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ABSTRACT

Algorithms, well documented in the literature, wers
optimized for use in a spreadsheet template for the calculation
of Penman reference evapotranspiration (ETr) for alfalfa. The
ETr template should have applicability in muach of the central
United States as well as give a user friendly approach Lo
climatic data management and irrigation scheduling. The ETr
template was implsmented in three popular spreadsheet products,
Multiplan (Version 3.0), Lotus 123 (Release 2.0), and SuperCaled
(Release 2.13. Given the magnitude and complexity of the
problem, all three produchts gave acceptable performance. In
typical use, regardless of hardware configuration, Multiplan was
by far the fastest because of two unique regalculation fsaturss.
Smesion time from load through save in SuperCalecd was a
significant factor at the slower processor speed (4.77 Hhz) and
without the Intel 8087 math coprocessor. Lotus 123 and
SuperCalcs had significantly better implementations of the math
caprocessor as compared to Multiplan.
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INTRODUCTION

Diminishing water supplies and inereasing pumping costs have
increased the need for efficient use and conservation of water
and energy. FProduclblion costs have risen sharply and many farmers
are facing a steadily decreasing profit margin. It 1is wall
documented that irrigation scheduling saves water antd encrgy.
Irrigation scheduling is a toal irrvigators can use to manage
dates and amounts of irrigation. The premise is to apply water
when needed in the necessary amount, but not more water than

needed and not sooner than needed. How much is needsd can be
estimated from evapotranspiration (KT) prediction eguations. A
simple definiticn of evapotranspiration (ET) is water use by
crops. It is the combined evaporation from s0il surrcounding the

plant and the transpiration from the plant itseli.

Sometimes, when speaking in garneral terme, we sSa¥ the peak
water use for corn is 7.5 to 9 mm/day (0.30 - Q.35 infdav).
Howevetr, this generalization represents the results of a given
set of conditions. In this example, the conditlons are adequate
=enil water, corn at full canopy, and a nighly evaporative set of
climatic conditions. Although the peak water use of a crop is
nseful ta know in designing an irrigation system, the peak water
use value isn’t very informative in managing irrigation dates and
amounts. KT and prscipitation vary from season to seasorn.
Irrigation scheduling using daily ET and precipitation values can
make significant water savings possible in cool wet years and
alert the farmsr to higher irrigation requirements in hot dry
FEaTrs.

The algorithms to calculate ET ars pevally multistags.
Generally, a reference ET value is malculated from climatic
variables based on well-watered conditions. The reference value
is then modified by & crop coefficieant which takes into account
crop type =znd growth stage. Sometimes, it is further modified by
a coefficient relsting actuzl soil waler to well-watsred
conditions. Computer spreadshest software which is widely
available today offers individual irrigators an aasy to learn and
use data management system. The visual interface with the data
allows for easy data entry and correction. The presence of data
-nd results located in close proximity help +the user develope a
better fasl for how climatic conditions atffect crop water use.

This report deals with the development of efficient
algorithms to be used in a spreadsheet template to calculate the
reference ET value for alfalfa (ETr) using a modified FPenman
approach. Additiomal simple templates could then be developed to
modify for crop type and stage of growth and to manage irrigation
dates and amounts. This report also dlscusses implementation of
these ETr algorithms on three of the most popular personal
computer spreadsheet products) Maitiplan, Lotus 123, and
SuperCaleld.
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THEORY OF ALGORITHMS

The Penman combination eguation can be visualized as the
combination of twa parts, anp energy balance term and = mass
transport term. In simplified form, Penman reference ET (ETr)},
which may be alternately referred to as potential ET, is;

ETr = Gi*(Rp-G) + GZ*Cx(WF¥YPD) (1)

where 21 and G2 are weighting factors whose sum ig 1, Bn is net
radiation, @ is the soil heat flux, C is a conversion factor to
express results in units of energy, WF is the wind function and
VPD is the vapor pressure deficit.

This particular method calculatss ETr for alfalfa using
methods similar to procedures outlined by Burman et al. (1880),
Burman et al. (1983), and alsc Kincaid and Heerman (197T4) with
some exceptions as will be noted. It should also be noted that
many of the eguations will be left 1in English units as much of
the weather data is most readily available in this form. In
addition the primary use of the template is for irrlgators not
often accustomed to SI units. The conversion of this template to
o1 units would be relatively easy. This conversion was not
attempted as thes regulirement of conversion of weather data to 51
units would adversely affect template size and performance. On a
daily basis, the eclimatic data required are maximum and minimum
temperatures (degrses Fahrenhelt) for the previous 24 hour
period, the drybulb and wetbulb temperature (degrees Fahrenheit)
st the 8:00 A.M. observation time, the daily solar radiation
(langleys), the wind run (miles/day) and the precipitation
(inches) for the previous 24 hours. fotually precipitation is
not required to caleculate ETr, but is often reauired for
irrigation scheduling procedures.

