haiiey Ranger Station
36 10 35 60 4358 11216 4791 3964 586 35960 36545 Hamer 4 NW
37 6 33 65 4236 11400 4060 4140 739 36546 37284 Hazelton
38 5 14 30 4318 11503 5090 4268 699 37632 38330 Hili City
39 6 52 70 4221 11434 4525 4295 749 38331 39079 Hollister
40 10 35 65 4347 11300 4820 4384 548 39080 396Z7 Howe
41 3 26 25 4350 11550 3965 4442 744 39628 40371 idaho City
42 9 10 55 4329 11201 4765 4455 329 40929 41257 ldaho Falls 2 ESE
43 9 10 35 4321 11147 5850 4456 289 41258 41546 Idaho Falls 16 SE
44 910 75 4331 11204 4730 4457 741 41547 42287 idaho Falls FAA AP
45 9 35 100 4332 11257 4938 4460 309 42465 42773 ildaho Falls 46 W
46 10 29 30 4425 11124 6300 4598 515 43375 43889 [sland Park Dam
47 6 37 65 4244 11431 3740 4670 749 43890 44638 Jerome
48 1 50 45 4732 11608 2320 4831 744 45382 46125 Kellogg
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Table C-1. Continued.

Elev NOAA No, Start End

No §S CA A.R Lat. Long. (ff) No. Rec Rec Rec Station Name

49 10 29 20 4424 11153 6410 4908 201 46210 46410 Kilgore

50 2 33 30 4609 11559 1260 5011 751 46411 47161 Kooskia

51 3 01 0 4329 11624 2680 5038 644 47162 47805 Kuna 2 NNE

52 2 45 55 4623 11701 1436 5241 550 48446 48995 Lewiston WSO AP

53 7 05 25 4207 11118 5926 5275 723 48996 49718 Lifton Pumping Station
54 10 22 40 4355 11337 5897 5462 753 50306 51058 Mackay Ranger Station
55 7 46 40 4212 11215 4580 5544 839 51345 52183 Malad

56 7 46 45 4210 11219 4470 5559 425 52184 52608 Maiad City

57 6 18 15 4218 11317 4540 5563 196 52609 52804 Malta Z E

58 10 40 45 4436 11355 5110 5685 552 52883 53434 May

59 3 54 45 4454 11607 5025 5708 750 53435 54184 Mc Cali

60 6 44 60 4241 11329 4210 5980 392 55526 55917 Minidoka Dam

61 7 05 45 4219 11118 5960 6053 780 55918 56697 Montpelier Ranger Station
62 1 39 15 4644 11658 2660 6152 756 56757 57512 Moscow-Univ. of ldaho
63 4 25 75 4309 11543 3190 6174 752 57513 58264 Mountaln Home

64 3 03 20 4458 11617 3870 6388 756 59054 59809 New Meadows Ranger Station
65 2 42 15 4615 11615 3145 6424 339 60225 60563 Nezperce

66 6 18 35 4214 11353 4600 6542 754 60720 61473 Oakley

67 3 02 35 4408 11617 2990 6590 341 62238 62578 Ola 4 S

68 2 20 30 4629 11615 1027 6681 756 62579 63334 Orofino

63 9 28 60 4321 11113 5385 6764 390 63335 63724 Pallsades Dam

70 3 15 10 4348 11657 2215 6844 686 63725 64410 Parma Exp. Station

71 6 44 30 4237 11345 4210 6877 547 64411 64957 Paul 1 ENE

72 3 48 15 4405 11656 2150 6891 719 64958 65676 Payette

73 5 14 20 4318 11404 4875 7040 254 65778 66031 Picabo

74 8 04 90 4255 11236 4454 7211 536 67173 67708 Pocatel lo WS0 AP

75 1 12 45 4857 11630 1775 7264 755 67709 68463 Porthill

76 1 39 10 4658 11653 2600 7301 749 68464 69212 Potiatch 3 NNE

77 7 27 40 4204 11151 4726 7353 581 69696 70276 Preston Sugar Factory
78 3 56 90 4312 11645 3930 7648 217 71237 71453 Reynolds

79 5 52 35 4304 11409 4306 7673 692 71454 72145 Richflield

80 2 34 70 4525 11618 1800 7706 607 72146 72752 Riggins

81 6 44 50 4237 11326 4200 7968 571 73498 74068 Rupert

82 9 30 55 4358 11143 4950 8022 480 74108 74587 St Anthony 1 WNW

B3 1 06 40 4719 11634 2220 8062 756 74588 75343 Saint Maries

84 10 41 80 4507 11353 3911 8076 612 75344 75955 Saimon

85 10 41 80 4511 11345 3970 8080 145 75956 76100 Saimon 1 N

86 1 08 30 4817 11634 2120 8137 756 76101 76856 Sandpoint Exp. Station
87 5 31 75 4258 11426 3950 8380 743 76857 77599 Shoshone 1 WNW

88 5 23 60 4414 11454 6271 8676 196 79103 79298 Stanley

89 6 19 45 4201 11317 5280 8786 482 79405 79886 Sirevell

90 3 15 85 4315 11623 2325 8528 534 81025 81558 Swan Falls Power House
91 9 28 30 4327 11120 5270 8937 231 81559 81789 Swan Va!ley

92 1 06 15 4710 11655 2550 9029 141 81837 81977 Tensed

93 9 51t 10 4351 11116 6170 9065 332 82218 82549 Tetonla Exp. Station
94 4 47 80 4205 11515 5460 9119 470 82550 83019 Three Creek

95 6 53 55 4235 11433 3940 9294 689 83058 83746 Twin Falls 2 NNE

96 6 53 35 4229 11425 3940 9299 631 83747 84377 Twin Fallis 3 SE

97 11 53 0 4233 11414 3960 9303 201 84378 84578 Twin Falls WSO

98 3 55 20 4414 11657 2103 9638 756 86042 86797 Weiser 2 SE

¥ Secondary statlon number for minimum daviime relative humidity,
daytime wind speed and percent sunshine {(solar radialtontion).

# Crop area number for crop growth state dates.

% Aridity rating of termperature sensor environment,
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Computer date file of crops and growth stage dates® for areas

within Idaho.
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Dry and Edible Beans

Fileld Corn
Garden Vegetables

Grass Pasture
Onicns

Alfalfa Hay
Alfalfa Seed
Silage Corn
Sweet Corn
Peas
Potatoes
Sugar Beets
Spring Grain
Winter Grain
Orchards
Lentils

Hops

2

9
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Definition of Crops
Numhber Crop Name

Crop
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Alfalfa reference evapotranspiration, mm/day, adjusted

Table C-3.

(from Table 12).

for station aridity
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Table C-3. Continued.

Mar Apr May June July Aug Sept Oct Mar-Oct
Kilgore ~.05 2,67 4.87 6.51 7.22 5.86 4.00 2.09 1015
Kooskia 1.86 3.94 5.27 6,37 7,52 6.14 4,34 2,19 1152
Kuna 2 NNE 2.21 4,61 6.14 7.74 8.47 7.12 5.44 3,29 1378
Lewiston WSO AP 1.88 3,89 5.24 6.50 7.67 6.24 4,42 2,28 1167
Lifton Pumping Station 40 3.22 5.01 6.89 7.78 6.53 4,67 2.48 1132
Mackay Ranger Station .81 4.01 5.65 7.31 8.14 6.51 4.78 2.90 1227
Malad 1.27 3.94 5,26 7.05 7.93 6.74 4,99 2,89 1226
Maiad City 1.19 3,77 5.15 6.88 7.75 6.58 4.83 2.79 1192
Malta 2 E 1.87 4.27 5.88 7.7¢ 8.35 6.91 5,15 3.26 1330
May .15 4.14 5.68 7.15 7.81 6.26 4.54 2,79 1209
Mc Cail 82 2.95 4.84 6.52 7.28 5.87 4,32 2.49 1074
Minidoka Dam 1.83 4.37 6.04 7.82 8.29 6.80 5.28 3.48 1344
Montpelier Ranger Station .51 3.23 4,78 6.60 7.51 6.29 4.50 2,48 1098
Moscow-Unlv, of !daho 1.28 3.66 4.88 5.81 7.58 6.06 4,37 2.07 1093
Mountain Home 2.25 4,61 6.09 7.90 8.24 6.70 5.08 3.64 1362
New Meadows Ranhger Station 1.07 3.47 5.11 6.74 7.38 6.01 4.40 2.40 1116
Nezperce 1.36 3,27 4.67 5,90 7.14 5.97 4,09 1,94 1051
Oak ley 2.01 4.54 6,08 7.77 8.35 6.94 5,38 3,61 1367
Ola 4 § 1.94 4.18 5.84 7.54 8.17 6.70 5.13 3.00 1301
Orofino 1.89 4.07 5.41 6.54 7,75 6.36 4.45 2.24 1185
Pal isades Dam 1.01 3,94 5.92 7.43 8.02 6.43 4.90 3.14 1248
Parma Exp. Station 2.25 4.67 6.24 7.86 8.58 7.14 5.39 3.17 1386
Paul 1 ENE 1.83 4.34 6.04 7.68 8.23 6.80 5,17 3.28 1327
Payette 2.29 4.78 6.38 8,01 8,77 7.27 5.48 3.21 1414
Picabo 1.07 4,14 6.02 7.79 8,02 6.79 5.04 3.06 1283
Pocateilo WSO AP 1.64 4.24 5.91 7.91 8.23 6.53 4,92 3.36 1308
Porthill 1.00 3.51 4.85 5.75 7.24 5.56 3,79 1.65 102%
Potlatch 3 NNE 1.21 3.53 4.75 5.67 7.32 5.81 4,10 1.92 1051
Preston Sugar Factory 1.17 3.95 5.23 7.00 7.87 6.67 4,94 2.88 1215
Reynolds 1.84 3.64 5.28 6,94 7.48 6.04 4.61 3.00 1189
Richfield 1.52 4,65 6.28 7.87 8.05 6.73 5.17 3.34 1334
Riggins 2,11 4,19 5.44 6.54 7.86 6.47 4.66 2.60 1221
Rupert 1.90 4.62 6.16 7.85 8.38 6.80 5.21 3.43 1357
S+ Anthony 1 WNW .98 4,09 5.97 7.28 7.76 6.22 4.64 2,94 1220
Saint Marles 1.24 3.61 4.89 5.82 7.43 5.79 4.13 1.97 1068
Salmon 1.31 4.37 5,78 7.12 7.61 5.92 4.31 2.75 1198
Salmon 1 N 1.48 4.33 5.80 7.52 7.93 6.16 4.40 2.69 1233
Sandpolnt Exp. Station 1.05 3.48 4,79 5.70 7.20 5.60 3.88 1.73 1023
Shoshone 1 WNW 1.82 4.91 6.48 8,15 8.27 6.79 5.24 3.57 1384
Staniey .35 2.89 4.78 6.45 6,32 5.14 3.76 2.40 982
Streveli .65 4,11 5.73 7.52 8.23 6.80 5.20 3.29 1301
Swan Falls Power House 2.58 4.97 6.57 8.19 8.89 7.21 5.69 3.79 1466
Swan Valley 1.08 3.82 5.68 7.16 7.84 6.31 4.67 2,74 1203
Tensed 1.18 3.37 4.49 5,58 7.18 5.77 3.99 1.84 1023
Tetonia Exp. Station .62 3,43 5.55 7.18 7.99 6.52 4.70 2.55 1180
Three Creek 1.53 3.62 5.00 6.65 7.07 5.68 4.16 2.97 1123
Twin Falls 2 NNE 2,15 4.75 6.34 7.92 8.32 6.78 5.22 3.52 1376
Twin Falls 3 SE 2.05 4.66 6.27 7.91 8.41 6.87 5.29 3.45 1374
Twin Falls WSO 1.95 4.18 6.23 7.46 8.10 6.82 5.21 3.34 1326
Welser 2 SE 2.27 4.73 6,33 7.99 8,67 7.13 5,40 3,20 1399




fable C-4. Standard deviation of
mm/day. Adjusted for

Alfalfa Reference Evapotranspiration,

station aridity.

ABERDEEN EXP. STATION
AMERICAN FALLS 1 SW
ANDERSON DAM

ARBON 2 NW

ARCO 3 SW

ASHTON

BAYVIEW MODEL BASIN
BLACKFOQT 2 S3¥W
BLISS

BOISE WSO AP
BONNERS FERRY 1 SW
BRUNEAU

BURLEY FAA AP
CABINET GORGE
CALDWELL

CAMBRIDGE

CASCADE 1 NW
CASTLEFORD 2 N
CHALLIS

CHILLY BARTON FLAT
COEUR DTALENE 1 E
COTTONWOOD

COUNCIL

DEER FLAT DAM
DRIGGS

DUBOIS EXP. STATION
EMMETT 2 E
FAIRFIELD RANGER STATION
FORT HALL INDIAN AGNCY
GARDEN VALLEY RS
GLENNS FERRY

GRACE

GRAND VIEW 2 W
GRANGEVILLE

HAILEY RANGER STATION
HAMER 4 NW

HAZELTOHN

HILL CITY

HOLLISTER

EOWE

IDAHO CITY

IDAHO FALLS 2 ESE
IDAHO FALLS 16 SE
JDAHO FALLS FAA AP
IDAHO FALLS 46 W
ISLAND PARK DAM
JEROME

KELLOGG

Mar Apr May dJune July fug Sept - Oot
T .54 51 .48 .32 .31 .40 .36
A2 L4 A6 .52 .28 .29 .37 .35
.38 45 A7 54 .29 .36 44 L40
JAlb 49 A0 A7 .22 37 A4 .38
.54 .56 53 A7 .37 .38 .40 .36
A7 .50 .52 Hg .32 =31 A1 .38
.18 .23 .33 .29 27 .32 .29 .18
L6 .58 A7 43 <34 34 44 .38
.35 47 .49 A7 .26 «33 <41 .35
.31 38 .46 A7 .32 A0 LAk +32
.26 .32 .30 «33 29 .30 .38 .16
.30 .48 A3 .50 .35 .33 42 +30
+34 A5 A6 246 .24 .31 .40 .34
.22 .28 .35 .32 +29 .37 .38 .16
.28 37 Y .51 37 -39 .38 .26
LAT Lhb 45 .51 .43 .39 .39 29
.36 42 43 U6 .30 .33 LAY .31
.36 .h2 .39 L .22 .38 A .33
.39 .48 52 .52 .33 .37 .37 .34
A8 .53 49 .52 A2 L2 4 .35
.25 .34 .35 .33 .28 .32 35 .19
«33 .37 A3 iy .38 .34 .36 .25
L6 LU3 A6 a9 .30 .38 A2 .28
.28 «37 .43 .39 .26 .28 .34 .23
L7 =57 52 .53 .32 .30 LUl .38
A8 .60 .56 54 .35 +33 .45 .39
.30 .41 LT 46 .32 .34 .37 .27
A7 .52 Al .43 .28 A3 .48 .39
LU0 49 52 .48 .28 .32 .34 .34
.30 43 .39 A7 .32 .36 A1 27
<35 o b4 .45 48 .30 .36 .35 =33
.54 .64 48 .55 .35 .32 A0 .39
.28 L42 U6 LY .35 .35 .38 .28
=30 .38 42 .37 <32 .36 A .26
.45 .62 .55 .50 <34 -39 LBY A1
R3] .49 L89G A2 .30 =35 240 .34
- 37 49 55 51 -39 .36 241 .38
52 54 .50 .49 <29 .35 .40 .35
.38 .54 =57 -59 .32 .37 LA4 .40
.48 46 =37 45 .31 .33 .48 .36
.39 <A1 46 A1 .32 -35 40 =31
Lub 50 48 iyl .26 .36 42 32
B3 48 .35 A .31 43 .51 A0
.54 54 <53 49 .26 «30 A1 »35
51 U8 48 .50 .27 .36 .85 .32
A6 54 .49 46 .30 .35 W43 -39
.37 48 .55 .53 .31 .36 LU0 .34
.26 .38 .38 .35 .31 .34 .35 .20
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Table C~4. Continued.

KILGORE
KOOSKIA

KUNA 2 NNE

LEWISTON WSO AP

LIFTON PUMPING STATION
MACKAY RANGER STATION
MALAD

MALAD CITY

MALTA 2 E

MAY

MC CALL

MINIDOKA DAM
MONTPELIER RANGER STATION
MOSCOW-UNIV. OF IDAHO
MOUNTAIN HOME

NEW MEADOWS RANGER STATION
NEZPERCE

OAKLEY

OLA 4 S

OROFINO

PALISADES DAM

PARMA EXP. STATION
PAUL 1 ENE

PAYETTE

PICABO

POCATELLO WSC AP
PORTHILL

POTLATCH 3 NNE

PRESTON SUGAR FACTORY
REYNOLDS

RICHFIELD

RIGGINS

RUPERT

ST ANTHONY 1 WNW

SAINT MARIES

SALMON

SALMON 1 W

SANDPOINT EXP. STATION
SHOSHONE 1 WiW

STANLEY

STREVELL

SWAN FALLS POWER HOUSE
SWAN VALLEY

TENSED

TETONIA EXP. STATION
THREE CREEK

TWIN FALLS 2 NNE

TWIN FALLS 3 SE

TWIN FALLS WSO

WEISER 2 SE

Mar Apr May June July Aug Sept Oct
.39 55 A3 .38 .25 .36 52 b1
.25 .33 .36 .34 .26 .30 .32 .20
.29 b2 .45 41 .32 .34 .36 .30
.23 .32 .35 b1 .31 J40 .36 .20
.51 .58 L4 .43 .23 27 .36 .32
L6 +59 .53 .53 <34 .36 W37 .38
.38 .49 .45 A5 .31 .36 A0 .35
A2 -39 241 A2 21 .34 .34 .30
41 <50 40 .52 .29 A9 A4 .29
.41 A6 A7 .48 .32 .34 LA .31
A5 52 .50 .49 27 .36 A0 +30
A1 U5 A7 A7 .28 .36 A1 .35
.50 .62 .48 -2 27 .31 .36 37
.27 LU0 «39 .36 .30 .34 .35 .23
.32 Ji6 .50 .51 <34 .38 A0 40
U5 A2 A2 42 27 .32 .39 29
.28 .36 A0 .37 29 .38 A2 .23
.37 49 54 51 .32 .34 <39 .39
.35 .38 A1 A2 27 .38 43 .27
.24 .32 .36 .35 .25 29 .31 .20
A2 52 U6 A7 «31 .34 LU0 .37
.29 .42 A6 LU8 .33 .34 .34 .26
.36 U5 LAY L7 .27 .36 b2 .35
.29 .36 L9 A0 27 .31 .34 25
.53 .51 .53 .54 .33 A5 .56 A1
A A7 A48 .48 .28 .35 45 .39
27 .28 .30 <31 27 .30 .31 A7
.28 A0 .39 <37 .35 .32 +39 .26
A8 .50 Shk 6 «25 .30 .3k .30
=31 LH5 A3 43 .30 LY .36 .32
.54 .48 .50 251 <31 .37 LU0 .34
.29 43 LU0 A0 27 .37 .39 26
.39 .45 .58 .53 .32 .31 .35 37
U7 .52 .52 LA .26 .31 LU0 =37
.26 .37 .37 .33 .30 .33 .35 .20
4o .37 W48 243 .27 27 .35 .28
.33 .50 .36 A2 27 35 .38 .30
.26 .33 33 .30 .25 .28 .30 A7
A6 .51 54 .58 .36 .46 A6 .37
57 AT LA40 49 .20 .34 .53 .32
-39 54 .53 b4 -31 W34 49 41
.29 41 .2 .53 29 .32 .39 .29
L5 .53 .38 «35 32 .33 A5 <34
.19 .30 .27 .29 .22 .32 40 17
L46 .55 .o 41 .31 .34 L49 .37
.35 <55 LA45 45 .31 .37 .50 49
.32 b7 W48 .45 27 .32 41 35
.36 .48 51 .h2 .28 .30 .39 .37
.35 .43 L2 .36 24 .36 AT .34
.31 A2 L2 A2 .34 .34 »37 .31
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Mar Apr May June July Aug Sept 0Oct Mar-Oct

Alfalfa reference evapotranapiration, mm/day.

Not adjusted for station aridity.
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Continued.

Apr May June July fug Sept Oct Mar-Oct
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Table C-6, Standard deviation of Alfalfa Reference Evapotranspiration,
- mm/day. Not adjusted for station aridity.

ABERDEEN EXP. STATICN
AMERICAN FALLS 1 3W
ANDERSON DAM

ARBON 2 NW

ARCO 3 3W

ASHTON

BAYVIEW MODEL BASIN
BLACKFOOT 2 SSW
BLIS3

BOISE WSO AP
BONNERS FERRY 1 SW
BRUNEAU

BURLEY FAA AP
CABINET GORGE
CALDWELL

CAMBRIDGE

CASCADE 1 NW
CASTLEFORD 2 N
CHALLIS

CHILLY BARTON FLAT
COEUR DYALENE 1 E
COTTONWOOD

COUNCIL

DEER FLAT DAM
DRIGGS

DUBOIS EXP, STATION
EMMETT 2 E
FAIRFIELD RANGER STATION
FORT HALL INDIAN AGNCY
GARDEN VALLEY RS
GLENNS FERRY

GRACE

GRAND VIEW 2 W
GRANGEVILLE

HAILEY RANGER STATION
HAMER 4 NW

HAZELTON

HILL CITY

HOLLISTER

HOWE

IDAHO CITY

IDAHO FALLS 2 ESE
IDARO FALLS 16 SE
IDAHC FALLS FAA AP
IDAHO FALLS #6 W
ISLAND PARK DAM
JERGME

KELLOGG

Mar Apr May June July Aug Sept  QOct
BT .54 51 .48 .32 +31 L0 .36
.82 b U6 .52 .28 .29 .37 «35
.38 45 L7 Y .29 .36 Y 40
Ll A9 b0 LT .22 .37 L4 .38
.54 .56 .53 A7 .37 .38 LU0 .36
47 .60 .52 .49 .32 .31 1 .38
.18 .23 .33 29 27 .32 .29 .18
U6 .58 AT 43 .34 34 i .38
.35 Y .49 47 .26 -33 .41 .35
.31 .38 46 47 .32 A0 A4 .32
.26 .32 .30 .33 .29 .30 .34 .16
.30 .48 43 .50 .35 .33 42 .30
.34 A5 A6 U6 .24 .31 A0 .34
.22 .28 .35 .32 .29 .37 .38 .16
.28 .37 A7 .51 .37 .39 .38 .25
A7 LAY 45 .51 .43 .39 .39 .29
.36 A2 A3 46 .30 .33 .Y .31
36 .52 .39 U5 .22 .38 41 .33
.39 .48 .52 .52 .33 .37 .37 .34
.48 .53 49 .52 42 A2 LA .35
.25 .34 «35 +33 .28 .32 .35 .19
.33 .37 .43 U1 .38 .34 .36 .25
U6 A3 46 49 .30 .38 42 .28
.28 .37 .43 .39 .26 .28 L34 .23
.47 ST .52 .53 W32 .30 Ly .38
A48 .60 .56 .54 .35 =33 45 «35
.30 A1 A7 A6 .32 .34 37 27
A7 .52 LAl A3 .28 .83 .48 .39
.40 A9 52 A48 .29 .32 .34 .34
.30 U3 .39 47 .32 .36 .41 27
.35 44 .49 A48 .30 .36 «35 .33
.51 .64 48 .55 .35 .32 L40 .39
.28 42 A6 LG .35 =36 .38 .28
<30 .38 42 .37 .32 .36 21 .26
45 .62 .55 50 <34 +39 it .49
L8 49 4G 42 .30 .35 40 .34
37 49 <55 .51 -39 .36 41 .38
.h2 .54 .50 .49 .29 .35 40 =35
.38 54 257 .59 .32 =37 SHY A0
.48 U6 .37 45 =31 .33 48 .36
.39 L1 L6 A1 .32 .35 40 .31
LUl .50 .8 i .28 .36 A2 .32
.43 A8 .35 41 .31 .43 .51 .40
.54 .54 .53 49 .26 .30 B .35
.51 L8 U8 .50 27 .36 45 .32
.46 .54 A9 Ao .30 .35 43 .39
.37 48 .55 .53 .31 .36 U0 .34
.26 .38 .38 .35 .31 .34 .35 .20
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Table C~6, Continued.

Mar Apr May June July Aug Sept Oct
KILGORE .39 .55 .43 .38 .25 +36 .52 A
KOOSKIA .25 .33 .36 .34 .26 .30 232 .20
KUNA 2 NNE .29 L2 .45 41 .32 .34 .36 .30
LEWISTON WSCG AP .23 .32 .35 41 « 31 L0 .36 .20
LIFTON PUMPING STATION .51 .58 LY 43 23 27 .36 .32
MACKAY RANGER STATION L6 59 .53 .53 34 .36 .37 .38
MALAD .38 U9 A5 U5 .31 .36 A0 .35
MALAD CITY 42 .39 A1 A2 .21 .34 .34 « 30
MALTA 2 E b .50 LU0 .52 .20 .49 Ll .29
MAY 41 .46 AT .48 .32 .34 .41 <31
MC CALL L5 52 50 B9 .27 .36 A0 .30
MINIDOKA DAM 41 A5 AT A7 .28 .36 A1 .35
MONTPELIER RANGER STATION .50 .62 48 .52 27 .31 .36 « 37
MOSCOW-~-UNIV. OF IDAHO 27 Li0 .39 .36 .30 .34 .35 23
MOUNTAIN HOME .32 A6 .50 .51 .34 .38 A0 A0
NEW MEADOWS RANGER STATION .45 A2 A2 Ja2 27 .32 .39 29
NEZPERCE .28 .36 A0 37 .29 .38 A2 .23
QAKLEY .37 A9 .54 .51 .32 .34 .39 .39
OLA B S .35 .38 A1 L2 27 .38 43 27
QROFIKO 24 .32 .36 .35 .25 .29 .31 .20
PALISADES DAM 242 52 RT3 AT «31 L34 J40 + 37
PARMA EXP. STATION .29 L2 46 LAU8 .33 .34 34 .26
PAUL 1 ENE .36 A5 A7 AT 27 .36 A2 .35
PAYETTE .29 .36 LU A0 27 .31 + 34 .25
PICABO .53 51 .53 .54 .33 JA5 .56 L1
POCATELLO WSO AP 241 L7 A8 A8 .28 »35 A5 .30
PORTHEILL 27 28 .30 .31 27 .30 .31 37
POTLATCH 3 NNE .28 ity .39 37 .35 .32 .39 .26
PRESTON SUGAR FACTORY U8 <50 Y LU6 «25 .30 34 .30
REYNOLDS .31 L45 LA3 LA43 «30 L 6 .32
RICHFIELD 54 LU48 .50 <51 .31 .37 40 34
RIGGINS .29 A3 40 LU0 27 .37 .39 .26
RUPERT .39 S5 .58 .53 .32 .31 .35 37
ST ANTHONY 1 WNW Vi .52 .52 LA .26 .31 LAD 37
SAINT MARIES .26 .37 .37 .33 .30 .33 <35 .20
SALMON L0 - 37 48 43 27 27 <35 .28
SALMON 1 N .33 .50 .36 42 .27 .35 .38 .30
SANDPOINT EXP. STATION .26 .33 .33 .30 .25 .28 +30 .17
SHOSHONE 1 WNW L6 .51 54 .58 .36 L6 46 «37
STANLEY 5T AT A0 A9 .20 .34 .53 .32
STREVELL .39 54 .53 .64 .31 .34 L9 A1
SWAN FALLS POWER HOUSE .29 41 Al .53 .29 .32 .39 .29
SWAN VALLEY .45 .53 .38 .35 .32 .33 45 .34
TENSED .19 .30 27 .28 22 .32 .40 A7
TETONIA EXP, STATION A6 .55 LAG 41 231 .34 A9 37
THREE CREEK .35 .55 L5 .45 .31 <37 .50 g
TWIN FALLS 2 NNE .32 A7 .48 A5 .27 .32 o1 .35
TWIN FALLS 3 SE .36 A8 .51 .52 .28 .30 .39 .37
TWIN FALLS WSO .35 A3 A2 .36 o8 .36 AT .34
WEISER 2 SE -31 A2 A2 H2 .34 .34 .37 =31
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Table C-7. NOAA WEATHER STATION CONSUMPTIVE USE REFERENCE NUMBERS

ABERDEEN EXP. STATION
AMERICAN FALLS 1 SW
ANDERSON DAM

ARBON 2 NW

ARCC 3 SW

ASHTON

BAYVIEW MODEL BASIN
BLACKFOOT 2 SSW
BLISS

BOISE WSO AP
BONNERS FERRY 1 SW
BRUNEAU

BURLEY FAA AP
CABINET GORGE
CALDWELL

CAMBRIDGE

CASCADE 1 NW
CASTLEFORD 2 N
‘CHALLIS

CHILLY BARTON FLAT
COEUR D'ALENE 1 E
COTTONWOGD

COUNCIL

DEER FLAT DaM
DRIGGS

DUBOIS EXP. STATION
EMMETT 2 E
FAIRFIELD RANGER STATION
FORT HALL INDIAN AGNCY
GARDEN VALLEY RS
GLENNS FERRY

GRACE

GRAND VIEW 2 W
GRANGEVILLE

HATILEY RANGER STATION
HAMER 4 NW

HAZELTON

HILL CITY

HOLLISTER

HOWE

IDAHC CITY

IDARC FALLS 2 ESE
IDAHO FALLS 16 SE
IDAHO FALLS FAA AP
IDAHO FALLS 46 W
ISLAND PARK DAM
JERCME

KELLOGG

WA W -

EEEELEEE I SWWWWWWWLWWWMRNM MR MM R N AR 3 2 b b oo oes s 3 s o
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Table C-7.

