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A COMPARISON OF LYSIMETER- DERIVED POTENTIAL
EVAPOTRANSPIRATION WITH COMPUTED VALUES

By J. L. McGuINNESS, research statistician, Soil and Water Congervalion Re-
search Divigion, Agriculfural Research Sercice, apd Ericu F. BorDNE, Pro-
fessor, Department of Geography, Rent State Universily

INTRODUCTION

Many aspects of water resources planning in humid areas do not
seern to be as critical as they are in more arid areas. Water supplies
in humid areas are generally adequate and some excesses can be
tolerated. Accurate estimates of water use in humid areas are nec-
essary to estimate the occurrence of droughts and water shortages.
The significance of water shortages relative to supplies is less in
humid areas because of the infrequency of such shortages. Much
of the current research on evapotranspiration {£77) is being done in
subhumid and arid areas where water shortages are chronic.

Pressures on the currently adeguate water resources of the more
humid areas are increasing, however. The demands of an increasing
population, rising use of water by both agricuiture and industry,
and failure to deal forcefully with our water pollution problems all
tend to take us nearer the point, where supplies will become marginal.
Water supply development in headwater areas already costs hun-
dreds of millions of dollars annually. Rehable basic data and im-
proved technology will be necessary to solve the problems that future
restrictions in water use will bring.

We also need more information on the £7 process to handle today’s
problems, Technigues for accurately estimating £T would result in
better predictions of water supplies to meet current needs and the
downstream effects of land practices on water yield. Mathematical
mogels of & humid area watershed may compute ET rates that are
too low in one season of the year and too high in another. This
discrepancy may not be too serions in the overall performance of
the model because the soil moisture storage or soms other parameter
may have a compensating error. However, as the errors and biases
in estimating precipitation, surface runoff, soil moisture storage, and
deep percolation are reduced, the uncerfuinties in estimating ET
must also be reduced. Valid prediction of short-term £7 amounts is
a prerequisite to a complete understanding of the entire hydrologic
systern.
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£T, which includes evaporation from hare soil and evaporation
of intercepted water as well s transpiration, is generally considered
to be a function of (1) the potential evapotranspivation (1247, the
capacity of the atmosphere to e aporate and vemove water: (2) the
sol moisture supply. which affects the ability of the plants to tran-
spire at their maximum rate; and (3) the wype of plant cover that
affects L7 through such factors as depth of vooting, density, matu-
rity, and canopy roughness. _

This report deals with the Arst of the above functions, the estimn-
tion of PET. Determination of PA7 is usually the firs step in the
estimation of £7. Several methods have been proposed for estimating

PET from elimatic weasurements—methods ranging from purely
empirical relationships to others with w basis in the physies of the
evaporation phenomena. Most of the estimating methods were de-
veloped in response to arid lund needs, and application of these
methods in humid areas is questionable. The purpose of this report
is fo compare data obtained through the various estimating methods
with those from a lysimeter-derived “standard™ 72/ 7 curve as an aid
to the selection of appropriate estimating methods for humid areas.

Another purpose of this report is to incorporate, in one place,
the computational techniques requived by the various estimating
schemes. Some of the estimating methods ave arithmetically com-
plex and a “cookbook™ appronch to their solution hh(}ill(l be Im]pful

Finally, all the basic dam wsed arve tabulated in Appendix B.
Thus, the reader who wants to test a method not inc-luded in this
report hag all the data available to do so.

DERIVATION OF “STANDARD” PET CURVE

Much of the research work in 27 has utilized alfalfn ax the
expertmental crop. Data are available from a deep-rooted grass-
legume covered weighing lysimeter at the North Appalachian Experi-
mental Watershed near Coshocton, Ohia, for the periad 194565 lesx
the years 1456, 1955, and 1964 when the cover was being renewed.
These 15 years of data were shown fo be vepresentative of the long-
term climate at Coshocton {30).

Daily £7 from the period of record from 5845 to 1965 were ex-
amined by Mustonen and MeGuinness (-#0), and a listing of megsured
duily £'7 values was given in their report. These data Torm the basis
for deriving a series of mean daily £7° values which would have oc-
curred had P27 conditions existed. On the avernge. daily values of
T from the weighing lysimeter growing deep-rooted grass at

FHalie numbers in parentheses refer to Litorataee Cited, p, 24,




LY., IMETEL -DERIVED POTENTIAL EVAPOTRANSPIRATION 3

Coshoeton are less than daily values of PE7 because {1} the grass is
cut for hay, which leaves less than a full green cover uniil some leaf
regrowth has taken place; and (2) soil moisture is limiting during
soie periods in almost every year.

First, it was necessary to remove the effect of cutting hay from the
data. Mustonen and dMcGuinness (30) found that after hayeut, £7
fell to about half of normal and then gradually increased wntil it
again reached normal in about 3¢ days. To correct for this effect, at
Jeast 158 days of data were discarded after every haycut. The suceed-
ing 15 days of data were scanned and subjectively eliminated if their
£7 values were still inereasing with time. The values remaining
after this step were cousidered representutive of PFT from a full
cover condition, providing soil moisture supply was not limiting
water use by plants.

Next, the values were corrected for the effect of limiting soil
moisture. The equation developed by Mustonen and MeGuinness (317)
predicted daily £7" during the growing season as

BT = 0.7 PET §M4%5

where £7 is daily evapotranspiration, P£7 is lake evaporation as
romputed by the TU.S. Weather Burean (USWIB) formula (£3), and
K7 is the soil moisture In the top 40 inches of the lysimeter soil
profile. All units in the equation are water depths in inches. Daily
values of both PET and SIf as defined above were given by Musto-
nen and McGuinness (30).

For each growing season day when S/ is below field capacity, £7
can be computed from the above equation using, first, actual S/ and
then repealing the computation using field capncity S/, The differ-
ence between these two values is an estimate of the additiona]l amount
of £7 that would have oecurred had soil moisture not been limiting.
These differences, therefore, were added to the measured ~7 values
to produce data that should closely represent PET' for deep-rooted
vegetation at Coshocton.

Daily values derived as described above were then averaged for
each day over the 15-year period of revord. The resulting 366 aver-
ages are shown by the points plotted on figure 1. The curve drawn
through the scatter of points is a five-term harmonic curve fitted to
the daily averages. This smooth curve is tuken to be as close & repre-
sentation of the mean seasonal PA'7' patiern aus can be obtuined from
the Coshoeton lysimeters. Mean daily values ave tabulated in Ap-
pendix table 33.

The decision not 1o make comparisons bused on individual years
resulted from the inconsistency of the dates of hayceuts. By averaging
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Frounie L——Avirage daily potential evapotranspiration {(PH1') 48 estimated by a lysimeter growing deep-rooted grasa-legume, 1948~
G5 less 1956, 1957, and 1964 when the cover was renewed. Observed A7 values have been adjusted to remove the effect of hayeut
and of soil meisture below field capacity in the top 40 inches of soil.
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over 15 years, the effects of variable dates of haycut should be mini-
mized thus allowing an average seasonal pattern of P47 to be shown.

In evaluating the Coshocton Iysimeters, Mustonen and McGuinness
(30) concluded that the Ivsineter £7° values obtained were too high
as compared with #7° values from surrounding grassed fields but
that there was no seasonal bias in the differences. Thus, althoungh the
curve of ficure 1 has the correct shape, it may be too high by u fixed
amount per day throughout the year. The “standard™ /7" curve of
figure 1 will be referred to in quotation marks throughout this report
as a reminder of this possible difference.

COMPUTED PET CURVES

Numercus formulas and methods for computing PA7 have been
propog.:d over the years. All of these methods use climatic informa-
tion 1n their development, Most of the empirvical methods require the
input of only one or two commonly available parameters, such as
mean daily aiv temperature or air femperature pins radiation. The
success of these empirical methods depends on tne correlation of
PET with the input parameters. There is always the danger thut
empirical methods may not operate too satisfactorily outside the
climatic regime in which the original correlations were developed.

The combination method of estimating £°/'7 is based on the physics
of the evaporation process. This method invelves the simultaneous
solution of the aercdynamic equation and the energy balance equa-
tion. Input requirements are more stringeni than in most empirical
methods, requiring air temperature, humidity, wind, and solar (or
net) radiation parameters.

The elimatic data requived by the various methods were averaged
in much the same manner as the data for the “standard™ /74’7 curve.
Thus, air temperature data from the Coshocton station were nveraged
over the same period as for the P/7" datu, & harmonic curve was
fitted to the duta, and the 366 daily values of the fitted curve were
used ag the air temperatere input for the various F£7 methods.
smoothed input values of meun daily dewpoint temperature, wind
in miles per day, solar radiation in langleys per day, and computed
pan evaporation in inches per day were all determined fhis way.

Almost 21l the normal day-to-day variability has been removed
from the climatic inpul data and from the “standard™ P47 curve.
The final data sets are the result of {irst averaging 13 years of dafa
and then fitting a sinooth curve through the resulting dutz points.
The imput datn for the various /727" formulas and the “standard”
PET data are taken from these smooth curves. These smeothed input
daty were then used to rompute /7 curves by methads udvocated
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by various wovkers over the years. These methods have been classi-
fied by their climatic input requircments and are described briefly
below. A detailed description of the computational methods is given
in Appendix A,

The methods of computing /757" described below and in Appendix
A are by no means exhuustive. Many of the more widely used meth-
ods are meluded. The Lasic data used in this study, however, are tubu-
lated in Appendix B so that the reader can apply other techniques
should he so desire.

Afr temperature only—Two well-known systems for computing
PET from air temperature data only are the Thornthwaite (50) und
the Blaney-Criddle {3) methods. Both methods have been widely
used and are well known. Daily values of crop growth stage for the
Blaney-Criddle method were obtained from a Soil Conservation
Service publication {44). The Ilamon (74) and Papadakis (33
methods also require an input of air temperature alibougli they also
utilize o humidity function. In both cases, the humidity term can be
obtained from tabled values using air temperaiure as the argument.
Again, the methods were modified from a monthly basis when

necessary.
Air temperature plus solar radiation~—~"The methods falling in this
category include those of Grassi (/.3}, Stephens and Stewart (463,

Ture {52}, Jensen and Flaise (27), and Makkink (27).

ANl pertinent climatic inputs~—The method used in this class is
that developed by Christiansen (5). Although empivieal, Christian-
sen’s method provider for the inclusion of as many climatic param-
eters as are available.

Combination methods—The remaining methods, all based on the
combination method, include Penman (J6), van Bavel {53}, and the
pan and lake evaporation methods of Kohler, Nordenson, and Fox
(23).

For each of the above methods, values of PAT were computed for
each day of the year. In addition, the input vulues were averaged
for ench month and monthly 777" was also caleulated by the various
methods.

The data were also analvzed for an April-October growing season
period as well as for the whole year. For some purposes, such as
irrigation scheduling, only the growing season dala are pertinent.
Recause many hydrologie analyses require data for the entire year,
the methods are also compared on this basis.
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RESULTS

AMean daily PEZ values derived from each of the methods listed
in the preceding section were compared with mean daily values from
the lysimeter ££7 curve (the “standard” curve), Tabulations of
the smoothed climatic data used as input to the compurtations and
the computed />£'7" values for each method are given in Appendix B.
Computational details for each method are miven in Appeudix A

Graphs of the comparisons of computed A7 curves with the
“standard” lysimeter PA7 curve are given in figures 2 to 3. The
solid line curve on figure 2 is the “standurd™ lysimeter curve, whereas
the broken lines are mean daily PAT values as computed by the
Thornthwaite, Blanev-Criddle. Hamon, and Papadakis methods.
These methods use air tempernture only as input. The other figures
in this set are for the other three groups of methods previously listed.
In every case, the solid curve represents the "standard”™ lysimeter data.