The soil heat flux (G in Equation 1) is often neglected in
calculating ETr as pointed out by Burman at al. (1980), Burman et
al, (1883). It is pericdic in nature, Some days positive and
ather days negative. Kincald and Heerman {(1874) used an
empirical formula for scoil heat flux apparently first suggested
by Jensen =t al. (1971). Results from the KSU Colby Branch
Experiment Station have shown that the inclusion of this formula
has no significsnt effect on cumulative ET over the course of the
season and only a small effect on day to day predictions. The

=ail heal flux term has been excluded from the model in further
discussions.

The conversion factor, (O in Equation 1) has a value of
15.36, expressed in cal/cm“-day-mbar.

The wind function (WF in Equation 1) is calibrated to the

reference crop alfalfa (Wright and Jensen, 1972) and can be
exprassed as;
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WF = AW + (CW*W) (2)

whers W is the wind run in miles/day, AW and CW are constants in
the wind function with AW having & value of 0.7b for alfalfa and
CW the wind constant being evaluated by the expression;

oW = 0.02426/(ANHY - 143, (3)

where the wind constant (CW) is used to correct wind run to an
appropriate anemometer height and to convert Lo appropriate units
and crop tvpe. The anemometer height (ANH) is given in feet.

The wapor pressure deficit (VPD in Equation 1) is the
difference between saturation vapor pressure (VP3) and actual
vapor prassure (VPA).

Saturation vapor pressure (VFS) can be calculated by an
squation developed by Brooker (1867}

VPS = EXP(54.63-(12301.7/(T+460))~-5.17*xLN(T+460)) (4]

where YFS is expressed in psia, and the ailr temperature (T) is
expressed in degrees Fahrenheit. In caloulating ETr, the
saturation vapor pressure is evaluated at both the minimum and
maximum temperaturs that occurred during the preceding 24 hours.
The average of the two waluss 15 used in further calculations of
ETy. The eguation as used to calculate the mean value of VES
{mhars) 1is;

VES = 68.95 % ((EXP(54.63-(12301.7/(THX+460))-5. 17T*LH(THX+460))
+ EXP(54.63-(12301.7/(THN+480))-5. 1 T*LN(TMN+460))) / 2
(5)

where TMY is the maximum daily tempersture (degrees Fahrenheit)
and TMN is the minimum daily temperature (degrees Fahrenheit).

Actual vapor pressure (YPA) can he caleculated from drybulb
and wetbulb temperatures by combining the work of Brunt (13941)
and Brooker (1887). DBrunt observed that;

VEA = B#({TO-TW) + VPowb (8)

where TO and TW are the drvbulb and wetbulb temperatures (degrees
Fahreonheit) respectively, VE3wb is the saturation vapor pressurs,
peism, evaluated at TW [Using Equation 4, Brooker (1967)]1 and B is
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the slope of the wet bulb line. A major simplification can be
made in caleunlation of VPA by observing that an average value of
the slope, H, can be used cver the range of tvpical valuss of
wetbulb and drybulb temperatures that occur in eoreop proeduction in
the midwest. For VPA in psia and temperatures in degrees
Fahrenheit, an average valus for B is -0 .00634. Using 8:00 A.M.
observations for wetbulb and drybulb temperatures, the combinad
equations for VFA i=;

VEA = 68.95 % ((-0.00534%(TO-TW)} +
EXP(54.63-(12301.7/(TW+450))-5. LT*LN(TW+460))) ()

where VPA is now expressed in mbars. Equations 5 gnd 7 will not
work sccurstely at temperatures below 32 degrees Fahrenheit. In
this model, actual vapor pressure (VPA) is caleulated from the
9:00 a.m. observation temperatures. The saturaltion wvapor
pressure (VPS) required in the ETr sguation is the average of the
caloulated saturation vapor pressures at the maximum and minimum
temperatures during the preceding 24 hours. On isolated
accasicons, rapidly changing conditions during this time lag will
result in calculation of actual vapor pressurss graater than ths
saturation vapor pressure.  As a result, a negative vapor
pressure deficit is predicted. This problem is alleviated by
putting a conditional statement in the model toc check for a VFA
sreater than VPS. If true, the value of [(VPS5-VPA) is set to
zero. This procedurs To csloulate vapor pressures is widely used
in ETr eguations in the arid and semi-arid regions where actual
vapor pressures may nobt change very rapidly. However, cauticn
may he warranted in semi-humid and humid areas. Aotuzl vapor
pressures during the periocd between maximum and minimum

temperature may be reauired for accurate ETr prediction in these
areas.