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
17
78
79
80
81
82
83
84
85

87
88
89
90

4
§

92
93
94
85
96
97
98
98
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NOAA WEATHER STATION CONSUMPTIVE USE REFERENCE NUMBERS, CONT'D

KILGORE
KOOSKIA

KUNA 2 NNE
LEWISTON WSO AP

LIFTON PUMPING STATION
MACKAY RANGER STATION
MALAD

MALAD CITY

MALTA 2 E

MAY

MC CALL

MINIDOKA DAM
MONTPELIER RANGER STATICN
MOSCOW~-UNIV. OF IDAHO
MOUNTAIN HOME

NEW MEADCWS RANGER STATICN
NEZPERCE

OAKLEY

OLA 4 8

OROFINO

PALISADES DAM

PARMA EXP. STATION
PAUL 1 ENE

PAYETTE

PICABO

POCATELLO WSO AP
PORTHILL

POTLATCH 3 KNE

PRESTON SUGAR FACTORY
REYNOLDS

RICHFIELD

RIGGINS

RUPERT

ST ANTHONY 1 WNW
SAINT MARIES

SALMON

SALMON 1 X

SANDPOINT EXP. STATION
SHOSHONE 1 WNW

STANLEY

STREVELL

SWAN FALLS POWER HOUSE
SWAN VALLEY

TENSED

TETONIA EXP. STATION
THREE CREEK

TWIN FALLS 2 XNNE

TWIN FALL3 3 SE

TWIN FALLS WSO

WEISER 2 SE

WEISER 2 SE
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& 14y
* 146 142
2 14y ‘ESE 142
N 145 133 13 135 132
8 155 142
® 139
# 141 135 116
* 125
: 123 127 116
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FINY
$EMA(EEE)

PROGRAM CONSU
&
C ecceee 00000000 N N 58555833 1} y
c c 0 0 HN N s U [
c c Q g N N R 58838558 U U
c c Q Q N NN s u U
€ c 8] 0 K HR 5 u u
c cceeee C00000C0 N N ERERRL ugruyoy
c
C
C FINAL VERSION TIME STAMPED  <820622.1208>
C
C.....PROGRAM TO CALCULATE MONTHLY CONSUMPTIVE USE REQUIREMENTS FOR
c THE STATE OF IDAHO USING THE FAC-BLANEY-CRIDDLE METHOD.
C DATA USED ARE MONTHLY TEMPERATURE AND PRECIP
4 AND REGIONAL SOLAR, HUMIDITY AKD WIND FROM PNWRBC AND U3Dp
C IN KIMBERLY.
C
c PROGRAMMED BY Rick Allen University ol Idaho Kimberly, Idaho
C for an HP-1000 computing aystem.
¢ 19811982

COMMON/EEE/CROPCO{S6,17,12)  A2ND{11,12) ,B2ND(11,12) ,N2ND( 11,9},
CISUM1(17,12),ETSUMI{17,12),
CISUM2(17,12),ETSUM2(17,12)
CISUM3(17,12),ETSUM3{17,12) ,NTIR(17,12},
SUMCN1{ 17}, SUMCK2{17 ), SUHCN3( 17}, SUMCR{1T),
SUMIRT( 17}, SUMIR2({17),SUMIR3(17},SUMIR{1T),
ETCP{17,12),TIRCP(17,12),NPRC{1T)

DIMENSION IBUFF(13600),IBUFR(16),IT(2)

DOUBLE PRECISION HRECS,HRECE,HBLE,NREC,NWF, IRLOCK

DIMENSION F(3},G(3),NAME(13),DAYS{12)

DIMENSION FF(17),NMO{12),NPRE(12},TMEAN(12) ,RAIN(12)

DIMENSION ET(17),TIR{17),DESEF{12),PLAVE{12),ELAVE(12}

DIMENSION PSUMi{12)},ESUM1{12), ELSTD{12),ELSKE(12)

DIMENSION PSUM2(12),ESOM2(12)

DIMENSION PSUM3(12),ESUM3{12)

DIMERSION RATH(12),REMN(1Z),DAYW( 12}, PMON{ 12}

DIMENSION ALFCO{12},ETRYR(12),ADEPTH({17),DESERT(12}

DIMENSION AVIR(Y7),AVET(17},STET{1T),STIR{17},SKET(17),SKIR{17)

DIMENSION MMCRP(3,17)

INTEGER STATE,STANC,YEAR,DEGDAY,

THIGHT, TNINTY, TMAXFR, TMINFR, THING,

e Qo g Qe e R

2PCE, HIGHPC , HDATEP, SCODE, HDATES, POVR10, POVRS0,

IPOVRY, HALL, SKODAY ,NINDCD, WIND, EVAFCE, COOL

REAL MAXTP, MINTP MEANTP

REAL LAT,NRATIO

INTEGER DAY

ERAIN{PREC,U,FFF)=(0.7T091T*PRECR¥0 82416-0.11556)

% #10.9%(0, 0242690 ) FFF
DATA F/EH(1X,,4H JBHAZ 3/
DATA G/UH( 4B JUHAZ Y/

DATA HEMIS/1HN/S

DATA ALFCO/0.6,0.0,1.15,1.21,1.14,1.07,1.01,1.00,1,08,1.22,0,,0./

DATA ADEPTH /5.5,5.5,1.8,3.,3.,3.,2.,1.,3.5,1.8,2.5,3.,3.,

& 1.41.,2,,3.7

DATA DAYS /33.,28,,31,,30.,31.,30.,31.,31.,30.,31.,30.,31./
DATA DESERT /¢.0,0.0,0.0,1.0,1.5,2.0,3,5,4.5,3.0,0.0,0.0,0.0/

CUNGOO010
CONOGO20
CONOQD3C
CONOOOLO
CORNOODS0
CORO0G60
CORODOT7O
CONGOGED
CONGOG90
CONCO100
CONGO110
CoR0DI20
COROO 130
CONGO 130
CONGO1%50
CONCO150
CONQo170
CONQ0180
CONOO190
COROO200
CORO0210
CORO0220
CoRO0230
CONOOZU0
CONGO25D
CORQO260
CORC0270
CoNo0 280
CONDO290
CONGO300
CONDO310
CONOG320
CONOO330
CONOO3%0
COND0350
COROO360
CGNO0370
CONQO380
CONGB390
CONOG 00
CORQGH G
COROG 420
CONDOOu#30
COROOh YD
CONQoas0
CONQQUED
CONOOUTO
CONOOU SO
CONOOY 9O
CONQOBO0
CONG0510
CONGOS20
COROO530
CCROO540
CGROOSS0
CONOOB60Q
CONDOSTO
CONCOSED
CONGOBE0
CORO0600

DATA NMCRP /2HAL,2HFH,2H, ,2HAL,2HFS,2H. ,2HBE,2HAN,2HS

CONGDE 10

$ 2HF.,2HCR,2HN ,2HSI,2KHLG,2HE ,2HS.,2HCR,2HN , CONDOE20

$ 2HPE,2HAS,2H ,2HPG,2HTA,2HT ,2HSB,ZHEE,2HT , CONDGE30

$ 2HSG,2HRA,ZHN ,2HWG,2HRA,2HN | 2HPA, 2HST,2H. , COROOEY4D

3 2HOR,2RCH, 2HD ,2HYE,2HGE,2HS |, 2HOW,2HIO,2HK , COHDDESD

& 2HLE,2HNT,2HL ,2HHO,2HPS,2H / CONOCEED

c TAPE INFO CONOG67C
ICDE3=3+1000008 CONOGSB0
IREWD=E+400B CORDOS90
BBLOCK =9999 COROOTO00
IT=2HER COKOOT10

c CONOGT20
c STATISTICS DEBUG PRINTOUT COKO0T30
IPRNT=0 CONOQT40
CRESREUEKSURERRRTNDYT TAPE AND STORAGE INFORMATION®#Ste#smas CONOOT50
c COKOOTEO
C TAPE CONGOTTO
ILY3=8 CONGOTB0

C SCRATCH DISK WITH TRPE INFORMATION OR DISC WITH FORMATTED WEATHCONOOT90
[ INFORMATIN IF TAPE NOT READ (D STATEMENTS NOT USED) CONOGBOO
ILU2=35 CONOOB1O

[+ DIRECTORY OF TEMPERATURE STATIONS CONDOBZ0
ILU3=5 CONOO830

c SECONDARY WEATEER INFORMATION COR008YH0
TLU4=36 CONDD850

C CROP STAGE DATA FILE CONDOBED
TLUS=3T7 CONOGBTR

c REWIND FILES CORO0B80
D REWIND ILWI CORO0890
REWIND ILU2 COR00900
REWIND ILU3 COKO0910
REWIND ILU& CONa0 920
REWIND ILUS CONOGS30

c TAPE INFO {used if NOAA tape read. (initiate "D" statements) CONOOGHD
] PRINT=3HRO CONOD950
D IRECL=136 CONOOGS0
o ILEN=13600 CONCO970
D INC=ILEN /2 COKO0980
D ILEN=-ILEN TOREOS%0
D IBLOCK=0 COR01000
b REC=4H68 COK01010
2030 FORMAT{A4) CONO1020
D F(2)=REC CORP1030
D G(2)=REC CONO 1040
D CALL EXEC {ICDE3,IREWD) COND 1050
D GO TO 1998 COND1060
3000 CONTINUE CONO1070
c COK(O 1080
C MAXIMUM NUMBER OF CROPS = 17 CONO 1060
RCROP=1T7 CONG1100

c CONO1130
o CALCULATE A AND B COEFFICIENTS FOR EACH MONTH FOR EACH SECOKDARY CONG1120
c STATION (FOR FAO-BLANEY-CRIDDLE ZQUATION) CORO1130
C CONO11h0
DO 200 N2=1,1t COKG1150
READ(ILUA, %40} (N2ND(K2,d),d=1,9) CONC1160

40 FORMAT(12X,942} CONG1T1T0
READ{ILU%,50) RATN CONG1180
READ{ILU%,50} RHMN CONOT190
READ{ILUL,50) DAYW COKG1200

841
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READ{ILUA,50) ' CONG1210

READ{ILU%,50) CONO1220
READ{ILU%,50) CONQO 1230
READ{ILUY,50) COKO1240
FORMAT( 6X,12F5.2) CoKO1250
DO 55 NZIR=1,12 COND1260
ARND{NZ,NLR)=0. CoNg 1270
B2ND{N2,NZR)=0. CONO 1280
DO 150 NM=3,10 CoNO 1250
NRATIO=RATN{NM)} CoR01300
RHMIN=RHMN(NM) CORO1310
UDAY=DAYW(NM) COND1320
LIMIT RHMIN TO GREATER THAN 30% (IRRIGATION EFFECT) (MANY SECONDACONG1T330
STATIONS WERE LOCATED OVER DRY, AIRPORT LOCATIONS) COKD1340
IF(RUMIN,LT.30.) RMMIN=3D. CONO1350
CONO1360

CALL AANDB({RHMIN,NRATIO,UDAY,AP,BP) CORO1370
CONO1380

AZND( N2, NM}= 4P CONO139C
B2ND(N2,NM)=BF CONO1U400
CONTINUE CONG 141G
CONTINUE CONG 1420
HRITE(S7,210} (N2,(A2ND(NZ M), B2NDONZ  MM), MM=3,10), 5221, 110 COND1430
FORMAT(1X, I3, 16F6.3) CONOT4LD
CONO1450

COROTHED

COMPYTE THE F FACTOR USED IN SC5 EFFECTIVE RAINFALL CALCULATION  CONO14TO
FOR EACH CROP CONO 1480
ADEPTH = AVERAGE MET APPLICATION DEPTH FOR EACH CROP WITH CONQ 1490
AVAL WATER = 2.0 IN/FT, ROOT DEPTH = {BEG«MAX)/2. CONO 1500
ALLOW. DEPLETION VARIES FOR CROP {.4-.5) {40-60%) {see adepth arrCONG15i0
COKO1520

CONO1530

DO 20 IC=1,17 CONO 1540
FF(IC)=0.531747+0.29516484DEPTH(IC) CON0 1550
& ~0.057697 *ADEFTH( IC ) ##240.003804 8 ADEPTH( IC ) # 83 COND 1560
CCONO 1570

WRITE(57,25) {FF{IC},IC=1,17; CONO 1580
FORMAT(' FF = 1, 17F5.2) CONO1590
CONO1600

CALCULATE CROP COEFFICIENTS FOK 17 CROPS. USE MEAN CROP CONO1610

[zNeNsEsNel [SRSIGN s Nl

«a

COEFFICIENTS FOR ALFALFA REFERENCE CROP CALIBRATED AT KIMBERLY CONQ1620
IDARD BY J.L.WRIGHT{1$81) Irrigation Scheduling Conference, ChicaCONG1630

Illinois. Dee., 1981. ASAE. COND1640

CALL CROPD(ILUS) CONQ1650
CONQ1660

COND1670

Looer THEROUGH TEMPERATURE STATIONS CONDI68O
CONO1690

CONO 1700

LABF=1 CONQITI1G
KHOS5=D CONC1720
DO 1000 NS=1,300 CoNO1730
CONG1THO

IKITIALIZE ARRAYS CONO1750
PO 215 WM=t,12 CONO1760
PSUMT{NM)=0. CONO 1770
ESuMz{ MM} =0. CONG1T80
PSUM3{NM)}=0. CONOTTS0
ESUMT(NM)=0, CONO1BOO

oo

(2

OO0

ESUMZ{NM)=0.
ESUM3{NM)=0.
NMO{NM}=0.
bo 215 IC=1,17
CLSUM1(IC, NM)=0,
CISUM2(IC,NM}=0.
CISUM3(IC,NM)=0.
ETSUM1{IC,NM)=0.
ETSUM2(IC,NM)=0.
ETSUM3(IC,NM)=0.
NPIR  (IC,NM)=0,
ETCP{IC,NM)=G.0
TIRCP(IC,NM)=0.0
SUMCR1{IC)=0.
SUMCN2{1C)=0.
SUMCN3(IC)=0.
SUMIR1{IC)=0.
SUMIR2(IC)=0.
SUMIR3(IC)=0.
215 CONTINUE
SUMET 120,
SUMET2=0.
SUMET3=0.
SUMPR1=0,
SUMPR2=0,
SUKPR3=0.
NSEAET=0

WRITE(58,217}
FORMAT(///////7)

N
-

READ DIRECTORY INFORMATION OK SPECIFIC STATION

READ REFERENCE MO., 2NDARY RECION, CROP COEFFICIENT REGION,
DESERT EFFECT, LATITUDE, LONGITUDE, ELEVATION (FT), NOAA
REFERENCE NUMBER, NUMBER OF RECORDS (MONTHS) ON TAPE,
STARTING RECORD ON TAPE ARD ENDIKG RECORD ON TAPE, AKD
STATIGN NAME (26 CHARACTERS)

READ (ILU3,220) NREF,NREG,NCEPST,NDESEF,LAT1,LON1 MELEV,NOAS,
% NREC,NRECS,NRECE, NAME
220 FORMAY (12,13,13,14,15,16,15,15,I4,76,36,1342)
221 FORMAT (1X,I2,13,13,14,15,16,15,15,14,16,16,13A2)
CHECK FOR END OF FILE
IF(IAND(ISTAT{ISTUS),2408))1599,222,1999
222 NMOS=0
WRITE (58,221} NREF,NREG,NCRPST,NDESEF,LAT1,LON1,NELEV,NOAA,
* NREC, NRECS ,NRECE  NAME
WRITE(1,221)  WREF,NREG,NCRPST, NDESEF,LAT1,LONT,NELEV,NCAA,
® NREC,NRECS, NRECE, NAME
LATITUDE FOR SUNSHINE HOURS (P)
LAT=LAT
MLAT=LAT/100.
DLAT=LAT-MLAT®100
LAT=DLAT/60 . +MLAT
ELEVATION, METERS
ELEV=NELEV¥®0,.3048
ELEVATION CORRECTION FOR FAO-BLAKEY CRIDBLE,
INCREASE CALCULATED ETR BY TEN PERCENT FOR EVERY 1000 METERS
ELEVATION ABOVE SE4 LEVEL

CONO1810
CORO1820
CONO1830
CONO1840
CONO1850
CONG 1860
CONOTBT70
CORO1880
CoRO1890
CONO1900
CoN01910
CoR01920
CONO1930
COND1940
CONO1950
CONO 1960
CONO1970
CONO 1980
CONO1994Q
COR02000
CONO2010
CORD2020
CONQ2030
CONGR0U0
CONOR0S0
CONG2060
CONO2070
CONO208¢
CON02090
CONO2100
CON02110
cOND2120
COND2130
CONO2140
CONOZ150
CONO2160
CON02170
COR02180
COND2190
COND2200
COND2210
COND2220
CONO2230
COoRO2240
CON02250
CON02260
coko2270
CONC2280
CON02290
CONO2Z300
COND2310
COND2320
COK02330
CON02340
CoND2350
CONO2360
CoNp2370
CoR02380
CON0Z390
CONQ2H00
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ELEVC=1.+0.1%{ELEV}/ 1000,
IF{ELEVC.LE.1.0) ELEVC=1.0

COMPUTE P FACTOR FOR EACH MONTH (SUNSHINE HOURS IN FAOQ-BC}

DO 250 NM=1,12

DAY=0

CALL BLANP(LAT,HEMIS,NM,DAY,P}
PHMON{NM}=P

CONTINUE

DESERT (ARIDITY} EFFECT

B0 260 NM=1,12

DESEF (M) =DESERT (MM} ®NDESEF/ 100,
INITIALIZE STATISTICS

DO 227 NP=1,12
NMO(NP)=0
KPRE(NP }=0

DO 227 NC=1,17
HTIR(NC,NP)=0.
CORTINQE

TRANSFER STATION DATA FROM NOAK TAPE TO SCRATCH DISK
{IF OPTION {D STATEMENTS ARE COMPILED) IS SELECTED)

CALL TAPE(LABF,¥,G,INO,IBUFF,IBUFR,IT,ILUY,YLU2,PRINT, IRECL, ILEN,
L]

NRECS, NRECE, NBLK, IBLOCK )

NPLACE=0

REWIND ILUZ2

HMOS=0

NNH=0
NLOOP=NRECE-NRECS+1
NREC=NREC3-1

NYR=1000
DO 800 NRC=1,NLOCP
NREC=HNREC+1

READ{ILUZ, 100 )STATE, STAKO, YEAR, MONTH, MAXTP,

1 MINTP,MEANTP,TDEPRT,DEGDAY,HIGHT,

2 LOWT,PRECIP,PDEPRT, SNOFAL,MAYSNO, WIND,EVAP

FORMAT (I2,2X,14,13,12,3{1X,F4. 1}, Fh.1,15,13,T44,13,763,2F5.2,
TT83,F5.1, 14, TH14, 14, 1X,F4,2)

HRITE{1,234) NSTAT, YEAR,MONTH,NPLACE,ILU2,6NRECS,NRECE
WRITE{6,235) YEAR,MONTH,MAXTF MINTP,MEANTP, PRECIP
FORMAT(215,4F7.2)

FORMAT(I5,15,15,I5,I4,18,18)

IEAR=YEAR+1000

GO To 320

READ WEATHER DATA OFF FORMATTED DISC FILE RATHER THAN NCAA TAPE
READ(ILUZ ,802) NSTAT,RYR,{TMEAR{NNN) NWN=1,12)

IF(HSTAT.LT,1} GO TO 950

READ{ILU2,402) NSTAT,NYR,(RAIN (NNN}, NNH=1,12)

WRITE(56 ,#02) NSTAT,NYR,{TMEAK{NNN), K NNH=1,12)

WRITE(S56 ,402) N3TAT,NYR,{RAIN (NNN), NHN=1,612)

CONO2510
CONO24 20
CONDOZY430
CORO2440
CONG2450
CONQZ460
COROZ24T0D
CONC2480
CONQ2490
CONQZ500
CONQZ510
CONQ2528
CONO2530
CONOZ540
CONO2550
CONOZ560
CONO25T0
COoNO2580
CONG2590
CONGZ600
COR02610
COND2620
CONQ2630
CONO2640
CONO2650
CORO2660
CORO26T0
CONO2580
CONO2690
CORG2700
CORO2T10
CORO2720
COoND2730
CORO2T40
CONO2750
CORO2760
CONG2T70
coro2780
COND2790
CORD2B00
CONO2B10
CONO28B20
CONG2830
coNg2840
CONGZ2850
CONG2860
CONG2870
CONG2850
cong2890
CONC2900
CONG2G10
CONG2520
CONG2G30
CONG29U0
CONG2950
CONG2560
CONG2970
CONO2980
CONG2690
CONG30G0

D320

D398

cX

cx
hoo
oz

X
cX
Dhos
D&1g
D420

oo

D
b
D 90
b
D
D

L

435

aOao

anoaaOoaoooOo0oooon

Lol

[x]

aOnNaOo

IF{NREC,EQ.NRECE) GO TO 398

IF{NYR.EQ.YEAR) GO TO 420

IF(NYR.EQ.1000) GO TO 410

WRITE{6,400) NYR,(ETRYR{NNN),NNN=3,610)
WRITE{55,402) NSTAT,NYR,(TMEAN(NNN) fKNN=1,12)
WRITE{55,402} NSTAT,NYR,(RAIN (NNN), NNN=1,12}
FORMAT( 15,12FB.2)

FORMAT( 215, 12F6,2)

RESET ETRYR (REFERENCE ETR FOR ALFALFA)

DO B05 NMN=1,12

THMEAN(NMN) =0,

RAIN (NMN)=O.

ETRYR(NMN)=0.0

NYRzYEAR

CONTINUE

IF(RREC.EQ.NRECS) NSTAT=STANO
IF(NREC.EQ.NRECE)WRITE{58,90)STANO, YEAR , MONTH,MAXTP ,MINTP ,MEANTP,

#PRECTP , NREC

FORMAT(3I6,4F6.2,16)
TF(KAEC.EQ.NRECS )WRITE{58,90 )STANO, YEAR,MONTH,MAXTF ,MINTP, MEANTP,

#PRECIP  NREC

IF{STARO.NE,NSTAT} GC TC 925

TMEAN(MONTH} =MEANTP

RAIN{MONTH) =PRECIP

IF{STAND.GE.C)GO TO 800
IF{MEANTP.EQ.0.0.AND.MAXTP.EQ.C.0) GO TO 790
GO TO 435

IF(NSTAT.LT.1) GO TO 950

LOCP THROUGH 12 MONTHS FROM EACH DISC RECORD (FORMATTED)
DO 790 MONTH=1,12

MEANT P=THMEAN(MONTH)

PRECIP=RAIN(MONTH)

IF{MEANTF,LE.0.%)} GO TO 790

NMOS=NMG3+1

CALCULATION OF ETR GRASS USING FAO~BLANEY-CRIDDLE WITH A AND B
COEFFICIENRTS FROM REGIONAL STATIONS

CORRECT FOR ARIDITY EFFICT ON STATION TEMPERATURE, (ARID WEATHER

SITE TEMPERATURE WILL BE ELEVATED ABOVE TEMPERATURE OVER AN
ADEQUATELY WATERED CROP) ALLEN. 1982, DESERT EFFECT = O%
IF YRRIGATED GRASS STATION IN IRRIGATED REGION WITH NG BARE
SURFACE EFFECTS FROM STREETS, ROADS, BUXLDINGS, RUNWAYS, ETC.
DESERT EFFECT = 100% IF STATION IS LOCATED OVER AND COMPLETELY
SURRQUNDED BY ARID VEGETATION AND TERRAIN.

TCEL=({MEANTP-32.)/1.8
TCEL = TCEL - DESEF(MONTE)

F = (O.46®*TCEL+B.13)®PMON{MONTH)

CORO3010
CORO3020
COR03030
CORO30LD
COKD3050
COR03060
CORD3070
COKO30BO
CONO3090
CCRO3100
CORO3110
CoRO3120
COK03130
CONG3140
CONO315C
CONO3160G
CONO31TO
CONO3 180
CONO3190
CONQ3200
COND3210
COND3220
CoND 3230
CONQ 3240
COND3250
CONQA260
COND3270
CONO 3280
CONO3260
CONQ33C0
COND331%0
CONO3320
CONO3330
COND3340
CONO3350
CONO3360
COND3370
COND1380
CONO3390
CONO034C0
CONO3410
CONQ3%20
CONO3430
CONO3540
CONO3A50
CONG 3460
CoNG34TO
CoNO3LBD
CONO3L9D
CONC3500
CONG3510
CONG3520
CONQIE30
COND3540
COR03S50
COKO3550
CONO3570

ADJUST USING & AND B CCEFFICIENTS AND MULTIPLY BY KIMBERLY CALIBRACONO3580

ALFALFA COEFFIENT TC CONVERT FRCM GRASS REFERENCE TO ALFALFA REF.

COND3590
COKRD3600
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ETR = (ARNDINREG,MONTH) + B2ZND(HREG,MONTH) # F) # ALPFCO{MONTH)

ELEVATION CORRECTION
ETR = ETR¥ELEVC

ETRYR({MONTH) = ETR

COMPUTE CROP ET

DO 600 IC=1,NCROP

ET(IC)=ETR®*CROPCO{NCRPST,IC,MONTE)

COMPUTE IRRIGATION REQUIREMENT

TIR CAN BE LESS THAR ZERO IF EFFECTIVE RAIN > ET OF CROF

U=ET{IC)¥DAYS(MONTH)/25. %

EFRN=0.

IF{PRECIP.GT.100.) PRECIF=0.0

RATN{MONTHE }=PRECTP
IF{PRECIF.GT.0,001,AND.U.GT.0.001) EFRN=ERAYN{PRECIP,U,FF(IC))
IF{EFRN,GT.PRECIP)EFRN=PRECIP

IF{EFRN.LT.0.0) EFRN=G.0
EFRN=EFRN®25.4/DAYS(HONTH)

WRITE(1,620) IC,ETR,U,ET{IC),PRECIP,EFRN,FF(IC)
FORMAT{I4,6F10,4)

TIR(IC)=ET{IC}~EFRN

ETCP{IC,MORTH)=ET(IC)

TIRCP(IC,MONTH)=TIR{IC)

MONITOR NONZERO PRECIP MONTHS FOR STATISTICS
HMO{HMONTH ) = FHO{MONTH ) +1
IF{PRECYIP} 650,650,630

STATISTICS

NPRE(HONTH) = NPRE({MONTH) + 1
PSUM1(MONTH)=P3UM1{MONTH)}+PRECIP

PSUMZ( HONTH) =PSUM2 (MONTH) +PRECIP#PRECIP

PSUM3(MONTH ) =PSUM3(MONTH )+ PRECIPRPRECIP#PRECIP
ESUM1(MONTH ) =ESUM1{MONTH)+ETR

ESUM2{MONTH)=ESUM2 (MONTH)+ETR®ETR
ESUMI{MONTH ) =ESUM3(MONTR)+ETREETR®ETR

DO 670 IC=1,17

IF(CROPCO(NCRPST, IC, MONTH}) 670,670,660
NTIR{IC,MONTH)=RTIR{IC,MONTH)+1

CISUM1(IC MONTH}=CISUM?{IC,MONTH)+TIR(IC)
ETSYM1{IC MONTH)=ETSUM1{%C,MONTH)+ ET(IC)
CISUM2(IC,MONTH) =CISHM2( IC,MONTH)+TIR(IC)2TIR(IC)
ETSUMZ{ IC,MONTH}=ETSUM2{ IC ,MONTH}+ ET(IC}®ET(IC)
CISUM3I{IC ,MONTE}=CISUM3{IC, MONTH)+TIR{IC)®TIR{IC)ETIR(IC)
ETSUM3( IC, MONTH ) =ETSUM3({IC ,MONTH}+ ET{IC)2ET(IC}¥ET{IC)
CONTINUE

CONTINYE

SEASONAL STATISTICS

HN=1

D3 680 NEN=3,10
IF{ETRYR{NNN}.LE.0.D01) NN=0Q

COND3610
CONO3620
CORD3630
CONG3640
CONQ3650
CONO3660
CONG3670
CONO 3680
COR03690
COKQ3700
CONG3710
COR03720
CONG3730
CONO3TUO
CONG3750
CONG3760
CONO3TTC
CONO3780
COND3ITS0
CONG3BGO
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CONG 3880
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CORO3900
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CONG3920
CONO3930
CONO3940
COND3950
CONO3960
CONG39TT
CONO3980
CONQ3990
CONOUOQO
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CoRo4o2Q
CONDUG30
CONOLO4O
CONQE050
CONOL060
CONCHOTO
CONQU0B0O
CONa4QgO
CONQ4100
CONQ4110
COROL120
CONOL130
COROL1A0
CoNHO4150
CONoh160
CONG#1TC
CORO4180
LON0R1I90
CONOE200

680

681

682

197
BOG
925

950

CONTIRUE

IF{NN.KE.1)} GO TO 485

COMPLETE SEASON OF ETR

ETRMM=0C.

PREMM=0.

DO 6B1 1C=1,%7

SUMIR(1C)=0.

SUMCN{IC)=0.

DO 682 NNN=23,10

ETRHM= ETRMM+ETRYR( NNN} *DAYS({ NNK)
PREMM=PREMM+RAIN{ NNN} 425 .4

DO 682 IC=1,17

SUMCN{ IC ) =SUMCN(IC)+ETCP(IC,NNN) ®DAYS{NNN]
SUMIR(IC)=SUMIR{IC)+TIRCP(IC,HNNN)SDAYS{NNN)
CONTINUE

SUMET1=SUMET 1+ETRMM

SUMPR1=SUMPR14+PREMM
SUMET2=SUMETZ+ETRMM*ETRMM

SUMPRZ =3UMPR2+ PREMM¥ PREMM
SUMET3=SUMET3+ETRMM® ETRMM* ETRMM
SUMPR3=SUMPR3+PREMM# P REMME PREMM

DO 68Y4 IC=1,17

ETRMM=SUMCK{IC)

ETRRR=SUMIR{IC)

SUMCH1( IC)=SUMCNT (IC ) +ETRMY
SUMIR1(IC)=SUMIR1(IC)+ETRRR

SUMCN2( IC )=SUMCN2{ IC}+FTRMMY ETRMM
SUMIR2( IC)=SUMIR2(IC)+ETRRR®ETRRR
SUMCK3( IC)=SUMCK3(IC)+ETRMM# ETRMM¥ ETRMM
SUMIR3(IC)=SUMIR3(IC)}+ETRRREETRRR*ETRRR
COKTINUE

NSEAET=NSEAET+1

CONTIRUE

WRITE{1,683) NSEAET ,SUMET1,SUMETZ,SUMET3,SUMPR1,SUMPR2,SUMPR3
FORMAT( ' NSEAET ',I9,8E10.4)

GO TC 800

WRITE(58,400) NYR,(BETRYR{NNN),NHN=3,10)
DO T97 NNH=1,12

ETHYR({NNK)=0.