In addition to daily values as given in Hgures 2 to 3. mean monthly
values of PET were nlso computed by the various methods. Results
of these calculations are given in table 1 along with the lysimeter-
derived values for comparison. The monthly values of table 1 were
computed by using average monthly values of rlimatic factors as
input to the various formulas. They are not the sums of the daily
values in figures 2 to 5.

The statistical method used to compare the “standard™ curve and
the compuied curves was the root mean square (RALR.) compured as

RAME.=iD¥x)"®

where /2 is the sum of the daily differences between values from the
»standard™ and computed curves and .V is the number of obzervations.
This statisti~ gives equal welght to absolute diflerences between the
sstandard” and computed curves.

As diseussed earlier, the “standard”™ Iysimeter P£7 curve values
may be too high, but the shape of the curve is probably corvect.
Thus, the Tact that the “standard™ curve is higher on the chart than
the Thornthwaite curve (Hg. 2} may be partly due to this cause. To
compare the shapes of the two curves, the “standard™ curve was
shifted by multiplying each daily value by a constant fo make the
area under the “standard™ P27 curve equal lo the area under the
Thornthwaite curve. This procedure makes the mean daily PA7
equal for the two curves wder comparizon.
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FIrcUre 3.-—Average daily potential evapotranspiration (PET) as estimated by a lysimeter growing deep-rooted grass-legume and
as computed by the Grassi, Stephens-Stewart, Ture, Jensen-Haise, and Makkink methods.
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as computed by the Penmsan, van Bavel, and U.S. Weather Bureau methods. tj




Tavre L—Menthly values of P for various methods computed wsing average monihly values as input

Moethod

Jun, Feb, Mar.  Apr May - June July  Aug. Sept. Oct. Nov.”  Dee.

AIR TEMPERATURE

Thornthwalte ..., ... 6.00 0.00 0.81 1.70 3.50 EXR) 5,66 4.99 3468 1.93 X 26,61
Blaney-Cridale B4 Ab .68 2.36 4.84 .00 7.4 6.72 4.30 2.34 . . 3779
Hamon. oo oo, A3 04 ki 1.86 3.30 4.40 5,08 4.80 2.78 156 . 20.37
Papndakis N 00 78 118 1901 2,04 348 4,07 3.90 3.16 2.23 1.12 . 20.21

AR CTEMPERATURE PLUS BOLAR RADIATION

Grassl ..., ... LGB 2,21 8.84 4.60 (.22 0.8¢ 7.00 .29
Stepheng-Stewart ... ..., 2 23 6 1.80 3.87 4.20 4,78 414
TEC. Lo s 00 00 B8 2.03 4,78 B.07 .01 6.27
Jengen-lnise .03 18 ki 2.81 5,50 .81 7.62 [IXE
Makkinik 07 171 28 4,12 4,72 1490 4.87

AVAILARLE CLIMATIC INFORMATION

La—

Christinnsen ..,......... 70 114 200 848 621  G&L 482 6.7 3.05 ) 40.30

e et i e s i

COMBINATION METIIODS
PORMAD «ovvenrinnieen, D0 104 280 845 401 668 600 Bt 2.38 3 37.62
van Bivel ..., 1260 148 287 402 68T 68T 024 G2 2.00 42.45
Lake evaporation ... ..... .06 90 10T 284 430  5.06 530 450 190 . . 32,15
Pan evaporation 1,09 1,85 231 3,74 5.5 .34, 6.407 6.05 43.35

S R A | A o g

TUALTADIYOV J0 "Id4dd 'S’ ‘ggﬂ NIIITING TVDINHOTL

LYBIMETER DIERIVEED
Lysimeter ., 6T 106 166 818 608 640

688  5.80
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R.MLS. values were computed for the comparisons of “standard”
versus PET values (figs. 2 to 5), as well as for the “shifted standard”
versus PE7T values. In the first case, the magnitude of the PET
values is taken into account, and the R.ALS. statistics are a measure
of the goodness-of-fit between the “standard” and computed curves
{figs. 2 to 5). The comparison of “shifted standard” with PET is
essentially & comparison of the shapes of the “standard” with com-
puted PET curves where the magnitude has been normalized.

Results of the R.ALS. comparisons are given in table 2 for daily
values and in table 8 for monthly values. Both tables give annual
totals of the PLT values.

DISCUSSION

Many previous studies have compared the reliability of computed
PET with values measured from open pan evaporatlon or lysimeters.
Almost all of these studies, however, usually lasted less than a year.
One exception is a study by Smith (43}, where a 26-year evaporation
record from a standard British sunken pan was used. Data from a
15-yvear period of record were used in the current study.

The time periods for which PE7 estimates have been made vary
widely. Van Bavel {53) gave o formula for obtaining instantaneous
PET rates and caleulated PET for periods as short as 1 hour. On the
other hand, Smith {43) calculated PE7" for seasons and entire years
in his study. In practical engineering applications, the period of
interest usually ranges from 1 day to 1 month. These two durations
were used in the current study.

The lysimeter “standard” curve shown on fignure 1 and tabulated
in Appendix table 33 is partly computed and partly meusured.
Mustonen and MecGuinness {30) found that the lysimeter overesti-
mated annmal field £7". They drew no conclusions on the ability of
the lysimeter to assess PET.

The inference that the lysimeter overestimates PZ£7" might not be
true if standardized surfaces were used in the computations. Some
methods were derived for grass surfaces, usually clipped. Others
were derived for merodynamically rougher crops, like alfalfa, in
which ecase PEZ would be higher.

A recent Technical Note of the World Meteorological Organization
{17} lListed the following requirements for reliability of evapobtran-
spirometer measurements, which are applicable to the Coshocton
lysimeters:

1. Disturbances due to the existence of the evapotranspirometer
must be minimal.




Tasne 2.—Fearly and April-October growing season PET as computed from
daily values with root mean squares (R.M.S.) for unadjusted and adjusted
lysimeter values

Unad- Ad- Unad- Ad-
Annunl  justed  justed Seasonal justed justed
Method total RAM.S. RM.S. total RM.S. R.M.S.

AIR TEMPERATURE

Thornthwaite ... 20.63 0.5 0.02
Blaney-Criddle ... 3811 02 02
Hanion 26.62 05 DL
Papadakis “is 26.30 06 02

AIR TEMPERATURE PLUS SOLAR RADIATION

Grassi .......... he i ieireies 4973 .~ .03 03 30.17
Stephens-Stewart .., 24,58 05 01 22.76
Ture .. 32.55 .03 01 30.82
Jensen-Halse ............0...., 38.24 02 .02 36.10
Makkink . 33.11 04 0L 20.21

AVAILABLE CLIMATIC INFORMATION

Christinnsen ............. ..., 40.42 02 02

COMBINATION METIIODS

FUNLTADTIADV 0 “LJIUd "8 "(',Q‘}?I NILZTIAT TVOINHOILL

Penman .. ......... Ve 37.74 02
Van Bavel .., .......0........ 42.23 02
Lake evaporation 32.18 03
Pan evaporation . 43.35




TasrLe 3—Yearly and April-October growing season PV as computed from
monthly values with root mean squares (R.M.S.) for unadjusted end adjusted

lysimeter values

Method

Unad- Ad-

Unad- Ad-

Ammutl  jJusted  Justed  Seagonal justed o justed

total R.MB. RMS.

total R.ME  RM.BJ.

AR TEMPERATURE

s

Thornthwaite
Blaney-Criddte
Hamon ...,

Papadakia  ..........

P . SR

2001 128 004
37.79 G4 08
2087 140 5

....... . 20.21 1069 Bl

o588 149 06T

30,01 a3 a3
28.22 1.80 .88
21.78 2.20 08

AIR TEMPERATURE PLUS BOLAR RADIATION

Grassi ... .. e 4071 03 07

Stephens-Stewart ... ..

Jengen-Halse
Makkink .,.....

e 24.48 1,60 32

82.66 6 A7
38,05 .68 .61
31,06 1.10 30

AVAILABLE CLIMATIO INFORMATION

39.1¢ 2 .60
22,60 1.88 29
30,82 7 20
86,99 bt .52
20,18 144 20

Ohristluusen . i, ;10.30‘ - A8 o .48

COMBINATION METHODS

34.00 60 A9

Pénman .,

Van Bavel .,,.,......

Lake evaporition .
Pan evaporation ...

37.02 OL 48
42,45 89
82,16 03
48.86 A4

31.21 (i B4
33.65 .60 50
27.38 1,22 21
30,44 39 A0

5
g
5
:
:
J
b
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2. Evapotranspirometer area must be sufficiently large to give a
representative vegetative cover and to minimize disturbances due
to walls,

3. Evapotranspirometer depth must permit free growth of plant
roots.

4. The width of the annulus formed by the containing and re-
taining walls plus the gap separating them should be as small as
possible.

5. Restricted drainage at the bottom resulting from surface
tension at the soil-air ipterface must be prevented.

6. The temperature below the soil conrainer should be repulated
when necessary, ro minimize disturbances due to thermal izolation
frrnm the soil benesth.

T. Vertical seepage at the walls can be reduced by using shallow
corrugated walls and lnward projecting flange rings to break the
direct flow.

8. The evapotranspirometer should be located at a sufficient dis-
tance from the upwind edge of the surrounding area.

9. The surface should be covered with vegetation typical nf the
surrounding area and the state of plant growth inside and outside
the evapotranspirometer must also be similar.

10. It is important that the local soil should be representative
of the area under study and that the evapotranspirometer soil
correspond closely to thar under natural undisturbed runditions.

13. The soil surfree inside and outside rhe evaporranspiromnerer
must be at the same level.

12. Apgricultural operations should be carried out at the same
time and at the same intensity as in the surrounding field.

13. To avoid wind loading effect. evapotranspirometers shoutld
not be weighed in windy conditions.

14, To avoid errors due to minfall catch. the plants in the
evapotranspirometers should be kept vertieal. and broken leaves
should not extend outside the tank.

With the exception of requirement 4. adequare provisions have been
made in installing and operating the Coshocton Ivsimeters to stisfy
the other 13 requirements. The perimeter of the lysimeter waz abour
16 inches wide during much of the period of record when data for
this report were belng assembled. This wide border area is one of the
reasons for putting the “standard™ ecurve in quotation marks as a
reminder that the values mayv be tpo high. The lysimeter perimeter
has been about 3 inches wide simce 1064 Detailed descriptions
of the Coshocton lystmeters have been published by Harrold and
Dreibelbis (17, 18]-
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The “standard” curve of figure 1 is not a maximuwm possible PET
curve. To derive such a maxlmum curve, it would be necessary to plot
the maximum PE7 found for each date in any of the 15 years of
record and then fit an envelope enrve over the scatter of points. The
“standard” curve of figure 1 is an average of PLT conditions at
Coshoeton.

Parmele (34) recently made an intensive study of £7" at the Co-
shocton lysimeter. Under high soil moisture {P£7) conditions, he
found that the Bowen ratio method of estimating £7 gave almost
the same values as those measured with the Jysimeter. This lends some
confidence to the use of lysimeter values, at least as measured under
PET conditions.