The first weighting term (Gl in Equation 1) rapraesaents the
slope of the saturation vapor pressure temperature curvs divided
by the quantity., slope of the wapor pressurs ‘tamperature curve
plus the psychromstric constant. Burman et z2l. (1980) indicated
thal the psychrometric constant is not truly a constant and that
altituds has an effect on it. However, the paychrometric
constant iz often assumed to be constant, and for the sake af
performance efficiency in the tamplates, the waighting term (G1)
was assumed to vary only with air temperatures and is given by;

61 = 0.0414(0.0125%(TMX+THN) /2)-(0.00004534%( ( (THMX+THN) /2) %))
(8)

where lLemperatures are in degrees Fahrenheit. The other
weighting term, G2, is obtained by subtracting 31 from ons.
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Het Radiation (Rn) in langlews, is =gual to the net
shortwave radiation minus the net outgoing longwave radiation;

FEn - {{1-REF) # 3E) - Rb (83

where BEF is= the reflectance or azlbedo of the reference crop
(Alfalfa = 0.23), SR is the daily solar radiation in langleys,
and Rb is the net outgoing longwave radiation given by,

Eb = (ALW#(SE/CDR) + BLW) * RLO (19)

where typical values of ALW and BLW are given by Burman =t al.
(19B0) with wvalues of 1.22 and -0.16 for ALW and BLW reported for
southern Idaho, the quantity SR/CDR is a cloudiness factor, the
ratio of actuszl solar radiation bto caleculated clear day solar
radiation and RLO is the net clear day outgoing longwave
radiation. If the solar radiation (SR) is greater than the
caleulated clear day solar radiation (CDR), the ratio 3R/CDR is=
set equal to 1. CPR in langleys, is calculated by algorithms
presented by Cengiz et al. (1881). The eguation is as follows;

CDR = ACDH(BCDXSTN( (2%PI*( (JDAY+10.5)/365-(FPI/2}11) (11

where PI is egual to 3.14159, and JDAY is the the day of ths
year, the two constants ACD and BCD, which change only with
latitude, are 491 and 246 for Colby Kansas, laztitude 38 degrees
99 minutes. Accuracy for weather station locatlon is not
critical for these constants. Table 1 lists values of ACD and
BCD for latitudes in the central region of the United States as
well as formulae for developing other wvalues., Though the walaes
af CDR calculated by Egquation 8 are less than tzbular values
reported by Jensen (1874}, they do compare favorably with
graphical walues for the central United States reported by Frita
(1948). Equaticn 9 allows for the sasy calculation of CDR
without the inclusion of extensive lookup tables in the ETr
computer program.

FLO in langleys, the net clear day outgoing longwave
radiation can be calculated by;

RLO = (BRA+{BRB*3QRT(VEA))) * ll-zl *
)

((((THX+THMN- 64)/360)+2.73) (12)

where the first expression represents the Brunt (1934)
atmospheric emissivity squation. Typigal values of ths Brunt
coefficient=s BRA and BRB are given by Burman et al. (1880), with
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BRA and BRB having values 0,325 and -0.044 for southarn Idaho.
The wvalue 11.71 and the final expression when sombined as shown
represent the Stefan-Boltzmann constant and the average daily
temperature (degrees Fahrenheit) converted to degrees Kelvin
raised to the Tourth power. There is some discrepancy in the
1iterature as to how the eguation for RLO sheould be exprsssed and
aaleulated. Burman et al. (1980) used the mean daily temperature
raised to the fourth powsr (similar to Equatiomn 12) while Kincaid
and Heerman (1974) used the average of the maximum and minimum
temperatures raised to the fourth power. Though the methods are
indeed different. sither method will give similar results dus to
the magnitude of the tempsratures in degrees Kelvin raised to the
fourth powar.

The combined reference evapotranspiration (Etr) eguation as
used in the model is;

ETr = ETF * ((G1%Bn) + (15.36 % (1-G1) * (AW+CW*W) ¥ (VPS-VYPA)))
(13)

sihere ETF is & conversion factor to express ETr in characlLeristic
units, (ETF = 0.01708 or 0.000873 for results in mm/day and
in/day, respectively) and all other terms have been previously
defined.