DO 797 IC=1,17

ETCP{IC,KNN}=0.0

TIRCP{IC,NNN}=0.D

CONTINUE

CONTIRUE

CONTINUE

WRITE(55,400) IZIP

CONTINUE

WRITE(58,444) NMOS

FORMAT(' HC. HONTHS WITH LESS THAN 10 MISSING DAYS =*,I18//)
REWIND ILU2

IF{STANO.GE.0)GC TG 970

SUMMARY FOR STATION

WRITE(57,953)

WRITE (57,221) KREF,NREG,NCEPST,NDESEF,LAT?,LON1,NELEV,NOAA,
% NREC,NRECS,NRECE,NAME

WRITE(57,992) ELEVC

WRITE(S7,954) DESEF

WRITE{57,955} PHON

WRITE(57,956) ALFCO
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953
952
954
955
956
957
558
959

WRITE(S7,957) (A2ND(NREG,HM),NH=1,12}
WRITE(57,958) (B2RD(NREG,NM),NM=7,12)
WRITE(57,559){ IC, (CROPCO{ HCRPST, IC,NM) NM=1,12),1C=1,17)
FORMAT(1X,//)

FORMAT(1X,'ELEV CCGRRECTION = ',Fi0.3,' *, )
FORMAT(1X, *DESERT E*,12F8.3)

FORMAT(1X,'PER SUW °,12F8.3)

FORMAT(1X, *ALF COEF',12F8.3)

FORMAT{1X,'A 2NDARY',12F8.3}

FORMAT(1X,'B 2NDARY',12F8.3)
FORMAT(1X,*CROP*' ,I4 ,12F8.3 )

CALCULATE MEAN, STANDARD DEVIATION AND SKEW

HEADING
FIND CROPS GROWN FCR HEADING AND STATISTICS PRINTOUT

HCT=0

DO Q43 IC=1,17

NPRC{IC)=0

IF (CROPCO{NCRPST,IC,5).LE.0.01.AND.
& CROPCO( RCRPST, XC,06).LE.0.01,AND,
& CROPCO({RCRPST,IC,T).LE.0.01) GO TO 943
HCT=NCT+1

NPRC(NCT)=1IC

943 CONTINUE

951

WRITE(6,951) NAME, (NMCRP(NFRC(ICC)®3-2), NMCRP{NFRC(ICC)®3-1),
& NMCRE (NPRC({ICC)®3),IC0=1, ROT)

FORMAT( 1H1,40X,1342,//,8%," MC NYRS FPREC ETR *,5142/)

b0 970 NM = 1,12

PRECIP

CALL STAT(PSUM1{NM),PSUM2{}M),PSUM3(NM) NPRE(¥M}, AVEP,STDF,SKEF,
& IPRNT)

% NONZERC MONTHS

ZERON = NPRE(NM)/NMO(NM}®#100,

REFERENCE ETR

HMOQ=NMO( KM)

CALL STAT(ESUMI{NM),ESUM2(NW),ESUM3I{NM), NMOO,AVEE,STDE,SKEE,
& IPRWT)

PLAVE(NM)=AVEP

ELAVE({NM)=AVEE

ELSTD{NH}=STDE

ELSKE(NM)=3KEE
IF(NM.LT.3.0R.HM.GT. 10} GO TO 970
CROP STATISTICS

Do 960 IC=1,17

AVIR(IC)=0.

AVET(IC)=0,

STIR(IC)=0.

STET(IC)=0.

SKIR(IC)=0.

SKET(IC)=0.
IF(HTIR(IC, MM}, FG.0} GO TO 960

SUH1=CLSUM1{IC, MM}
SUM2=CISUMR{IC, MM}
SUM3=CISUM3(IC, M)

CONDEBYO
CONgLB20
CONGLB30
CONG4BLO
CONDLBSC
CONOY4BEC
CONDAGTO
CONOUBBO
CoNOL B0
CONGHGQ0
CONDY910
CONOAG20
CONDYG30
coNoLoug
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CORDL 9RO
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COHOs0COo
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CCROR060
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CONOSOR0
COROS050
CONO5100
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CONGR120
CONQS130
CONOS 14D
CONG5150
CONG5160
CONO5170
CONDS180
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COR05200
CONGS210
CONO5220
CONO5230
CONOS2L0
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CORQS260
CONOB2T0
CORQ5280
CONO%280
CONOK300
CONGS310
CONGS320
CONGS5330
CONG5340
CONG5350
CONOSIED
CoNQos370
CONO5380
COND5390
CONDS 0D

c
c
c
c

c
c
c
C

ao

NNN =NTIR(IC,KNM}

CALL STAT{SUM1,SUM2,SUM3, NNK,
b1 AVIR(IC),STIR(IC},SKIR{IC),IPENT)
SUM1=ETSUM1{IC,NM)

SUMZ=ETSUM2(IC,NM)

SUM3=ETSYM3{IC,NM)

NHN =NTIR{IC,NM)

CALL STAT{SUM1,SUM2,SUM3, NNN,

4 AVET{IC),STET(IC),SKET(IC),IPRNT)

960 CONTINUE
WRITE OQUT STATISTICS BY MONTH

WRITE OUT NTIR(IC,M¥M} FOR EACH CROP
WRITE(S,99) NM,NMO(NM), AVEP, AVEE, {AVET(NPRC({ICC}),ICC=1,NCT)

WRITE(S,199) NM, NMO{NM),ZERON,ZIP ,(AVIR(NPRC(ICC)),ICC=1,NCT)
WRITE({6,299) NM,NMO(MNM),STDP,STDE ,(STET(NPRC(ICC)},ICC=1,NCT)
WRITE(6,399) NM,NMO(MM),ZERON,ZIP ,(STIR(NPRC{ICC)},TCC=1,NCT}
WRITE(6,499) NM,NMO(NM),SKEP,SKXEE , (SKET(NPRC{ICC)),ICC=1,NCT)
WAITE(E,595) NM,NMO(HM),ZERON,ZIP ,(SKIR(NPRC{ICC)),ICC=1,NCT)

WRITE(6,722)
722 FORMAT(20Y)
470 CONTINUE

SEASORAL STATISTICS AND PRINTOUT

PRECIP

CALL STAT(SUMPR1!,SUMPR2,3UMPR3, NSEAET, AVEP,STDP, SKEP,
& IPRNT)

REFERENCE ETR

CALL STAT(SUMET1,SUMETZ,SUMET3,NSEAET, AVER, 3TDE, SKEE,
& IPRNT)

CROP STATISTICS
DO 980 IC=1,17
AVIR{IC)=0.
AVET{IC}=0.
STIR{IC}=0.
STET(IC)=0.
SKTR(IC)=0.
SXET(IC)=0.

IF (CROPCO(NCRPST,IC,5).LE.0.0t.AND.
& CROPCO(NCRPST,IC,6).LE.0.01.AKD.
& CROPCQ{MCRPST,IC,T).LE.0.01) GO TO 980

SUM1=SUMIR1{1C)
SUM2=SUMIR2{IC)
SUM3=SUMIR3{IC)
NNK =NSEAET
CALL STAT(SUM1,SUM2,SUM3,NNR,
H AVIR(IC),STIR(IC),SKIR(IC),IPRNT)
SUM1=SUMCH1{IC)
SUM2=50MCN2{ IC)
SBM3=STMCN3{IC)
KRN =NSEAET
CALL STAT{3UM1,50UM2,30M3, NN,
] AVET(IC),STET(IC),SKET(IC),IPRNT)
980 CONTINUE

CoNOSH10
COKOSH20
CONDS#30
CONDSHY0
COKO5H50
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CONO5590
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COROS6 10
COK05620
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CONOS660
CONOSE690
CONG5700
CONG5T10
CONGST20
CONGST 30
CONOSTLO
CONOS750
CONO5T60
CONOSTT0
CONO57B0
CONC5790
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CONO6000

291



[N

LU oD OOTDD 00

99

97
199
197
299
297
399
397
499
457
539
597

625

652
651
1600
1959

B

WRITE QUT SEASONAL STATISTICS
HM=0

WAITE(&,597) NM, NSEAET ,AVEP,AVEE,(AVET(NPFRC{ICC}),ICC=1,NCT}

WRITE(6,197) WM,NSEAET ,ZIP,ZIP ,(AVIR(NPRC(ICC}},ICCx1,NCT)
WRITE{6,297) KM,NSEAET ,STDP, STDE ,(STET{KPRC{ICC)},ICC=1,HCT)
WRITE{6,397) WM,KSEAET ,ZIP,ZIF ,(STIR(NPRC(ICC)),ICC=1,NCT)
WRITE(6,497) KM,NSEAET ,SKEP,SKEE ,(SKET{NPRC{ICC)}),ICC=1,NCT)
WRITE{6,597) NM,NSEAET ,ZIP,ZIP ,(SKIR(NPRC{ICC}},ICC=1,NCT)

FORMAT(' AVE ET ',2I4,20F6.2)

FORMAT(' AVE ET ',2I%,F6.1,10F6.0)
L E

FORAT( " MVE IF 1120056, 1, 1366.0)
' €

FOMIAL( SIoh ET1 151 1661, 1976.0)

S R
! ;! ET?

FORUAT( ¢ SKEW BT, 211 Fo0-2, 1975.2)
. '

FOMAT (1 SKEA Th1 o1 F6.¢ ) 1985.2)

WRITE OUT PRECIPITATION AND ETR SUMMARY
PTOT=0.

ETOT=0,

PGROW=0,

EGROW=G.

BO 625 NM=1,12

PTOT=PTOT+PLAVE(NM)
ETOT=ETOT+ELAVE( NM) #DAYS{ NM)
IF(RM.LT.3.0R.NM.GT.10) GO TQ 625
PGROW=PGROW+PLAVE(KM)
EGROW=EGROW+ELAVE( NM) ¥DAYS(HK)
CONTINUE

WRITE(53,652) NAME PLAVE, PGROW,PTOT
WRITE(53,651) NAME, ELAVE,EGROW,ETOT
WRITE(S5%,5651) NAME,ELSTD,ZIP ,ZIP
WRITE(55,651) NAME ELSKE,ZYP ,2IP
FORMAT{ 1X,13A2, 12F6.2,2F6.2)
FORMAT(1X,13A42,12F6.2,2F6.0)
CONTINUE

CONTINUE

END

SUBROUTINE TAPE(LABF,F,G,INO,IBUFF,IBUFR,IT,ILUT,ILU2,

FRINT, IRECL, ILEKR, RRECS, NRECE, NBLE, TBLOCK)
SUBROUTINE TAPE IS WRITTEN EXPRESSLY FOR AN HP1GOO RTE-IV
COMPUTING SYSTEM. IT READS A NOAA MONTHLY WEATHER TAPE. R.G.ALLEN

DIMENSION IBUFF (13600}, IBUFR{16),IT(2)

DGUBLE PRECISION NSKPL,NLBLX,NRECS,NRECE,NBLE,NSKIP,NRPB, IBLOCK

DIMENSION F{3),G(3)
ICDE1=1+100000B
ICDEZ=2
ICDE3=3+100000B
IWEQF=8+100B
IFS1F=8+13C0B
IBS1F=8+1500B

CORDE010
CONOE020
CONDE030G
CONOE 04
COKO6050
CONOB 060
CONOGOTO
CONO6080
CONOGOSC
CONO6 100
CONGE110
CONGE120
CONGE130
CONOG 11D
CONOE 150
COKO6160
COND6 170
CONO6 180
CCRO6 190
COR06200
CONOE210
CONG6220
CONGE230
CONCE2U0
CON06250
CONDE2E0
COND6270
COR06280
COND6290
CGROB300
COK06310
CORDG320
CONDE330
CONOG340
CONG6350
CONGE360
CONOB3TO
CONOB 380
CONGE390
CONGELOO
CONOE41D
CONOELZ0
CONOS430
CONGELUD
CONC64S0
CONGBUED
CONDBALTO
COKOG4BOD
CONOBUS0
CONO6508
CONOB510
CONO0B520
COKO06530
CONOS540
CONGE550
CONQB5ED
CONDE5TD
CONGESB0
CONDE590
CONOB6GO

IREWD=8+%00B
IFWD=8+3000
IBKR=8+200B
NBLOCK =5%939
IT=2HEA

owoooo

1 N=LABF
MNzN-1

+++ POSITION TAPE AT FILE "N" +++

NFI=1 :
IF{N.LT.1)} GO TO 2
WRITE(1,475) NFI,LABF
475 FORMAT( IS, ' FIND FILE ',I5)
476 FORMAT(2HEA,IS, " FIND FILE ',I5}
DO 2 I=1,N
NFI=NFI+1
WRITE(1,478) NFI,LABF
CALL EXEC{ICDE3,IFS1F)
GO TC 9999
CONTINUE

ha

LBLE=ILENR/{-2)

NRPB=-ILEN/IRECL

NBLK=IDINT{NKECS/NRPB)
NSKIP=NRECS-NBLK*NRPH«1
NLBLK=IDINT{NRECE/NRPB)
KSKPL=NRECE-NLBLK*NRPB

WARYTE(1,238) LBLK,NRPB,NBLK,NSKIP, NLBLK,NSKPL
FORMAT{'LBLX NRPB NBLK NSKIP NLBLK NSKPL'/£16)
J=HBLK

IF({J.EQ.0) J=1

NBLKS=J-IBLOCK

At
L
o

SRREAERSEUNRFEAREDACKUP ONE BLOCKII!I!!IGlllﬁ!ll!ll!l

I¥ (NBLKS.GE.O) GO TO 1431
CALL EXEC {ICDE3,IBXR)
GO TO 9999
1431 IF (NBLKXS.LT.0)} IBLOCK=IBLOCKE-1
SKIP BLOCKS TO START
IF(NBLXS.LT.1} GG TO 50
IF(J.EQ.1) GO TO 50

SNEEEERERSESKIP BLOCKS TO NEXT STATICHtwREssnpssspsen
DO 3G J=1,RBLKS
CALL EXEC{ICDE?,ILUY,IBUFF,ILEN}
GO TGO 9999
D1199 IBLOCK=IBLOCK+1
D 30 CONTINUE
D J=NBLEK+1
CHEEwgEENSaSETP RECORDS INTO BLOCK4HM#redcasmszasassus
D 50 IF(NSKIP,LT.%) GO TO 60

Do OOUoOODDDEOOOUUoDOoDDUoDOUOoDoDDoDoTUooUTD oo an

4] CALL EXEC{ICDEt,ILUT,IBUFF,ILEN)
D GO0 TO 9999

01258 IBLOCK=IBLOCK+1

o CALL ABREG(IA,IB}

RERUEENNEMURRREREADY THE MAG TAPESSHEBEERCNECMREREUNENRNEES
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COKD6910
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CONO6930
CONDB9UO
CONO6G50
CONDB9BD
CONO69TO
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CONO6GS0
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CONOTO1D
CONQTO020
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CONQ7050
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CONOT 140
CONOT150
CONGT160
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CONOT 180
CONG7 150
CONQ7200
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BESR

60

&EE

QU OOMNDUOonDTY Ry

IL=1E
CONVERT FROM EBCDIC TC ASCIX
CALL ASEB (IT,1BUFF,IL)
CONTINUE
WRITE{ILU2,G)( IBUFF{K},K=NSKEIP*IRECL/2+1, NRPB*IRECL/2)
J=NBLE+2
spaend sESUESTRANSFER DATA BY BLOCKSHRERESEGEDIRUNSEQNRUAR

TF{J.GT.NLELE+1) GD TO 5
DO 5 JB=J,NLBLK+1,1

TEREBERRSHEIRTAD ONE BLOCK OF DATARSSEEROUGAnZusanzaciin

CALL EXEC(ICDEt,ILU1,IBUFF,ILEH}
GO TO 9999

DL5ET IBLOCK=IBLOCE+1

[ R gl

66

100

BEg

CALL ABREG{IA,IB}
IL=IB

CALL IEQF({ILU1)

CALL ABREG(IA,IB)
IF(IA.LT.0) GO TC 1111

ErEuzeaaENEdSESEPERATE INTO CARD IMAGES & STORE IN FOO01%%

CALL ASEBR[IT,YBUFF,IL)

IF{ILU2.EQ.999) GO TO &

IF(JB.LT.KLBLK+1) GO TO 66
WRITE(ILU2,G)( IBUFF (KK),XK=1,NSKPL®IRECL/2)
WRITE(1,G){IBUFF(KK),KK=1,66)

GG TC b

WRITE{ILU2,G)(IBUFF{M),M=1,INC)
WRITE(1,G){IBUFF(JIJ),J1d=1,66)

5 FORMAT{66A2}

[

suxsaEessRi#YRITE IBUFF ON THE LINE PRINTER¥ECEE¢Rocecds

4 IF{PRINT.EG.3HNC } GO TO 545
IF{JB.LT.NLELE«1) GO TO 76
WRITE(6,F){ IBUFF(RK) ,KK=1,NSKPL#IRECL/2}
GO TO 545

D 76 WRITE(6,F}{IBUFF (M}, ,M=1,IR0)

C1006 FORMAT(iX,5642)

D 545 CALL IEOF{ILU1}

QUWERWOOOOND oD oL oW

B CALL ABREG(IA,IB)

D IF(IA.LT.0) GO TO 1111
D 5 CONTINUE

D RETURN

C

CREGRAFESERAREALTND THE PROGRAMNEECIASRAENOBE 4 EUORaNPREONRQROUIRNEEE
09998 CALL EXEC(6)
9994 CALL ABREG(IA,IB)

D WRITE(1,1007) 1A, IB

DI00T7 FORHAT(1X,,‘[[[[[[[[(((((((((( ERROR-=-»~~- - ERROR',
b &8//10%,'EXEC ERROR CODE ==x YL RAZ)

B RETURN

D111 WRITE(1,1112)

D111z FORMAT{® E N D aF FILE On TAPE '}
b RETURN

b ERD

C
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THIS SECTION INTERPOLATES FOR BLANEY CRIDDLE FAC A AND B COEF.
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SUBROUTINE BLANP (LAT,HEMIS,MONTH,DAY,P}
SUBROUTINE DESCENDED FROM FAO PROCRAM IN FAOR2L
DIMENSION PP{11,12)

REAL NRATIO, LAT

INTEGER MONTH,DAY

DATA S/1HS/

THIS SECTION INTERPCLATES "P".

DATA PP

17

QO3 =N

IF

Li=

IF

L=

L2
IF

.267,.26%,,261,.257,.252,.246,.239,.231,.220,.209,.195,
.26G,.268,.266,.264,.261,.257,.253,.248,.243,.236,.228,
.26%,.269,.269,.269,.269,.269,.268,.268,.268,,267,.266,
.269,.270,.272,.275,.278,.262,.286,.291,.297,.303,.310,
.271,.2%3,.276,.281,.287,.294,.303,.312,.322,.334, . 346,
.274,.280,.285,.291,.298,.307,.316,.328,.341,.355,.371,
.275,.281,.287,.293,.299,.305,.313,.321,.330,.34%,.354,
.274,.278,.282,.287,.291,.295,.300,.304,.309,.315,.322,
.271,.277,.280,.281,.281,.281,.281,,.281,.261,.261,.281,
.270,.269,.268,.267,.264,.261,,258,.254,.250,.245, . 240,
.269,.267,.264,.260,.254,.247,.240,.231,.222,.211,.200,
.26B,.266,.262,.257,.250,.242,.232,.221,.209,.195, - 180 /
(HEMIS,EQ.S) MONTH=MOD{MONTH+5,12) + 1

INT(LAT/S) * 5

(LAT.GT.50) LL=50

LL/5 + 1

=01 + 1

(L2.GT.311} L2=11

FAC=(LAT~LL)/5.0
MONTE1=MONKTH
MONTH2=MCOKTH

IF

{DAY.GT.15 ) MONTH2=MOD(MONTH,12) + 1

IF (DAY.LT.15.AND.DAY.NE.0) MONTH1=MOD{MORTH+10,12) + 1
P1=PP(L1,MONTE1) + FAC ® (PP(L2,MONTH1}-PP(L1,MONTH1))
P2=PP(L1,MONTH2) + FAC * (PP(L2,MONTHR}-PP{LT,MONTHZ})
IF {HEMIS.EQ.5) MONTH=MOD(MONTH+3,12) + 1

PAC=DAY - 15

IF (FAC,LT.0.0) FAC=FAC+30.0

FAC2=FAC/30.0

PxF1 + FACZ ® (P2-P1)

RETURN

END

SUBROUTINE AANDB(RHMIN,NRATIC,UDAY,AP,BP)

THIS SUBROUTINE IS 4 DESCEKDANT OF PROGRAMMING IN FAO24
DIMENSION C{2,2),D(2),BB(6,6,6)

REAL KRATIO, LAT

INTEGER MONTH,DAY

DATA BB/

CONOTB10
CONOTB2C
CONOTB30
CONOTB50
CONGT 850
COROTBGG
CONOTETO
CONOT850
COHOT 850
CONGT9C0
CONDT910
CONQ7920
CONC7930
CONOT9UO
COoROT 950
CONOT7960C
CONOTOTO
COROT 980
COROT990
CONGBO00O
COKOBO10
GCONOBO20
CON0B8030Q
CONDBO4G
CONQBOBG
CONGEO60
CONOBOTR
COKDB0BY
CONO8090
CONOS100
CONOB110
LONDE120
COROB130
CONOB14D
CONOB150
CONOB160
COND817D
CoK08180
CONGE1 90
CONQS8200
coNggz21g
CONO8220
CONOBZ30
CONOB24D
CONOB250
CONDB260
CONO827TD
CoNGB280
CONCB290
CONGB300
CoNOB310
CcoKo8320
CONGE330
coNo834h0
CONOB350
CONOB36D
CONOB37D
CONOB380
CONOB3%0
CONQBU0D

h91



OO0 a0

[wl

& B4, .BO, .74, .64, .52, .3B,1.03, .95, .87, .76, .63, .48,
&1.22,1.10,1.01, .B8, .74, .57,1.38,1.24,1.13, .99, .B5, .66,
&1,54,1.37,1.25,1.0%9, .94, .75,1.68,1.50,1.36,1.16,1.04, .84,
& .97, .50, .81, .68, .54, .40,1.19,1.08, .96, .84, .66, .50,
Ly.81,1.26,1.11, .97, .77, .60,1.60,1.42,1.25,1.09, .89, .10,
&1.79,1.59,1.39,1.21,1.01, .79,1.968,1.74,1.52,1.31,1.11, .89,
&1.08, .98, .87, .T2, .56, .hM2,1.33,1.18,1.03, .87, .63, .52,
&1.56,1.38,1.19,1.02, .82, .62,1.7B,1.56,1.34,1.15, .94, .73,
42,00,1.74,1.50,1.28,1.05, .83,2.19,1.90,1.64,1.39,1.16, .92,
&1.18,1.06, .92, .74, .58, .N3,1.84,71.27,1.10, .91, .72, .54,
£1.70,1.,48,1.27,1.05, .B5, .€4,1.98,1.67,%.44,1.21, .97, .75,
&2.18,1.86,1.59,1.34,1.05, .85,2.39,2.03,%.74,1.86,1.20, .95,
&1.26,1.11, .96, .76, .60, .N4,1.52,1.34,1.14, .93, .TH, .55,
£1.79,1.56,1.32,1.10, .87, .66,2.05,1.76,1.4%,1.2%,%,040, .77,
£2.30,1.96,1.66,1.39,1.12, .B7,2.54,2.14,1.82,1.52,1.24, .98,
%1.29,1.15, .98, .78, .61, .45,1.58,1.38,3.17, .96, .75, .56,
£1.86,1.61,1.36,1.13, .85, .68,2.13,1.83,1.54,1.28,1.03, .79,
£2.39,2.03,1.71,1.43,1.15, .69,2.63,2.22,1.86,1.56,1.27,1.00

X=RHMIN
Y=KRATIO
L=UDAY
I1=INT(X/26.) + 1
I2=I1 + 1

IF (I2.G6T,5) Xz2=6
J1=INT(Y/0.2) + 1
da=Jd1 + 1

IF {J2.0T.6) J2=%
K1=INT(Z/2) + 1
K2=K1 + 1
IF{E2.GT.6) K2=6
IF(E1.0G7.6) K1 =6
1={I1-1}
X2={I2~1)
Yi=(J1-1)

*

#

* 2
Yz=(J2-1) ¥
]
)

n

Z1a{K1-1)
72 = (R2-1
FACX=0.0
FACY = 0.0
FACZ = 0.0
IF (K1.NE, K2} FACZ={Z-Z1}/(Z2-21)

C{1,1)=BB(I1,J1,K1) + FACZ ¥ {BB{I1,J1,K2)-BB{I1,d1,K1})
C{1,2)=BB(I1,J2,K1) + FACZ ¥ (BB(I1,42,82)-BB(I1,J2,K1)})
C{z,1)=BB{IZ,J1,K1} + FACZ ¥ {BB(I2,J1,K2)~BB(I2,J1,K1})
C(2,2)=88(12,J2,K1) + FACZ ¥ {BB{I2,J2,K2)-BB(I2,J2,K1))
IF (J1.NE.J2) FACY=(Y-YT)/(Y2-Y¥1)

IF (I1.NE.I2) FACX={X-X1)/(X2-X1)

D{1¥=C{%,1) + FACY ® {C{1,2)-C{1,1})

B(2)=C(2,1) + FACY ¥ (C(2,2)-C{2,1})

BP=D{1) + FACX ¥ (D(2)-D(1))

AP=0.0C43%X - ¥ - 1.41

RETURN

END

20
20
a.
0.
2
L]

2

SUBROUTINE STAT (SUMT,SUM2,3UM3,N,AVG,5,6,IPRNT)

CONOBU1O
COROBL2D
CONOBY30
CONOBALD
CONQBESO
CONQBUGD
CONGBUTO
CONGBY4BE
CONQB4GY
CONOB5QG
CONGBL Ty
CoNggsag
CONOBS30
CONOB540
CONGE550
CONOBSED
CONGBS70
COND85B0
CORD8Z 90
CONOBEGU
CONOBE10
CONGBER2D
COoND8630
CONOBEYG
CONGBES0
CONDB650
£ON08670
CONDBABD
CONDB690
CONGB700
CONOBT1G
CONOBT20
CONOBT30
COROBTLO
CONOBTSO
COROBT60
CONOBT 70
CONDBYE0
CONOBT90
CONOBEOC
CONGB810
CONOBE2D
CONOBB3C
CONGBRBUD
CONOBBSO
CONGBBOD
CONGBETO
CONGBEBED
CONGBBYO
CONGBI00
CONGAgIT
CONDBS20
CONGBS30
CONGBIUD
CONGB950
CONGBG60
CONGBS70
CONDBG 8O
CONGBY90

THIS PRAGRAM CALCULATES THE MEAN, STANDARD DEVIATION, AND THE SKEWCOR0O9000

<0

98

X=H

BVG=SUM1/X

S={{SuM2-SUMI**2/X)/(X-1))**.5

Ge{ XS 220 SUM3I-J*XRSUMT¥SUMZ+2 R SUMT##3) / (X*(X-1)%(X-2)R5**3}
IF{IPANT.EQ.1)WRITE(6,98)N,AV(,8,G

FORMAT(2X, 12, 10X,F8.4,10X,F8.4,10X,F8.4}

INITIALIZE
SUM1=0.
5UMZ=0.
SUM3=0.
END

END$

CONO9010
COND9020
COND9038
CONOGO40
CONOGO50
COROG060
CONOGOTO
CON05080
CONOS090
CONQ9100
CONG9110
CONO9120
CONG9130
CONOS140

cai



FTN4 L CRPOOCIO

$EMA(EEE) CRPOOO20

SUBROUTINE CROPD(ILYUS) CRPOOC30

o CRPOOGHO

¢ THIS PROGRAM COMPUTES AVE CO FOR ANY CROP A SPECIFIC AREA. CRPOCOS0

C  MAXIMUM OF 17 CRGPS CRPOGOGO

C CRPOQOTO

COMMON/EEE/CROPCO(56,17,12),A2ND(10,12) ,B2ND(10,12) ,N2KD(10,9),  CRPOOOSO

& CISUM1(17,12),ETSUM1(17,12), CRPOCOS0

& CISUM2(17,12),ETSUM2(17,12), CRPOO100

& CISUM3(17,12),ETSUM3(17,12),NTIR(17,12), CRPOO110Q

& SUMCN1(17),SUMCN2(17),SUMCNI{ 17}, 50MCR{17), CRFQ0120

& SUMIR1(17),SUMIR2(17},SUMIR3{17),SUMIR{1T), CRPGD130

& ETCP(17,%2),TIRCP{17,12) ,NPRC{1T) CRPOO1LO

DIMENSICN MONTE{8),JCUT(4),MNUM(8),IDAY(2,5},JIDAY(5S) CRPO0150

DIMENSION NSTAT(17).NCRP(1T) CRPOO160

DATA MCNTH/31,30,31,30,31,31,30,31/,JCUT/4%0/, CRPO01T0

# MNUM/3,4,5,6,7,8,9,10/ CRPOC1BO

DATA NCRP / 1,11,2,3,3,10,5,6,7,8,9,%,12,13,1%,5,15/ CRPG0190

c CRPOQ200

c CRPOC210

c MEAN ALFALFA COEFFICIENTS ARE USED CRPOG220

MALF=1 CRPOO230

C CRPOO240

C INITIALIZE CROPCO CRPOO250

DO 2 IS=1,56 CRPOD260

Do 2 1C=1,17 CREOO270

DO 2 IMx1,12 CRPOO2BO

2 CROPCO(IS,IC,IM)=0. CRPDO290

PO 500 NSS=1,100 CRPO0300

c CRPOO3 10

READ{ILUS,1G) NREF,NSTAT,LAT1,LATZ,LON?,LON2 CRPOO320

c WRITE(6 ,10) NREF,NSTAT,LAT!,LATZ2,LON1,LON2 CRPOG330

10 FORMAT(I2,1742,212,3X%,I3,I2) CRPOC3E0

IF(NREF.EQ.99) GO TO 600 CRPO0350

20 READ{ILUS,¥} ICROP,{{IDAY(I,J},Ix1,2},J=1,9) CRPOC360

[ WRITE(6,11)  ICROP,{{IDAY(I,J},I=1,2},4=1,5) CRPOO3ITO

11 FORMAT{11I6} CRPQO380

IF{ICROP,EQ.99) GO TO 450 CRPGO390

[ CRPOOLOO

c CONVERT ICROP (17 CROPS) INTC ICRP CODE USED IN CROPC SUBROUTINE CRPOO410

o CRPOOUZ20

ICRP=NCRP{ICROP) CREQOX30

C CONVERT MO,DAY TO JULIAN CRPOOUAO

CALL JDATE(IDAY,JIDAY) CRPOOUSO

JPL=JIDAY(1) CRPOOUSD

JEC=JIDAY({Y) CRPOOUTO

JHV=JIDAY(S) CRPOOUED

IF(ICROP.NE.1} GO TO 50 CRPOOHQ0

c ALFALFA BAY CRPOOS00

C PERIODS FROM GREENUP TO CUTTING AND CUTTING TO CUTTING CRPOG510

O JPL=JIDAY(1) CRPOO520

NCUT=0 CRPOOS30

DO U5 NC=1,Y CRPGOSEG

IF{JIDAY (NC+1).LT.10} GO TO &0 CRPQUSSE

NCUT=NCUT+1 CRPODSEE

455 JCUT{NC)=JIDAY(NC+1) CRPOOSTY{

50  CONTINUE CRPOOSBY

c CRPOOSGE
C

COMPUTE CROP COEFFICIENT USING MEAN CROP COEFFICIENTS FOR ALFALFA CRPOOGOC

aaaoamnn

80
50
100

450
550

500
600

REFERENCE CROP (J.L.WRIGHT,1981) KIMBERLY USDA-ARS (#REC ARD
WET S0JL SURFACE EVAPORATION EFFECTS ARE IRCLUDED.