The shape of the lysimeter “standard” PET curve {fig. 1) is o little
startling at first glance. The broad crest of the curve covering June
and July seems anomolous because one would expect & more peaked
curve. PET 15 primarily regulated Ly solar radiation, which means
that o peak should cecur in late June {App. table 8). The crop during
these months, however, is either (1) an old, matwre meadow, which
is almost ready for cutting; or (2) the freshly regrown meadow at
least 2 weeks after the first cutting has been made. Thus, plant
I'hysiology probably affects the 7 values during this period. More
variation occurs in the data at this time of year than at any other
(fig. 1}.

When soil moisture was below field capacity, a correction was
added to £7° to arrive at u PET value, The wethed of computation
should not have introduced any bias into the “standard” cuvve, It
can be shown algebraleally that only the etfect of limiting seil
moisture was allowed for and that the effect of PAT in the correct-
ing equations cancels out. Daily values of average soil moisture arve
given In Appendix table 7.

The climatic and other Input data used in the calculation of the
theoretical PE'7 curves were not all collected onsite. Of the input
factors tabulated in Appendix B, only air femperature, humidity, soil
moisture, and Iysimeter &7 were derived from onsite measuvements.

The most important missing onsite dutw is undoubtedly radiation.
The values of solar radintion in Appendix tuble 8 are » mixture of
nctual measurements ab Wooster nnd values computes from sunshine
measurements at Columbus by standard methods (4¢). Doth locations
are close enough to Coshocton to be representative of Coshocton solar
racintion conditions. The fuct that 13 years of duty were avernged
for each day and the daily averages were then fitted with a smooth
curve to get the vulues of Appendix table § also helps to achieve a
realistic pattern of solar radiation values.
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Smoothing the climatic data has resulted in input variates that are
gversges rather than meaximums. For instance, the air temperature
value of 71.0° F. used for July 1 (Apn. table 4) is the average value
expected, wherens a maximum average daily temperature for fhat
date might be in the 80's. Therefore, the computed PL'7 curves raust
also represent average rather than maximum FPET conditions. The
derivation process for the “standard” lysimeter eurve is such that it
too represents average rather than maximum conditions.

Inspection of tables 2 and 3 shows that no one group of methods is
particelarly outstanding. The Blaney-Criddle, Jensen-Iaise, Chris-
tiansen, Penman, van Bavel, and pan evaporation methods all gave
annual tofals within 10 percent of the 40.14 inches indicated by the
“standard” curve. In each of these six eases, the RALS. values for
both the nnadjusted and adjusted curves are low, indicnting a close
fit between the shapes of the “standavd” and theoretical curves. These
same PET curves were also within about 10 percent of the 35.16 inches
indicated by the “standard™ curve for the April-October growing
season, and, again, the Jow RALS. values indicated a close fit of the
curve shapes.

Several methods were considered for judging goodness-of-fit of the
computed to the “standard” curve. If the curves were recast into the
equivalent cumulative form, the Kolmogorov-Smirnov test (42) would
be appropriate. This fest, however, 15 coneerned with the point of
greatest divergence between the two distributions and fulls short of
being & comprehensive overail comparison,

The chi-squared test was not suitable because it deals with the
expected number of responses falling in each category. Chi-squared
also tends to weight a divergence inversely according to the size of
the expected number. Correlation coefficients were rejected becanse
of the high degree of correlation built in by the seasonality of the
data (47). The RALS. technique is free trom these objections. Tt is
not much different from the U-statistic vsed by Dawdy and ('Tlonnell
{(8).

The Thornthwaite curve of fignre 2 is consistentiy below the lysim-
efer “standard” values. Annual totals were 26.63 and 40,14 inches,
respectively. This is in contrast to Smith's (43) Andings that Thorn-
thwaite values consistently exceeded puan evaporation on an anmuld
basis in the temperate maritime climate of northern Eanglind. In
the same general geographical area, Makkink (27) reported that
Thornthwaite values of P27 were very similar to measured lvsimeter
values in the Netheriands.

The Thomthwerite curve on figure 2 shows zero values of PAT
from December 6 to Mareh 3, when meuan daily air temperatures are
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less than 32° F. The £t to the “standard” curve is better during the
fall months than during the spring. The Thornthwaite method 1s
widely used because of its simplicity and because it is part of a system
for computing the water balance (4§},

Pelton, King, and Tanner (-35) found that PET estimates by the
Thornthwaite methed are not reliable when based on short-term
mean temperatures. They reasoned that the failure of the Thorn-
thwaite method over short time periods is duoe to the faet that short-
term mean temperature is nof a suitable index of incoming radiation.
Stern and Fitzpatrick (47) also reported that empirieal relationships
based on temperature had no practical value as short-term predictors
in the dry monsoonal climate of northwestern Australia,

Smith (42) compared PLT values calculuted by the Thornthwaite
and Penman methods with a 26G-vear record of measured pan evapo-
ration. Thornthwuaite estimates were greater than pan evaporation,
especially in sumumer: whereas Penman estimates were lower than
pan values, especially in the fall. In the currvent study, the computed
pan evaporation curve tfig. 3} was higher than the Thornthwaite
curve in every seasom. especially in the frst half of the year.

The Blaney-Criddle curve on figure 2 resembles the Iysimeter
~standard” curve much more than the other curves requiring only
temperature as input. The annual total of 38.11 inches compares
favorably with the 40.14 inch total from the lysimeter. The greatest
diserepancy between the curves amounts to sbout 19 percent at the
summer peak. The Blaney-Criddle technique is widely used n irri-
gation agriculture but also seems to be well adapted to the humid
Eastern enviromment,

The curve computed by Hamon's (74) method is based on possible
hours of sunshine and the saturated water vapor density at the daily
mean temperature. The curve is consistently low in all seasons.
especially the growing season. A more recent version of the formula
{15} was also tried, but the results were slightly more af variance
with the “standard” curve than the curve on figure 2 and are not
presanted here. Jones {22) found that the Penman method gave
larger values than the Thornthwaite and Hamon methods in spring
and early swnmer. Ie chose the Iamon method for his study of the
variability of £'7" in Illinois because of its greater simplicity and ease
of caleulation.

The Papadakis curve shown on figure 2 is derived from the satu-
rated vapor pressure at the duily maximaum and mean daily dewpoint
temperatures. The annual total ig 26.3¢ inches compuwred with 40.14
inches for the “standard” curve. The Papadakis curve matches the
sgtandard™ curve during winter but is much fiatter during the rest of
the year.
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All the computed PET curves peak during middie to late July in
harmony with the distribution of air temperature (App. table 4).
In contrast, the PEZ curves of figure 3 all peak earlier in the season,
more in accord with the distribution of solar radiation.

Figure 3 shows the Iysimeter “standard™ curve compared to five
methods of computed P&T, which require a knowledge of solar
radiation. The Grassi {I3) formula requires inputs of solar radiation,
air temperature, and coefficients for type of crop and density of
cover. The annual total of 49.73 inches is somewhat above the 40.14
inches for the “standard” curve. The fit to the “standard” curve is
good around the peak, but the (yrassi curve overestimates at other
times. Grassi (73) has also devised a method that utilizes measure-
ments of clond cover when solar radiation measurements are not
available.

The Stephens and Stewart (46) curve shown on figure 3 also
utilizes measurements of solar radiation and aw temperature to
compute PET. The yearly total, 24.58 inches, is lower than the 40.14
inches from the Iysimeter. The curve is consistently low, and if seems
likely that this method might have performed better had new co-
efficients been developed that would better reflect the Ohio climate.

Ture {52} also developed a formula for computing PPET using
solar radiation and air temperature as inputs. His curve. shown on
figure 3, totals 30.88 inches for the year. This method also gives zero
estimates of PLT for the December 8 to March 2 period, when air
temperatures are below freezing.

The Jensen and Haise (21) formula gives values of /47" that
were designed for irrigated fields in the arid and semiarid west. The
curve shown on Hguwre 3 totals 3821 inches. very close to the 40.14
inches of the Jysimeter. The shape of the Jensen and Ilaise curve
closely resembles that of the Jysimeter curve, being somewhat high
in the summer and lower at other times.

The final method using solar radiation and air temperature as
inpuis is the Makkink (J9) formula (Hg. 3). The annual total is
33.11 inches. The curve matehes the “standard”™ curve doring the
winter but is Jower at other times.

The method developed by Christinnsen (5) and his associntes
(fg. 4) has the advantage of permitfing the user to utilize ali the
climatological information available at a site. The equation is so
structured that the prediction is applicable to the mean values of
any fuctors omitted from the prediction equation as well us the actual
» nines of the factors included. The total for the year for the Chris-
tiansen curve is 40.42 inches, quite close (o the 40,14 inches of the
“standard” curve, and the fit is good throughout the year.
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Figure 5 shows the comparison of various combination methods
of computing PET as compared with the “standard™ lysimeter
curve. The inputs to the Penman equation {36, 37) were air tem-
perature, dewpoint temperatwre, windspeed, solar radiation, and
albedo. The total for the yvear, 37.74 inches, is close to the 40.14 inches
from the lysimeter. The Penman curve underestimates during the
growing season but fits the “standard” curve closely thronghout the
rest of the year.

The van Bavel (53) method of computing PET has the same
climatic inputs as the Penman method. The yearly total, 42.23 inches,
is close to the 40.14 inches of the “standard™ cuvve. The van Bavel
curve has the same general shape as the Penman curve and is dis-
placed about 0.012 inch per day higher,

The lake and pan evaporation curves were computed by the TSWDB
method (23). Input values to the formulas are the same as in the
Penman method except for albedo. The annual total of 32.18 for lake
evaporation is below the 43.35 inches of pan evaporation. The latter
figure compares favorably with the 40.14 inches from the lysimeter.

There was some guestion about the form of the wind function most
suitable for the Penman and van Lavel methods. Penman's (J5)
eriginal aerodynamic term, as described in Appendix A. was used.
Tanner and Pelton (48) found that a wind function derived over a
vegetated surface was more appropriate than the Pemman term.
They concluded that the revised term was necessary even in the sum-
mer when the relative error in PET due to using an inappropriate
wind function was at a minimun.

Tanner and Pelton (48} also suggested that a daytime-nighttime
weighting of the data might be of value. They found that the use of
24-hour averages of temperature, saturation deficit, and windspeed
gave o reasonable value for the serodynamic term only becuuse of
two compensating errors. The basic data available for the Coshocton
study were such that these refinements were not possible.

Aslyng (7}, in Denmark, found that the Penman method over-
estimated PEY for the year and the first part of the summer, but
was in good agreement with measured values the last half of the year.
In the current study, the Penman method wnderestimated for late
spring and summer but was in good agraement for the year,

Papadakis (23) concluded that the Penman formula should be
reduced to saturation deficit and multiplied by a constant, thus imply-
ing thet the radiation and wind terms should be ignored. Ile criticizes
the Penman method as underestimating £7 in the dry climate,
overestimating that of spring, underestimating that of autumn, and
overestimating that of windy days.
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Omar (37) compared PET estimates by the Penman, Papadakis,
Thornthwaite, and Hamon methods with values derived from meas-
urements in a large field in a warm, arid climate near Caire in
the U'nited Arab Republic. The Penman and Papadakis wethods pro-
vided a close fit to the values: however, the Papadakis method pro-
vided somewhat closer monthly estimates. The Thornthwaite and
Hamon methods gave estimates of about two-thirds the measured
value.

Fitzpatrick and Stern (70) found that the use of inappropriate
constanis in the Penman formula is probably a greater source of
error when determining P£7 than instrument deficiencies.