The zlgorithms =as implemented in the spreadsheet templates
are identical with a few minor exceptions. The conditional
statement of comparing VPA and VPS is included in +he cazlcoculation
of ETr. The conditional statement on the SR/CDR ratio is included
in the calculation of Fn. An approximation of day of year using
mornth of year and day of month is made in caleulation of CDRE. A
complete listing of headings, algorithms, and constants as used

in the templates for the three products is included in Appendix
A

COMPARISON OF SPREADSHEETS

The original ETr template was written for Microsoft
Maltiplan (Versicen 31.0). It was then convertaed for use in Lotus
123 (Releass 2.0) and Computer Associates’ SuperCalcd (Helease
2.1). Multiplan besides being the spreadsheet of choice for the
major author has some unique features that z2id in the dsvelopment
of complex spreadsheet templates. bMultiplan allows columns,
rows, blocks (ranges) and/or individual cells to be named as
variables (Lotus 123 also has a naming feature, however it lsn’t
implemented in the same fashion). The naming feature is
extremely useful in writing, understanding. and debugging complex
mell formulas.
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A1l three products have had recent updates and can be
sonsidered excellent. vehicles for ETr algorithms. All three
praducts have more than enough rows and columns for any
reasonable ETr template. Each product supports the Intel 8087 or
B0Z87 math coprocessors for faster cperalion and can use A mouse
input device. Multiplan and Lotus 123 support macros, and Lotus
123 and SuperCalc3 support graphics.

4 pumber of performance benchmarks wWere performed on the
completed ETr templates for sach of the spreadsheet products
(Table 2). The benchmarks were performed at Lwo processor speeds
and with and without the prescence of the Intel 8087 math
COproCessor.

One of the most striking differences between templates was
in template size as stored to disk (Figure 1j. The template in
Lotus 123 and SuperCale3 consumed over 2.5 times the disk space
required by Multiplan. This difference in file sizes was also
reflected in increased times for loading and saving for the Lotus
123 snd SuperCale3 templates (Figures 2 and 3). Though the
processor at higher speed did decrease +the loading and saving
time, the math coprocessor had ne effect with the exception of
SuperGaled. Evidently SuperCalcd must do rather extensive
manipulation of the dsta in both +he load and save process. In
SuperCalc3, the math coprocsssor saved approximately 15 and 30%
of the time reguired for the normal loading and saving process,
respectively. In addition, SuperCalc3 load and save times were
over twice that of Lotus 123, even though file sizss weres
similar.

In & spreadsheet template of this magnituds (May 1 - Dept
10} and complexity, recalculation time is a significant factor.
The template contains a total of 2B38 cells (187 rows, 17
columns) of which 1072 cells contain formualas. The performance
af the software products depended on whether the math coprocessor
was present. Without it, Multiplan was faster than the other two
products, with the math coprocessor, in recalculation of the
antire template from initial dats entry, Lotus 123 has the
shortest recaleulaticn times (Table 2 and Figure 4) followed by
SuperCaled and then Multiplan. However, Multiplan (versicons 2.0
and 3.0 only] has two unigus features in recaleulation that ean
make it much faster than indicated by the figures. Multiplan can
be allowed to recalculate during the data entry procsss and does
not lock the keyboard hetween calculations. In addition snd more
importantly. Multiplan dees not have to recaleculate any cells
+hat have previously besn calculated at any time in the current
or even past sessions. SuperCalcd has this feature to 8 very
limited extent, as it does save some time when cells have besn
previously caleculated in the current sessicn. However the
savings are not nearly as dramatic and the entire template has to
be recaleulated at least once in the current session to
experience these savings. In a typlcal ETr template session
where one would enter just one or a few days of data, Multiplan
would be many times faster than the other two products. The
effect of Mualtiplan only having to recalculate altered cells can
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be ssen in Figure 5. In a template where nearly half of the data
cells are empty, Multiplan saves approximately 40% in
recaleoulation time as compared to a full template while Lotus 123
and Supsrcale are unaffected. Once again it should be pointsd out
that tyoically one would not enter half the datz inp one session.

The average affect of hardware configuration across software
products is shown in Figure 6, The effect af increasing
processor speed from the standard slow 4.77 MHz to the faster 3
Mhz results in approximately 33% shorter recalculation times
across all products. There are considerable differences in the
effect of the math coprocessor between Multiplan {recalculation
time reduction, 1/3) and the other two products (recalculation
time reduction, 2/3). Lotus 123 and SupsrCalcd appear to have
achieved much better implementaticon of the math coprocessor.

Sample sessions in the ETr templates for the three products
is included in Appendix B.