BEGIN IN MONTH OF PLANTING
END IN MOKTH OF HARVEST

MARCH TO OCTOBER

DG 100 KM=1,8

CESUM=0.0

IF{MNUM(KM).LT.IDPAY(1,1))G0 TO 90
IF{MNUM(KM).GT.IDAY(1,5)}G0C TO 90

CALL DAY(MNUM{KM},1,JDAY)

JDAY=JDAY-1

DO 80 E2=1,MONTH{&M)

JDAY=JDAY+1

CALL CROPC(CK,JPL,JEM,JEC,JHBV, ICRP,JDAY,NCUT,JCUT, 1, MALF)
CKSUM=CKSUM+CE

CONTINCE
CROPCO(NSS, ICROP, MNUM(XM} ) =CKSUM/MONTH{ KK)
CONTINUE

GO TO 20

CONTINUE

WRITE{6,550) MSS,{(CROPCO{NSS,ICR,KM),ICR=1,17),KkM=3,10)
FORMAT(I3,17F6.2,/,T{3X, 17F5.2/))

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE JDATE(IDAY,JIDAY)

Catdtttftttttttttrtdttstddttdttdrttttttrdttbtds

C..

C..THIS SUBRCUTINE CHANGES MONTH AND DAY TO JULIAN DAY

C..

awm

20

G

DIMENSION MD(12},IDAY(2,5),JIDAY(S)
DATA MD/31,28,31,30,31,30,31,31,30,31,30,31/
DO 50 I=1,5

IF (IDAY¥(%,1).EQ.0) CO TO 28

ISUM=0

Do 5 Jd=1,12

IF{IDAY{1,I}.EQ.J) GO TC 10
ISUM=ISUM+MB{J)

CONTINUE

JIDAY({I)=IDAY(2,I)«ISUM

GO TO 50

CONTIRUE

JIDAY(1)=0

CONTINUE

RETURN

END

SUBROUTINE CROPC{CK,JPL,JEM,JEC,JKV,XCRP,I2,NCUT,JCUT,NMB,MALF)

[ R L S S R T T B e e
Crttotttbrbtdttbbtibdtdtbdbtttbbtbdttstbtb4+4+44++SUBROUTINE CROPC
[ L T R m et o T

C

(s ReRel

EMA JPL.,JEM,JEC,JHV, ICRP,I2,NCUT, JCUT(NMB)
DIMENSION G(20,15),JCUT{NMB),ACUTH (10),ALFM(10)

RN NN NN R R B LB O RN R E RN AN R O RN NN EREE.
- L

®  DAYLY MEAN ET CROP COEFFYCIENT FOR NORNMAL IRRIGATION ®*

CRPO0G 10
CRPOOG20
CRPOQ430
CRPOGHHO
CRPOG650
CRPOOEGD
CRPODETO
CRF00680
CRPQO650
CREOQTO0
CRPOOT IO
CRP0OO720
CRPOO730
CRPOOTUD
CRPCO750
CRPOGT6C
CRPOOTTO
CRPOOTB0
CRPQOTIC
CRPOOBOG
CRPOOB10
CRPOO8Z0
CRPDO830
CRPOOBYG
CRPDOBS0
CRPOGAED
CRPOGBTO
CRPOGBEO
CRPO0OB90
CRPOO900
CRPODIIO
CRPQ0920
CREG0930
CRPOOSUD
CRPOOS50
CRPO0S50
CRPOOSTO
CRPOGGE0
CRP00G30
CRPO100C
CRPO101Q
CRPO1020
CRP(1030
CRPQ1040
CRFQ1050
CRPO1060
CRPO1070
CRPO1CBO
CRPO1030
CRP0O1100
CRPO1118
CRP0O1120
CRP0O1130
CRPO1140
CRPC1150
CRPO1160
CRPO1170
CRPD11B0
CRPO1190
CRPO1200

(o]
o]
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C

c

C

c

c

C

C

C

C.

€,

* AND PRECIFITATION CONDITIGHS, FOR USE WITH ALFALFA g
¥ REFERENCE FOR CROPS GROWN IN AN ARID REGION WITH A &
¥ TEMPERATE INTERMOUNTAIN CLIMATE, (WRIGHT,1981) &
] *
% ]

]

Programmed by Rick Allen Univ, Idaho, Kimberly
R I R I R R RS F RN NI R PR ER R B AR AR B RO R N EEG AR ARRER

MALF = 1 IF MEAN ALFALFA COEFFICIENT FOR HAY (CUTTING EFFECTS
AVERAGED) JPL AND JHV USED, ONLY

MALF = 0 IF ACTUAL ALFALFA COEFFICIENT FOR HAY {CUTTING DATES
ADHERED TO) JPL,JHY AND JCUT{) USED.

DATA G/

. ... ALFALFA BAY (1)
£0.70,0.82,0.91,0.95,1.00,1.00,0.98,0.96,0.95,0.95,
£0.%0,0.50,0.80,0.96,0.98,1.00,1.,00,0,88,0.95,0,05,

.v...BEANS (2)
#0.30,0,30,0.30,0.35,0.45,0.55,0.68,0.80,0.90,0.95,
00.95,0.%0,0.67,0.33,0.15,0.10,0.1¢,0.10,0.10,0.10,

..... CORN (3)
£0.30,0,30,0.30,0.30,0.32,0.42,0.55,0.70,0.85,0.95,
D0.96,0.95%,0.94,0.90,0.85,0.79,06.74,0.35,0.25,0.25,

«... GRASS PASTURE (4) (0.1 LESS THAN GRASS REF (LDW STAND)IR.G.4,B2

$0.3%,0.43,0.52,0.59,0.66,0.73,0.77,0.77,0.77,0.77,
DG.7T7,0.77,0.77,0.77,0.77,0.77,0.77,0.77,0.77,0. 77,

.....PEAS (5)
£0.30,0.368,0.30,0.36,0.43,0.51,0.58,0.73,0.85,0.93,
D6.90,0.65,0.53,06.35,0.20,0.15,0.15,0.15,0.15,0,15,

oo POTATOES (£)
£0.30,06.30,0.30,0.31,0.44,0.57,0.65,0.77,0.82,0.85,
D0.85,0.83,0.81,0.79,0.75,0.70,0.65,0.50,0.35,0.25,

.....SUGAR BEETS (7)
£0.30,0.30,0.30,0.30,0.30,9.32,0.40,0.60,0.80,1.00,
D1.00,1.06,1.00,0.98,0.54,0.89,0.85,0.80,0.74,0.60,

we. . SPRING GRAIN(SH)
%0,30,0.3%0,0.32,0.40,0.65,0.85,0,95,0.,99,1.00,1.00,
1.00,1.00,0.%90,0.50,0.25,0.15,0.15,0.15,0.15,0.15,
... WINTER GRAIN{Y)
%0.30,0.30,0.50,0.75,0.90,0.98,1.00,1.00,1.00,1.00,
01.006,1.00,1.00,0.95,0.55,0.25,0.15,0.15,0,15,0.,15,
..... SWEET CORN {10}
$0.30,0,30,0.30,0.36,0.32,0.42,0.55,0.70,0,85,0.95,
00.93,0.93,0.%0,0.85,0.75,0.58,0.40,0.20,0.00,0.00,
..... ALFALFA SEED (11) CURVES t1-14 BY R.G.ALLER 1981
10.55,0.65,0.72,0.78,0.84,0.87,0.88,0.89,0.89,0.90,
DC.90,0,90,0.90,0.88,0.86,0.84,0,75,0.62,0,56,0.45,
..... FRUIT TREES (12) --APPLE,CHERRY WITH BARE GROUND
£6.,40,0.46,0.51,0.58,0.66,0.7%,0,77,0.81,0.85,0.85,
b0.85,0.85,0.85,0.85,0.85,0.85,0.85,0.85,0.80,0.70,
. ... SMALL VEGETABLES (13)
£0.30,0.35,0.40,0.50,0.55,0.60,0.65,0.7
D0.80,0.80,0.80,0.80,0.75,0.70,0.65,0.5
..+ ONIONS (1h)
£0.30,0.35,0.40,0.50,0.55,0.60,0.65,0.70,0.75,0.80,
po.8¢0,0,80,0.80,0.80,0.80,6.80,0.75,0.70,0.65,0.60,
..... HOPS (15)
$0.30,0.30,0.30,0.35,0.40,0.6
D6.95,0.95,0.95,0.95,0.95,0.9
b/

0.75,0.87,0.92,0.95,
0.95,0.95,0.93,0.90

g,
5.

CRPOI210
CRPG1220
CHPO1230
CRPOY 250
CRPG1250
CRPO1260
CRPO1270
CRPO1280
CRPOT250
CRPO1300
CRPO1310
CRPOT320
CRPG1330
CRPO1340
CRPO1350
CRPO1360
CRPO13TO
CRPO138D
CRPO139D
CRPGI400
CRPOTY1D
CRPOINZO
CRPO1430
CRPOTHAD
CRPG1450
CRPO14GD
CRPGI4TO
CRPO1480
CRPG1490
CRPG1500
CRPO1510
CRPOI520
CRPO1530
CRPDIS40
CRPOI550
CRPO1560
CEPOI5TO
CRPOI580
CRPO1580
CRPO1600
CRPOI610
CRPO1620
CRPOI630
CRPOT6H0
CRPOVES0
CRPGI660
CRPO1670
CRPG1680
CRPOI69G
CRPGITO0
CRPQITIO
CRPO1720
CRPOITI0
CRPO1T4D
CKPOITS0
CRPO1TEO
CRPOITTO
CRPO1780
CRPO4TY0
CRPOTB00

[ CRPO1810
[ CRP01820
o CRP01830
C.....ALFALFA HAY DRYDOWN AFTER LAST CUT (AFTER 3RD AT KTMBERLY) CRPO1840
DATA ACUTA4/ CRP01850
£0.40,0.44,0.60,0.65,0,55,0.50,0.45,0.35,0.30,0.25/ CRPO1860

c CRPO187T0
[+ MEAN ALFALFA COEFFICIENTS FOR AVERAGED CUTTING EFFECTS CRPG1880
DATA ALFM/ CRPG1890

[ 10.55,0.70,0.80,0.87,0.90,0.70,0.63,0.50,0.36,0.25/ CRPO1900
£0.55,0.71,0.83,0.97,0.95,0.70,0.63,0.50,0.36,0.25/ CRPO1910

4 CRPO1920
C CRPO1930
C...CROP COEFFICIENTS CRPO1G40
J=ICRP CRPD1950

%12 CRPO1960

c BRANCH FOR ALFALFA HAY CRP01970
IF(4.EQ.1) GO TO 323 CRP(1980
REC=JEC-JPL CRP01990

C CRPO2000
C...LINEARLY INTERPOLATE BETWEEN COEFFICIENT. CRPO2010
c CRP02020
IF{IZ.GE.JEC)GO TO 321 CRPO2030
C...BEFORE EFFECTIVE COVER CRPO2040
315 P1=(IZ-JPL)/REC*100 CRPO2050
IF{P1.LT.%0.)P1=10.01 CRPO2060
IP1=INT{P1/10.) CRPO2070
DIFF=4MOD(FT, 10.)/10. CRPO2080

318 CK=G(IF1,d)+{G(IP1+1,J)-G{IP1,J) ) DIFF GRPO2090
GOTO 327 CRP0O2100

c CRPO2110
C..,AFTER EFFECTIVE COVER CRPO2120
321 D1=YZ-JEC CRPO2130
DIFF=AMOD{D1,10.)/10. CRPO2140
IDI=INT{D¥/10.}+10 CRPO2150

Cc82  IF(ID1.LT.11)DIFF=0. CRPO2160
C82  IF(IDV.LT.11)ID1x11 CRPO2170
C EXTRAPOLATE PAST 100 DAYS UYSING LINEAR CURVE THROUGH LAST TWO POINCRPO2180
IF{ID1.GT.19} DIFF=%.0%(ID1-19) CRFO2190
IF{ID1.GY.19) IDI=1¢ CRPO2200

320 CK=G(ID1,d)+(G(ID1+1,J)~G{ID1,d) ) ¥DIFF CRP02210
€82  IF(IZ.GT.JHV) CK=G{20,5) CRPO2220
c CRPO2230
C...ALFALFA HAY CRPO224C
IF{J.GT.1} GOTO 327 CRPO2250

323 CONTINUE CRPD2260
C...CUTTINGS  CRPD2270
DY=12 CRPO2286

o BRANCH FOR MEAN CUTTING EFFECTS CRPO2290
IF(MALF.EQ.1) GO TO 350 CRP02300

DO 310 NQi=1,NCUT CRPO2310
HC=NQ CRPO2320
IF(DS.LT.JCUT(NGE)) GO TO 330 CRPUO2330

310 CONTINUE CRP02340
NC=5 CRP02350

330 JF{NC.EQ.1} D1={D9-JPL)/(JCUT(NC)~JPL)¥100. CRPD2360
IF{NC.GT.1) D1={DY~JCUT{NC~1})/(JCUT{NG)-JCUT{NC-1) ) %100. CRPO2370
IF(NC.GT.4) D1:(D9-JCUT(NCUT))/(JKY ~JCUT(NCUT})®100, CRPG2380
IF(NC.EQ.1) JAR=D CRPQ2390

IF(NC.CT.1) JAD=10

CRPO2L00
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Coun

C...GREENUP TO 1ST CUT AKD FOR 1ST CUT TO 2ND AND 2NP TO 3IRD CUTS
c

C
c

33

OO aOan

350

Y

IF(NC.GT.5¥) GO TO 340
USE 18T AND 2ND SET OF COEFFICISNTS TO DESCRIBE ET DURING

FIRST, SECOND AND THIRD CUTTINGS ETC,
DIFF=AMOB(D1,10.)/10.
ID1=INT{D1/10.)+JAD
JD1=Im
IF(ID1,LT.JAD+1}ID1=14J4D
CK=G(ID1,d}+(G{ID1+1,J}~G{ID1,J) ) #DIFF
IF{JD1,GE.JAD+1) GO TO 327
CALCULATE COEFFICIENT FROM 0 TO 10 %
IF(JAD.EQ.0} CK=0.55+{G{ID1)~0.55)"DIFF
IF{JAD.EQ, 10)CK=0.30+(G{ID1)-0.30)¥DIFF
GOTO 327

AFTER LAST CUT USE ACUTY ARRAY FOR COEFFICIENT

0 DIFF=AMOD{D1,10.)/10.
IDT=INT(D1/10.)
JD1=ID1
IF(ID1.LT.1} ID1=1
CK=ACUTA{ID1)+(ACUTU(ID1+1)-ACUTS(ID1) } *DIFF
IF BETWEEN O AND 10 %
IF(JD1.LT.1) CK=0.25+( ACUTH{IDT)-0.25) ®DIFF
GO TO 327

HEAN ALFALFA COEFFICIENTS {CUTTING EFFECTS AVERAGED)
DEVELOPED USING WRIGHT'81 COEFFICIENTS AND DATES FOR
3 CUTTINGS AT KIMBERLY AKD DAILY ETR FROM 1965-78

BY R.G.ALLER

JPL AND JHV ARE GREENUP (LAST AVE. DATE OF 24 F CCCURKENCE

IN SPRING AND FIRST AVE. DATE OF 24 F GCCURRENCE IN FALL)

LENG=JHV-JPL

CE=0.30

IF(IZ.LT.JPL) GO TO 327

IF(IL.GT.JHV) GO TO 327
ID1=JPL+0, 148 LENG-1

ID2=ID1+0.5G8LENG

IF{IZ.GT.ID1) GO TC 360

GREENUP TO 1uf OF SEASON

COEFFICIENTS ARE LISTED FOR ©,25,50,75 AND 100% OF PERIOD
D1={D9-JPL)/(ID1-JPL}*¥100.
DIFF=AMOD({D1,25.)/25.

IDT=INT(D1/25.)+1.
CE=ALFM(IDS Y+ { ALFH{ID1+1) ~ALFM{ID1) ) 2DIFF
G0 TO 327

BETWWEN 14 AND 83% OF SEASON
IF(TZ.0E.ID2} GO TO 370
DIFF=(DY-ID1}/{ID2=ID1)%100.
CK=ALFM{5}+{ ALFM{6)~ALFH{5) ) *DIFF/100.
GO TO 327

LAST 17% GF SEASCN :
D1={Dg-ID2)/(JKY-1D2) %100,
DIFF=AMOD(D1,25.)/25.

ID1=INT(D1/25.)+145
CK=ALFM(IDT }+{ ALFM(ID1+1)-ALFM{ID1) ) ¥DIFF

327 CONTIWUE

IF(CK.LT.0.0) CK=0.0

CRPO24130
CRPO2420
CRPG2430
CRPO2440
CRPO2450
CRPO2U460
CRPOR4TO
CRPO24B0
CRPO2490
CRPO2500
CRPOZ510
CRPO2520
CRP02530
CRPOZ540
CRPO2558
CRPO2560
CRPO2570
CRPO2580
CRPO2590
CRPG2600
CRPOZ610
CRPG2620
CRPO2630
CRPO26 40
CRPO2650
CRPO2660
CRPO2670
CRFPO2680
CREO2650
CREQ2T700
CRPO2T10
CRPO2720
CRPO2730
CRFO2740
CRFO2750
CRPO2760
CRPO2T70
CRPO2780
CRPO2750
CRPO2E0OO
CRPOZB10
CRPO2B20
CRPO2830
CRPO28L4O
CRPO2BS0
CRPO2860
CRPOR28TO
CRPO2880
CREO2890
CRPO2500
CRPI2910
CRPO2920
CRPO2930
CRPO2940
CRPO295C
CRP0O2960G
CRPO2970
CRPO2980
CRP(2990
CRPO3000

328 RETURN
END
[
c
SUBROUTINE DAY{M,ID,dJD)}

Crtbbbb bbb bbb bbb bbb bbb bbb b bbb bbb bbbt
Gttt ettt dttt bttt e+ ++0++4++4++ SUBROUTINE DAY

Cbt -+ bt

c..
C..THE SUBROUTINE DAY CHANGES MONTH AND DAY TC JULIAN BAY
c..

DIMENSION MD{12}

DATA MB/31,28,31,30,31,30,31,31,30,31,30,31/
ISUM=0

DG 5 J=1,12

IF(M.EQ.J)GOTO10

I5UMs ISGMaHD ()

CONTINUE

JD=ID+ISUM

RETURN

END

(=L

o0

SUBROUTINE DATE{JD,M,ID)
Ctadititttttttttttd bbbttt bbbt b std
C+ttttttttbttitorr2++++++SUBROUTINE DATE
[ s o & o o E R S ST TR TR
c..

C..THE SUBRCUTINE DATE CHANGES JULIAN DAY TC MONTH AND DAY
C..

DIMENSION MD(12)

DATA MD/31,28,31,30,31,30,31,31,30,31,30,31/
ISUM=0D

DO 5 M=1,12

ISUM=ISUM+MD(M)

IF(JD.LE.ISUM)GOTC1Q

CONTIRUE

ID=JD-ISUM+MD{M}

RETURN

END

END$

ouwum

CRPO3010
CRPO3020
CRE0O3030
CRPOI0OLD
CRF{33050
CRPO3060
CRPG3070
CRPO30B0
CRPC3050
CRPG3100
CRPO3110
CRED3120
CRPO3130
CRPO3140
CRPO3150
CRPO3160
CRPO31T0
CHPUI180
CRP0O3190
CRPO3200
CRP0O3210
CRPO3220
CRPCG3230
CRPO3240
CRPO3250
CRPO3260
CRPO3270
CRPO3280
CRPG3290
CRP03300
CRPO3310
CRPO3320
CRP03330
CRP03340
CRP03350
CRPO3360
CREO3370
CRPO33B0
CRPG3390
CRPO3ACO
CRPO3410

o



FTNY, ¥ FAQOOO0D

PROGRAM FAO2L FAOQCOI0

G USE THIS PROGRAM TC OBTAIN WRICHT-1982/FAO-BC REF,RATIOS..L4/20/82FA4000020
C H.G.ALLEN UNIVERSITY OF IDAHO KIMBERLY, IDAHO FADO0D3Q
[ T e e e e e e e e e e e e e o e e e FAQOQOND
FADDQOS0

FAQDOOKO

FAGODOTO

< THIS COMPUTER PROGRAM WAS DEVELOPED FAQQOOBG
C BY FACOOOSO
[ S.K.GUPTA, W.0.PRUITT, J.LOHCZAK, AND E.K.TANJI FAO0O 10O
< DEPARTMENT OF LAND, AIR, AND WATER RESOURCES FAO0G 110
T WATER SCIENCE AND ENGINEERING SECTION FADOO 120
C YNIVERSITY OF CALIFORNIA, FAD0O130
c baviS, CALIFORNIA U.S.4, FAODHOTED
c FAOOQ15C
¢ MOBIFIED BY FAOQC160
c ROBERT W PENNINGTOHN FAQ00170
C PLANT,S0IL AND WATER SCIENCE FAQOO 180
C UNIVERSITY OF NEVADA-RENO 1977 FAQDG 190
< {TR-21, ALPHANUMERICS,ARRATS) FAGOQR00
c FROGD210
[ MODIFIED BY FAD00220
c RICK ALLEN FAQ00230
C UNIVERSITY OF IDARD FACOGR2AQ
C R&E CENTER, KIMBERLY, IDAHO 1581 Fagoo2se
c {EJLW,JENSEN-HAISE, ALPHANUMERICS) FAQDOO260
c {CORRECTION OF PMB EQUATION) FAOOO270
c (ELEVATION CORRECTION OF B.C.) FADOOZ80
< (CALCULATION OF LONG TERM AND SHORT TERM ESTIMATES) FA0DG290
C {AND COMPARISION TO WRIGHT82 (REF.RATIOS)) FAQGO30G
[ FAOGG310
c THIS IS A COMPUTER PROGRAM BASED ON "CHOP WATER FAQOC320
< REQUIREMENTS™ BY J. DOORENBOS AND W. O, PRUITT, IRRIGATION FAO0O330
€ AKD DRAINAGE PAPER 24 (SECOND EDITION}, WATER RESOURCES FAQOG330
C DEVELOPMENT AND MANAGEMEMNT SERVICE, LAND AND WATER DEVELOPMENT FaQ00350
c DIVISION, F.A.Q. OF UNITED MATIONS, ROWE. FADOU360
c FaQ00370
< IT ESTIMATES REFERENCE CROP EVAPOTHRANSPIRATION (ETO) FADO0380
C BY ANY OR ALL OF THE FOLLOWING METHODS: FAO00350
c 1) BLANEY-CRIDBLE(F20) FAGOOMGCO
C 2) RADIATION(FAO} FAODOE10
c 3) MODIFIED PENMAN{FAD) WITE C = 1.0 FAC0Q420
< i) MODIFIED PENMAN(FAO)WITH CORRECTION FAQOQU3D
c 5} PAN EVAPCRATION{FAN) FAQOOY4S0
c FAOQOLS0
O T P FAQGOLGD
REAL MDAY FAOGOATO

REAL LAT, WACT, NTBL, NTBLi, NTBLZ, NRATIO FAGQO4BO
INTEGER RHFLAG, UFLAG FAQQO4SD
INTEGER MONTH, DAY, YEAR, UNITN FAQQO500
DOUBLE PRECISION STa, 1EQF FAQDDS10
DOUBLE PRECISION ISTACT{2),ISNDAT(S) FADOOS20

REAL MNTBL( 11,123, WW{5,14), RRAN{711,12), RRAS(11,12},MOpaYS(12) FAQDOS30

DIMENSION SUMET(18},ET0(18),XX{20),STA(S) FACOO540
DIMENSION ETJLW{14,7,31) FADDOS50
DIMENSION ENSUN(12),ERHMN(12),EUDAY(+2)},EUDANI12),ERSOL{12) FADOOS60
DIMENSION ERHMX{12),ERRME{12) FAOOOSTO
DATA SIGMA / 2,0B-§ / Fr000580
DATA ISTAGT,ISNDAT/BHACTLDATA,BHESTMATED, BEHSUNHRS, 6HSUNDEC, FADOOS90

SHOKTAS ,6HTERTHS , GHNODAT 8/
DATA S,N,ALPHAA, ALPHAB/1HS,1HN, 1HA,1HB /
DATA ALPHAC,ALPHAF, IEQF/1HC, 1HF 6H /
DATA MODAYS/31.,28.,31.,30.,31.,30.,31.,31.,30.,31.,30.,31./
DATA XX/20%0./
FUNED(TDEW}= EXP(54%.878919-(6790.5985/TDEW)~5.02808*ALOG(TDEW)}

FAQQQAGD
FAOO06 10
FAGUO620
FAODO630
FADGDG4D
FADOOES0

THE ABOVE VALUE OF SIGMA IS EQUIVALENT TO USING L=586 CAL/GM WATERFAOO0G6D

SINCE SIGMA=11.T1%10E-8 CAL /CM.CHM
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THIS PROGRAM DOES THE FOLLOWING
READS IN ALL INPUT DATA
CONVERTS THE DATA INTO METRIC UNITS
CALCULATES THE HEEDED MEANS
ADJUSTS THE WIND MEASUREMENTS TO 2 ¥ HEIGHT.
ESTIMATES THE SOLAR RADIATION IF MOT GIVEN
CALLS THE SUBROUTINE BY WHICH THE ESTIMATION IS DESIRED.

LIST OF INPUT SYMBOLS
R R ARG R E NN R AR RN R A RN RN N RS RARE NG
ALT = STATION ALTITUDE
CASE = A OR B {SEE DETAILS IN CHAPTER 1.1}
- REQUIRED OKLY IF PAN EVAPORATION ESTIMATE QF ETO
VALUE IS DESIRED

DAY = TWO DIGIT REPRESENTATION OF DAY (IE. 08)

= 00 IF MORTHLY DAT4 ARE GIVEN

- REQUIRED ON ALL DAILY AND MONTHLY DATA CARDS
ED = DAY"3 ACTUAL VAPCR PRESSURE IF DATA ARE DAILY

MEAR OF DAILY VPrS IF DATA ARE MONTHLY
OPTIONAL BUT SUGGESTED FOR INCREASING ACCURACY
EPAN = DAY"S EVAPORATION FROM CLASS A PAN
= MEAN OF DAILY EVAP®S IF DATZ ARE MONTHLY
- REQUIRED ONLY XYF PAN EVAPORATIOK VALUE ARE DESIRED
FACTED = FACTOR FOR CONVERTING "ED" VALUES TO MILLIBARS
1.0 IF Eb DATA ARE IN TERMS OF MILLIBARS
1.33 IF IF ED DATA ARE IN MILLIMETERS OF MERCURY
= 33.78 IF ED DATA ARE IN INCHES OF MERCURY

FACTEP = FACTOR FOR CONVERTING EPAN DATA INTO MM/bAY
= 1 IF DATA ARE ALREADY IN MM/DAY
= 25,4 IF DATA ARE IN IN/DAY
FACTRS = FACTOR FOR CONVERTING RS DATA INTC MM/DAY
= 1 IF DATA ARE ALREADY IR MM/DAY
= 0.017 IF DATA ARE IN CAL/DAY (LANGLEYS DAY)
= 0,406 IF DATA ARE IN MEGA JOULES/M%M
FETCH = LENGTH OF UPWIND GREEK CROP FROM PAN FOR CASE A
= UPWIND DRY SURFACE FOR CASE B
-~ REQUIRED ONLY IF PAN EVAPORATION VALUE IS DESIRED
FUDAY FACTOR FOR CONVERTING DAY TIME WIND DATA
1. 0 IF UDAY YS IN M/BEC
0.447 IF UDAY IS IN MPH
0,278 IF UDAY IS IN KM/HR
0.513 If UpaY IS IR KNOTS
Fyzl ACTOR FOR CONVERTING WIND DATA TO KM/DAY.