Cruff and Thompson {7) investigated the Thornthwaite, TSTWB,
Lowry-Johnson {26), Hamon, Blaney-Criddle, and Lane (25) meth-
ods of computing PET in arid and subhumid conditions. Only the
USWEB method gave estimates of PET that agreed closely with pan
evaporation at all sites. For practical use, however. the Blaney-
Criddle method was recommended.

Rijtema {39) compared values of PET from the formulas of
Penman, Makkink, Ture. and Haude (79} with measured values
from a pan and from lysimeters in grass. He concluded that it is
possible to caleulate PET with the formulas of Penman, Makkink,
and Turc with the same degree of aceuracy as is obtained with lysim-
eters or evaporation pans.

Stanhill (45) compared eight methods of compuring PET with
l¥simeter data under arid conditions in Israel. He found that the
Penman formula gave the best results for monthly and weekly
periods. The next best were the formulas of Thornthwaite, Blaney-
('riddle, and Makkink—in that order.

Jensen (20) reviewed empirical methods for estimating PET
and concluded that “those usicg radiation as the primary variable
provide adequate and reliable estimates of evapotranspiration for
most engineering purposes when limited meteorological data are
available.”

Stephens and Stewart (46} compared correlation coefficients for
measured versus computed monchly pan evaporation for 18 station
vears in Florida. The highest correlation was for the T"SWB pan
evgporation method followed by the methods of Stephens and
Stewart, Blaney-Criddle. Penman, Hamon, and Thornthwaite. For
a 30-month comparison with the PET from 3t. Augustine grass in
southern Florida, the methods from high to low correlation were
Stephens-Stewart, Penman. USWB pan evaporation, Blaney-Criddle,
Hamon, and Thornthwaite, They suggested the Blaney-Criddle
method as suitable where data are limited.
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Rijteina (40) pointed out that many calculation methods lead to
an underestimate of PET. He stated that this is apparently not too
serious in present day irrigation practice because soil fertility is not
near optimum and the calculated values of PE7 are corrected with a
factor for irrigation efficiency.

It seems likely that computational methods for estimating PET
will be used in agriculture and other endeavors for some time to
come. The current trend toward use of the more complex combina-
tion methods and away from the simpler empirical methods will
probably continue. Howerer, the mors demanding input requirements
of the combination methods insures that the empirical methods will
continue in unse into the foreseeable future,

SUMMARY AND CONCLUSIONS

A vstandard” PET curve was derived from measured lysimeter
values. Corrections were made for the effects of hayeut and less than
optimum soi! moisture conditions. Thus, the “standard™ PET curve
represents the £7 that could be obtained with nonlimiting soil and
vegetative conditions.

Fourteen methods of computing PET daily valuc. were segre-
gated into groups depending upon the climatic inputs required. In
the temperature-only-group. the Blaney-Criddle method gave the
closest fit to the “standard” curve. The methods of Thornthwaite,
Hamon, and Papadakis gave less satisfactory results.

The method of Jensen-Haise was best in the group using tempera-
ture plus solar radiation as input. The methods of Grassi, Stephens-
Stewart, Ture, and Makkink were also included in this group. The
Christinnsen method was the only entry in the group using all avail-
able climatic information and provided a good fit to the “standard™
curve,

Tnder combination methods, the USTWB pan evaporation, the Pen-
man and the van Bavel formulas gave good fits to the “standard”
curve. The USWB lake evaporation method was less satisfactory.

Daily und monthly comparisons were made for the entire year
and for the April-October growing season. The goodness-of-fit of the
computed to the “standard™ curve was evaluated by the RALS.
procedure.
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APPENDIX A—COMPUTATIONAL METHODS

This Appendix gives computational details for each method of
computing PE'T discussed in the main body of the repeort. The for-
mula as given in the original reference is given first. Any changes
needed to convert units and to obtain a daily estimate ave then made.
Finally, & numerical example is given using July 1 data.

The formulas are expressed in FORTRAN computer language for
simplicity of presentation. The operators +, —, /, and =. have their
usual arithmetic significance. The symbol for multiplication is *
and for exponentiation is **. Unless directed otherwise by paren-
theses, exponentiation is performed first, then multiplication and
division, and finally addition and subtraction. When multiple paren-
theses occur, the order of calculation is from innermost to outermost
parentheses.

The order of presentation of the formulas in this Appendix fol-
lows that of the main section of the report.

Thornthwaite Method

Instructions and tables for calculating ££'7" by this method have
been published by Thornthwaite and AMather (5. Basically, mean
monthly air temperatures are used to compute a heat index, 7. Daily
unadjusted PE7T is obtained from tables that use daily air rempera-
ture and / as the arguments. The linal adjusted P/'7 values ave
obtained after a corvection for day length.

When followed explieitly, the published instruetions {5¢) produced
& computed curve resembling a series of steps up and down the
graph. The tabled values of unadjusted /°£7" were given to two
decimal places and lacked sensitivity when used with the smoothed
air temperature input from Appendix table L

To correct this condition, values of temperature and PLT were
read from the / columns straddling the computed /. These points
were plotted on a large seale grraph, and a smooth curve was drawn
to represent the relationship for the computed / value. A tabulation
was then made of values from this cnrve with unadjusted P£7 read
off in three decimals. This tabulation was used in place of the origi-
nal tabled values in the computations, and the resulting curve was
smooth throughout the year (fiz. 2). Computed daily values are
given in Appendix table 19,

Palmer and Havens (32) stated that the Thornthwaite method
can be represented by the formula

PET = 1.6 (10 TC/N"

where PET is monthly potential evapotranspiration in centimeters,
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T¢ is monthly mean temperature in degrees Centigrade, / is the
heat index (48.02 for Coshocton) and is the sum of 12 monthly index
values of ¢ {a function of monthly normal temperntures}, and « is an
empivically derived exponent, which is a function of /:

a = 049 -+ 001797 —0.0000771 J° + 0.0000006751%

These formulas may be used for computerizing the calenlation if
desired, although a day length correction would also be needed. The
program developed by Black: (2) is one example.

The Thornthwaite method is designed for computations of PLET
for 1 day or for a full menth and should therefore be apphicable for
the durations computed in this report.

Blaney-Criddle Methed

The procedure used in computing the Blaney-Criddle PET curve
was given in a U.8. Soil Conservation Service (SCS) publication
(44). The general formuls is

PET = {00173 T4—0.314; * KC * T4 ¥ (DL/H65.6),

where 74 is mean daily air temperature {(App. table 4}, A’ is a
crop growth stage coefficient for alfalfa {App. table 16), and DL is
a day length in hours (App. table 14). The constant, +63.6, is
the sum of the day lengths of Appendix table 14 for the year. When
T4 is less than 35.0° F., the first term in parentheses is given a
constant value of 0.3,

The Blaney-Criddle method was originally devised for estimating
seasonal consumptive use. The modifications as described in the 5CS
report (44) are designed to extend the method to give reasonably
accurate estimates of consumptive use for short periods of from 5 to
30 days. The suthors used the term 7L /4465.6 to enable estimates to
be made on a daily basis. For July 1, the Blaney-Criddle P£T is
computed as

PET = (00173 * TLO — 0.314) * 1.12 * 710 ® {15.0/4H05.6) = 0.244.

A tabulation of computed daily values is given in Appendix table 20.

Hamon Methed

Hamon (14) derived an equation for computing P’E7T based on
. 1 l = .
possible hours of sunshine nud the saturated water vapor density
at the daily mean temperature. His formula is

PET = ¢ D® PT/100,

where ¢ is o constant, £.55; D is the possilile hours of sunshine in
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unifs of 12 hours (the data of App. table 14 divided by 12) : and PT
is the satursted water vapor density {absolute humidity) at the
daily mean temperature, divided by 100.

The computing formula is

PET = 0.0035 * 1\ DL/12,** 2 * {AH *» 29881).

DL is the day length value from Appendix table 14 The 4H
term is obtained by linear interpolation in the 100-percent column
of Marvin's table XTI {29) using air temperature from Appendix
table 4 as the argument. The constant, 2.2881, converts units. For
July 1, 74 is 71.0 so A4 H is 8240 and

LET = 00055 * (13.0 121 %43 = 18,240 « 228811 — 0,162,

Computed daily values are given in Appendis table 21.

In calculating monthly PE7 by the Hamon merhod. Jones (22)
made a2 4-percent correction to adjust to che summartion of daily
average temperatures. This adjustment was not used here to maintain
consistency with the calcularions made by other formulas.

Popadakis Methed

Papadakis {33} suggested that PET may be computed from the
stmple formula

PET = G3625 t€ns — €a,.2).

where PET is monthly potential evapotranspiration in centimeters:
€me 15 the saturstion vapor pressure in millibars. corresponding to
the average daily :1aximum rempersture: and £, is the saturated
vapor pressure in millibars corresponding to the averuge daily
minimum temperature minus 2° (. Papadakis reasoned that 2° is
the usual difference berween minimum and dewpolnt temperatures.

Because dewpoint temperatures are available in this stady 1 App.
table 3). the equation was modified to read

PET — 0382 + € nsmPust,

where e, is the saturated vapor pressure in millibars corresponding
to the dewpoint temperature,

The computing formula is
PET = DI3455 1 Fra—eyet,

where the temperature of ma is found by adding the value of Ap-
pendix table 15 to that of Appendix table 4, and the temperature of
td is given in Appendix table 5. The vonstant. $.2439. is found from

03625 103937 ¢33.9G4: 303 — D.2439,
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where 0.5625 is the Papadakis constant, 0.3937 converts centimeters
to inches, 33.864 converts inches of mercury to millibars, and 30.3
is the average number of days in the mouth.

Using July 1 data, the temperature of ma is 710 + 10.2 = 81.2
from which e, = 1.063 from Marvin's (29) tables. The temperature
of td is 62.2 s0 8¢ = 0.559. Then for July 1,

PET = 02439 (1.068—0.558),

and PET = 0.134 for the day. Computed daily values are given in
Appendix table 22,

Grassi Method

Grassi (Z3) developed w formula for computing PL7 when
measurements of incident radistion were available. The formula is

PET = ECu CrCcrcF.

In this formula, & s a constant, 0.537. (s, is the coefficient for radi-
ation and is computed as 0.000675 B/, where 27 is radiation from
Appendix table 8 and the constant converts fron. {angleys to inches
of evaporation equivalent. In this formula, C'r takes the linear form,
0.620 + 0.00559 74, where 74 is air temperature from Appendix
table 4. The (g coeflicient representing plant cover was set at 1.0
for the meadow and F equaled 1.09 for alfalfa. The computing for-
mula for this method is

PET = 0.337 * 0.000G73 * &F * (0.620 4+ 0.00559 * T4) * 1.00.
Trsing July 1 data,
PET = 0.337 * 0.000675 * 581 * (0.620 + 0.00539 * 71.0) *1.00 = {.233.

Daily computed values are given in Appendix table 23.

Grassi (72) mentioned that there was less statistical error in both
this method and his method using extraterrestrial radiation than in
his method using pan evaporation. He also was cautious sbout not
using any of the methods for periods of less than a week or twa.

Stephens and Stewart Method

Stephens and Stewart (46) examined several computational meth-
ods with Florida data. For PET from gruass, they found their frac-
tional evaporation equivalent method ranked highest. They pointed
out that the equation was developed for Florida conditions.