CONMCLUSIONS

Widely used algorithms have besn optimized for usa in
spreadsheet templates for the calculation of Penman reference
evapotranspiration (ETr) for alfalfa. Using a spreadshest to
caloulate ETr gives a user friendly approach to climalic data
management and irrigation scheduling. In additionm, the highly
wisible database and resultant Elr help the user over tims
develop a bebtLler feel for how climatic condition= wan affect crop
Wwater wuse,

Given the magnituds and complexity of the problem, all three
products give scceptable performance. in t¥ypical use Multiplan
will probably be by far the fastest. BSession time from load
through save in SuperCale3 is significant at the slow speed and
without the coprocessor. However performance spasd is not always
the most important criteria. The speed criteria should be
balanced against availability of and familiarity with =
particular product within & person’s working environment.
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Table 1. Coefficients ACD and BCD for the clear day solar
radiation =2quabtion EHSGCiitEd with latitudes in
the cental Tnited States. ™

Latitude, ACD, BGD, Longest day,
Degress Minutes langleys langlevs hours
3B W] 515 230 14.6€
35 x4 513 231 14,7
36 40 511 233 Y407
o 4] RS 235 1a.7
37 20 E0E =36 14,8
37 40 B0 3 238 4.8
34 o 501 240 14 .8
a 20 499 241 14.89
38 &0 498 aad 14.¢2
34 0 4594 245 14.4
a9 “o 481 Y46 15.0
a9 40 439 A&H 15.0
40 ] 4HE 249 15.0
an 20 434 251 15.1
40 47 462 252 1h:1
41 0 479 254 15. 1
41 20 477 255 15.2
41 40 474 257 16.2
42 ] 473 2hA 15.3
4 20 454 2B{ 16,3
42 A} 467 261 ilis 7 R |
43 o 464 262 15.4
a3 2] 462 254 15.4
43 A0) 458 265 15.5
44 0 457 ZEB 15.56
4 d 20 454 2688 155
44 40 4h2 269 5.6

¥ Farmalas from Cengiz (et al, 1981)

ACD = [sin(LAT)%(48.355%LD - &74.3B85) 4
B16.41%cos(LAT)*sin(pikLD/24)] # (0.29%cos(LAT) + 0.52)
BCD = [=in(LAT)k({574.3885 — 1.509*LD) -
26 .59 %cos(LAT Y#sin(pi*LDs/241] ® (0.Z28%cos{LAT) + 0.52)
LD = 0.2B7 % sin L
(0.5 + (0.007895/cos(LAT)) + 0.2188875%tan(LAT)I" P
LD = Longest day, hours. LAT = Latitude, degrees. pi = 3. 1418
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Table 2. Comparison of template characteristics as affected by software product and computer harduare specifications.

Lotus 125———=————
Speed and Coprocessor

e ——~pul Lt ipl anf—-—-
Speed and Coprocessor

Characteristic

SuperCalcd-—————"""

Sp=ed and Coprocessor

5M Bd 5H/BOB7  BMABOAT7 b3 | BHM SMsBOEY  BH/BOGT aH g Srsa0E7  AMeB087T

Template siza (KD 49 49 49 49 135 I35 135 L3S 128 128 128 12a
Load template, s=c. 12 G 12 B 36 27 37 27 93 Bl a1 ba T
Save tenplate, sec. 12 10 [ 10 21 17 24 17 B3 BL 58 42
Fecalculxkion

Half template, sec. 27 19 == 15 60 40 20 11 75 a3 27 19

Full tesplate, sec. 48 34 33 21 &0 30 20 11 75 53 27 19
Recalculation ratios

Half - Full 0.56 0.58 .67 0.71 1. 00 1.00 1.00 1.00 L0 1.0 1.00 100

Compared to SH 1.00 0.71 0.69 0,44 1.00 O.67 0.33 0.18 1.0 0.71 0.36 0.25

Compared to BH 1.41 1.00 0.97 0.62 1.50 1.00 0.50 0.28 1.42 1.0 0.5l a.36

Compared to SM/B0E7 1.45 1.03 1.00 O.64 3.00 2.00 1.00 0.558 2.7 1.96 1.00 0.70

Compared to BH/BOBY 2025 1.62 1.57 1.00 5.45 3.64 1.82 1.00 3.9 2.79 1.42 1.00

# Multiplan recalculation times can be much smaller than values shown. Multiplan allows for calc

and also does not have to recalculate any Formulas previously calculated.