.0 IF U24 1S ALREADY IN KM/DAY

4 IF U24 TS IN KM/HR

8.6 IF U24 IS IN MPH

L605 IF U24 IS IN MILES/DAY

.47 IF U24 IS IN KKOTS

HEMIS = HEMISPHERE {N OR 5}

LAT = STATION LATITUDE IN DEGREES N OR 5 (IS ALWAYS POS.)
MONTH = TWO DIGIT REPRESENTATION OF MONTH (IE. 02)

B Ay~ T H BN

L T TR T

FAOODETO
FADQGABO
FACOOESD
FAGQ0TO0O
FADOQT10
FROOO0T720
FADQD730
FAGCOT40
FARQOT50
FAGOOTSEQ
FACQOTTR
FADOOTED
FAQDQT 90
FAOOOB00
FAQQ0810
FAQGO0B20
FAGODS30
FAQDO840
FACOO850
FAGDUB6D
FADGOBTO
FADOOEB0
FADOOBYO
FACODI00
FAC00910
FAGQOD920
FAOD0G30
FAQDOQGLD
FAOOOYS5G
FACDO960
FAODOS70
FACOOGED
FAQODGGD
FADO1000
FACO1010
FADQ G20
FAQO1030
FAQO1040
FAODIO0S50
FADO1060
FACGIOTE
FAQO 1080
PADDTO90
FAO0T100
FAQQT13110
FADG1120
FAGO1130
FADO 1140
¥FAO01150
FADO1160
FAOO1170
FACC11B0
FAOG 1190
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- REQUIRED ON ALL DAILY AND MONTHLY DATA CARDS

NACT

inow

HALCOR

RELAG

FAGD1200
HOURS OF BRIGHT SUNSHINE OR FACO1210
CLOUDINESS IK OKTAS OR TENTHS {SEE FACTR) FACG1220

FLAG TO APPLY ALTITUDE CCGRRECTION TC BLANEY-CRID.FACG1230

= 0 FOR NO CORR. 1 FOR CORRECTIN (10%/3000m) FACG1240
= FLAG FOR 3DHSHINE QR NRATIO DATA FAGG 1250
= 1 IF MEASURED OR R& GIVEN FAOQ1260
= 2 IF ESTIMATED FAQO12T0

IIIIIIIilllllll'liIlﬂlllIlllll‘l‘!&ﬂllﬁﬁ'iG‘Ell'ﬂlﬁl'll‘.fFAOD1280

NBLARNY
NRADTA
NPENMN
KCORPN
NETPAN
NTR21

NJENSH
NEJLW

= FLAG FOR BLANEY ET ESTIMATICH. {FRO) FAQOD1290
* FLAG FOR RADIATION ET ESTIMATION. {Fa0) FAOQO1300
= FLAG FOR PEMMAN ET ESTIMATIOR (C=1.0) (FAOQ} FAOO1310
= FLAG FOR CORRECTED PENMAN ET ESTIMATION.{FAQ} FAOD1320
= FLAG FCR PAN EVAPORATION ET ESTIMATION, {FAQ) FAO01330
= FLAG FOR TECH. RELEASE-21 ET ESTIMATION. FAQD1340
= FLAG FCR JENSEN~RHAISE ET ESTIMATION. FAGD 1350
= FLAG FOR MODIFIED COMBINATION EQUATION ET FADD 1360
ESTIMATION. EQUATION BY DR, JAMES L. WRIGHT, Fag01370
USDA-SEA-AR, FOR KIMBERLY IDAHC. 1%81 FACO 1380
FADO1350

1 IF DESIRED FAQO 1400

0 IF NOT DESIRED FADD 1410

’IIIl'I:ill'Il'!IﬁIiﬁIIIIIGllQilﬂEliI}&Hlll&!ili!li!l!llllFAoo1“20

NPRINT

HRATIO
HREAD

#

Bouon

PMB = M

RHFLAC

RHMAX

RHMIN

oo

"o

f

Q0 IF INPUT DATA IS NOT TO BE PRINTED. FAOOTH30
1 IF ALONGWITH RESULTS,INPUT DATA AFTER CONVERSIONFAODIN44G

ARE TC BE PRINTED. FACO1450
2 YF IN ADDITION TO ABCVE THE INPUT DATA AS READ FAOOD1460

ARE TO BE PRINTED. FAa001470
FCR FIRST RUN MAKE NFRINT=2, FROO1480
= RATIO OF ACTUAL SUNSHINE HOURS TO POSSIBLE FACD 1490

FLAG FOR READING NEW VALUES OF URATYO,FETCH & CASEFAQQ1500

O OR BLANK IF NO CHAKGES ARE DESIRED FAQO1510
1 IF ALL OR ANY ONE OF THE PARAMETERS ARE TO BE FADD 1520
CHANGED. FAQO1530
EAN PRESSURE JN MILLIBARS FOR THE YEAR. FAOO1540
= FLAG FOR RELATIVE HUMIDITY DATA FAOD1550
= 1 IF DATA ARE ACTUALLY COLLECTED DATA FAO0 1560
= 2 IF DATA ARE ESTIMATED FAROO1570
MAX RELATIVE HUMIDITY FOR THE DAY FAOO1580
MEAN OF DAILY MAX RH"S IF DATA ARE MONTHLY. FAQO1590
REQUYRED ON ALl DAJILY OR MONTHLY DATA CARDS FADO1600
UHLESS ED OR TDEWPOINT ARE GIVEN. FADO1610

IF NONE OF THREE IS AVAILABLE,ESTIMATE IS REQUIREDFAOD1620

IN CASE METHOD II CALCULATION IS DESIRED. FAQDI630
MIN RELATIVE HUMIDITY FOR THE DaY. FAGO1640
MEAN OF DALILY MIN RH"S IF DATA ARE MONTHLY. FACD1650
REQUIRED OF ALL DAILY OR MONTHLY DATA CARDS FAO01660
UNLESS ED OR TDEWPOINT IS GIVEN, FAQO1670

IF NONE OF THREE IS AVAILABLE,ESTIMATE IS REQUIREDFAQ01680

IN CASE METHOD I CALCULATION IS DESIRED. FAOG1690

R5 = SOLAR RADIATION IN TERMS OF EQUIVALENT EVAPORATION. FAQO1T00
STA = STATION NAME. FAOQ1T10
TDEW = DAY"S DEW POINT TEMPERATURE IF DATA ARE DAILY. FAQD1720
= MEAN OF DAILY DPT"S IF DATA ARE MONTHLY. FAQO1730

- OPTIONAL BUT SUGGESTED IF ED ARE NOT GIVEN, FA001740

TMAX = MAXIMUM TEMPERATURE FOR DAY IF DATA ARE DAILY, FAOO1T50
= MEAN OF MAY DAILY. TEMPS IF DATA ARE MONTHLY FAQD1T60

-~ REQUIRED ON ALL DAILY OR MONTHLY DATA CARDS. FAQO1TYC

TMIN = MINIMUM TEMPEEATURE FOR DAY IF DATA ARE DAILY, FAOD1780
= MEAN OF MIN DAILY TEMPS IF DATA ARE MONTHLY. FAQO1790
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- REQUIRED ON ALI, DAILY OR MONTHLY DATA CHEDS.

UDAY =

g2y =
UFLAG

UNITN

UNITT

URATIO
UHT =

YEAR =
TWMX =
TWMN =
ESWMX=
ESWMN=

"

FAOO1800
MEAN DAYTIME WIND SPEER {IE. BETWEEN G704 AND 1S00)FA001810
IF NOT KNOWN AND U24 DATA ARE UNAVAILABLE,ESTIMATEFAOQ1R20
MUST BE GIVEN IN CASE USE OF METHOD I & XI ARE FROD1B3C
DESIRED, Fa001840Q
IF U24 ¥NOWN, ESTIMATE OF UDAY/UNIGHT MUST BE MADEFACGD1850

OTHERWISE PROGRAM USES 2.0 FOR URATID. FACD18B0
24 HOUR WIND TOTAL, FACGO1870
= FLAG FOR WIRD DATA. FACO 1880
= 1 IF U24h OR UDAY IS MEASURED DATA. FAO01890
= 2 IF U24 OR UDAY IS ESTIMATED. FAOO1900

CONVERSION FLAG FCR SUNSHINE/CLOUDINESS GATA. FADO1910

1 IF SUNSHINE DATA ARE GIVEN IN SUNSHINE ROURS FAOD1920

AS A DECIMAL FAOQ1930

2 IF SUNSKINE DATA ARE GIVEN IN SUNSHINE HOURS FAQO1940

AS HOURS ANp MINUTES SEPARATED BY & FADD1950
DECIMAL POINT FAQ0196G
3 IF SUNSHINE DATA ARE GIVEN INVERSELY IX TERMS FAOD1970
OF OKTAS OF CLOUDINESS FAO01980
4 IF SUNSHINE DATA ARE GIVEN INVERSELY IX TERMS  FA001390
OF TENTHS OF CLOUDINESS FADO2000
5 IF KO SUNSHINE/CLOUDINESS DATA ARE GIVEN. FADO2010

NOTE:~ IF RS DATA ARE GIVEN, PROGRAM WILL COMPUTEFAQDZ0D20
NRATIO. IF RS NOT AVAILABLE EITHER, ESTIMATE MUSTFAC(Q2030

THEN BE INCLUDED, FACD2040
FLAG FOR TEMPERATURE DATA FACQ2050
C IF INPUT DATA ARE IN DEGREES CELCYUS FACQ2080
F I¥ INPUT DATA ARE IN DEGREES FAHRENHEIT FADQ2070
RATIO OF UDAY/UNIGHT(IN CONSISTENT UNITS) FADD 2080

IF NG BASIS FOR ESTIMATING, 2.0 VALUE 1S ASSUMEDFAO02090

HEIGHT IN METERS FROM GROUND LEVEL AT WHICE THE FADO2100
WIND MEASUREMENTS WERE TAKEN. FAOD2110
LAST TWO DIGITS OF YEAR (IE. 75) FADO2120

MEAN MAX TEMP FOR WARMEST MCNTH (C) (JENSEX-HAISE) FAOOZ130
MEAN MIN TEMP FOR WARMEST MONTH (C) (JENSEN-HAISE) FAQD2140
SAT VAPOR PRESS {MB) AT TWMX FAQO2150
SAT VAPOR PRESS (MB) AT TWMN FADDZ160

Ill.Ililﬂlﬂlilﬁﬂﬂ‘ﬂllﬁililllllllllll*&&iﬁlllililllli!lIHIIFA002170

NOTE:- RHFLAG,UFLAG AND NFLAG ARE READ IN TO ELIMINATE USE OF PEKMAN FAQG21B0

OR RADIATION IF SOME DATA ARE ROUGH ESTIMATE INSTEAD OF FAOG2150
MEASURED INFORMATION. FA002200

IF INTERPOLATED DATA ARE AVAILABLE FROM MAPS OF A RESION FA002210

SHOWING LINES OF EQUAL TDEW PGINT, RH, NRATIO ETC,A FAD02220

FLAG = 1 MAY BE DESIRED EVEN THOUGH TEMPERATURE DATA FAO02230

ALONE ARE MEASURED DATA. FAQ02240

ot e e e o e et e e e e FAD02250
c FAO02260
G FILE INFORMATION  (LOGICAL UNIT DEFINITIONS) R.G.ALLEN  FAO02270
C S FADO2280
c 35  WEATHER DATA SCRATCH (UNFORMATTED) FILE--INTERMEDIATE  FAC02290
C 52  LONG TERM WEATHER SCRATCH (UNFORMATTED) FILE--INTERMEDIAFACO2300
c 54 LONG TERM MONTHLY FACTORS RHMIN,UDAY,RRATIO FOR PERIOD OFA0G2310
c RECCRD.~~OUTPUT MONTHLY ALSO TMEAN,TDEW,U25,RS AND RN FA0G2320
C 55  SHORTTERM FAOBC,LONGTERM FAOEC, WRIGHT, TR21 MONTHLY MM/FAOG2330
c & FAC RAD, PENMAN AND C.PENMAN--OUTPUT FaOD2340
c 56  SHORTTERM, LONGTERM WRIGHT/FAOBC RATIOS & WRIGHT/BC  FAGO2350
c & FAQ RAD, PEMMAN AND C.PENMAN =~OUTPUT MONTHLY FAO02360
c FAO02370
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C THE CONSTANTS AND CONVERSYON FACTORS OF THE GIVEN FAQO2400
C STATION ARE READ AND PRINTED, FA002410
LS AR AR RN R R E SN EE AP E N R R E N R T RN EL PR R EAR AR R AR R URRRREIRABELNRFAQD2U 20
1 READ (5,500) STa, ALT, LAT, HEMIS, UHT, PMB ,TWMX,TWMN FAQO2U30
IF(STA{1}.EQ, IEQF) GO TO 300 FAGO2440

2 READ (5,510} FuUz4,FUDAY,FACTED,FACTRS,FACTEP, UNITT,UNITK, RHFLAG, FAOG2450

¢ UFLAG,NFLAG,NPRINT,NALCOR FAOG2460
IF{UNITT. HE, ALPHAC . AND, UNITT, NE,ALPHAF) GO IO 300 FADD247D
READ(5,520 ) NBLANY ,NRADIA, NPENMN  NCORPN, NETPAN NTR21, NEJLY, NJENH FAQO2480
IF{PMB.LE.D.0)PMB = 1013 - ,1152%ALT + 5.44%10 E-7T*ALT2ALT FADO2490

cese¢ ABOVE EQ. IS DRIVED FROM LONG TIME MEAN PMB FOR NUMBER OF STATICK FADO2500

o IN AFRICA{CLIMATE OF AFRICA,VOL 10,WORLD SURVEY OF CLIMATOLOGY)  FADD2510
c FAOD2520
C ALTITUDE CORRECTION FOR BLANEY-CRIDDLE. 10% UPWARD ADJUSTMENT FAGD2530
¢ FOR EACH 1000 METERS ELEVATION. (FAD 2%)...,aLLEN.1382 FAO02540
ALTCOR=1.+0. 1#{ALT/1000,) FAOD2550
TP{NALCOR.EQ.G} ALTCOR=1. FADD2550

IEND = ¢ FAOD257C

HCASE = © FAD02580
WRITE(6,621) FAOD2590
WRITE(6,620) FAD0260D
WRITE(§,600) STA, ALT, LAT, HEMIS, UHT, PMB FADO261%
WRITE(S,620) FAGO2620
IF{NPRINT.EQ.0} GO TC 3 FAO02630
WRITE(6,620) FAODZ2640
WRITE(6,610) FU24, FUDAY, FACTED, FACYRS, FACTEP, ALTCOR, UNITT, FAO02650

] UNITN, ISTACT{RHFLAG},ISTACT({UFLAG),ISTACT(NFLAG} FAGQ266D
WRITE{6,62C) FADO2670

C. FACOREB0
C READ IN LONG TERM PARAMETERS TO BE USED FOR LORRECTION OF ET FACD2690
C ESTIMATES BY BLANEY-CRIDDLE...READ FOR EACH MONTE R.G.ALLFACO2700
C HRATIO, RHMIN,AKD UDAY (M/SEC),WIND DAY NIGHT,SCLAR,RHMAX,RHMEAN  FACOR2710
3 READ(S5,550)(ENSUN(I),I=1,12) FADQ2T20
READ{S,550) (ERHMN(T),I=1,12) FADO2730
READ(5,550} (EUDAY{I), I=1,12) FAOD2740
READ(3,550) (EUDAR{I), I=1,12) FAOQ2750
READ(5,550) (ERSOL(I),I=1,12) FAOG2TED
READ{5,550) (ERHMX{TI)},I=1,12} FADD2TTO
READ{5,550) (ERHME(1),I=1,12) FAQO2780

C FAQO2790
WRITE{(6,698) FAOG2800
WRITE(6,699) {I,ENSUN(I},EREMN(I},EUDAY{I),EUDAN(Y), ERSOL(I}, FAOO2810

& ERHMX(I),ERHME(3),I=1,12) FAOC2820

698 FORMAT(' MONTH NRATIC  MIN.RR DAY WIND DAY NIGHT  RSOLAR ® FACO2830

# L1 MAX.RH  MEAN.RH ) FAOD2840

699 FORMAT{I3,7F10.2) FACD2850

C“ﬁﬁiﬁﬂFHiIEl!Eﬂ!Iillﬂifl*sﬁﬂﬁiﬁﬁﬁfW*EIEﬂﬁﬁﬁﬁﬁl&h&ﬁ!ﬁﬁﬂﬁl!!!l‘!*EEQHEEKIPAOOESGD

C THIS 100 LOOP READS IN EACH DAILY OR MONTHLY DATA CARD FAQO2870
c AND IMMEDIATELY PRINTS THE DATA BACK OUT. IT THEN ADJUSTS, FAQD2B80
C CONVERTS, AND CALCULATES VARIOUS VALUES TO DBTAIN THE WEEDED FAGO2890
C PROGRAM VALUES. FINALLY IT WRITES THESE CONVERTED DATA GUT TO FAOQ2900
e DISK AND READS THE NEXT CARD. FADD2G10
CorERs RSO RGP O KD YRR TR A AT U OO RN EE NN R D R ARE RO R AGFNRRA X AD02920
5 B0 100 I1=1,5000 FACGR930
READ(5,530)51D,MONTH, DAY ,YEAR, NREAD, TMAX, THIN , TDEW , RHMAX, FAQG2940

§ REMIN,ED,UDAY,u24,NACT,NRATIO, RS, RN, EFAN,URATIO FAGQ2950
IF{SID,EQ.IEOF) GO TO 105 FADORI60

£ TF(MONTH.EQ.G.AND.DAY.EG.0)GO TO 105 FA0G2970
IF{NREAD.EQ.0}G0 TO 10 FADO2G80

Cﬂ#}a!Ei&ﬁﬂli!ilﬂ!ﬁiiﬁﬁlﬂﬁlﬂﬂilﬂ&hll!iﬂﬂlﬂﬁlﬂiﬂilﬁiﬁaﬂﬂlﬂﬂﬂﬂﬂiiﬂlﬁﬂi!ilﬂ?nooaggo

[ HREAD = 7 WHEN FETCH ARD CASE HAS TO BE READ AGAIN FAQG3000
CH N E R E N RN R B U RO TN RN NS RN ENR UG RN RN R AR R U RN R B RGN BN REOTAND3010

READ(5,540) FETCH,CASE FA003020

10 IDAYYY=z IDAYYY + 1 FAD03030
EA=0.0 FAQO3040
TF{NPRINT.LT.2} GO TO 25 FADO3050

IF {I.NE.1) GO TO 20 FADC3060
WRITE(E,621) FAOD3070
WRITE(6,520) FAQO3080
WRITE(6,625) FAQU3090
WRITE{6,620) FAODO3100
WRITE(6,630) ISNDAT(UNITH) FADD3110

20 IF{NREAD,NE.Q)WRITE(6,632)FETCH,CASE FACD3120
WRITE(6,634 YMONTH, DAY, YEAR, TMAX, TMIN, TDEW, RHMAY |, RHMIN  ED, UDAY ,U2Y4 ,FAD03130

# NACT,NRATIO,RS,RN,EPAN,URATIC FAOD3140
Cllill!Il-lll&Illllﬁilliiliiilﬂll!lllillli!llill!llllillnl!l{lliini!lkillpﬁocﬁ150
c CALCULATIMG THMEAN AND RHMEAN, aND CONVERTING THE FAOD3160
c TEMPERATURE DATA TO CELCIUS IF NECESSARY. FA003170
Cllllllllﬂlllllll&!li!i!illllilliliiﬁlllIllll!lillllliﬂ’illIlllll'll!lllFADOB180
25 IF{RHMAX.GT,100.0.0R.RHMIN.GT,100.0}WRITE(6,62h) RHMAX, RHMIN FADO3190
RHMEAN< ( RHMAX+RHMIN} /2.0 FAQO3200
THMEAN={ THAX+TMIN}/2.0 FA003210

IF {UNITT,.EQ.ALPHAC) GO TO 30 FACO3220

THMAX = (TMAX-32.0) ¥ 5.0/9.0 FAO03230

TMIR = {TMIN-32.0) % 5,0/69.0 FACO32H0

TMEAN = (TMEAN-32.0) ® 5.0/9.0 FAOU3Z250
IF{TDEW,LT.32,1,AND.TDEW.GT,31.9) TDEW=32.1 FAO03260

IF {TDEW.NE.C.0) TDEW = (TDEW-32.0) * 5.0/9.0 FAO03270

30 TK = TMEAN + 273.16 FAOD328C
TXDEW=0. FAQ0D3290
IF(TDEW.NE.0,0)TKDEW = TDEW + 273.15 FA003300
Clli!lﬁillﬂl*!il!lﬂililﬂ!lii“ﬁIiiﬂlﬁliiﬁﬂ!liﬂllEliﬂiillilﬁl&ill!llIIIEI!FAOO3310
[« ADJUSTIKG FOR MEASUREMENT HEIGHT IF IT IS OTHER THAN 2 METERS. FAOU3320
p!li'l!!Illi!illﬂ!li&ul!ﬂﬂ!ﬁ!ﬁﬂl!ﬁIilﬂlﬁiliﬂllﬁlliliil!Illlll&llllﬂl!ﬁiiFA003330
A= 0.17 FADD3ZUD
IF(UHT.LE.2,0) 4 = 0.22 FADO3350

UHTCF = ({2.0/UHT)%&3} F4003360

UDAY = UDAY ® LHTCF FADD3370

U24 = 025 ¥ UHTCF F4003380
Cl!llilﬁﬂ*ﬂﬂl!ﬁll!IIillIIIIIIIIIl!lﬁ*&llQEQEIIIIIEIIIl&[&ll!lllllil!IHIGFA00339D
C CORRECTION FACTORS MULTIPLIED, FAOO3400
Clll!llilllli!ll!*ﬁlIﬁ!&llila&liiE&ill&iiia*!ﬁ!&lﬁilﬁiiI*IIEI!H}II&!&G!HFADOBH10
C KM/DAY AT 2 METERS FAOO34 20
U24 = U2y ® Fuey FAOO3N30
IF(UDAY.EQ.0.0) GO TO 35 FADO3U4O

UDAY = UDAY * FUDAY FAQO3450

35 IF{U24.EQ.0.0.AND.UBAY.EQ.0.0) GO TO 40 FAQQ3460
UNIGHT = 0.0 FAOO3470
IF(U24.NE.O.0.AND.UDAY.NE.0.0) UNIGHT = y2h/43,2 - UDAY FADO34ED
IF(UNIGHT.NE.0.0,4ND.UDAY.NE.0.0.AND.URATIO.EQ.0,0) FADG34 S0

# URATIO = UDAY/UNIGHT FACO3500
Cee%i®]F NO URATIC DATA IS GIVEN OR POSSIBLE FROM DATA URATIC = 2.0 FADD3510
c USE LONG TERM IF GIVEN FAOG3520
IF{URATIO,EQ.O.0.AND EUDAN(MONTH)}.NE.0.0) URATIO=EUDAN({MONTH) FADD3530
IF(URATIO.EQ.0.0) URATIO = 2.0 FROO3540
IF{U2M.NE,0.0,AND.UDAY.EQ.0.0) UDAY=U2LSURATIO/(43.2%(1+URATIO)) FADD3550
IF(U2%.EQ.0.0.AND.UDAY.NE.0.0) U28=U3 2%UDAY#(1+1, /URATIO) FAGO3560
CilllilelﬁllilIiﬁi&ﬂ&!ﬁ!;lﬂlllﬁﬁéﬁaElﬂﬁaﬂ!nﬂlﬂilﬂiilIEll|ill*illRlil#ﬁIIFAOO3570
C FROM GIVEN WIND DATA OTHER KIND DATA ARE ESTIMATED, FAOD3580

CF R U N R R O N R L O O G R R E S RN U RR B NP n U R R R RN RENSEANAFAQN3500
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40 ED = ED ¥ FACYED FAOO3600

RS = R3 ® FACTRS FAGO3610D

EPAN = EPAM % FACTEP FAGQ3620
C.....CORRECTION OF KIMBERLY NWS SOLAR TO JLW MEASUREMENTS (TEMP) FAGD3630
C IF{MONTH.LE.5) SOLFAC=1.07 FADO3EHOD
c IF{MONTH.GE.6) SOLFAC=1.025 FADQ3650
c RS=RSESQLFAC FADO3B60
CélnEai|ilIilnlllililllllllllnlillnllliilininllnllllliﬂiillillIlilllllllFAog3570
¢ CALCULATION OQF EA, AND ED IF KOT GIVEN. FAQ03680
c*ﬁiﬁﬁiliilillillIIﬂlﬂﬁIIIIIilllllﬂﬂlliIII!i]ﬁli"."l|lil“"ﬂ"l‘i’i'liFAQUjagD
EA = FUNED{TK) FAO03700

IF (TDEW.NE.0.0.AND.ED.EQ.0.0) ED = FUNED(TKDEW) Fad03710
IF(ED.EQ.0.0) ED = RHMEANSEA/100,0 Fa003720
TEKMAX = TMAX + 273.16 FROO3T30
TEMIN = TMIN + 273.16 FAOD3THD
EATMAX = FUNED(TEMAX} FAOD3TS0
EATMIN = FUNED(TKMIN} FA003760
EAMELN = (EATMAYSBEATMIN}/Z2. TAOOITTC
ESWMX=FUNED(TWMX+273.16) FAGO3TS0
ESWMN=FUNED(TWMN+273.16) FAGG3790
TF{RHMIN.EQ.0.0.AKD.TDEW.NE. 0.0} RHMIN = 100.0%ED/EATMAX FACQ3B0C
IF(RHMAX.EQ.0.0.ARD.TDEW,NE,0,0)} RHMAX = 100.0¥ED/EATMIN FACO3810
IF({RHMAX.GT.100,0)RHMAX=100.0 FAGO3820
IF{RHMIN.GT.10G.0)}RHNIN=100.0 FAGO3830
IF{RHMEAN.EQ.0.6) RHMEAN ={REMAX + RHMIK)®#0.5 FADG3B40

IF (CASE.EQ.ALPHAA) NCASE = 1 FAad03850

IF (CASE.EQ.ALPHAB) NCASE = z FAGO38A0
AT EE DT a PN AN R RGN YU ETURGEOEREORTCRRE NG RO RN AN NIENFED03RT0
[ THIS SECTION CONVERTS WHATEVER SUNSHINE/CLOUDINESS DATA  FADO36B0
4 IS GIVEN (IF ANY) TO EITHER SUNSHINE HOURS OR NRATIC. IF NONE FADO3B90
c IS GIVEN, THEN NRATIO OR RS MUST BE GIVEN. FADO3900
R B N A R R A AR T AR R R RN R R R AN R R E N R RO AN FREFRETRIREIL 103010
GO TO (60,45,50,5%,65), UNITN FADD3920

45 KHRS=INT(NACT) FAOR3930
NMINS«(NACT-RHRS) * 100.0 FACO39HO
NACT=NHRS + NMINS/60.0 FROC3950

GG TO 60 FROG3960

50 NRATIC = 0,95- Q.08TPNACT - O0.003#NACT®#NACT FADO3970

C &% TF NACTUAL IS 8.0 MEANS FHLL CLOUDIKESS FAOD3980
RACT=0.0 FAD03940

GO TO 60 FAGQL000

55 NRATIO = 0.9% -~ D.066%NACT - 0.0023FNACTENACT FAOQY0 10
NACT=0.0 FAQ0B020
(B E HRE AR RO E RO R BN DN B UBE oD F LU EBEEIREREGRRFRRREAOOLDD
< IF NRATIO I8 ZERG , IT IS ESTIMATED FROM RS, FAQOHDAD
[ IN "NNTEL" BELOW, MONTH I5 ON THE VERTICAL FROM 1 7O 12, AND FAQOH05C
[+ LATITUDE IS HOQRIZONTAL FROM O TG 50 DEGREES. FROON4OH0
BRSSP n B AR RO E IR NR TR AR OB U RO UD A BRI FEEENRRRRRARRAFADOLOTO
c {HOURS OF SUNSHIKE PER DAY) FADQHDBO
DATA KNTBL FAQD4090

1/ 12.1,11.8,11.6,11.3,11.0,10.7,10.%,10.1, 9.6, 9.2, B.5, FADOH1H0

2 12.1,711.9,11.8,11.6,11.5,11,3,11.1,11.0,10.7,10.4,10. 1, FAOQ%110

3 12.1,12.0,32.0,12.0,12.0,12.06,12.0,11.9,11.%,11.9,11.8, FADON 120

4 12.1,12.2,12.3,12.5,12,6,12.7,12.9,13.1,13.3,13.5,13.8, FADGH130

5 12.1,12.3,12.6,12.8,13,1,13.3,13.6, 150, 15. 4, 148,15, 4, FADOH 140

6 12.1,12.4,12.7,13.0,13.3,13.7,14.0,14,5,15.0,15.6,16.3, FADRY 150

7 12.1,12.3,12.6,12.9,13.2,13.5,13.9,14.3,14.7,35.3,15.9, FAQDU160

8 12.%,12.3,12.4,12.6,12.8,13.0,13.2,13.5,13.7, 3.1, 14,5, FAGQOR1TO

9 12.%,12.%,12.4,12.2,12.3,12,3,12.4,12.4,12.5,12.6,12.7, FHOOL 180

A 12,1,12.0,11.8,11.8,11.7,11.6,11.5,14.3,11.2,11.0,10.8, FAGO41G0

Bo12.%,11.9,11.6,11.4,1%.2,10.9,10.6,16.3,10.0, 9.6, 9.1, FADDY20C
C  12.1,11.8,11.5,11.2,10.9,10.6,70.2, 9.8, 9.3, 6.8, 8.1 / FACO4210
50 IF(NRATIO KE.0.0) GO TO 65 Faooizz20
IF (RS.KE.0Q.0) GO TQ 65 FAOOL230
IF (HEMIS.EQ.S} MONTH=MOD(MONTH+5,12) + 1 FADD4 240
LL=INT{LAT/5) ® 5 FAGO4250
IF (LAT.GT.50) LLz50 FAGQ4260
L1=LL/5 + 1 FAQGH270
L2zL1 + 1 FADDL280
IF (L2.GT.11} L2=11 FADO4250
FAC = (LAT-LL}/5.0 FAO04300
MONTH1 = MONTH FAOOK310
MONTH2 = MONTH FAac04320
IF (DAY.GT.15) MCNTH2=MOD(MONTH,12) + 1 FADOH330
IF (DAY,LT,15.AND.DAY.NE.O) MONTH1=MOD{MONTH+10,12) + 1 FAQOL3H0

NTBL1=NNTBL(L1,HMONTH1) + FACT* (NNTBL{L2,MONTH1}~NNTBL{L1,MONTH1)) FAOO4350
NTBL2=NNTBL(L1,MONTH2) + FACT*(NNTBL{L2,MONTH2)-NNTBL{L1,MONTH2)) FAQD4360