For P27 from grass, the Stephens and Stewart formula 1s

PET=(0.0082 TA—0.19) {£1/1,600),
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where I'4 and R/ are air temperature and solar radiation (App.
tables 4 and 8), respectively. The constants 0.0082 and (.19 were de-
veloped by regression analysis, and the 1,500 value converts langleys
to inches of evaporation. The computing formula is

FPET — (00082 = T4 — 0.19) * (RI/1,500).

For July 1, when 74 = 7180 and &7 = 581, PEY is computed as
0.152. Daily computed values are listed in Appendix table 24,

The Stephens and Stewart method was devised for monthly
estimates.

Tz Method
Ture (52) derived a formula for PET as
PET = 040 PORD 4 50 ATC + 16).

where 7'(" is alr temperature in degrees Centigrade, £/ is solar
radiation in langleys, and P£7" is in millimeters per month. The com-
puting formula is
PET = ({040 % 13 * (T4 —32))/0) * (RI + 50/
{(5* T4 —323/9) + 13) / 1254 = 80.5),
where T4 is air temperature in degrees Fahrenheit (App. table 4},
fi is solar radiation {App. table 8), ard the lust two constants con-

vert to inches per day from millimeters per month. Usmg July 1
data,

PET = ({040 * (5 * (710 — 32.0))/9; = 581 4 350) /
(o * 710 — 3200 /By +15) / (204 = 305
— 0.,183.
Daily computed values are given in Appendix table 25.

The Ture formula was designed to give monthly PP£7 and was
modified as above for daily estimates, Note that the formula used n
this report is not that originally developed by Ture (37} but a Iater
development.

Jensen-Haise Method

Jensen and Haise {27} developed a formula for computing PE7
based on mesn air temperature and solar radiation. Their formula is
PET = (0014 T4 — 0.37) R,

where 74 is air temperature and 72/ is solar radiation (App. tables
4 and 8). The computing formuls is

PET = {0014 * T4 — 0372 * I * 0.000673,
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where 0000673 converts from langleys to inches of evaporation
equivalent. Using July 1 data, with 74 = 314 and B/ = 5~ PET
is computed as N.24. Daily computed values are given in Appendix
table 26.

PET in the Jensen-Haise method refers to the £7 that can oceur
in irrigated fields located in arid and semiarid areas. The egtimating
equation is baszed on data for periods greater than 3 davs.

Makkink Method

Maklsink {29) developed a formula based on radiation and tem-
perafure es

PET = 061 RF 14 A=y 1012,

where PET is monthiy potential evapotranspiration in millimerers.
R is solar radiation in millimeters per day evaporation equivatent,
A is the slope of the saturated vapor pressure-temperature curve at
the mean air temperature, and v is the psychrometric conscant, 0.27
for degrees Fahrenheit and millimeters of mercury. The fraction was
divided through by v so tabled values of A v could be used. A short
table of ) v (dimensionless) versus temperature in degrees Centi-
grade was given by van Bavel (53), and a more extensive fable ob-
tained from him is given in Appendix table 1% The values below
v° C. in the table were computed at Coshocton.
The computing formula is

PET =10.81 *0.0171 * RI * i DOG’'DOG + 11 — 0.12) * 0.0308%,

where 27 is solar radiation in langleys (App. table 5}, n.0171 con-
verts lavglevs to millimeters of evaporntion equivalent, 206G is Ay
and is interpolated from Appendix table 1% using air temperature
from Appendix table 4 tconverted to degrees Centigrade) as the
argument, and 0.03937 converts from millimeters to inches.

Using July 1 data, 74 from Appendix table 4 is 71D so the
temperature is 21.67° C. Interpolating in Appendix table 15 DG
is 2.342, Then

PET — (1061 * 0.0171 * 381, © 1 2.342/3.3421) — (12) * 0.03937 = C.162.

The Makkink formula was designed to predict monthly PLT but is
used here for daily P£7 values. Daily computed values are given in
Appendix table 27,

Chyristiansen Method

Christiansen {5) and his students at Utah Xtate University have
been developing a method of computing pan evaporation from cli-
matic data. The formula is
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PET = 04T R O Cw Cu O3 U Cur

Tn this formula, 0.473 is a dimensionless constant. 7 is solar radia-
tion at the top of the atmosphere in inches of evaporation equivalent
(App. table 13).

The following formulas for the remaining coeflicients were given
by Christiansen (5) in his formules 61 to 68. ("r is the coefficient for
air temperature {App. table 4) computed as

Cr = —0.0673 4 0.0132 74 + 0.0000367 TA°

Oy is the coefficient for windspeed in miles per day at pan height
(App. table 6) computed as

Cw = 0.708 4+ 0.00546 7 — 0.00001 W2
(g is the coefficient for humidity (App. table 11) computed as
Cx = 1.250 — 0.0087 RE - 0.000075 RH* — 0.0000000085 RE",

where the value of AH enters the formnla as a whole number. 'y
is the coeflicient for percentage of possible sunshine {App. table 10)
computed as

Cs = 0.542 + 0.0080 § — 0.000035 8° + 0.00000082 &,

where 5 enters the formula as a whole number. "z is the coefficient
for the elevation of the site (1,180 feet} and is computed as
Cp = 0.970 + 0.030 (1.18) = 10054, a constant for this study. Cy
is a monthly vegeiative coeflicient determined empirically. Data frem
Indiana were taken from a publication by Christiansen (£) and exs-
trapolated to a full year. These values were plotted on a chart at the
midpoint of each month, and a smooth curve was fitted through the
points. Daily values were then read from the smooth curve (App.
table 17).
The computing equation is
PET — 0473 = REX *» +—0.0073 + 0.0132 = T'A L 0.00G0367 ¢

TA==2)* (0.708 & 0.00546 = T — Q.00{0L * 71 ** 2)

* {1250 — 0.0087 * RH + 0.000075 = RH == 2

— D.OOOCOO00ES = RH ** 4) * 10.542 +- 00080 * 8

— 0.000075 = & == 2 -+ 0L.OGOO00B2 = § ** 3)

«1.0054 = CM.

In this equation, #£X is extruterrestrial radiation (App. table 13),
&S is percent of possible sunshine {App. table 10) and enters the
equation as a whole number, and T is windspeed (App. table 6).
Using July 1 data,
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PET = 0473 * 0.6063 * {—0.0678 40,0132 * T1.0

4+ 00000367 * 71.0 * TL.0) * (0.708 { 0.00346

* §63.2 — 0.00001 * €32 * 63.2) * {1.250

— (.0087 * 74 4 D.000075 * 74 * 74 — 0.0000000085

* 74 % T4 % T4 % Td) * (0.542 + 0.0080 * 67

— 0.000078 * 67 * 67 J 0.000000062 = §T * 67 ¥ 671

* 1.0054 * 0.87 = 0.204.

The Christiansen method was devised to compute monthly valves

and was modified ns above to give daily estimates. Daily computed
values are given in Appendix fable 28.

Penman Method

Penunan (36, 37) combined the energy balance and gerodynamic
equations into a single equation for estimating PLT. Iis equation is

PET = {AH + E. v}/ (a + ),

where P£7 is evaporation from a free water surface in millimeters
per day, A is the slope of the saturated vapor pressure-temperature
curve ot the mean air temperature, and y is the psychrometric con-
stant, 0.27 for degrees Fahvenheit and millimeters of mercury. The
£, and H terms are defined below. To take advantage of tabled values
of A/y (App. table 18). the equation is divided through by v giving

PET = ({Afv)y H 4 Bo) / ({afy) +1).

The £, term of Penman's equation contains the vapor pressure
deficit and the wind terms as

B. =033 {e. — eqy (1 4+ w/100),

where e, and e, are the satnrated and actual vapor pressure of the
air in millimeters mercury and v is the wind at a height of 2 meters
in miles per day. Because the windspeed data in Appendix table §
are from an anemometer set at a height of 2 feet {61 centimeters), the
correction

No= {20070 61y W = 18TV

was used to convert the W values of Appendix table 6 to windspeeds
at & height of 2 meters. This is the original Penman (38) aerodynamic
term, which nliows for the extrn ronghness of a crop us compared
with open water, Air and dewpoint temperstures from Appendix
tables 4 and 5 are used to enter Marvin's tables (29) to obtain the
saturated and actunl vapor pressuves, T P7'4 and P70, respectively.

The remaining term of Penman’s equation, &, is made up of two
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parts dealing with ncoming short wave radiation, the 4 term, and
outgoing long wave racdiation, B. The A term 15 usually computed as

A= Rs {1—r) (018 + 0.35 /),

whers 4 is in units of millimeters of evaporation equivalent per day,
17, is extraterrestrial radiation in the same units as 4., » is the albedo,
and a/ is the ratio of actual to possible hours of sunshine. When
solar radistion values are available {App. table 8), this simplifies fo

4 = RI (1—r).
Outgoing long wave radiation, B, is estimated as
B =« TK* {0.56—0.002 e*®) (0.10 + 0.9 2/,
where o is the Stefan-Boltzmann constant (0.00000000201), T is
mean oir temperabure in degrees Kelvin, and e, is the actual vapor
pressure of the air in millimeters of mercnry. The /7 term consists of

4 minus B.
The computing formula for the pressure-wind term is

BA=0385 % (254} * (VPPL = VPTD) * (1 4 00129 = 1),

where the 23.4 converts pressure to millimeters of mercury. U'sing
July 1 data, T4 = 710 (App. table 4} so TP74 = 0757
7D = 622 (App. table 5) so I'/°77) = 0.554; " = 63.2 {App. table
6}, and

EA =035 % (254) * {0.737 — 0.5 * {1 4 0.0120 * 43.2) and
Eid = 81953 mm. for July 1.
The short wave radiation term is couputed us
4 = 00171 RF (1—4.LB},

where the 0.0171 converts lingleys to millimeters of evaporation
cquivalent, £/ is solar radiation from Appendix table 8, and ALRB
is from Appendix table 12 Using July 1 data, &7 = 581,
ALEB = 020, and

4 = 00171 * {381) * (1 — 0.20) and
4 = 7.0481 mm, for July 1.
The long wave outgoing radiation term is computed us

B = TU (050 — 0.082 VPP (030 4 0.95)

where the § values from Appendix teble 10 nre entered us decimals,
and the other terms are s previously defined. Tsing July 1 data,
T4 = 710 {App. table 4) and
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¢ TE = 0.00000000201 * (5 * (TLO — 32.0) /9 4 273) ** 4
= 15153748,
TPTD = 0.559; converting to millimeters, 25.4 * (0.559) = 14.1986;
{14.1986) ** 0.5 = 3.7681, and
(0,66 — 0.002 * (3.7681)) = 0.218835.
Since § = 0.67 (App. table 10}
(0.10 4+ 0.9 * {0.67)) = 0.703
and B is computed as
15.15374D * (0.2133353) * (0.703) = 2.2727 mm.
Sinee # = 4 — B, A = 56754 mm. for July 1.
Entering Appendix table 18 with 2167 C. (from 74 = 71.0° F.
on July 1), A/y = 2.342. Substituting in the basic equation
PET = ({{2.342) * 58704} + 3.1838) / (2.342 4 1) and

PET = 49333 mm, or 0.1)4 inches for July 1.

The A/y term gives more weight to the H term than to the £4
term during the summer when £/ 7 is high. Results from this method
of calculation are listed in Appendix table 29.

Van Bavel Methad

Van Bavel (53) improved the combination equation over the
Penman version to the point where the van Bavel version does not
contain any empirical constants or functions. The van Bavel version
is

PET = ((a/7) (H/L) + BV PD)/{(8/7) + 1).