ulation during data entry
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Figure 1. Size in Kilobytes of the ETr template as implemented in
Multiplan, Lotus 123, and SuperCalc3.
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Figure 2, Time in seconds required for loading of the ETr templzte as
implemented in Multiplan, Lotos 123, and SuperCalc3.
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Figure 3. Time in seconds reguired for saving of the ETr template as
implemented in Multiplan, Lotus 123, and SuperCalc3.
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Figure 4. Time in seconds required to pecalculate the full ETr templale as
implemented in Multiplan, Lotus 123, and SuperCalc3. Hote:
Multiplan 3.0 has recalculation methods that result in times much
shorter than shown when some cells have been previously calculated.
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Figure 5. The ratic of recalculation times of a half full ETr template as
compared fo a full template for Multiolan, Lotus 123, and

SuperCalc3, assuming that half the template data is entered in
the currenl session.
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APPENDIX A ALGORITHMS AND CONSTANTS

Tha faollaowing list of egquations, headings and constants can
be usad to reconstruct the ETr template in Multiplan 3,00, Lotus
123, ar SBuperCaled. A set of zample data and results 1is included
to check wvalidity of reconstructed formulas.

Takle Al. Column formats in the ETr template.

Column
ME 123 & 5C3 Width Decimal Places
1 [ 3 D
2 B 4 -
3 i 4 0
4 D 4 a
5 E 4 0
B F 4 0
T G 4 0]
8 H 5 [y
g 1 5 g
10 J 5 2
11 K 5 2
12 L 4 0
13 M 4 Q
14 &) 4 0
15 0 5 o
18 F 5] i
% & b 1

Constants™ Current Location Current Description
ME 123 & 3C3 VYalu=

ANH R157C2 Bi&T 2 fnemometer helght, £t

ALW R158C2 B155 1.22 LW Radiaticn A Cosfficient
BLW R159C2 E153 -0.18 LW Radistion B Coefficient
REF R1E0CE Blgo 0,23 REeflectance or Albedo

ACT Ri610C2 B1E61 491 Clear day & Coefficient
BCD Rig2C2 Bl&2 248 Clear day B Coefficient
DRA Rle3ce Bl1g3 . 3E8 Brunt & Coafficient

BRE Rig4C2 Blsg4 ~0.044 Brunt B Coefficient

ETFEF RigECE Blgs 0.0006873 Conversion Factor faor ETr
AW Ele60C2 B1B68 0.v6 Wind A Coefficient

In Multiplan 3.00, thsse constants are also pnamed variables
appesaring in formulas. Typical modification far olher locations
will invaolwve changing the valuess of AHH, ACD, and BCD. ETr is
currently expressed in in/day, changs ETF o Q.Q01709 for rssults
in mm/day. The remsining constants should not be changed unless
the user knows exactly what corresponding constants and formulas
may alsc be changing.
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ALGORITAMS AND CONSTANTS

Table AS. List of date and climatic input variables
inn the ETr Lemplate.

Tabhle Wariable Current Location

Heading MName™ ME 123 & SC3 Description
Month MOHTH ER2:15401 AZ:4154 Month (Numeric) &5 - 8
Manth - RZ:1840% GZ:B154 Month (Alpha) May l-Hep 30
Day DAY RZ2:1h4073 L2:C154 Day of Month 1 - 31
Trax THX REz2:1540C4 De:D1k4 Maximam Dailly Temp., F
Tmn THH R2:15405 E2:Fihd Minimum Daily Temp., F
Tob TO RZ:154C8H FZ:F154 Chservation Temp., 8 am F
Twt. TW R2:15407 32142154 Wetbulb Temperature, 3 am F
SRad SR RZ: 15408 HZ:H154 Solar Radiation, langlsys
Wind W Re:154C% T2:T11504 Wind Run, miles/day
Rein BALH R2:154C10 JZ:J154 FPrecipitation, inches

¥ Variable names as used in formulas in Multiplan 3.00 template.
No variable names are used in the Lemplate for Lotus 123 and

SuperCaled.

Table Ad4. Sample data and results for ETr template.

Examples of walid ETr results for given climatic data.

Month Day Tmx Tmn Tob Twt
5 MAY 1 100 95 75  &hH
5 MAY 2 T8 &0 hH &Z

FExamples of walid CW

ANII 3
Cw 0.02073
ANH £

oW 0.02197

SRad Wind Rain ETr BN Rlo CDE G1 YEA VES
g00 50 0.00 O.30 328 141 S48 0.73 17.4 47 . K
475 25 0.00 O0.16 265 142 651 0.65 12.2 21.0

results for a given ansmomseter height.
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fable AS. List of computed wariables and formulas in Multiplan 3.00.