FAC=DAY - 15 FAQODY3TO
IF {FAC.LT.0.0) FAC=FAC + 30.0 FADDY43BO
FAC2=FAC/30.0 FAOOK390
NTBL=NTBL1 + FACZ ¥ [KTBLZ-NTBL1) FADO4X00
NRATIO=NACT/NTBL FADOLY10
IF {(HEMIS.EQ.S) MONTH=MOD(MONTH+5,12) + 1 FAOO4Y20

C!Illll(lIII!IIlI!IIIIIIlIIlll!llI!illilillIIiIIllllllil'ﬂlliillllllllllpkooqqsfj

C THIS SECTION CALCULATES A YALUE FOR RA IF IT 15 NEEDED.  FAOO4A4YC

C IN "RRAN" AND "RRAS" BELOW MONTH IS ON THE VERTICAL FROM FAQOLLSO

c 1 T0 12, AND LATITUDE 1S HORIZONTAL FROM ¢ TO 50. FADOLUED

Cinlll!ﬂll!tillllllllllllllQlln&i&nﬁlliniliill!l!llli!iII&IcllllttllilI!FgookuTg
DATA RRAN FAQOKUBO

T/ 15.0,14.1,13.2,12.2,11.2,10.1, 8.9, 7.6, 6.4, 5.1, 3.8, FACOLL90
2 15.5,14,9,14.3,13.5,12,7,11.7,10.7, 9.6, 8.5, 7.3, 6.1, FACOUS00
3 15.7,15.6,15.3,14.9,14.4,13.7,13.0,12.2,11.3,1¢.3, 9.3, FAOOUS {0
4 15.3,15.5,15.6,15.7,15.6,15.5,15.2,14.7,14.2,13.5,12.7, FAODL520
5 1u.ﬂ,15.0,15.5,16.0,15.3,16.n,16.5,16 £,16.3,16.1,15.7, FAC04530
5 13.9,14.6,15.2,15.8,16.3,16.7,17.02,17.2,17.3,17.3,17.2, FAOOSSHO
T 14.1,14.7,15.3,15.8,16.3,16.6,16.7,16.8,16.7,16.6,16.4, FAOCHS50
8  14.8,%5.2,15.5,15.8,15.9,15.8,15.7,15.5,15.1, 14,6, 14,0, FAOQHS60
9 15.3,15.3,15.3,f5.1,1u.8.14.5,13.9,13.2.12.5.11.7,10.9, FADOLS70
A 15.4,15,1,14.6,14.1,13.4,12.6,11.7,10.7, 9.6, 8.5, 7.2, FADO4SEC
B 15.1,14.4,13.6,12.7,11.7,10.6, 4.5, 8.2, 7.0, 5.6, 4.3, FADOU59C
¢ 34.8,13.9,13.0,1%.9,10.8, 9.5, 8.3, 7.0, 5.7, 4.3, 3.9 / FAOO4E00
DATA RRAS FAOOUE1D
1/ 15,0,15.7,16.4,16.9,17.3,17.6,17.8,17.9,17.9,17.7,17.4, FADDUE20
2 15.5,15.9,16.2,16.4,16.5,16.5,16,3,16.0,15.7,15.2,14.6, FAQDE630
3 15.7,15.7,15.6,165.3,16.0, 14.6 ,14.6,13,4,12.6,11.7, 10.7, FRODAGHT
4 15.3,14.8,14,3,13.6,12.9,12.1,11.2,10.2, 9.2, 8.1, 7.0, FADOUES0
5  14.4.13.7,32.9,12.0,11.0,%0.0, 8,9, 7.8, 6.6, 5.4, W.2, FADOUEED
6  13.9,13.0,12.1,11.1,10.0, 8.9, 7.8, 6.6, 5.4, 4,7, 3.0, FAGDUETO
T 41,1303, 12,8, 1.4, 10,4, 9.3, 8.2, 7.1, 5.9, 4.7, 3.5, FADOUEBO
8  14.8,14.2,13.5,12.8,11.6,11.0,10.0, 9.0, 7.9, 6.7, 5.6, FA004690
9 15.3,15.1,14.8,14.4,14,0,13.4,12.7,11.9,11.¢,10.0, 8.8, FAO0HT00
A 15.%,15,7,15.9,15.9,15.8,15.6,15.2, 14.8,14.2,13.6,12.8, FAQO4T10
B 15.1,15.7,16.2,16.7,%7.0,17.2,17.2,17.1,17.0,16.7, 16.4, FAOONT2C
€ 14.8,15.56,16.3,16.9,17.%,17.7,16.0,18.2,18,3,18.3,18.1 / FADDY4T30
65 IF (NRATIO.NE,0.0.AND.RS.NE.D.C) GO TO 85 FADOLTHO
LL#INT(LAT/S5) ® 5 FAQO4T50
IF {LAT.GT.53.0) LL=50 FAGO4TED
L1=LL/S + 1 FACOHTTO
L2211 + 1 FAOOUTBO
IF (L2.GT.11) L2=13 FADOUTIO

zlt



T0

75

FACT1={LAT-LL)/5.0

MONTHY = MONTH

MONTH2 = MONTH

IF {DAY.LT.15.AND.DAY.HE.Q) MONTHI=MOD{MONTH+10,12) + 1

IF (DAY.CGT.15) MONTHZ:=MOD{MONTE,12) + 1

IF (HEMIS.EQ.S) GO TO 70

RAT=RRAN{L1,MONTH1) + FACt # {RRAN(LZ,MONTH1)-RRAN(L1,MONTH1))
RAZ=RRAN(L1,MONTH2) + FACT * (RRAN(L2,MONTHZ}-RRAN({L1,MONTH2)}
GO TO 75

RA1=RRAS(L1,MONTH1) + FACY # (RRAS{L2,MONTH1}-RRAS(L1,MONTH1))
RAZ=RRAS(L1,MONTH2) + FACI ¥ (RRAS{L2,MONTHZ}~RRAS(L1,MONTHZ))
FAC=DAY - 15

IF {FAC.LT.0.0)} FAC=FAC + 30.0

FACZ=FAC/30.0

RA=RA1 + FACZ # (RA2«RA1)

FA0GY B0
FACQUB10
FAOOH820
FAOO4E30
FAQOKBUC
FAOOL 850
FADO4B60
FAQQLB7O
FADDLB80
FACOL890
FADOX900
FAOOLGLQ
FAQQL G20
Fa004%30
FAQQOLGEO

C!l*llﬂl'iiﬁﬂlll'lﬂllIlII'fIlIGM"“ﬁIﬁIﬁlRiﬂEHlililia&ﬂl&ﬂilﬂﬁ!lﬂll‘lil FAOOHgSG

r
<

C

HERE NRATIC AND RS ARE CALCULATED IF NOT GIVEN DR
CALCULATED ABOVE

FAGOuGEG
FAOQU Q7O

C‘*iﬂﬁlll.llllﬁ'!ll’l!ﬂlilillIIEIEIR'I!II&E'*H‘Q!“Iﬁﬁlﬁﬁiiilﬂlli.lillil Fhoougac

IF (NRATIC.EQ.0.0) NRATIO=2.0 ® RS/RA - 0.5
IF (NRATIC.GT.1.0) NRATIO=0.999
IF{NRATIO.LT.C.0) NRATIO = 0.0

IF {RS.EQ.0.0) RS={0.25 + O.5%NRATID) % Ra
GO TO 85

FAGGOHG9D
FAQGS000
FACOSC10
FAOQS5020
FADOS030

Cﬁf#liﬁllIlIiIIIIlilill‘fl!ﬁliiﬁiiii!ﬁGllliﬁﬁlﬁiiﬂﬂiﬁl‘lillilﬁilllll!ll FQOOSOED

C

CALCULATION OF *W™ USING PMB, EA, AND T.

FAOQ5050

O R O A RN KB R UG R R LN R TS KARKEREREUIRERERLFRNRRERRORE FAOD5060
85 (G=0.0006595 ¥ PMB

D=(EA/TK} * (B6790.4985/TK ~ 5.02808)
W=D/{D+GG)

IF(RN.NE.C.0) GG TO 95

TK=TMEAK + 273.16

FT=SIGMA ® [TK#&4)

FED=(0.34 ~ O.QU4¥SQRT(ED)

FEN=0.1 + O,9%RRATIC

RN=0,75%RS ~ FT®FEDSFEN

FAQDS5070
FAOOS080
FAODS5090
FAQDS100
FAQDS511Q
Fa005120
FAQOS130
FAGOS U0
FAGOS515G

Cﬁ&l*ﬂ&ﬁﬂiﬁﬁﬂli@IIH'I‘EHQIE[#'H‘EEI'RIH§iﬁ§l§&ﬂ§ﬁﬁ*§iﬂi§}ﬁ§l!ﬁE!!l!lﬁil FA005150

c

HERE THE CONVERTED DATA ARE WRITTEK ON DISK.

FAQGS1T0

U R OOV R A ER P BN E RSP R RO O H N L RN ARAERUECRR R AT HE R Y FADOS1ED
95 WRITE{35)MONTH,DAY YEAR, THAX, TMIN, TMEAN, RHMAX , RHMIN, RHMEAN, BN,

#

¢

ER,ED,UDAY, U258, NACT,NRATIO, RS, EPAN, CASE,FRTCH, URATIO W,

NREAD, TDEW, TKDEW, EAME AN

FAQQS5160
FAGOS200
FAOO5210

CEQEG?Iﬁﬁi“iliEIilﬁﬂﬁﬁﬂilIIlElG!I!IElEEi“B!QiIIﬂlﬂﬂliﬂilgilﬂllllﬂﬂlﬁﬂﬂﬁ FAOOEEZO

C

END OF 100 LOOF.

FAOD5230

CFQE!!BIEE’Q!IIE"EIIER‘I!EI!E!'!EEQIQF!ilﬁ!Eiﬁ!Eliﬁﬂﬂﬁllﬂlilﬁbﬁlﬁﬂﬁliﬁ FAOOSE&O

100 CONTINUE
R R N R P R N AR NI A F AN FE BV SRENRRO NN OSBRI N U b A B SE A FAOO526G

C
c

THIS SECTION READS THE CONVERTED DATA BACK OFF DISK AND

PRINTS IT OUT FOR COMPARISON.

FAOU5250

FAGOS270
FAQQ5280

Clﬁﬁﬂ5!#’!‘!*!'EKIEEII{III‘E‘QEHE!?EIHlﬁﬁlﬁﬁlEﬂlﬁ!i“ﬂﬂﬁﬂﬁ(ﬁﬁl!i!iﬂﬁﬂlﬁ& FAOOSZgo
105 NDATA=zI-1

1ot

c

i
2

DO 107 IJK=1,17

AX{TJKI=0,

REWIND 35

NNND=0

DO 120 I=1,NPATA

READ(I5)MONTH, DAY , YEAR, TMAX, THIN, TMEAN, RHMAX , RHMIN , REMEAN,

FADGS300
FAQQS310
FAO0S320
FABOS330
FADQS3L0
FA005350
Fad0s360

EN,ER,ED, UDAY, U214, NACT, NRATIO, RS, EPAN,CASE , FETCH, URATIO, W, FAOOS370

KREAD, TDEW, TKDEW , EAME AN
IF(EOF{1})125,106

FAQ05380
FADOS390

o0

CHR R R E N N O R RN R N R PR N AR RS E N R G C T R R R RN C O SN CR R AR ER AR R R RO R

c
c
C

110
1M

113

114

116

660

121
15
17

118

119

122

120

IF(NPRINT.EG.0) GO TO 111
IF (I.NE.1) GO TO 110
IF{NDATA.GT.4)WRITE(6,621)
WRITE(6,640)5TA, YEAR

WRITE(6,620)

WRITE(6,631)

IF(NREAD.NE.0) WRITE(6,632)FETCH,CASE
IF(I.EQ.%) GO TC 117

IF(DAY.EQ.0)GC TO 119

IF(MONTH.EQ.HONT) GO TO 118

DO 114 IJK=1,17

XX{IJK)=XX{IJK)/NUM

IF{NPRINT.EG.0) GO TO 116

WRITE(6,620)

WRITE(6,636) MONT,IYEIR,(XX(IJK),IJR=1,17)
WRITE(6,620)
WRITE(52)MONT, IYETR, (XX{IJK),IJR=1,17)}
WRITE(20,660) SID,MONTH,NNND,YEAR,XX(1),XX(2),XX(4),XX(11),
*oax(1e)
FORMAT(43,3I2,1X,3F5.2,20X,F5,0,10X,F5.2)
IF{I.EQ.NDATA) GO TO 120
IF{N¥PRINT.EQ.0) GG TC 121
IF{NUM.CT.4)WRITE(6,621)
WRITE(6,540)5TA,YEAR

WRITE(6,620)

WRITE(6,631)

DO 115 IJE=1,17

XX(IJ%)=0.

MONT=MONTE

IYEIR=YEAR

KUM=0,

CALCULATE LONGTERM AVERAGES OF WEATHER PARAMETERS
XX{1)=XX(1)+THAX

AX(2)=XX(2)+THIN
XX(3)=XX(3)+TMEAN
XXCH)=XX{ 8 )+ TDEW
XX{5)=XX({5)+RIMAX
XX{6)=XX{6)«RHMIN
EX{T}=XX{7)+RHMEAN

XX{B}=XX{8)+EA

XX(9)=XX(9)+ED

XX(30}=XX(10)+UDAY
XX(113=XX{11)+02%
XX(12)=XX{12)+NALT
XX(13)=XX{13)+KRRATIO
XXC14)=XX( 15 )+RS

XX(15)=XX(15)+RE
XX(16)=XX( 16 )+EPAN
XX{17)=XX( 17 +URATIO

NUM=NUM+1

IF{NPRINT.EQ.0) GO TO 122
WRITE{6,635)MONTH, DAY, YEAR, THAX, THIN, TMEAN , TDEW, RHMAX , RHMIN,
& RHMEAN ,EA,ED, UDAY, U24, NACT, NRATIC, RS, RN, EPAN, URATIC
IF(DAY.EQ.C) GO TO 120

IF(1.EQ.NDATA) GO TO 113

CONTINUE

R.G.ALLEN

BELOW THIS PCINT THE PROGRAM AGAIN READS THE CONVERTED
DATA OFF DISK AND THEK ESTIMATES ET BY THE DESIRED METHCDS.
MONTHLY AVERAGING IS ALSO DONE,

FACO5L00
FAGOSL10
FADOSL 20
FADOS430
FAOO54UD
FAODS450
FAO05460
FAOOS4TQ
FADO5480
FAODO5450
FACDS5500
FADOS510
FACD5520
FACOS5530
FAGO5540Q
FACO5550
FAO0S560
FADOSS70
FADD5580
FAD055590
FADOBE00
FADOS610
Fa005620
FA005630
FADOS640
F4005650
FAQO5660
FADO5670
FAO05680
FA005690
FAOUSTO0
FAODSTI1O
FAGOS720
FAQDS730
FAODSTUO
FAOOS750
FAQOS760
FADOSTT0
FRO05780
FADOSTSO
FAD0O5800
FAa005810
F4005820
FAO05630
FrO0D5B40
FAQDS850
FA005860
FAQOSBTO
FAC05880
FA005690
FAQOS400
FACOS5510
FA005920
FACO5830
FACOS940
FAD05950
FACO5960
005970
FADOS980
FADO5G%0

A



CHd R AR RN N E RN RN R R F N RSB EF N SR R U A NG FRE R PR RANUR AR RN ENAOR

125 REWIND 35

130

135

C

3
#

REWIND 52
WRITE({55,672}

WRITE(S56,674)

I=20

IF({DAY,NRE,0) READ(52) MONT,WYRR, (XX(IJK),TdK=1,17)

GO TO 145

DO 200 I=1,NDATA
READ{35)MONTH,DAY,YEAR, TMAX, TMIN, THEAN , RHMAX , RHMIN , RHMEAN

RN,EA,ED,UDAY, U2%, NACT ,NRATIO, RS, EPAN, CASE,FETCH, URATIO, W

s NREAD, TDEW, TKDEW, EAMEAN
IF(EOF(1})205,136

136 IF (I.EQ.1) GO TO 150

IF (DAY.EG.0) GO TO 148
IF(MONTH.EQ.MO) GO TO 155

140 DO 141 M=1,18
181 SUMET{H)}=SUMET{M) /MDAY

TMEANT=TMEANT /MDAY

IF(NBLANY.NE.0) CALL BLANY{LAT,HEMIS,M0,15,TMEANT,ERHMN(MO),
ENSUN(MO} ,BUDAY (MO} ,ETO(1))

ETC{1)=ET0O( 1) ®ALTCOR

HRITE(6,520)

WRITE(6,650) {SUMET(M),M=1,5)

WRITE(6,862) {SUMET{M),M=15,18}

WRITE(6,658) (SUMET(M},M=10,14}

IF{NBLANY.HE.0) WRITE(6,659} ET0O(1)

WRITE{55,67C) MONT ,NYRR,SUMET(15},ET0{1) ,SUMET(7),SUMET(5),

& SUMET(16) ,SUMET{ 17}, SUMET(18)

WRITE(54,670) MONT ,NYRR,XX(6),XX(10),XX{13)

& JEX(3),X(0),XX091), 000 54),XX(15)

HRITE(5,620)
DO 742 M=1,18

142 SUMET(M)=SUMET(M)*%0.03937

ETOC1)=ETC{1)*0,03937

WRITE(§,652) (SUMET(M),M=1,9)
WRITE(§,620)

DAYSIM = MODAYS{MO)

IYR={YEAR/H) %Y

IF{I¥R.EQ,YEAR, AND.MO.EQ.2) DAYSIM=29,
DO 143 M=1,18

143 SUMET(M)=SUMET(M)*DAYSIM

C...

ETO(1)=ET0({ 1) *DAYSIH

WRITE(6,653) (SUMET(M),M=1,9)

WRITE(H,662) (SUMET{M),M=15,18)

WRITE{6,658) (SUMET{M) M=10,1%)

IF(NBLANY.NE.0Q) WRITE(6,659) ETG(1)

WRITE(6,620)

CALCULATE ETR/ETQ REFERENCE COEFFICIENT RELATIVE TO EJLW

148 IF(NEJLW.EQ.0} GO TO 145

REFET=SUMET{T}
DO 144 M=1,18

4% SUMET(M)=SUMET(M)/REFET

IF(DAY.NE.Q)}WRITE(6,656 ) (SUMET(M) ,K=1,9)
DO 147 M=1,18
IF(SUMET(M] . EQ.0,0) SUMET(U}=1,E+10

14T SUMET{M}=1./SUMET{M)

WHITE(6,65T ){ SUMET (M) ,M=1,9}
HRITE(6,662) { SUMET(K),M=15,18)
WRITE(6,658) ( SUMET{M) ,M=10,14)

FADOGGOC
FaD06C10
FROGE020
Fa0o6030
FrOQG040
FLOGEG50
FrO0G060
FrO06070
FAO060OBO
FAO06090
FA006100
FAQOG110
FRO06120
FAODG 130
FrO06 140
FADDS150
F2006160
FAOOE170
FAQOG 180
FAOO6 190
FADGE200
Faoo6210
FAO0E220
FAO06230
FAOD6250
FROD6250
FACDG260C
FAQDG270
FAQO6280
FAODE290
FAQO6300
FAOD6310
FACG6320
FAQDE330
FACCE340
FADCE350
FACQE360
FAQGE3TO
FACQ6 380
FAQDG 300
FAQO6400
FAOOEL 10
FROO6420
FACG6430
FADOG 44D
FADOELED
FADOG460
FADOS4TO
FAQO6480
FADOGESO
FAQDLSCD
FADDS510
FAOOG520
FADOG530
FAQOE540
FAOODSHD
FAQGESHO
FAGDGSTO
FADOG580
FADDH5G0

ETO(1)=REFET/ET0({1)

WRITE(6,659) ETO(1)

WRITE(56,670)MONT ,NYRR, SUMET(1%),ET0(1),SUMET(6),SUMET(2),
H SUMET(3),SUMET(4)

WRITE{1,666) MONT,¥YRR,{XX{IJK},LJK=1,17)

WRITE(6,667) MONT,NYRR,(XX{IJK),IJK=1,17)

C £66 FORMAT(2IZ2,1X,BF5%,2/5%,9F5.2)
C 667 FORMAT(2I2,1X,BF5.2,9¥5.2)
45 DO 146 M=1,18

146

ETQ{M)=0.

SUMET(M)=0.

MBAY =0

TMEANT=0,

IF(1.EQ.0) GO TO 135

IF(IEND.EQ.1)GO TO 1

IF{DAY.EQ.0} GO TO 155

READ(52) MONT,KYRR, (XX(IJK),IJK=1,17}

150 IF(NDATA.GT.4)WRITE(6,621)

WRITE(6,620)

WRITE(6,645) MONTH,YEAR,STA

WRITE{6,620)

WRITE(6,655)

RHMN=ERHMN(MONTH )

SUNK=ENSUN{HONTR)

UDAE=EUDAY (MONTH)

UDAN=EUDAN{MONTH)

RHME=ERHME(MONTH)

RHMX=ERHMX {MONTH)

ASY =ERSOL{MONTH)

U2HM=U43, 2¥UDAE*( 1+1, /EUDAN)

I¥ (NBLANY.NE,D)CALL BLANY (LAT,HEMIS,MONTH,DAY,TMEAN,
# RHMN , SUNN, UDAE ,ETO(10})

ETC{18)=ET0(10) *ALTCOR

IF (NBLANY.NE.Q)CALL BLANY (LAT,HEMIS, MONTH,DAY,TMEAN,
# RHMIN, NRATIO,UDAY,ETC(1))
ETO(1}=ETO{1)#ALTCOR

IF (NBLANY.RE.O)CALL BLANY (LAY,HEMIS,MONTH,DAY,TMEAN,
r XX(6),XX(13),XX{10),ET0O(15))
ET0{15)=ET0( 15} *ALTCOR

IF(NTR21.NE.0) CALL TR2% (LAT,HEMIS,MONTH,DAY,TMEAR,ETO{6))
IF {MRADIA.NE,0,AND.NFLAG.EQ.1)

& CALL RADIT (ALT,UDAY,W,RS,RRMEAN,TMEAN,ET0(2))
IF {NRADIA.RE.O.AND.KFLAG.EQ.1)

& CALL RADIT (ALT,UDAE,W,RS,REME,TMEAN,ETO(11}}
IF (NRADIA.NE.O.AND.NFLAG.EQ.1}

& CALL RADIT (ALT,XX(30)},W,RS,XX{7),TMEAN,ETO(36}]
IF (NJENH.NE.O.AND.NFLAG.EQ.1.AND, TWMX.KE.O.)

& CALL JENSH (ALT,TMEAN,ESWMX,ESWMN,RS,ET0(8))

IF(RHFLAG.EQ.2.0R.NFLAG,EQ.2) GO TO 160
IF (NPENMN.NE.O0.OR.KCORPN.NE.O)
]
ET0O{12)=ET0(3)
ET0(17)=ET0(3)
IF (NCORPK.NE.Q)
& CALL CORPN (UDAY,U2%,URATIO,REMAX,RS,ET0(3),ETO{4))
IF {(HCORPK.NE,O)
* CALL CORPN (UDAE,U24,UDAN,RHMX,RSM,ET0(12),ETC{13))
IF {NCORPN.NE.Q)
® CALL CORPN {XX{10),U24,XX{17),XX(5),XX(14),ET0{17),ETC(18})
IF (NEJLW.NE.O)

CALL PENMN (W,TMEAN,EA,ED,U24,RS,NRATIO,ETG(3),RN)

FACOS600
FADOE610
FADOGE20
FAO06630
FAQO6640
FADDE&E50
FADO666D
FADDE6TO
FAOQ6 680
FAOD6690
FAQO6TOG
FROO6T 10
FAODET20
FADDET30
FAQOETHO
FACCET50
FAQOGTED
FADOETTO
FACGH780
FACO6790
FAOOGB00
FAQOS6B10
FACOER20
FAQUG830
FAQGEBUD
FACCES50
FACOHB60
FAOO687C
FAO06880
FADO6850
FADQG 900
FAD0E910
FA006920
FAQD6$30
FAO06G40
FADOESS0
FACO6960
FACO6970
FADD6980
FAOD6990
FA00TC00
FAOGT010
FAOCT020
FACOTO30
FACOTOLO
FACOTO50
FACOTO60
FACOTO7D
FACOTO80
FADOT7090
FADOT100
FAOOT 110
FADOT 120
FAOOT130
FAOOT 140

FACOT150 .

FAODT160
FADOT1TO
FAOO7 180
FAOOT190

Wil



& CALL EJLW (MONTH,DAY, THAX, TMIN, TMEAN, TXDEW, EAMEAN , ED, U24 15,
& PMB, ETO(7),ET0(9)})

HYYY=YEAR-6Y

MMMM=MONTH-3

ETJLW{NYYY,MMMM DAY )=ETO(7}

€ WRITE({33,3333) NYYY,MMMM, DAY ETQ{T),ETJLU(NYYY,MHMMM, DAY )
c WRITE(33,3333) YEAR,MONTH,DAY,ETO(7)
3333 FORMAT(3I5,2F7.2)

160 IF(EPAN.EQ.0.0.CR.NCASE.EQ.0.OR.FETCH.EQ.0.C} GO TO 165

IF{NETPAN.NE.O) CALL ETPAN{EPAN,U2%, RHMEAN,FETCH, NCASE,ET0(5)}
IF(METPAR.NE.C) CTALL ETPAN{EPAN, U24M, RHME,FETCH,NCASE,ETO[14}}

155 DO 166 M=1,18
166 SUMET(M)=SUMET(M)+ETO(M)

THMEANT=TMEANT+THEAN

WRITE(G,548) MONTE,DAY,YEAR,{ETD(M),M=1,9}
HDAY = MDAY + 1

MO = MONTH

200 CONTINGE
205 REWIND 35

550

IEND=1

IF(DAY.EQ.0) GOTO148
IF(MDAY .GT.1) GO TC 110
0 0

FORMAT {5A6,2F5.0,41,9%,4F5.0)
FORMAT {S¥F5.0,41,9%,6(1X,11))
FORMAT(9(4X,11))
FORMAT(A3,3I2,11,14F5.0)
FORMAT(F10.0,41}
FORMAT{12F5.0)

FADDT200
FAO0TZ10
FACOT220
FAO0T230
FADOT240
FADOTZ50
FADDT250
FAGGT2T0
FADOT280
FAODT290
FADDTI00
FADOT 310
FACDT320
FAGOT330
FAGD7 34D
FAQGT350
FADGY 360
FAOGT3T0
FADOT360
FACQT 350
FAOOTLG0
FAOQTLID
FAOATUR2D
FACGTL30
FADOTYUD
FAOOTE50
FACOTHE0
FAOOTATO
FAOOTHED
FADGT4H0
FAOOT500
FAODTS510

e aE R N RN U NI RO PR RSN R R RGO U AU bR RS RF AP A EGR G ER R FRRERRROREAETRE FAONTEZ0

c

PRINT FORMATS

FACQ7530

s 23232 S TSR AR AR RS YIRS RSN R LSRR RS RYTY FAQCTSL0

600 FORMAT (5X,"STATION = ",S5A6,//,5X,"ALTITURE IN METERS =",F9.1,//, FAOO7550
¢ 5%, "LATITIDE IN DEGREES =",#9.1,//, FADO7560
# 5X, *HEMISPHERE = " 41,//, FA007570
# SX,"HEIGHT OF WIND MEASUREMENT IN METERS =7,F9.2.//, FADOT 580
# 5X,"MEAN PRESSURE FOR THE YEAR IN MILLIBARS =",F9.1) FAOOTS90
6§10  FORMAT (S5X,"FACTOR FOR CONVERTING 28HR WIND TO KM/DAY =",F9.3//, FAOQTE00
# 5X,"FACTOR FOR CONVERTING DAYTIME WIKD TO M/SEC =7,F9.3// FAOOTE10
# EX,"FACTOR FOR COMVERTING ED DATA TO MILLIBARS =",F9.3,// FADGTE20
# 5X,"FACTOR FOR CONVERTING RS DATA TO MM/DAY =",F9.3,//, FADOT630
¢ 5X,"FACTOR FOR CONVERTING EPAN DATA TO MM/DAY =7,F9.3,//, FACOT6LO
¢ S5X,"FACTOR FOR CORRECTING BL-CR FOR ALTITUPE =",F%.3,//, FAQQT650
¢ 5X, "TEMPERATURE DATA IS GIVEN IN DEGREES : ",A1,//, FAOOT660
# 5X, "SUNSHINE/CLOUDINESS FLAG =",I5,//, FAQOTETO
# 5X,¥RELATIVE HUMIDITY DATA = ™, A8//, FACOT680
# SX,"WIND DATA = f, AB//, FADOTES0
# 5%, "SURSKINE DATA = ™, AB//) FAOQTTOD
620 FORMAT (3H  ,130("-"} ) FADOTTI0
621 FORMAT (1K1, } FAQOTT20
524 FORMAT{//™ ERROR IN RH ",F10.2," =RHMAX AND RHMIN =",F10.2//) FADOT730
625 FORMAT (5X,"CLIMATOLOGICAL DATA AS READ IN WITHOUT CONVERSIONT"/) FAOOTTS0
630 FURMAT (1% L DRIE WD) THAL  TEIN TDEW  RERAL RBMIR®, FROOT750
# " ED UDAY U246 M, AG,"  NRATIO  SOLRAD RN "EA007760
¢ " EPAN URATION/ ) FAQDT 770
631 FCRMAT {1H ,"DATE (MDY) TMAX TMIN TMEAN TDEW RHMAX RHMIN®,  Fa0Q0OT780
3 * RHMEAN  EA& ER UDAY  U2% SUMKRS NRATIO SOLRAD"™,  FAOOT790

R W W

632
630,

635
636

640
645

646
648
650
652
653
G654
655

656
657
658
659
662
670
672

BT4

clilﬁuulnluuulu&ul*;4i&lIIlHﬂ&l&lullu&laiﬂliil&iﬂllii!ﬂ&'lIllllIiillltl
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FORMAT("
FORMAT(AR L I4 20"/ ", 121,30, 3F7.1,2(F7.Q,1X),3F7.1,F8.2,F9.2,F9. 2,

[
FORMAT(1H ,13.2("/“.{2},1x,#F6.1,3(F6.0,1x),h?6.1,3(F6.2,1X).F6.2

[4

FORMAT(1H

&

#

FORMAT (/,1H

L] N EPAN URATIO "/,

11x,» (C) (c) (C) (<) (%)
(%) {wk) (mb) (m/s) {km/¢} (hr)
"(mm/d) {(mwm/d} ")

VALUES OF FETCH *,FB.2,",CASE ", A1)

() "

F§,2,F8.2,F10.2)
JF8.2,F10.2)

,F6.2,F8.2,F10.2)
FORMAT{1X,"T&BLE

127,197, 12,10X,546,/)
RELICLLIIWS

FORMAT{ 1K ,2X,12.“/“,IE,“/19”,I2,F12.2,8F13.2}

FORMAT(/,™ MONTH AVE (mm/day}",9(F6.2, 7X), )
FORMAT( ," MONTH AVE (in/day)",9(F6.2, 7X), )

FORMAT(/," MONTHELY TOTAL {in)",9(F6.2, T7X}, )

#
&

&

&

FGRMAT{/," DAYSIM= ", F8.3)}
FORMAT (1H

»PENMAN®, 5X,"CORBR. PEN.", 5X,"ETPANW", BX,"TR2%",

9!,"EJLH",BX,"JENSEN—EAISE“,BK,"0RIG.PEN."/21X."E.C.")