The afy term was defined in the Penman method.  is the same
as defined in the Penman method but is now in units of langleys
(Iy.). L is the latent heat of vaporization, 583 ly. em.™. 7 is the
vapor pressure deficit in millibars. BF is the transport factor and is
found from

BV = (001222 W/ (I 5a/5.)" ) 208/ TE,

where W is dnily windspeed at 2 meters in kilometers per day; z,

is the height above the surface where temperature, humidity, and

wind are measured (200 cm.); =, is & roughness parameter (1 cm.

{or alfalfa); and 7A is the temperature of the air in degrees Kelvin.
The computing formula for BT is

RV = (0.01222 * 17 *1.20 * 1,009 * 203/ {28.0722 * (5 * (4 — 82) /7 0) + 273)
=0,2098 * W/ ((5* (TA-32) / B) + 273).
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In this formula, $.01222 is a constant computed from the density
of the air, the Von Karman constant, and the ambient pressure; 1.29
converts wind data from 2 feet to 2 m.; 1.609 converts wind from
miles to kilometers; and 28.0792 is the value of (In 200/1)% Using
July 1 data

BV = (02693 *63.2) / ((5* (71.0—=32.0) /%) + 278)
= 0.0578 cm.

In the absence of measured net radiation, the X term used is the
same as the one used by Penman; thus, for July 1, # = 5.6754 mm.,
which, when divided by 0.0171, converts to 332 ly. Values of H
are given in Appendix table 9. The vapor pressure deficit term is
computed as

PD = (VPTA — VIFTD) * 33.464

where 33.864 converts units from inches of mercury to millibars.
Using July 1 data,

PD = {0,767 — 0.569) * 33.504
= §.7001 mb,

Substituting in the basic equation,

PET (2,342 (332/583) + 0.0578 (6.7051))/{2.342 41)

,5150 cm. or 0.203 inches for July 1.

Computed daily values are given in Appendix sable 30.

Lake Evaporation

Kohler, Nordenson, and Fox (£3) meodified the combination method
and. presented nomograms for computing both lake and class A pan
evaporation. Lamoreux (24) adapted the formula for computer use
and his derivation is briefed in the following., The basic Penman
equation mey be written as

PEAT = (QuA 3 By} / (A4 )

where ¢, is net radiation and ¢ has the value of 0.0105 in. of Hg
per °F.
The £, term of this equation is

B, = (£, — €)™ (0.37 -+ 0.0041W).
The @.a term is computed as
Qat = BIP [(TA — 212} {0.1024—0.01006 In RI}] — 0.0001,

The computing equation for lake evaporation is then written ns
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PET = [EXP (TA—212) {0.1024—0.01086 In RI}] — 0.6001
+ 0.0105 (e, —2.)™* {0.37 + 0.6041W) [0.015
+ (T4 + 398.36)"° (6.8554) (10™) EXP
(—1482.6 / (T4 4 398363317

In these equations, 74 and 7D are air and dewpoint temperatures
(App. tables 4 and 5), respectively, £ is solar radiation in lang-
leys (App. table 8), and W is windspeed at pan height in miles
per ¢ay {App. table 6).

Computation with this formula is complex and is best done on an
electronic computer. A program that calculates both lake and pan
evaporation is available from the USWB. If only a few values are
needed, the nomograms given by I{ohler, Nordenson, and Fox (23)
are easy to use. Computed daily values are given in Appendix table 81,

Pen Evaporation

The pan evaporation amonnts were computed with the same pro-
gram that was used for computing lake evaporation. Again, for &
few values, the nomograph given in Kohler, Nordenson, and Fox
(23) is easy to use. Computed daily values are given in Appendix
table 82,

APPENDIX B—DAILY VALUES OF CLIMATIC DATA
AND COMPUTED CURVES

This Appendix of the report contains tabular data. Tables 4 to 15
contain climatic data useful in computing PET. Tables 16 to 18 con-
tain crop and meteorological data needed in several of the computa-
tions. Tables 19 to 32 contain daily PE7T values computed by the 14
methods discussed in the text, and table 33 contains the daily values
that comprise the “standard” lysimeter carve.

Farmonic curves for smoothing the data given in tables 4, 5,
6, 7, 8, 15, and 33 were computed using the BMD04R computer pro-
gram (9). Pertinent statistics are given in table 34. The program per-
forms harmonic analysis using the regression function

T
Y, =a 4 5 [ecos(2r it/K) + bsta{2x #/K)1,
i=1
where ¥, is the value estimated for day ¢ (6 = 0,1, 2, ..., 365), @
is the mean of the values, n is the number of harmonics, a; and b
are coefficients fitted by the program, 2= equals 6.288185 radians, and
K equals 366. An excellent description of the technique was given by
Bliss (4).
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The number of harmonies used in fitting each curve was determined
by analysis-of-variance. The reduction in unexplained variabiliry
was examined after ficing each harmonic, and the process was dis-
continued when a nonsignificant resul was obtaired. Values of the
mean, the g; and &; coefficients, and the standard deviations from
regression for the seven curves fitted are given in table 34

TAZLE 4,—MEaN CAILY AIR FTEMPERATURE

$ATA AAE FROP A—TERM HARMONIC CURVE FITTED TO AVERAGE CF 1S48-£3 OATA
LESS 19546, 1957, 1944,y INC PERIUDS WHEN HAY CUT RESTRICTED PET ESTIMATE.

DEGREES FAMRENHELT

MAY JaMN. FFE.

x
1=
T
H

APR. MAY JUNE JULY AUG. SEP. CGCT. NOV. DEC.

1 27.2 Z7.5 2L.T7 42.9 I5.5 E£5.0 71.C 72.4 &8.8 36.8 &4&.7 33.4
2 27.1 27.6 22.0 42,3 ZE.F £5.3 TLl.l 73.4% £8.% 559.4 4&.27 33.2
F ZTal 277 32.2 42.2 5£.7 £5.5 71.3 73.3 £32.3 54941 45.7 32.9
& 27.0 27.5 32.5 44,0 ST7.0 &5.7 71.5 T3.3 &3.1 SE€.7 45,0 32.4
3 27.0 27.9 2.7 %4.7 £7.46 E5.5 Tl.f 73.2 &£7.8 58.3 4.3 32.3
4 27.0 £7.9 33.8 45,1 E7.T7 &£.1 Ti.E T2.1 &7.& SE.C 44.2 31.9
T 26.9 28.0 3.3 4.6 3.1 ££.2 TL.S T3.1 £7.3 57.£ 23.9 3t.&
£ 22.9 2B.1 33.5 &&.1 3.4 LE.E T2.C T3.€ &7.0 37.2 &3.4 3L.5
F 26,9 2.2 33,9 LE.T FHLE E&.E T2.Z T2.5 ££.3 SE.8 42.9 3L.1
LG d&.9 28,3 34.2 &T7.0 29.1 £7.40 T2.2 T2.3 £4.5 5&.4 2.4 30.3

L1 23,8 3.4 34,5 L7.% EG.E £7.Z 72.4 72,7 £€.2 5&.C »2.0 30.5
T2 25.8 2.8 3£.9 47.9 3G9.7 £T.5 T2.5 ¥2.35 £3.9% 55.& &1.5 30.1
L3 26,9 Z2.7 25.2 28,4 EQ.C £7.£& T2.%& F2.8 25.& 55.2 4b.1 390.0
Is 22,6 28.8 25.5 4&.3 £0.23 &7.8 T2.7 T2.3 £5.2 55,3 8.8 29.3
13 24.%8 2B.% 23.9 9.2 E0.E &E.C T2.8 T2.2 £%.1 %4.3 0.1 2%9.4

LR RT]

16 Z£.9 2%.1 2&.3 05,7 £C.9 £8.2 T2.5 72.
17 2&.7 29.2 3&.& 3C.1 &£1.7 fE.&4 73.C 71,
12 24.9 29.4 37.C S5G.L £1.5 £8.& 73.1 7L,
19 2£.9 29.3 F7.% 51.Q £1.8 &8.3 73.2 1.
2¢ 24£.9 29.7 37.2 SE.F £2.€ £9.0 TILZ TL.

4442 53.9 35.7 29.4
£4.3 53.F 9.2 25.2
&£4.1 3301 32.3 25.0
¢3.8 52.4& 25.4 28.8
£3.5 5Z.2 17.9 23.&

LaRETIEN Y |

21 27,0 29.5 3.7 S1.% E2.32 £%9.2 TA.3 1.2 £1.2 31.7 37.5 23.3
22 Z7.0 30.0 M.6 SE.3 E2.& £%.4 T3.3 F1.C &2.5 51.3 37.1 24,3
23 2T.2 3042 359.0 Z2.7 2.0 &%-& 3.4 TC.E &2.46 2205 38T 24.1
24 ZF.L 3.& 3G F3.Z 2.1 £9.7 Tl.4 Th.& £2.2 30us 36,3 Z3.0
25 27.1 M.g V5.8 TILL EILT E5.9 TI.S TL.S &1.G AS5.5 3A5.3 Z7.9%

Eo 2T.Z 3 .E
2F ZT.Z2 Il.g
ZE 27 .3 3b.E
= ZT.3 3L.%

¥o.2 1.8 49.5 25.3 27.%
TC.T E1.2 &9.0 33,1 27.&

¥ £C.G 43.& 36T 27.%
7 e59.5 &C.F +2.1 3=.3 27.3
&%5.3 &C.2 47.5 33.3 2T.4

r o2r.g 42, L) Ti.4 25.1 ar.2 7.5

ATIRAGE 7.0 2%.1 2.6 &%.4 £0.7 £2.7 TE.T TLLT e4.3 53,3 &3.b 2.
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TABLE 5.——-MEAN GALLY DEW POINY TEMPERATURE

DaTA ARE FROM 3-TEAKM HARMONIC CURVE FITTED TO AVERAGE UF [945-65 DATA
LESS 195&, 1957, 1944, ANC PERIODS WHEN HAY CUT RESTRICTED PET ESTIMATE.

DEEREES FAHRENHELT
APR. JURE JULY AUG. SEP. OCT. HOV. DEC.