Table Mariable Current

Heading Hame Llocalbion Description and Formula
ETr ETr E2:154C11 Reference Evapotranspiration, indday
IF (VPS<UPA, RNeGL#ETF, (RN#G1+15. 36 (161 >4 CRLHCH#H 3 # (UPS- VPR 24ETF )
M B PB2:154C12  Het Radiation, lamgleys
LF{SR>COR, (CC1-REF)#5R)=( (ALW+BLW} ¥RLO Y,
€ ((C1-RPEF ) #5R—( (ALW# (SR/CORY »+BLU>®RLDY 1)
Flo RLC p2:154014 Clear day Net Outgoing Longuave Radiation, langleys
(ORA+ (BRO*SART (YPAX 2 )11 _71# ( (({ THX+ THMN-543/360)+2. 73742
COR COR pP2:154C15 Clear day Solar Radistion, langleys
ACD+ (BCO#S [NE ¢ 2%PL ¢ )+ CCMOMTH-1#302+DAY+10. 5)/3652-(PL () /23 22
1 61 RPZ:154C16  Heighting factor
D. 041+¢0. 0125% CCTHX+TMHY #2) )~ 04, 534E-05% C CCTHA+THN /20423
UPHA UPH R2:154C17  PActual Vapor Pressure, mbars
5. 954 (~0. 00534#¢ TO-TH} )+EXP(54. 63-( 12301 . 7/ TH+460) 3=5. 17#LN{TH+460)) )
Ups LUPS p2:154C18 Ssturation Vapor Pressurs, mbars
B9, 954 (EXP(54.63-C12301. 7/ CTHE+R4602 25, L F#LN{THE+46022
HEXP(54. 63~ (12301 . 77 CTHN+460) )—5. 17%LHCTHN+=4600 1) /22
Cu - R1E7C2 Wind Comstant (Calculated from Anemometer Height ANH:

002426/ CANHMI. 1430
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Table A6. List of cosputed variables and Formulas in Lotus 123,

Table

Current
Heading Location

Description and Formula

ETr

En

Rlio

COR

Gl

VPR

LPS

K2: K154

L2:L154

HMz:M154

H2:H134

02: 0154

P2:P154

2154

BiG?

Reference Evapotranspiration, in/day
mHﬂnmmAﬁm,FMtGMtwmmwmu.nrmtﬂm+Hm.mmtnplumuiﬁﬂmmwmm+mmﬁpmuimmu=nnmlﬁmuu*mmﬂpmmv

M=t Radistion, langleys
RIFCH2>M2, ¢ (1S5 160 #H2) - ($BF15B+5E515924H2)) ,
(({1-SE51603#H2—C (PBE 1T+ CH2/MN2) 3+6BE1 30 wM2%) 22

Clear day Het Outgoing Longwave Radiation, langleys
(SBS1ES+CSBEIGA#ESERT(P2) 2341 1. 71w (({02+E2-643/3B0)+2.73274

Clear day Sclar Radiation, langleys
+§BE161+{ $E5162#RS INC2#@PT#( { {A2-1)+30)+L2+10.52 /365~ (EP1/237)

Heighting factor
0. 041+ (0. O125# (02+E£22 /23— (0. 00004534# L CLO2+E2D /204200

Fctual Vapor Pressure, nhors
ER. 95%( (0. 005344 (F2-62) ) HIEKP{54 . 63— (12301 . 7/ (B2+46021-5. 17#ALNCG2+4607 1)

Saturation Vapor Presswure, mbars
£0, 95#¢ (REXPCS4. 53— (12301 . 7/ (D2+4607 )5, 17%RLN(D2+4600)
+AEXP (54, 63-(12301. 7/(E2+4602)-5. 1 7#ELN(E2+460) ) 3 /2

Wind Constant (Calculsted From Anemometer Height ANH2?
0.02426/(38$157°0. 143)
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AFPENDTY B. ZSAMPLE SESSIONS

Multiplan (Version 4.0} Template ETIRE.HF

Bezgin at the syvstem prompt A». The following table cof
actions would result in example calculations of ETr for May 1.

NOTE: <CR> is cerriage return, -—-» is Lhe right arrow.
Current Display 'ress these Keys Commanta
Ax HME <CR>» A&t prompt, MP will load it
it sxists on current A drive.
Blank Template TLE:ETIRRE.MP Load (TL) file ETIRH.MF from
+he B drive.
ETIEE . MFP Templats Arrow keys Move to dasired date and
as reguired. column 4 for maximuam temp.
Cur=or at column 4, BE-» Enter maximum temp. 85. MHove
carrent dats to cell 5, current date.
Cursor at column 3, BE->» Enter minimum temperature of
current date 5. Move to next column.
Cursor at column 8§, BE7T-> Enter drybulb tLemperature
current date of B7. Move to next column.
Cursar at eclumn 7, 66— Enter wetbullb temperaturs
current date of 66. Move to next column.
Cursor at column 8, 420-> Enter solar radiation value
current date of 420. Move to next column.
Cursor at column 3, 100-> Enter wind run of 1004,
current date Mowe to next column.
Cursor at column 197, 1.00-2 Enter precipitation of 1.
current date _ Move to oext column.
Cursor at ETr column Shift | This will insure zall

celeoylations are made.