FORMAT ( " §0 = ETO/ETR ", u4X,9(¥7.2,6X)/}
FORMAT { ™ ER = ETR/ETO ", 4X,0(F7.2,6X))
FORMAT{ " day cale 1-t adj",9(F6.2, TX), )
FORMAT{ " mon cale l-t adj®,9{F6.2, TX}, )
FORMAT( " day calc mon adj",9{F6.2, TX), )
FORMAT(2I3, 8F9.4 )
FORMAT( "MON YR ST-FAOBC LT-FAOBC WRIGHT
' FAOPEN FAOCPEN ')
FORMAT( 'MON YR ST-FAOBC LT-FAOBC
t FAOCPEN ‘)

TR21 FACRAD

TR21 FAORAD FAOPEN

PROGRAM END

300 WRITE(6,621)

=)
o
==

OO0 0OWwW0

<
[
wun
o
-3

G3939
3940

coonoNoon

WRITET,3938)
FORMAT{® MO DAY
DO 3939 II=1,7
IV=II+3

DO 3939 III=1,31
CALL JDAY{IV,III,JJUUL)

EJAV=0.

DC 3587 JIMM=1,14

EJAVSEJAVAETILW(JIMN, 1T, T1T) /14,

CONTINUE

WRITE(T, 3940 )JJUUL ,{ETJLW{NYR,TT,TIT} NYR=1,1%},EJAV
FORMAT{ IS,14F6.2,F10.2}

END

1965 THRU 19781)

SURROUTINE BLANY {LAT,HEMYS,MONTH,DAY,TMEAN,RHMIN,NRATIO,

T
’

{mmsd) ",

'!AVE.‘,IE,’/',IE,1X,NF6.1,3(F6.D,1X),EF6.1,3(F6.2,1X}

CLIMATCLOGICAL DATA FOR ™,5A6,3X,"19",12,/)
FORMAT(™ HESULT OF ET ESTIMATION BY VARIOUS METHODS FOR MOKTH 7,

,21X, "FAG", 10X, "FAG™, 10X, "FAQ™, 10X, "FAQ", 10X, "FAD™,
& 0X,®sCS®, s, MONTH/DAY/YEAR™,6X,"BLANEYY, 5X,"RADIATIONT, 6£X,

FAOOTBOQ
FAOOTB10
FAOQTB20
FAOOTB30
FADOTBA0
FAOOTB50
FAOOTE6D
FAOOTETQ
FAOQTBE0
FAO0TB90
FAQOTS00
FAQOQT910
FAOOT920
FA007930
FACO7940
FACOTIS0
FAGOT60
FAOOTITO
FAOOTGE0
FAQOTS90
FAOQB000
FADD8010
FAODBOZ20
FADQBD3O
FAOUROHO
FAO08050
FADOBO6D
FADOROTO
FAO08080
FACOBDQ0
FAODB100
FACOB110
FAOGB120
Fa0GB130
FACOB 140
FAOGB150
FAGO8160
FAOGOBITO
TROAB18G
FAOQQB190
FAOQB200
FADCBZ 10
FAOOB220
FACO8230
FAODS2H40
FAODBZ250
FROOBZ6G
FADOB270
FAG082B0
FAOD8290
FADOB300
FAODB310
FADD8320
FA008330
FACOB34G
FAQOB350
FACOB360
FAGGB3TO
FAOCB380
FAQOB3G0

TA!




# UDAY,ET?) FLOOBUOO

£1.86,1.61,1.36,1.13, .89, .68,2.13,1.83,1.54,1.28,1.03, .79, FAO0S000

DIMENSION AA(3,3), BB{6,6,6), C(2,2), D{(2}, PP(11,12]} FAOOBH10 £2.39,2.03,1.71,1.4%3,1.15, .89,2.63,2.22,1.86,1.56,1.27,1.00 FAOQB010

REAL NRATIO, LAT FLO0B420 . ' FA009020

INTEGER MONTE,DAY FACOB430 X=REMIN FADDG03G

DATA S/1HS/ FAOOBLAQ Y=KRATIO . FAOQ9040

C&i*iil!lllllillllllIllliﬂﬁﬁﬂilllllllllllllIllllIlllililﬂl'llli'liﬁllll Fhoosuso 2=UDAY Fk009050

c THIS SECTION INTERPOLATES "F™, FAOOBY60 T1=THE(X/20.) + ¥ FACO9060

COEEC G BN RN R RN RN NN NN PR RN RRRSARAN AN LGNS AARRU R IR RO RO UIARRIN FROOBLTO I2=31 + 1 FACO9QTO

DATA PP FAQOBLEO IF (I2.GT.6) I2=6 FAOUY0B0

1/ .267,.26%,.26%,.257,.252,.246,.239,.231,.220,.209,.195, FRO0B490 J1=INT(Y/0.2) + 1 FADC9050

2 .269,.268,.266,.264,.261,.257,.253,.248, .243,.236,.228, FRO0B500 J2=J1 + 1 FADO9100

3 .269,.269,.269,.269,.269,.269,.268,.268,.268,.267,.266, Froodsio IF (J2.GT.6) J2=6 FAQ09110

L .269,.270,.272,.275,.278,.282,.286,.291,.297,.303,.310, FRO08520 K1=INT(2/2) + 1 FADD9120

5  .271,.273,.276,.281,.287,.294,.303,.312,.322,.334,.346, FARO08530 K2=K1 + 1 FAD09130

&  .27%,.280,,.285,.29%,.298,.307,.316,.328,.341,.355,. 371, FAOOB5L0 IF(K2.GT.6) K2=6 FAQ091L0

7 .275,.281,.287,.2%3,.299,.305,.313,.321,.330, . 341,.355, FA0O08550 TF(K1.GT.6) K1 =6 FA009150

8 .27%,.278,.282,.287,.29%,.295,.300,.304,.309,.315,.322, F1008560 Y1={T1-1) * 20 FAQ09160

g .271,.277,.280,.281,.284,.281,.281,.281,.281,.285,.281, FAD0BSTO x2={12-1) * 20 FAO09170

& .270,.269,.268,.267,.264,.261,.258,,254,.250, .245, .240, FA00B580 Y1={J1-1) ® 0.2 FAO09180

B .269,.267,.26%,.260,.254,.247,.240,.231,.222,.211,.200, FA008590 ¥2=(d2-1) ¥ 0.2 FA009190

¢ .268,.266,.262,.257,.250,.242,.232,.221,.209,.195,.180 / Fa008600 Z12(K1-1) * 2 FAO03200

IF (HEMIS.EQ.S) MONTH=MOD(HONTH+5,12) + 1 FA0086 10 22 = (E2-1) % 2 FAO09210

LL=INT{LAT/5) * 5 FAGOS620 FACX=0.0 FAOD9220

IF (LAT.GT.50) LL=50 FA00B8630 FACY = 0.0 . FRO09230

L1=LL/S + % FAQDBEHD FACZ = 0.0 FAOO92H0

L2 = L1+ 1 FAD0B650 IF (K1.NE.K2) FACZ=(Z-Z1)/(Z2-Z1) FAO05250

IF (L2.6T-11) L2=11 FAQ0B660 C(1,1)=8B{I1,41,Kt) + FACZ * (BB{I1,J1,K2}~EB(I1,J1,K1)) FAO0$260

FAC=(LAT-LL}/5.0 FA00BETO €(1,2)=BB{I1,J2,Kt)} + FACZ * (BB{It,J2,K2)-BB(1,J2,K1)) FRO092T0

MONTH1=MONTH FADCBE80 c{2,1)=BB{I2,J1,K1) + FACZ * (BB{I2,J1,K2)~BB{I2,J1,K1}) FAD09280

HONTH2=MONTH FaceB6%0 €(2,2)=BB(I2,J2,K1) + FACZ * {BB{Iz,J2,Kk2}-BB(I12,J2,K1)) FAD0%290

IF (DAY.GT.15 ) MONTH2=MOD(MONTH,12) + 1 FA008700 IF {$1.NE.J2) FACY=(Y-¥1)/(¥2-¥1) FADD$300

IF (DAY.LT.15.AND.DAY.NE.O) MONTH1=HCD{MONTH+10,12) ® 1 FACUBT 10 IF {I1.HE.I2) FACY=(X=X1)/{X2.X1) FAODS31C

P1=PP(L1,MONTH1) + FAC * {PP{L2,MONTH1)}~PP(L1,MONTH1}) FADOBT20 D{T)=C{1,1) + FACY ® (C{1,2)-C(1,1)) FAOQ9320

P2=PP(L1,MONTHZ) + FAC ® (PP{12,MONTH2)-PP(L1,HONTH2}) FAOOET30 D(2)=C{2,1) + FACY * (C{2,2)-C(2,1)) FA009330

IF (HEMIS.EQ.S) MONTH=MOD{MONTH+5,12} ® 1 FAQOBT40 BP=D(1) + FACK * (D{2)=D(1)) FAC0934¢

FACHDAY = 15 FAQ0E750 AP=0.0043®X - Y - 1.H1 FAC09350

IF (FAC.LT.0.0) FAC=FAC+30.0 F4008760 ETi=AP + EBP*F FAC09360

FAC2=FAC/30.0 FAO08770 RETURN FADO9ZTO

P=P1 + FAC2 ® (P2-F1) FA008780 END FACO9380

Fap®(0 US*TMEAN + 8.13) FAOD8T90 c FA009390

RSt R YRR L LSNP TR RN RRRRA R AR RA R RN UV H NS UL SR OIBRERRARAURRENY FRODBE00 c FADQ9400

c THIS SECTION INTERPOLATES ET1 USING A, B, AND F. FAQ0B81O c FADO9410

CHERRGR AR ARG G R RN TN RN I AR B FRURRE RN QU SO R FEREORARRRATAEIRE FAOOBT20 ¢ FACO9L20

DATA BB/ Fa008830 c FACOS430

& .83, .80, .74, .64, .52, .38,1.03, .95, .87, .76, .63, .ug§, FRODB84O C FAQOGULD

&1,22,1.10,1,01, .88, .74, .57,1.35,1.24,1.13, .99, .85, .66, FACOBE50 SUBROUTINE RADIT (ALT,UDAY,W,RS,REMEAN,TMEAN,ET?) FAQOG450

&1.54%,1.37,1.25,1.09, .94, .75,1.68,1.50,1.36,1.16,1.04, .84, FADOBBED DIMENSICR BBI6,6) FAGOOLEG

4 .97, .90, .81, .6B, .54, .B0,1.19,1.08, .96, .Ba, .66, .50, FADOBBTO REAL INT2D ' FACOOLTC

&1.41,1.26,1.1%, .97, .77, .60,1.60,1.42,1.25,1.09, .85, .70, FADDBE80 CH AR AR LS E NSRS E RO E R E TR RANERRRARARRNARARRRANE N RSN RN P URRDERERNERNN N FAOOQLBO

£1.79,1.59,1.39,1.21,1.01, .7%,1.98,1.74,1.52,1.31,1.11, .89, FRODEBYG c THIS SUBROUTINE CALCULATES AN ET VALUE BY THE AADIATION METHOD FADGY4S0

&1.08, .98, .87, .f2, .56, .&2,1.33,1.18,1.03, .87, .69, .52, FAO08900 CHR NN GG E R RN EE RN RSN EFE IR RARROREEEORRNNERRRRRAR IR NRENNNGRORERELR FAODO500

%1.56,1.38,1.19,1.02, .82, .62,1.78,1.56,1.34,1.15, .94, .73, FAO0B91Q A=-0.3 FADG9510

&2.00,1.74,1.50,1.28,1.85, .83,2.159,1,90,1.64,1.39,1.36, .92, FAO0B920 CHRRRG RSN O R RN RN R RE N RANGA RN RRNERRE AN NN AN NN NSRERERRIREREN FRODGS20

%£1.18,1.06, .92, .74, .58, .53,v.44,1.27,1.10, .91, .72, .54, FADOB930 c INTERPOLATION OF wgn, FA009530

&1.70,1.48,1.27,1.06, .85, .64,1.9h,1,67,1.454,1.21, .97, .75, FAQ0B940 c IN "BB® BELOW, UDAY IS ON THE VERTICAL FROM 0.0 TC 10.0 FAOD95H0

42,18,1.86,1.59,1.34,1.09, .85,2.39,2.03,1,7%,1.86,1.20, .95, FACDEY50 ¢ AND REMEAN IS HORIZONTAL FROM 0 TO 1G0. FAD09550

&1.26,1.11, .96, .76, .60, .u4,1.52,1.34,1.14, .93, .74, .55, FACOBOEC CRNE RN RN NN RO RN A RO NS TR CU N NS NN ENRORTE RN R RN R NN REER PACOG560D

£1.79,1.56,1.32,1.10, .87, .66,2.05,1.76,1,49,1.25,1.00, .77, FAQOBYTO DATA BB / 1.06, 1.15, 1.23, %.29, 1.34, 1.39, FAOD9570

42.30,1.96,1.66,1.39,1.12, .B7,2.5%,2.14,1.82,1.52,1.24, .98, FAO08986 2 1.02, 1.11, 1.18, 1.24, 1.28, 1.32, FACD9580
41.729,%.15, .98, .78, .61, .15,1.58,1.38,1.17, .96, .75, .56, FAODBY990

3 0.95, 1.0%, 1.10, 1,15, 1.19, 1.23, FACQ9590

9.1



[+ EvNeNeRe]

0.87, 0.94, ¢.99, 1.03, 1.07, 1.10,
0.76, 0.81, ©.85, 0.89, 0.%2, D.94,
0.64, 0.67, 0.70, 0.73, 0.75, 0.77/

o =

X=UDAY

Y = RHMEAN
T1=INT(X/2) + 1

iz = I1 + 1

IF {12.GT.6) 12=6
IF{I1.GT.6) I1 = &
JI=INT{Y/20} + 1
J2 = J1 + 1

IF (32.G7.6) J2=6
E1={11-1) ®* 2

X2 ={12-1) ® 2
Y1={J1-1) * 20

Y2 = {32-1) * 20
BxINT2D {(I%,12,J1,42,%,Y,X1,X2,¥1,Y2,BB,6)
ET2=A + B¥y¥RS
RETURN

END

SUBROUTINE ETPAN (EPAN,U24, RHMEAN,FETCH,NCASE,£Th)
DIMENSION C{2,2), D(2)

REAL KP,KKP1(3,4,2),KKP2{3,4,2),KKP3{3,4,2),KKPY(3,4,2)
REAL KP111,KP112,KP121,KP122,KP211,KP212 KP221,XP222

FACQY600
FADG9610
FAODGE2D
FAODG630
FACOGGH0
FAOQ9650
FAODSGE60
FACQ9670
FAO096 80
FAO09590
FADOST00
FAQD9T10
FAQ0972G
FADD9T30
FADGOTHO
FAOO9750
FADD9TEC
FAQCYTTO
FROG9T8O
FACO9790
FADOGB0O
FAOCOG810
FACO9820
FAOD9B30
FADOGBLD
FAQOGE50
FAOG9860
FACDGBTO
FADOG880

CﬁiE.i‘*.ﬁ'lﬂﬂl‘l'lﬁl}!.l!l}ﬁlllIi!llIIIEEGI!#*‘IEIIQHGV.IQ.&&I!EHE!Q‘.‘! FAGQQSQO
S O A R AR AR AR A TR E R N R RN N RSN E N AR FR RGO ED NN RO FACOSS00

DATA KKPW/.55,.65..?5,.5,.6..65,.&5,.5,.6,.H,.HS,.S,.?..S,.85,.65,FA0099%0

12

20

1.75,.8,.6,.65,.7,.5,.6,.65/

DATA KKF2/.65,.75,.85,.6,.7,.75,.55,.6,.65,.45,.55,.6,.5,.7,.8,

+.55,.65,.7,.5,.55,.65,.45,.5,.55/

FAD09920
FAGO9930
FADGG9UO

DATA KKP3/.7,.8,.85,.65,.75,.8,.6,.65,.7,.5,.6,.6%,.55,.65,.75,.5,FADOGY50

1.6,-65,.45,.5,.6,,4,,U5, 5/

FAODG960

DATA KKPH/.75,.85,.85,.7,.8,.8,.65,.7,.75,.55,.6,.65,.5,.6,.7,.45,FA009970

1.55,.6,.4,.45,.55, .35, 1, .45/
X=RHMEAN

Y = g2t

Z = ALOGT(FETCH}

L = NCASE

IF (X.GT.30) G0 TO 15
Ii=1

Iz = 1

GO TC 30

IF (X.GT.57) GO TQ 20
11=1

12 = 2

X1:36.0

X2 = 57.0

GO To 30

IF (X.GE.84.0) GO TO 25
Ii=2

I? = 3

X1=57.0

X2 = B4.0

GO TO 30

I1=3

FADDG980
FACD9990
FAO10000
FAG10010
FAC10020
FAQ10G30
FaO10040
Fao1g0s0
FAD10060Q
FAC10070
FAO1Q080
FAQ1G090C
FAQ30100
FACI0110
FAQ10120
FAO1¢130
FAD10140
FAC10150
FAO10160
FAO10170
FAD10180
FAC10190

30

4o

is

50

55

&0

&5

70

75
Bo

11

(=]

128

12=3
TF {Y.GT.B4,0) GO TO 35
J1=1

J2 = 1

GG TO 55

IF (Y.GT.260.0} GO TO 4C
Ji=1

J2 = 2

¥1=87.0

Y2 = 260.0

GC 0 55

IF (Y.GT.465.0) GO TO 45
Ji=2

J2 = 3

Y1=26¢.0

Y2 = 465.0

GO %0 55

IF (¥.GE.T700.0) GO TO 50
J1=3

J2 = 4

Y1=565.0

¥2 = 704.0

GO TO 55

J1=4

32 = 4

IF (Z.GT.0.0) GO 10 60
K1x1

K2 = 1

GG TO 80

IF (Z2.GT.1.00) GO TC 65
Ki=1

K2 =2

Z1=0

22=1.0

GC TO 80 -
IF (Z.GT.2.0) GO TO 70
Ki=2

K2 = 3

Z1=1.0

72 = 2.0

G0 TO B0

IF (Z.GE,3.0) GO TO 7%

FACY=0.0

FACZ=0.0

IF (K1.NE,K2) FACZ={Z-21}/{Z2-%1}
GO TO (116,120,130,140),K1
KP1$1=KKP1{I%,J7,L)
KP112=KKP1(11,d2,L)
KP121=KKP1(12,41,L}
KP122=KKP4(12,J2,L)

GO TO 150

KP111=KKP2(I1,J1,L)

FAG10200

FAD10210

FAQ10220

FAC10230

FADIG240

Fa010250

FAD10260
FaD10270

FAD10280

FAC10290

FAO10300

FAD10310
FAD10320
FAD10330
FAD10340

FAQ10350
FAQ10360
FAD103T70

FAO10380

FAD10350
FAQ10H00
FACIOH1C
FAOT0420
FAC10430
FAC10540
FAC10450
FAC10460
FAQ104TO
FADTOUBO
FAC105%0
FAC10500
FAQI0510
FA010520
FAC10530
FAD10540
FAG10550
FAQ10560
FAD10570
FAD10580
FAD10550
FAO10600
FAOT0610
FAO10620
FRO10630
FAO10640
FAO10650
FAG10660
FAD10670
FAQ10680
FAO10690
FAa010700
FAD10T10
FAQ10720
FAG1G730
FAD1QTYG
FAG10750
FAO10760
FAD10TTO
FAG10780
FAOT0790

LL1



C&&ﬁi!ﬂiﬁﬂﬁll'ﬁllllllllIIIIlIIIIlIﬂ'lIlll'Iﬂil.Iﬂi.l!llﬁll'ﬁ!ﬂi!!ﬁ!!l.l
C&ﬁuiiaE!lllI"l!illIlI!l!!II(.IlIﬂ!“!“l‘ﬂl“ﬂ““!“‘ﬂ"“!““““l‘

C

C
Cc
C
C
C
C
C

130

140

150

210

220

230

2540

280

KP112=KEP2(I1,J2,L)
Keizi=ERpP2(I2,J1,L)
KP122=KKP2{I?,J2,L)
GO TO 150

KP11%=KKP3(I1,41,L}
KP112=¢KP3(I1,J2,L)
KP121=¥KP3(I2,J1,L}
KP12p=KKP3(12,J2,L)
GO TO 150

KP114=¥KP4#(I1,J1,L}
KP112=KKP&(1Y,J2,0}
KP121=KKP4{I2,J1,L)
¥P122=¥KP4(Iz,J2,L}

GO TO {210,220,230,240),K2

KP211sKKP1(I1,J1,L)
KP212=KKP1(I1,J2,L)
KP221=KKP1(I2,J1,L)
KP222:=KKEP1(12,J2,L)
60 TO 250

KP211=KKP2{I1,41,L)
KP212zKKP2(11,J2,L)
KP221=KKP2(I2,01,L)
KP222=F¥KP2(12,J2,L)
G0 TO 250

KP211=KKP3(11,J1,L)
KP212=KKP3{I1,J2,L)
KpP22i=¥KP3{12,J1,L)
Kp222=KKP3{I2,J2,L)}
GO TO 250

KP211=KKPL{I1,J1,L)
KP212=KEP4{I1,J2,L)
KpP221=KKP4{I2,41,L)
KP222=KKPH(I2,J2,L)
CONTINUE

C{1,1)=KP111+FACZ*(KP211~-EP111}
C{1,2)=KP112+FACZ ¥ (KP212-KP112)
C(2,1)=KP121+FACZ¥(KP221-EP121)
C{2,2)=KP122+FACZ#{KP222-KP122)

IF (J1.NE.J2) FACY=(Y-Y1)}/(Y2-¥1}
P(1)=C{1,3) + FACY ® (C{1,2).C{1,1))
D(2)=C{2,1) + FACY * (C(2,2)-C(2,1))
IF (I1.NE.I2) FACX=(X-X1)/(X2~X1)
KP=D{1) + FACX * (D{2)-B{1})

ET4=KP ¥ EPAN
RETURN
END

REAL FUNCTION INT2D {X1,12,J1,d2,%,%,X71,X2,X1,¥2,F N}

THIS FUNCTION PERFORMS A TWO DIMENSYONAL INTERPOLATION
QN THE TABLE FED TO IT, I
THE TASLE WHICH THE VALUES
X1, X2, AND Y1, Y2 ARE THE

AND J POINTS.
BE INTERPCLATED,
DIMENSION.

DIMENSION F{N,N}
FACK=0.0
FACY=0.0

X AND Y ARE

F I5 THE

AND J ARE THE NUMBERED POSITIONS IN

TO BE INTERPOLATED FALL BETWEER.
VALUES IN THE THE TABLE AT THE 1
THE COORDINATES OF THE VALUE TOQ

ACTUAL TABLE,

AND N IS ITS FIRST

oo O E R RN N R NS RN TR R RN BN FEE AU E N BN AR N ARG

FAO10800
FLOTG810
Fa010620
FAO10830
FAO10840
FA018850
FAO10860
FAC108T0
FAG10880
FAG10890
FAO10900
FAG10910Q
FAG10920
FAD10530
FA010540
F&016950
FA01G960
FAO10G70
FAO16980
FAO10G90
FAO11000
FAO11010
FRDT11020
FeO11030
F&0110406
FAC11050
FAG11060
FAG$1G70
F&011080
FAG11090
FAG11100
FAO11110
FRO11120
FrRO11130
FAD11140
FAO11150
FAO11180
FAOT11TO
FAO11180
FAC11190
FAO11200
FAD11210
FAD11220
FAD11230
FAO11250
FAD11250
FA011260
FAD11270
F011280
FrO11290
FAO11300
FAD11310
F&a011320
FLO11330
FAQT1340
FAO11350
FAO11360
FAO11370
FAD11380
FRO11390

IF {I1.HE.¥2) FACX=(X-X1)/(X2-X1) FACT1400
C1=F{I1,J1) + BEACK * (F(I2,J1)-F(11,01)) FAD11410
Cz2=F{I1,J2) + FACX ® (F(12,J2)-F(I1,J2)) FAC11420

IF {J1.HE.J2} FACY={1-¥1)/{Y2-Y1) FAC11530
INT2D=C1 + FACY * (C2-C1) FAG11440
RETURN FA011450

END FAQ11460

[~ FAO11470
c FAO11480
[ FAO11490
[ FAO11500
c FAO11510
SUBRGUTINE PENMN (W,TMEAN,EA,ED,U24,RS,NRATIO,ET3,RN) FRO11526

REAL NRATIO FAD11530
Cilillll*IIlIlllllllllIIlI!IlIlIiIIi!l!lllllll[llilllll!l!Il!lll!lllill FA011SND
c THIS SUBROUTINE CALCULATES THE UNCORRECTED PENMAN VALTE, FAD11550
Clllllillliﬁﬂllilllillllll&iIl!li!lllliIIIIIIIIIICIllllllllllllllllllli FA011560
g2=024 FAD11570
FU=0.27#(1.0+02/100.0) FAD11580
ET3=W*RN + (1.0-W)*FU*(EA-ED} FAD1150C
RETURN FAD11600

END FAD11610

c FA011620
c FAD11630
c FaO11640
c FAC11650
[+ FACT1660
SUBRQUTINE CORPK (UDAY,U24, URATIC,RHMAX,RS,ET3,ET3C) FAC11670
DIMENSION CCi{4,4,3),CC2(%4,4,3),CC3(4,4,3),CC8(4,4,3), FAD11680
1T1(2,2,2),12(2,2),T3(2) FAD11690

REAL NRATIO FAD11700
Cl!llllllIllil!Illllil!IllllilﬁlIlIill!lIIIIIllllﬁlillllliiltlll!llllll FAQ11710
C THYS SUBRCUTINE INTERPOLATES THE PENMAN CORRECTICS FACTOR FAD1172C
"Cn, AND CALCULATES THE CORRECTED PENMAN VALUE. FACTI1T30

R RN SR G R R AR NSO C R AR R E NS E R RN NN NNV R N RO RO REN R ER RO NS R FAOT1TH0
DATA CC1/.86,.9,%.,1.,.64,.71,.82,.89,.43,.53,.68,.79,.27,.41,.59,FA011750

2.79,.96,.98,1.05,1.05,.78,.86,.9%,.9%,.62,.7,.8%,.93,.5,.5,.75,
3.87,1,02,1.06,1.1,1.1,.85,.92,1.0%,1.05,.72,.82,.95,1.,.62, .72,

4.87,.96/

FAD13760
FAD11770
FAO13780

DATA €C2/.86,.9,1.,1.,.69,.76,.85,.92,.53,.61,.74,.85,.27, kB, ,65,FA011790
2.76,.96,.98,1.05,1.05,.83,.91,.99,1.05,.7,.8,.94,1.02,.55,.7, .84, FAO11B0C
3.95,1.02,1.06,1.1,1.1,.85,.98,1.1,1.14,.79,.92,1.05,1.12,.71,.81, FAG11810

5.96,1.06/

FAO11820

DATA €C3/.86,.9,1.,1.,.76,.81,.86,.9%,.6%,.68,.81,.88,.5¢,.56,.72,FAO11838

2.82,.96,.98,1.05,1.05,.87,.96,1.06,1.12,.77,.88,1.02,1.1,

-ET,.79, FAO118%0

3.88,1.05,1.02,1.06,1.1,1.%,.94,1.04,1.18,1.28,.86,1.01,1.35,1.22, FAO11850

4.78,.92,1,06,1.18/

FAO11B60

DATA CCY/.86,.9,1.,1.,.79,.84,.92,.97,.68,.77,.87,.93,.55,.65,.768,FADT1870

2.9,.96,.98,1.05,1.05,.92,1.,1.11,1.19,.85,.96,1.11,1.19,.76,.88,
31.02,1.14,1.02,1.06,1.1,1.1,.98,1.1,1.27,1.32,.94,1.1,1,26,1.33,