33.4 S6.2 62.2 64.1 60.4 50-8 3T.8 27.2
33.8 5645 62.4 H4a1 6042 5004 2Tu4 27.0
34.2 5648 62.% BH.GC AC.0 50.0 37.0 26&.7
34,6 5Ta0 d2.8 54.0 59.7T 49.56 36.6 26.4%
35.0 57.3 82.7 64.0 59.5 49,2 36.2 24.2

EEPL 5T7T.5 62.8 63.5 59.2 #8.8 35.8 £25.9
1%.8 S7.8 43.¢ &3.5 59.0 48.4 35.4 25.7
3&.2 58.0 &3.1 63.F 58.7 48.0 35.0 25.4
36.6 SB.3 63.7 63.7 58.4 47T.86 34.6 25.2
37.0 $8.5 63.2 63.7 58.1 47.1 34.2 25.0

37.4 58.7 4342 63.£ 5748 456.7 33.8 24.7
37.9 58.9 63.4 6345 57.5 46.3 33.5 24.5
38.3 59.2 63.F £3.4 5T.2 45.9 33.1 24.3
38.7 59.4 463.& 53.3 56.9 45.4 32.7 24.1
39.1 £9.48 &3.6 63.2 586.6 45,0 F2.4 23.9

39.3 59.8 £3.7 &3.1 56.3 44.6 32.0 23.7
19.9 £0.0 63.8 63.C0 56.0 44.2 31.T 23.5
40.3 60.2 £3.E 42.5 $5.6 43.7 31.3 23.2
408 0.6 £3.5 H2.T 55.3 43.3 1.0 23.1
flad E0.5 H3.95 62.& 5%.0 42.9 30.6 22.9

4l.6 60.7 B%.€ 62.5 54.6 42.49 30.3 22.8
42.0 £0.9 64.0 62.3 54.3 42.0 30.0 22.%
42.4 Elol 64.0 G2.2 53.9 4l.6 29.6 2Z.4%
42.8B Ela2 B%. 1 &2.6 53.5 4l.l 29.32 2Z2.3
43.2 bi.6 &4.1 61.8 53.2 40.7 29.0 22.1

43.6 < El.5 84,1 &1.€& 52.8 40.3 28.7 22.0
LT E€l.7 &4.1 &1.5 52.4 39.9 28.4 21.8
44,5 &L.8 &4.F 1.3 52.0 39.5 2841 2L.7

th.g I €2.0 &4.1 6l.3 5i.é 39.0 27.8 2l.5
4%.3 £2.1 &4.1 80.5 S51.2 3B.6 27.5 2l.4

b4-l BC.E 38.2 2L.3

AVERAGE 62.49 448 23.9
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TABLE &.—HEAN DAILY WIND MOVEMENT AT PAN HEIGHT

DATA ARE FROM 3-TERM HARMONIC CURVE FITTEQD T0 AVERAGE OF 1948-565 DATA
LESS 1956, 1957, 1964, ANE PERIDDS HHEN HAY CUT RESTRICTED PET ESTIMATE.

MILES
JUNE NOV.

70.9 §3.8
49.7 4.3
&% 4 84,7
69.1 85.2
68.4 85.6

LB.5 84.0
6B.3 Bbat
$8.8 Bb. 8
4.7 8T.2
&1.5 87.6

6T.2 a8.0
&7.0 8843
[1-) 8.7
ab.5 89.0
G6a 2 69.3

LT 8%.T
£5.8 30.0
&5.6 0.3
£5.4 0. &
&5.2 50.8

ES.0 9Ll
&4, B8 91.3
b4 b N.b
G4, % 91.8
bha2 92.0

L | 92.2
€3.9 2.4
43.7 2.4
£3.56 2.8
E3. 4 92.9

AVEREGE
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TABLE 7.,—MEMN DAILY SOIL MQIETLRE

©aTA ARE FROF 5—-TEIM RAAMOMIC CUAVE FITTED YO AVERAGE OF 1%48—63 QATA
LESS 1954, 1957, 1964, AME PERIGES WHEN HAY CUT RESTRICTED PET ESTIMATE.

INCHES 1IN TOP &€ INCHES OF LYSIMETER.

DAY JAM. FEB. MAR, APR. MAY JUNE JULY aUG. SEF. OCT. NOV. DEC.

! 9.7 il.& 12.2 12.2 0.5 B.3 7.2 6.1 5.3 5.4 5.8 7.3
2 9.8 E1.7 12.2 12.2 10.5 @&.% 7.2 6.C 5.3 5.4 5.8 7.4
3 2.9 11.7 t2.2 :2.2 18.8 8.3 7.2 &.€ 5.3 5.4 5.8 7.5
4 9.9 LL.7 12.2 12,2 0.7 £.3 7.7 8.C 5.3 5.4 5.9 7.5
5 10.8 1l.8 12,2 1Z2.2 i0.& 8.2 T.1 5.5 5.3 5.4 5.9 7.8
& 10.1 11.8 12,2 12.2 19.5 E.2 7.1 5.5 5.3 5.,& 6.0 7.7
7 10,2 1,8 2.2 12.% 10.5 &.1 7.1 5.8 5.3 5.4 6.0 T.8
2 t0.2 11.9 12,2 12.% 0.4 8.1 7.C 5.8 5.3 5.4 6.0 7.8
9 t0.3 li.% 12,2 L2.1 10.7 &.¢ 7.C 5.8 5.3 3.4 6.1 T.9
to 0.4 1%.5 L2.2 12.% 10.2 E.€ ?2.C 5.8 5.3 5.4 6.1 8.0
11 16.5 ti.%5 (2.2 L12.0 18.1 7.% 4.9 5.7 5.3 5.4 4.2 8.1
12 10.5 12.0 1Z.2 12.0 0.0 7.9 &.5 5.7 5.3 5.5 6.2 8.1
13 10.6 12.0 (2.2 12.0 S$.5 7.8 6.5 5.7 5.3 5.6 6.3 4.2
14 10B.7 12.¢ 2.2 t1.9 9.9 7.8 &.BE S5.& 5.3 5.5 6.3 &.3
15 0.7 12.0 12.2 li.9 9.8 2.7 6.8 S5.& 5.3 5.5 6.4 B.3
16 0.8 12.C L2-2 11.B S.7 7.7 6.E S5.& 5.3 5.5 6.4 6.5
17 10.9 12,0 12.3 11.8 S.& 7.7 &.1 5.8 5.3 5.5 6.5 8.5
tB 10.% 12.% 12.3 11.8 9.5 T.& &.1 5.5 5.3 5.5 4.5 8.4
16 1.0 12.% L2.3 11.7 9.4 7T.5 &.& 5.5 5.3 5.5 6.6 8.7
20 BL.0 $2.1 12.3 11.7 S.4 7.6 &.& 5.5 5.3 5.5 b.46 8.8
2L 1.3 2.1 12.3 ii.& 9.} 7.5 &.¢ 5.5 3.3 5.5 4.7 4.8
22 Lt.2 12.} 12.35 i1.5 5.2 7.5 &.% S.4 5.3 5.6 5.8 8.9
23 11.2 12.1 12.3 tt.5 9.1 2.5 4.5 5.4 5.3 5.6 4H.8 9.0
26 1L.3 12.1 12,3 ti.éd 9.C T.d &.4 3.4 5.3 S.6 6.9 9.1
25 11.3 12.% 12.3 1i-4 9.0 7.4 &.4 5.4 5.3 5.6 6.9 G.2
26 1l1.6 12,1 12.3 11.3 2.5 7.4 &.4 5.4 5.3 5.6 7.0 9.2
27 1.4 12,2 12.3 11,2 B.B 7.4 6.3 5.4 5.3 5.7 7.1 9.3
283 11.5 12.2 t2.3 1i.2 8.7 7.3 4.2 5.3 5.2 5.7 Y.l 9.%
29 E1.5 12.2 12.2 1i.1 &.7 7.3 6.2 5.2 5.3 5.7 T.2 9.5
3 1.5 12.2 L0 B.& 7.3 4.2 5.3 S.3 5.7 T.3 9.5
Al iL.b 12.2 2.5 6.1 5.3 5.8 9.6

AY¥EAAGE 10,8 12.0 12.2 tl.8

o
.
-4
-4
.
o
[
.
-
%]
.
o
wn
n
W
w
v
w
-
»
*
w
.
*
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TABLE 8.—MEAN DAILY SOLAR RADIATION

DATA ARE FROM 3-TEOM HARMONIC CURYE FITTED TO AVERAGE OF 1958-45 DATA
LESS 1956, 1957, 1964, ANL PERIGDS WHEN HAY CUT RESTRICTED PET ESTI{MATE.

LAMGLEYS
MAY  JUNE JULY &UG.

48&. S&4. SBl. 534,
49C. 568. 58L. 53&.
493. 5849. S58C. 534.
49¢€. 57i. S575. 532.
459. 572. 37E. 53C.

902. 5%3. 578, 528.
S0&. ST&. 577. S2¢6.
£06. £F&. 5TE. 523,
Elz. 577. 5T5. 521,
Z15. 57E. 574. 519.

L Tl&. 579. 371, S5ia.
i2 S2i. 579, 57L. Si4.
13 522. 584, 57C. 5il.
14 £2¢. 581. 5e%. 509.
15 <25, 581. S58E. SC7Y.

1& 532, 582. S56&. 50%.
i7 £34. B82. 5465. SOL.
18 Z37. 5832, 562, 456,
19 53G. 583. 562, 49&.
2G S42. 583. S5&C. 494.

2L c44, 523, 359. 4%l.
22 ] S47. 583. 557, &84,
23 tas, 5331, 555. 485.
24 £51. 583. 554, 483,
25 £53. 582, 552. 4&C.

25 £55. 5E€3. 55C. &77.
27 €57. S83. S548. 474,
28 £56. 583. 54é. 471,
29 §61. S582. S4t. &ad.
ELe) ? < Z8Z2. 562. 445.

i H S48, 242,

AVERAGE - 564. 501.
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3t

AVERAGE

{SEE TEXT OF PENMAN METFDD

JAH.

20
21.
23.
23,
24,

2ha
2T,
28.
29.
31.

3z.
EL
35.
ar.
38.

ag,
4l.
43.
44,
46,

48.
49 .
5.
S4.
FER

55.
Sh.
58.
hl.
2.

&

ag.

FEB.

6T,
6.
69 .
Tie.
72.

5.
Th.
9.
8l.
83.

a5.
BE8.
19.
R0 .
l.

Th .
7.
8.
101.
101,

103,
i03.
6.
167.
110,

1lar.
1.
1l=.
1nT.

52,

TABLE

HAR.

120.
122.
122.
125.
124,

127.
129.
132.
i34.
134.

137.
140.
139.
%2,
Taéha

147,
i51.
147,
i50.
153.

i55.
t57.
le).
6.
teb.

i65.
jibd.
169,
112,
175,

17T,

147.

G.——MEAN DAILY MEY RADIATION

aPR.

181.
179.
18G.
153,
i86.

8%,
i92.
195.
198.
195.

197,
201.
203.
204,
207.

21i.
21i.
215.
217.
218.

221.
225,
225.
22%.
230.

233.
234,
?37-
250,
243¢

209.

I APPENDLX A FOR DERIVATION)

LANGLEYS

HAY

It4,
248.
£51.
£51.
254 .

€58.

JUNE

3la.
3.
315.
3ls.
3léb.

3l7.
3i%.
321,
221.
322.

323.
324,
325.
327.
221.

324.
329.
330.
asl.
331.

2340.
33g.
331.
331.
312,

332.
33L.
33z2.
232,
133,

a2&.

JuLy

332.
333.
332.
331a
331a.

331t.
331.
13g.
33c.
32%.

28,
32t.
3zt.
326,
325.

A24.
321.
iza.
az2l.
3i9.

319,
3i7.
3i6.
3is.
3i5.

3il4.
jtz.
3ig.
30%.
307.

IG&.

322.

AUG.

104,
342.
agi.
249.
297.

2G4
294,
293,
29%.
290.

287,
285,
282,
28i.
272,

274,
275,
273,
276,
269.

266.
263,
26G.
260.
25%.

25%.
252.
2441,
246,
243.

24l.

Pappirs

SER.

23%.
21¢.
237%.
234a
231.

Z2E.
226,
223.
220.
2lé.

213,
212,
20Ra
2C5.
201.

tqe.
196,
193.
18%9.
185.

182.
1ad.
176,
172.
165,

id5.
L63.
159,
L55.
151.

199,

oCT.

150,
1h&.
146,
142.
140.

136.
133.
B3i.
127.
123,

ile.
118.
[ia.
1i0.
lo8.

105.
103,
99.
Gb.
EEM

9l.
art.
aa.
65.
84a.

al.
7.
Toa
73,
&9.