D.E1 POR1:2C01:11 Thiz is ETr value for day.
and <CR:» Setup for printing rows 1-2
columns 1-11, To setup for 5
rows, tyvpe POR1:5C71:11.

0.21 F Print table.

0.21 TSE:ETIRR.MF Sawvse zll changes to disk B.
and <CH»

0,21 & Exit to system prompt.
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Lotus 123 [(Release 2.0)

Begin at ths system prompt B>.

LAMM- B2

SAMPLE SESSI0OHS

Template ETIHE.WE1

The following table of

actions would result in example calculations of ETr for May 1.

NOTE:

Current Display

B A:1323

Blank Template JEFR and use
arrow keys to
to highlight
ETIER. WK1 <CR»

ETIRR.WK1l Template Arrow keys

as required.

Cursor at column D, BHE=>
current date

Cursor alt column E, 65—
current date

Cursor at column B, BT->
current date

Cursor at column &, G6->»
current date

Cursor at column H, 4202
current date

Oursor at column T, 100->
current dsate

Cursor at column J, 1.00->
curranl. date

Cursor at BTr column [F3]

Function key

0.21 /PPRAL K2
and <CR>

0.21 G

0.21 o

0.21 SFS and <CH:

0.21 /@ and Y

<OR>» 1s carriage return,

=» is the right arrow.

At prompt, 123 will load if
it exists on the A drive.

Fiie retrieve (FR) ETIRR.WKl
from the B drive.

Mowve to desired date and
column I for maximam temp.

85. Haowve
current. date.

Enter maximum btemp.
to next column,

Enter minimam temperature of
5. Move to next column.

Enter

of 67.

dryvbulb temperature
Movae Lo next column.

Enter
of 66,

wetbulb temperature
Mowve Lo next columm.

BEnter solar radiation valus
of A20. Move to next column.

Enter wind run of 100.
Mowve to next column.

Enter precipitatien of 1.
Move to next coclumn.

This will insure all
calculaticons ars made,

ETr value for day. Setup for
printing for range Al to KZ.
SGetup for 5 rows is /PPRAL1.Kb.
Print tabtle.

Guit print menu.

Save all changes to disk B.

Exit to system prompt.
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APPENDIX B. GSAMPLE SHSSIONS

SuperCalec3 (BRelease 2.1} Template ETIER.CAL

Begin at the system prompt A>. The following table of
actions would result in example caloulztions of ETr for May 1.
HOTE: <CR» is carriage return, <ESC» is sscaps.

A> a3 At prompt, 5€3 will load if
it exists on the A drive. Hit
any¥ key to begin.

Blank Template LE:ETIRR Load the fil= ETIER.CAL

gnd <CR» from the B drive.
ETIRR.CAL Template Arrow kevs Mowve to desired date and

as required. column I for maximum temp.
Curseor at column D, 8E5<CRE>» Enter maximum temp. 85. Move
current date to next column, ocurrent date.

ey EsE¥Note: Call curscr advances in same direction
it was last moved by arrow Keys®E®asswxss

Cursor at column E, E5<CR>» Enter minimam temperature of
current date 65. Hove to oext column.
Cursor at column F, BT<CE>» Enter drybulb temperature
current date of 87. HMove to next column.
Cursor at column G, f8<CR>» Enter wetbulb temperature
ourrent date of BB. Mowve to next column.
Cursor at column H, 420 <CRy Enter solar radialtion wvalue
current date of &420. Move to next column.
Cursor at ceolumn I, 100<CR> Enter wind run of 100.
current date Move to next column.

Curscr at column J, 1.00<CR> Enter precipitation of 1.
current date Move to next colunn.

Cursor at ETr column Shift | Thiz will insure all

caloulations are made.

0.21 AODAT CKE ETr value for day. Setup for
and <CR» printing for range A1 to KZ.
Setup for 5 rows is /ODAL:ESL.
0.21 F Frint table. Heturn to
Hit anv kev =spreadshest after printing.
.21 /5 <ESC> <CRB>» Save all changses to disk B.
and OA

Q.21 J8 and Y EBxit to svstem prompt.