5.88,1.01,1.16,1.27/
W=RS

X=UDAY

Y=RHMAX

Z=URATIC
II=INT{W/3} * 3

JF (II.EQ.0) II=3
I1=I1/3

I2 = It + 1

IF (I2.EQ.5)} I2=%4

FADT1880
FA011850
FA011900
FA011910
FAD11920
FAD11930
FAQ1 1940
FAO11950
FAO11960
FAO11970
FAD11980
FAD11690

g/l



IF(I1.6T.4) 11 = & ' FAD12000 £C122:=CC3{11,42,K2) FAD1 2600
=1

IF(I1.E3.0) I FAQ12010 cezt1=cc3(I2,J1,K1) FAO12610
FACT=(W~II}/3.0 FAG12020 €C212=C03(12,J1,K2) FAQ12620
JI=INTIE/3} * 3 FAO12030 Ccc221=CC3{I2,J2,K1) FaD12630
IF (JJ.GT.9) JJ=9 FAC12040 CC222=063(12,J2,K2} FA012650
J1=J3/3 + 1 FAD12050 CP111=CCH(I1,d1,K1) FAO12650
J2 o= 41 o+ 1 FAD12060 CP112=CCA{I1,d1,K2) FAQ12660
IF (J2.8Q.5) J2=4 FAD12070 CP121=CCi(I1,J2,X1) FAQ12670
FAC2={X~4J}/3.0 FAD12080 CP122=CCH(1Y,J2,K2) FAD12680
KE=INT(Y/30) * 30 FAO12090 CP211=CCH(I2,51,K1) FAO12690
IF (KK.EQ.0) EK=3C FAC12100 CP212=CCH()2,d1,K2) FAD12700
K1=KK/30 FAC12110 cr2z1=Cch(12,J2,X1) FAD12710
K2 = E1 + 1 FAG12120 CPRR2=CCl(12,J02,K2) FACt2720
IF (K2.EQ.4) K2=3 Fa012130 GO TO 50 Fa012730
FAC3=(Y~KK}/30.0 FAD12150 40 WRITE(6,888) L1 FAD127H0
LL=INT(Z) FAD12150 888 FORMAT{® INCORRECT VALUE FOR L1 %,13) FAQ12750
IF {LL.EQ.0) LL=1 FAO12150 50 T1(1,1,13=001414FACUR{CE111-CC11 1) FAG12760
Li1=LL FACI121T0 T1{1,1,2)}=CC112+FACU®{CP112-CC112} FAD12TT0
L2 o= L1 + 1 2012180 T1(1,2,1}=CC121+FACH*{CP121-CC121} FAQ12780
IF (L2.EQ.5) Lz=4 FAD12190 T1(1,2,2)=CC122+FACU®{CP122-C0122) FAQ12790
IF(L1,0T.4) Lizy FAD12200 T1({2,1,1)=CC211+FACY*(CP211-CC211) FAG12800
FACH=({Z-LL} FAO012210 T1(2,1,2)=CC212+FACUR(CP212-CC212) FAD12810
GO TO {10,20,30,4a),L1 FAD12220 T1{2,2,1)=CC221+FACY* (LP221-C0221) FAG12820
10 €CC111=0C1(I1,J1,K1) F4&012230 T1{(2,2,2)=0C222+F ALY {CP222-COZR2) FAO12B30
CCT12=CC1(11,31,K2) . FAD12240 T2(1,10=T1{1,1,1) + FACI*(T1{1,1,2)-T1(1,1,1}) FAD12840
CC121=CC1LT1,02,81) FA012250 T2{1,2)=T1(1,2,1} + FAC3I®{T1{1,2,2)~T1(1,2,1}) FAD12850
CC122=CC1{I1,J2,K2) FAD12260 T2(2,1)=T1(2,1,1) + FAC3®(T1(2,1,23-T1(2,1,1)} FAQ12860
CeR11=C01{12,41,K1) FAD12270 T2(2,2)=T1(2,2,1) + FACI®*(T1(2,2,2)-T1{2,2,1)} FAD12870
ccaiz=Cce1(I2,J1,K2) FAD12280 T3(1)=T2{1,1) + FAC2®(T2{1,2)=T2(1,1]}) FAD12880
CC221=CC1(12,J2,K1) FAO12290 T3(2)=T2(2,1) + FAC2%(T2(2,2)-T2(2,1)) FAD12890
Co2ee=CCi(12,J2,%2) FAGI2300 T4=T3{1) + FAC1®*(T3(2)-T3(1)} FAC12900 —
CP111=CC2(T1,J7,X1) FAC12310 C=T4 FAD12510 =~
CP112=CC2(11,01,K2) FAG12320 ET3C=ET3#C FaD12920 O
CPiz1=CC2(It,J2,E1) FAD12330 RETURN FAD12930
CP122=CC2(I1,J2,K2) FAO12340 END FA012940
CP2171=CC2(12,J1,K1) FAD1235C < FA012950
CP212=C02(12,J1,K2) FAD12360 c FAO12960
CP221=C02( 12,02 ,%1) FAQ12370 c FAD12970
CPape=CC2(12,J2,K2) FAC12380 c FAD12980
GO TQ 50 FAG12390 € FAD12990
20 CC111=CC2(11,J1,K1) FAD12400 SUBROUTINE TR21 (LAT,HEMIS,MONTH,DAY,TMEAN,ETS) FAO13000
CC112=CC2{11,d1,K2) FADT2410 c ADDED BY R.PENNINGTON UNIV, NEVADA RENO FAC13010
CC121=CC2(I1,J2,K1) FAQ12420 C SCS-MODIFIED BLANY~CRIDDLE FOR ALFALFA HAY FAQ13020
CCi22=002(11,J2,K2) Fa012430 REAL LAT,KC,KKC,K FAQ13030
te211=Cc2iI2,31,K0 FAD124H0 INTEGER MONTH,DAY FAQ13040
cce12=002(I2,11,K2) FAD12450 DIMENSION PP{11,12),KC(12} FAG13050
cga2t=cc2{1z,J2,K1) FAD12460 DATA S/1HS/ FAC13060
CCEZE’:CCQ(IQ,JE,K?_) FAO]E“TQ Clli!lllll&llll'kllli!lllllilillliIIl!l!!lllﬂﬂﬂiillil*!lcil!l!l!llII!I] FAU13070
CP111=003{I1,J1,K1} FAO12480 [ THIS SECTION INTERPOLATES "Fw, Fan13080
CPt12:=CC3{I1,J1,K2) FAG12490 R A N AR TN R AN RS RN E O S P L BN NN RO SO R UG EO N UG ER U RO AN R AN A OO ED FAa013080
CP121=CC3{I7,J2,X1} FAD12500 DATA PP FAD131D0
CP122=CC3(11,J2,K2) FaO12510 1/ .267,.284,.261,.257,.252,.246,,239,.231,.220,.209,.195, FA013110
CP211=CC3{12,J1,K1) FAD12520 2 .265,.268,.266,.264,.261,.257,.253,.248,.243,.236,.228, FAO13120
CP212=6C3112,31,K2) FAD12530 3 .269,.269,.269,.269,.269,.269,.268,.268, .268,.267,.266, FAD13130
CP221=CC3{12,42,K1) FAQ125L0 4 .26%,.270,.272,.279,.278,.282,.286,.291,.297,.303,.310, FAO13140
CP222=CCI{ 12,32 ,£2) FAO12550 5 .271,.273,.276,.281,.287,.294,.303,.312,.322,.334,. 345, FAD13150
GO TO 50 FAD12560 6 .274,.280,.285,.291,.298,.307,.316,.328,.341,.355,.37%, FADI3160
30 CC111=CC3(11,41,K1) FAQ12570 T .275,.281,.287,.293,.299,.305,.313,,321,.330,.38%,. 358, FAO13170
CCE12=C03{11,J1,%2) FAO12580 8 274, .218,.282,.267,.291,.295,.300,.304,.309,.315,.322, FAG13180
CC121=CC3{11,J2,X1) FAG12590 9 W271,.297,.280,.281,.281,.281,.261,,28%,.281,.281,.281, FAG13190



& .270,.269,.268,.267,.264,.261,.258,.254,.250,.245,.240, FACT3200
3 .269,.267,.264,.260,.254,.247,.240,.231,.222,.211,.200, FAC13210
¢ .268,.266,.262,,257,.250,.242,.232,.221,.209,.195,.180 / FAG13220
IF (HEMIS.EQ.S) MONTH=MOD(MONTH+5,%2) + 1 FAGT3230
LL=INT(LAT/S) * 5 FAC13240
IF (LAT.GT.50.) LL=50 FAD13250
Li=LL/5 + 1 FAD13260
L2 = Lt + 1 FAD13270
IF (L2.GT.11) L2=1% FAO132B0
FAC=(LAT-LL}/5.0 FAD13290
MONTHE 1 =HONTH FA013300
MONTH2=MONTE FA013310
IF (DAY.GT.15 ) MONTH2=MOD(MONTH,12) + 1 Fa013320
IF (DAY,LT.%5.AND.DAY,NE,Q} MORTHT=MOD(MONTH+10,12) + 3 FA013330

P1=PP(L1,MONTHY) + FaAC ®* (PP({L2,MONTH1)-PP({L1,MONTH1)} FAQ13340

P2=PP(L1,MONTH2) + FAC ® (PP(L2,MONTH2)-PP(L1,MONTH2)} FAD1335C
IF (BEMIS.EQ.S) MONTH=MOD{MONTH+5,12) + % FA013360
FAC=DAY ~ 15. FAO13370

IF {FAC.LT.0.0) FAC=FAC+30.0 £A013380

FAC2=FAC/30.0 FA013390C
P=P1 + FAC2 * {P2-P1) FAD13400
FTHMEAN=(1.B%THEAN) + 32.0 FAO13418
F= {P*FTHMEAN)/100.0 FAC13420

CRE RN R R R RN RN RN E R RN PR RN R R FENC R AR N UM NN RN RN RN 013030

C

THIS SECTION INTERPOLATES "E" FAC13440

R R RN R AR R A R RS R A R R O R RN R R R NG E R R EE R G RN ER R F RS EE NS GRS ?AU'Iauso

e EeRaNeNe]

DATA XC/ 0.63,0.73,0.86,0.59,1.08,1.13, FAD13460

1 1.31,1.06,0.99,0.91,0.78,0.64/ FAC13470
KKC= KC(MONTH) FAO13480

K= ({0.0173*FTMEAN)~G,314} ® KKC FAC13450

U = K*F FAC$3500

ET5 = U%25.4 FAOD13510

RETURN FAQ13520

END F£013530

FAD13540

FAO13550

FAO13560

FAO13570

FAD13580

SUBROUTINE EJLW (MONTH,DAY,TMAX,THIN, THEAN, TKDEW , EMEAN, ED, U2k, FAO13590

5 RSW, PMB, CETR, CETPEN) FA013600

O A R PR RN RV R RSN U R BN PN RPN AR CEEERIOF 013610

OO an

C...KIMBERLY CLEAR SKY SOLAR RADIATION

THIS SUBRDUTINE CALCULATES REFERNCE ET FOR A WELL-WATERED ALFALFA®FA013620C
CROP WITH A DRY SOIL SURFACE USING A MODIFIED COMBINATION ENERGY ®*FR013630
EQUATION AND PROCEDURES CONTRIBUTED BY DR. JAMES L. WRIGHT ARD "FADI36H0

DR. MARVIN E, JENSEN, USDA-SEA-AR, SNAKE RIVER CONSERVATION RFAD13650
RESEARCH CENTER, KIMBERLY, IDAHO. "FLO13660

®FAD136T0
PROGRAMMED BY R.G.ALLEN UNIV.IDAHO KIMBERLY, IDAHO 1981 SFL0136B0

E!Elilliﬁ!III.I.IIIII!IQIIIII!IIIllliI“lll‘l'QH.‘.l"“"l“lﬂ‘ﬁ!!ﬁ“.‘ﬁlf‘go‘g?’ﬁgo

FRO13700
INTEGER DAY FADI371G
REAL MCN FAO13720
DIMENSION TEMPM(3)} FLO13730
DIMENSTION CDS51(161},CDS2(184),0D3(365) FAO137H0
EQUIVALENCE(CDS1{1},CD5(t})),{CDS2(1],5D8{182)} FAD13750
DATA TEMPM /C.,0.,0./,N/0/,LDAY/1/ FAD13T760

4z.% DEG LATITUDE J.L.WRIGHT.FRQ13770
DATA CD51/225.,226.,227.,228.,230,,232.,23h,,237.,23%.,202. ,245_ ,2FA013780
$48.,250.,293.,255.,258,,261,,264, ,267.,270.,273.,276.,279.,282. ,28F 4013790

£5.,288.,292.,295.,298,,302,,305,,309.,313.,317.,321,,325.,329. ,333FAC13800
%.,337.,341.,345.,349.,353.,357.,361.,365.,370.,374.,379.,383.,388.FAC13810
$,393.,397.,402. 406, ,411. 416,420, ,425.,430.,435. ,440. ,4%5. 450, ,Fa013820
{555, 460, 460, 465, 474, 4T9.,483, 488, 402,497,502 ,501.,511.,5FA0C13830
$16.,521,,525,,529.,534.,537.,541.,545.,549.,554. ,558. ,562.,566. ,57TFAC13840
%0.,575.,579.,584. ,588.,592.,596,,601.,605, ,609.,613.,616.,620.,623FAC13850
%.,627.,631.,634.,638.,641.,645.,649. 653, ,656,,660.,664.,667.,670.FACI3860
£,574,,677.,5680.,683.,686.,689.,692,,695,,698.,70%.,704.,707.,710. ,FAGt38T0
£713.,716.,720.,723.,726.,728.,731.,733.,736.,739.,T42,,T45.,T47.,TFAG13B80
150.,752.,754. ,757.,760.,762.,764.,766.,T68.,770.,7T2.,7T4.,776., TTIFACT3850
£8.,780.,781,,783.,784,,785,,766,,786,,787.,T67.,788.,788,,789.,7T89FACt3900
%.,790.,790.,790.,789,,789.,786.,788.,787.,787.,786.,786./ FAGt3910

DATA CDS2/785.,784.,783.,761.,780.,778,,776.,774.,772.,770.,768.,,TFAG13920
$66.,764.,762.,760.,757.,754.,752.,756.,T47.,T45. ,742.,739.,736.,73FA013930
£3.,731.,728.,726.,723.,726.,716.,713.,710.,707.,704.,701.,698, ,695FA013940
%.,692.,689.,686.,663.,680.,677.,674.,67C.,667.,664,,660.,656.,653.FACT3950
%,649,,645.,641, ,638,,634.,631.,627.,623.,620.,616.,613.,609.,605. ,FACI3960
$601.,596.,592.,588.,5B4.,579.,575.,570.,566.,562.,558.,554. ,549. ,5FAG13970
245.,541,,537.,533.,529.,525.,521.,516.,511.,507.,502. ,497. ,492. ,4BFA013980
$8.,483.,479. 574, ,46%. 464, 460, ,455. 450, 445,450, 835, ,430. ,425FA0135990
%.,420,,416,,411.,406,,402_,397.,393.,388.,383.,37%.,374.,370.,365.FAD14000
$,361.,357.,353.,349.,345.,341.,337.,333.,329.,325.,321.,317.,313.,FA014010
$309.,305.,302.,296.,295.,292.,288. ,285.,282.,279.,276.,273.,270. ,2FA014020
£67.,264,,26%.,258,,255,,253,,250. ,248. 255, ,243.,2480.,238.,235, ,23FA0 14030
43.,230.,229%.,22B.,227.,226.,225.,225.,224, ,224.,223, ,223.,222, ,222FAD 14040
$.,221.,221,,220.,220,,220.,221.,221.,222. ,222.,223.,223.,224, , 224 . FAO 14050

%,225./ FAO14060
...... SATURATION VAPOR PRESSURE  (GOFF~GRATCH) FAO14GT0
EVAP(X)= FAO14060

£10.9%(-7,90296% (X~1.)45,02808%AL0OG10(X)-1.3816%70. 2#{-7,)%({10.%* FAO14090
01300 (1, 1. /7X)) =11 ) FAOTH100
£8.132B% 10, #R (3 Y R(TD,®% (-3 40149%(X-1,)3~1.)+ALOG10(1013.246)) Fac14110
FAO14120

...... BELYA (SLOPE OF E V5 T)  (GOFF-GRATCH) FAD14130
SLOPE{Tt,Z,B2,V)= FAO14120

£((7.90296%B2*T1%#(-2))-2.1836675/T1+15.6T287#10. #R{-T_+11, 344" FAO14150
$(1-T1/B2))*2/B2+ FAO14160
$26.35559%10. %831 810, ¥ (-3 40 119R(B2/T1-1) ) NZ¥B2#T14#(.2))4V¥Z  FAQ14170

..... J.L,WRIGHT'S POLYNOMIAL TO CALCULATE VAPOR PRESSURE FAD14180
EVILW(X)=1.52247,1E~02%X+ § . i3 1E-Q3#X¥¥242, 2 19E-058X ¥ €34 FAD14190

1 6.916E~0B# "Y1 JLIEOQEY eSS FAO14200
ABZ =273.16 FAO14210

.. +3ATURATED VAPOR PRESSURE USIMG GOFF-CRATCH FAO18220
T100=373.16 FAO14230
IF{TXDEW.LT.220.) GO 70 1 FAD14240
X=T108/TKDEW FAQ14250
EDEW=EVAP(X) FAO14260

1 IF(TXDEW.LT.220.)}EDEW=ED FAC14270
+. AVERAGE VAPOR PRESSUE FAO14280
X1=T100/{ TMAX+273.16) FA015290
X2=T100/{ THIN+273.16) FAO1430C
EAVE=(EVAP(X1)+EVAP(X2))/2. FAO1L310
EAVI= (EVILW(TMAX®1.8+32. )+EVILW( THIN®1,B+32.)) /2. FA014320
EDEWJ=EVJLW{ { TKDEW-273.,)%1.8+32,) FAO14330
IF(TKDEW.LT.220.) EDEWJ=ED FAO14340
USE JLW'S VAPOR CALCULATIONS B FAO14350
EAVE=EAVJ FAOT4360
EDEW=EDEWJ FAO14370
..... LATENT HEAT OF VAPORIZATION CAL/GRAM (BRUNT,1952 EQU.T.1A,ASCE) FAO15380
HEATLT=5%5.-0.51*TMEAN FAO14390

0gl



c FAD14300

C.....CLEAR SKY INCIDENT SHORTWAVE SOLAR RADIATION FOR KIMBERLY, IDAHC FAOT4410
MDAY=DAY FAG14420
IF(MDAY.EQ.C) MDAY=15 FAOT4430
CALL JDAY({MONTH,MDAY,JUL} FAOT4A40
IF(JUL.LT.1) JUL=3 FAC14450
IF(JUL.GT.365) JUL=365 FAGI4EGO
RSO=CRS(J0L) FAQ1R470
IF(DAY,NE.D) GO TO 12 FAO1%480

C.....MEAN CLEAR DAY SOLAR OQVER MONTH FAO14490
J3d=0 FAO14500
RS0=0. FAOTA510
DO 11 JJ=JUL-14,JUL+15 FAD14520
JII=ddI FRO14530

$1 RSO=RSO+CDS{JJ) FAQ14540
R50=RS0/4JJ FAD14550
12 CONTINUE FAO14560

C.....CONVERT MEASURED INCIDENT SOLAR RADIATION FROM MM/DAY TO LGY'S/DAYFAC14570

e RS=RSWPHEATLT/10. FAOT4580
C.....USE SAME CONVERSTION FACTOR AS IS USED IN MAIN ROUTIRE FAQ14590
RS=RSW*1,/0.017 FAC14600
C.....STEFAN-BOLTZMAN CONSTANT CAL/CMREZ/DEGK**4/DAY FAD14610
STEFAN=11.T1E-0D8 FAD14620

C.....NET OUTGOING LONG WAVE RADIATION ON CLEAR DAY {EQU. 3.7,ASCE,1974}FAC14630

MON=MONTH FAC14640
DAzHDAY FAO14650
PI=3.14159 FAO14660

C.....A1 AS REPORTED BY WRIGHT, 1982 FACTHETO
AT=0.26 + Q. 1#EXP(-1.%({30.%(MON+DA/30, }~207.)/65,)#"2) FAD14680

C OLD 41=0.325+0.045%SIN({30. ¥(MON+DA/30.~1.5)¥PI/180.}) FAD14690

C OLD A1=0.325+C.045%SIN((30.%(MON+DA/30.~1.5))) FAQ14TOU
B1=-0.0L4 FAG14T 10
RBO={#1+B1#SQRT(EDEW) ) ¥STEFAN®( ( TMAX+ABZ ) ¥4+ { TMIN+ABZ } ¥Ry} /2, FAQ14720

c WRITE{6,35) AT,BY,MON,DA,PI EDEW,STEFAN,ABY FAOT4T30

35 FORMAT(' At=',F6.4,' Bl=' ,F&.4,' MON=',F6.1,* DA=' ,F6.1,'PI=', FAC14TLO
#F8.Y4,' EDEW=',F6.3,'STEFAN=',E7.2,' ABZ=',F7.2) FAO14750

C.....ACTUAL NET OUTGOING THERMAL RADIATION (EQU. 3,6 TABLE 3.2,ASCE} FAO1L7E0

Az1.125 FAO14TTO
IF(RS/RSO.LT.0.7) A=1.017 FAOT4T80
B=-0.07 FAO1UT90
RB={ A®R5/R50+B)¥RBO FAO14800
€.....ALBEDC OF ALFALFA WRIGHT, 1582 FAD1UB1D
ALBEDO=0, 29+0. 065 IN{ 30, S{HON+DA/ 30, +2. 25 8P1 /180, ) FAQ14820
C.....NET RADIATION FLUX FROM CROP SURFACE (EQU. 3.5,ASCE) Fac14830
RN={1,.-ALBEDC)®*RS-RB FAOTHBLO

C.....S0IL HEAT FLUX (0.%0 METERS OF SOIL FOR DAILY AND 2 METERS FOR FAO14B50

¢ MONTHLY ESTIMATES.) ...AFTER EQU. 3.19 FAO14860
IF(DAY.EQ.0) GO TO 10 FADT4ETO
IF(LDAY.EQ.0) N=Q FAO14880
IF(LDAY.EQ.DAY-1} GO T0 3 FAO14890
IF(DAY.EQ.1.AND.LDAY.GT.27) GO TC 3 FAD14900

GO TG 15 FAO14910

3 IF(N.EQ.0) 60 TO 15 FAO14920
TPAST=0. FAO14930

DO 5 I=1,N FAO1H9LO

8 TPAST=TPAST+TEMPM{I)/N FAO14950

G= (THEAN~TPAST)®#5_%1.8 FAD14960

c WRITE{6,40) G,TMEAN,TPAST, {TEMPM(I},I=1,¥) FAO1HOTO
50 FORMAT{' G=',F7.3,' TMEAN=',F6.2," TPAST=',F7.2,' TEMPM1-3=', FAO14980
BSF6.2 ) FAOTUGSD

GO TC 20 FA015000
C.....MONTHLY FLUX FAD15010
10 IF{N.EQ.0) GO TO 15 FAD15020
G=(TMEAN-TEMPM{1)}/30.%100.#1.8 FAD15G30

C WRITE(6,50) G,TMEAN,{TEMFM{I}),I=1 N} Fao15040
50 FORMAT(' G=',F7.3,' TMEAN=",F7.3,7 TEMPM(1-3}=',5F7.3) FAQ15050

GG TO 20 FRO15060

15 G=0, FAO15070

20 TEMPM{3)=TEMPFM(2} FA015080
TEMPM(2) =TEMPM({1) FAa015090C
TEMPM( 1) =THMEAN . FAD15100

N=N+1 FAOIZ110
FF(N.GT.3)N=3 FRO15120
LDAY=DAY FAD15130
C.....THERMODYNAMIC CONSTANTS FA015140
CP=0.2% FA015158
RMOLEC=0.622 FAD15160

C.....PSYCROMETRIC CONSTANT MB/DEG CELSIUS (BRUNT,1%52 EQU. 7.7,ASCE) FAO15170
GAMMA=CP#*PMB/ [ RMOLEC®HEATLY ) Fa015180
C.....SLOPE OF SAT.VAPOR PRESSURE/TEMPERATURE MB/DECG CELSIUS {EQU. 7.5BFAa015150
DELTAJ=33.8639®(0.05504%{0.007 38 TMEAN+0.8072) ¥47-0.0000342} FAQ15200
C....-SLOPE OF SAT.VAPOR PRESSURE/TEMPERATURE MB/DEC ZELSIUS (GOFF-GRATFAO15210

Z=2.30258509 FAQ15220
DELTA=SLOPE( (TMEAN+ABZ),Z, T100,EAVE) FAD15230
C.....WEIGHTING FUNCTION FAO15240
W=DELTAJ/{DELTAJ+GAMMA) FAG15250
C.....VAPOR PRESSURE DEFICIT FAD15260
EAMED={EAVE-EDEW} FADI52T0
C.....KIMBERLY WIND FUNCTION  J.L.WRIGHT.1980 AT 2 HETERS, U248EM/DAY FAO15280
c MULTIPLY BY AN ADJUSTMENT FOR DIFFERENCES IN CONVERTING 12FT TO 2MFAO152%0
c {.91892/.90237) Fa015300
c COEFFICIENTS FOR WIND FUNCTIOK...,WRIGHT, 1982 FAQ1531Q
D=JUL FAD15320
IF{JUL.LT.9C)D=90. FA015330
IF{JUL,GT.315)D=315. FACI5340

c FRrO15350
AW=23.8 - 0.7865 ) 9.T182E-D3%pee; -~ 5 KGBQE-D5¥D¥43  FAG15360
&

+

+ 1 H2G29E-078D%EY - 1 410T8E-10%DA%S FAD15370
BW=-0.0122+5.2956E~04#D = 5.9923E~06%DR®2 + 3 4OQ2E-08*D®E3  FAC153BO

. = 9.00B72E~118D%EY &+ B 79179E-14%D%Es FAC153%0

C FaD15400
Fi= AW +( B & (2} } ®0.91892/0.90237 FAQTS430

C.....PENMAN  WIND FUNCTION J.L.WRIGHT.1980 AT 2 METERS, U2U@KM/DAY FAG1GL20
WFP={1.+{0,01%U24/1.6093)*0.91892/0.91237) FADI5430
C.....SEASONAL CORRECTION FACTOR FOR PENMAN {PENMAN USING WRIGHT-JENSEN FAG15440

c AFPLICATION PROCEDURE} FAD15450
FEPEN=Q ., T+D . 4¥EXP(-{ ( ( (MON+DA/30.) 230, }-210.}/1232.)%82) FAD15460
C.....EJLW ET ESTIMATE FAGISHTO
ETR={W®(RN-G)+(1-W)®15. 368U EAMED } /HEATLT*10. FAC15480

c WRITE(6,6G) RS,RSC,RB,RBOQ,RN,G,W,FU, EAMED, REATLT ,FEJLW FAD15490
60 FORMAT(/,' RS=',F7.2,' RS0=',F7.2,' RB=',F7.2,' FBO=',F7.2, FAQ15500

*®t RK=',F7.2,' G=',F7.2,/,' W=,'F7.2,' FU=',F7.2," EAMED=',F7.2, FA015510

#! HEATLT=',F7.2,' FEJLW=",F9.k) FAQ15520
C.....DRIGINAL PENMAN ESTIMATE FAO15530
ETPEN=(W*{RAN-G}+{1-W)} %15, JE *WFPFEAMED } /HEATLT®*10. FAC15540
C.....SEASONALLY CORRECTED PENMAN FAQ15550
CETR=ETR FAC15560
CETPEN=ETPEN*FEPEN FAD15570
C......TEMPORARILY WRITE OUT DIFFERENT VAPOR PRESSURES,ETC, FAQiE580
[ WRITE(6,30) EMEAN,ED,EAVE, EDEW,DELTA, EAVJ EDEWJI  ZELTAL FAD15590

{81



30 FORMAT(' EMEAK=',F6.2," ED=',F6.2,* EAVE:',FG.?.i EDEW=',F6.2, FAD15600

&' PELTA=",FT7.4," EAVJI=* F6.2,' EDEWJ=",F6.2,' DELTAJ=",FT.4) Fa015510
RETURN FAD15620

END FAD15630
SUBROUTINE JDAY(M,ID,JD) FAO15650C

C.. FAD15650
C..THE SUBROUTINE JDAY CHANGES MONTH AND DAY TO JULIAN DAY FAO15660
c.. FAQIS6TO
DIMENSION WD{12) FADI5680

DATA MD/31,28,31,30,31,30,31,3%,30,31,30,31/ FAQ15690
ISUM=0 FAD15700

DO 5 J=1,12 FAD15710
IF(M.EQ.J}GOTO10 FAO15720

ISUM= ISUMSNDL2) FAD15T30

5 CONTINUE FRO15TLO

10 JD=ID+ISUM FAD15750
RETURN FAD15760

EKD FAG1I5T70
SUBRCUTINE DATE(JB,M,ID) FAD15780

Co. FAO15750
€..THE SUBROUTINE DATE CHANGES JULIAN DAY TC MONTH AND DAY FAC15800
C.. FAD15810
DIMENSION MD{12) FAD15820

DATA MD/31,28,31,30,31,30,31,31,30,31,30,31/ FAQ15830
I8UM=0 FAO15840

DO 5 M=1,12 FAD15850

ISUM= ISUM+MD (H) FAC15860
IF{JD,LE. ISUM}GOTO10 FAC1587C

5 CONTINUE FAQ15880

10 ID=JD-ISUM+MD (M) FAC15890
RETURN FAOT54G0

END FAC15910

¢ FAO15920
c FAC15930
¢ FAGI5940
c FAO15950
< FAO15960
SUBROUTINE JENSH (ALT, TMEAN, ESWMX, ESWMK, RSW, ETJH) FAO15470

I L L T PR S T T P YR T B LR L E R LD T ST 2T
C THIS SUBROUTIRE CALCULATES THE JENSEN-HAISE ESTIMATE OF REFERENCE *FAD15960
C ET FOR AN ALFALFA CRGP. *TAC16000
C PROGRAMMED BY R.CG.ALLEN....UNIV.IDARO...KIMBERLY,IDAKO..... BFAQYED10
e EE R N R R N R RN R NN R RN T N AR RN OO NN RN C RN AR BT BN RO RENFA016020

C.....LATENT HEAT OF VAPORIZATYON CAL/GRAM..{BRUNT,1052 EQU.T.14,A3CE} FAD16030

HEATLT=595.~0.51%TMEAN FAG16040
C.....CONVERT MEASUREDL INCIDENT SOLAR RADIATION FROM MM/DAY TO LCY!'S/DAYFAG16050
RS=RSW®HEATLT/ 16, FAO16060
C.....EQU. 6.8 ASCE, 1974 FAD16070
EMEAK= ( ESWMX~ESWMN) FAO16080
CH=30., /EMEAN FAC16090
C1=38.-{2.#ALT/305.) FAD16100
C2=7.6 FAD16110
CT=1./(C1+C2¥CH) FAD16120
TX==2.5+0. 14 % {EMEAN) ~ALT /550. FAD16130
ETJH=CT#{TMEAN-TX) RS/ (HEATLT/10.) FAO161%0

c WRITE(6,10)RS,CH,C1,C2,CT, TX,ETJH FAC16150
10 FORMAT(' RS,CH,C3,C2,CT,TX =',6F10.4,' ETJH=',F10.3) FAD16160
RETURN FAD16170

END FAC161B0
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