48,

107.

HOV.

45.
b4,
&4,
52.
.1

ET.
Sé.
53.
53.
50.

47.
49.
47,
by o
45.

42.
40.
4 0.
EX
7.

38.
35.
33.
34.
32.

30.
32.
30.
Z28.
27

44,

DEC.

2%.
29.
28.
27.
27.

26,
27,
28.
271,
2é.

F4-M
25.
25.
23.
Z2.

2Z.
2.
22.
224
23.

20.
20.
21l.
19.
20.

2L.
18.
19.
18,
1g.

19-

23.

43
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TABLE
JAN. FES. Map.
3a. 39, &3,
35, M. &3,
38. A0. A4,
3B.  40. =&,
8. &0, a4
3B. AQ. A4,
3E. Q. L&,
5. 0. Ab.
. 4D, &4
IE. 40. £5.
8. &0, 5.
3. &C. &5,
3&, &0. &5,
32. =f. A%,
. Ll. &5
3B, 41, &5,
IE. £l. =F.
IB. Ll sEL
. &1, AE.
38. 1. 4a.
3B, 2l. Lh.
3g. 2. A,
3E, &z, L5,
M. sZ, L&,
W, &3, =R
5. A3, AL
1. =3, &7,
3. =5, AT,
A7, =3. T,
3. T,
39. wr,
IE.  =.. &34

APR, May
47, 3&.
47. 5é&.
43, 5é&.
43, 57.
4B, 57.
43, 57,
48, SE.
48. SE.
48, 5E.
+9. 3.
49. 855,
“%. 59,
49. 59,
30.  E&C.
0. &C.
SG.  &C.
1. =C.
1. &1,
21, &l
ti. Al.
2. &t
£2. &L
1. £E.
53, &3,
24, &3.

EZ.
&3,
&3,
el
£3,
-2
Ti. 8l

JUME JULY AUG.,

b4 .
b4,
b4,
B
[3-H

-
£5,
&3,
ES.

EE.

-1
L1
&b
[

-1

&EL
E&.
s&.
L1
L1

£7.
&t.
E7.
&7.
7.

&7,
£7.
&l
£l.

L
"

&7.
&7.
&7.
&7.
&at.

57.
&T.
&l
&7.
5.

&1,
&Y.
&7.
&T.
&7,

&7,
67.
al.
&7.
a7,

ET-
£7.
aT.
&7.
L-1-M

1.0
-
EE.
-9
aE.

1.
&b,
19
L1-B
£8.

&8,
-1-
&5,
&5,
&5

&3
&5,
&5.
£5.
&5.

&3,
&4,
&5
&4,
b4

&4 .
&4
&4
£3.
&1,

&3,
B3
&3,
61,
£3.

£Z.

SEP.

£2.
&2,
&2.
-8
&2

&2,
El.
&l.
&l.
3

£i.
4%,
e,
&L,
L.

e

5%.
55.
39.
55.
GE.
Gda
F1-N

IZ.

5E.
51-
371.
5.
57.

-1

oCt.

5&.
56.
56.
S5é.
55.

55.
5.
54,
Sa.
S54.

54.
53.
53.
33,
52.

52.
51.
5l.
S5L.
5.

50C.
5Ca.
9.
-3
43.

ad.
&7,
7.
A7,
& T,

lO.—HEAN DALY PERCENT OF POSSTBLE SUNEHIAE

MO,

Ld,
£5.
&35,
“koy
ad,

25,
&3,
%3,
&2,
42,

42
“1.
Ll
tla
&C.

&C.
ala
3s.
349.
39.

g,
is,
33,
a7.
37.

7.
la.
3d.
34

ELS

s

DEC.

s,
As5.
35,
35.
34,

kTN
34,
23,
23.
3.

33,
31,
13,
ELN
34,

&,
Fha
34,
34,
34,

35.
33.
35.
3.
3.

3é&.
37.
3T,
iE.
3g.

34.
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Day

[ A N

AVERAGE

JAN.

8.
T8
IT.
T7.
T7a

Té.
T6.
Tb.
Th.
Th.

6.
T6-
-
Tha
75~

75.
5.
T5.
15,
T5.

Tu.
Tha
Tha
To.
Tha

T3.
3.
3.
73.
T3

73

TS,

TAELE
FED. MAR.
3. Ti.
3. Ti.
73. T2.
7. 12.
T2, 2.
2. T2.
2., 2.
Te. T2.
2. Ti.
2. Thi.
Tz, Ti.
72. Tl.
Té. T1l.
T2. Tl.
TZ. Tl.
72. Ti.
2. Tl.
T2. Tha
T2, TO.
2. 0.
T2. 70.
72. TO.
2. To.
T2. T8.
2. TO.
2. TO.
2. 0.
12. T0-
T2. TO.
69.
L9,
2. T

11.—-HEAN DAILY RELATIVE HUKIDITY

APR..

&% .
9.
&9.
&9,
-

€9,
6.
48.
LY. 0%
£8.

68.
a8.
&8,
-1
b8.

68.
68.
&68.
b8.
68.

68
b8.
&8
&8.
68.

Bl
tB.
&8 .
48,
EE .

&8 .

PERCENT
MAY  JUNE
68. T3.
59, Ta.
69. Ta.
69. Tha
65%.  Tha
t9. Th.
6%. Téa
9. Th.
69, Th.
T0. 4.
To. T4,
Th. T4
0. 75.
Fa. 5.
T6. T5.
Tis 75.
Ti. 75.
Tl 5.
Ti. 75.
Tl. 5.
Ti. T5.
72. 7T5.
T2. 7T5.
72.  75.
T2. 5.
T2. 5.
Ti. 75.
Tia. 7T5.
AT
13. T4.
Ti.
Ti. 75.

JuULy

Tha
T
T4
Tha
Tha

4.
T4H.
Tha
Tas
3.

3.
T3.
T3.
3.
73.

T3
EEN
73.
3.
3.

73.
3.
T3.
T3.
3.

3.
T3
Ti.
Ti.
T3,

3.

T3.

AUG.

T3.
T3.
T3.
3.
3.

3.
T3.
T3.
73.
3.

Ta.
3.
Fa.
T
Tha

4.
T4,
Th.
The
LT

Tha
Th.
T&.
T4,
Tha

T
Tha
5.
5.
T5.

75,

T4,

SEP.

5.
T5.
T5.
T5.
75.

5.
5.
5.
T5.
5.

T
75.
TS
Thae
Téa

Tha
T4.
Tha
Th.
Th.

T3.
T3a
Th.
T3.
T3.

3.
T3.
T3.
3.
T2

Th.

G Y.

72.
T2.
T2
L
2.

T2.
T2,
Ti.
.
L.

Ti.
Tl.
Ti.
Tl.
Ti.

Ti.
.
TE
Tl.
.

Ti-
70.
T0.
TG.
T0.

.
Ti.
Tia
.
.

Tie

TL.

NOVa

Tla
Tl.
Tia
Ti-
Ti.

Ti«
T2-
12
T2a.
72.

T2.
T2.
T2
T3a.
Ta.

Ta.
The
4.
Tha
T5.

T5.
15.
T5.
5.
5.

5.
Th.
TTa
T
7.

T4

BEC.

77
8.
78,
7.
ta.

78.
T8,
T8,
TE.
8.

8.
T9.
79.
9.
79.

79.
9.
9.
TI.
T9.

T9.
7%
T%.
79
79

9.
T9.
T9.
78.
T8.

T8

T9.
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TSELE 1Z.——CAILY VALUES DF ALBEDD FOR MEADDW

Y IKNTERFOLATION In THELE DF MOMTHLY AVERAGE ALBEDC DF MEADOWLAND NEAR VIENNAL
t¥ GEIGER (12}, TABLE 5, PAGE 14,

JAH. FEB-. HAR. APR. MAY JUNE JULY AUG. SEP. OCT. NOV. DEC.

13. 3. 4. i8. 20. 20. 20. 20. 20. i9. L7, 3.
3. 13, la. 9. 20. 20. 20.  29.  2€. 19, 1T. 3.
i3, 13. 14, 1%, 2€. 20, 20. 20. 19, LB. l&- 3.
13. 3. 4. 19, ¢, 20, 20. 26. 19. l8. 14, 13,
13, i3. i5. 9. 28. 20. 20. 20. 19, iB. 1&. i3

3. 13, 15. 19, 2¢. 20. 20, 2¢. 1§5. 18. 16. 13
3. 12, 15, 19. ¢, 20. 20. 2C. 19, 18. 1&. 13,
13. i3. 5. 19. 2c. 28. 2C. 20. i9. 1S. lA. 13,
i3. 13. 1%. 19. 2C¢. 20. 28. 20, 19. 18. is. 13,
g 3. 13. 15. 20. 26 20. 20. 20. i9. i{8. l&. 13

11 13. 13. 15. 20. 2C. 20. 20. 20. 19, 1&. 16, 13.
12 13. i3, 5. 0. 20. 20, 20. 20. 19. 8. 15. 13,
13 13, 13, 146, 20. 2¢. 20. 28. 20. 19. 18, 15. 13.
i4 i3. 13. b, 20. 2¢. 20. 20. 20. 19. 18. 15, 3.
15 13. 13, 4. 20, 20. 20. 20. 28. 19. 1B. 15. 13.

& 13, 13. 16. 20. 2C. 20. 20. 20. 19. 18. 15, 13.
17 i3. 13, 1&. 0. 2C. 20. 20. 2€. 9. 18. 15. 13,
18 3. 13. t7. 20. 2€. 20. 2C. 20. 19. i8. 1%. 13.
19 13, 13, 1¥. 20. 20. 20. 20. 20. 19. iB. i%5. 13,
26 13. 1&. i?. 20. 2C. 20. 20. 20. 19. 18. 4. 13.

2L i3. 14, 1T. 20. 2C. 20. 2€. 20. 19. 18. 14, |3.
22 13, 1a, 17, Z0. 2B. 28. 20.  20.  19. ig. L4, L3,
23 13, i4, 7. 20. 2C. 20. 20. 20. 19, 17. 1&. 1i3.
2: 13, ta. L7. 26. 2C. 20. 20. 20. 19. 17. 14. 13.
e5  13. 17, 28. 20. 20. 20. 20. 19, 17. 14, 13,

26 13, 8. 20. 2C.  20. 0. 200 19 17.  l4s  13.
27 13, 8. 20. 2C. 20. 20. 2¢. 19. 17. l4. 13,
28 i3, id. 20. 2. 0. 20, 20. 19. i7. l4. 13,
2% 13, 18, 206. 20. 20. 2C. 20. 1% 17. &, 13.
3G 13. i8. 20. 209. 20. 20. 20. 19. t4a 13,

31 13, iB. 2C. 20. 29. L17. i3.

AVERAGE 16. 20. 20. 20. 18. i3.




LYSIAfETER-DERIVED POTENTIAL EVAPOTRANSPIRATION

TAPLE  L3.——CAILY EXTRA-TERRKESTRIAL RAD[ATION
AT &€ QECREES NORTH LaTiTUDE
IMCHES OF EVAPORATION EQUIVALENT
MAZ, APR. wAY  JUME JULY AUG. SEF.

L3923 L5011 .585 .&58 L6610 L4133 L3538
.392 .5S03 .S58 &S558 .4&) .61C 534
L33% .9D9 .5%1 L840 .&55 607 531
L399 .SQ7 .59f .&&1 LE5E .6CH .529
L&03 L5909 59T 683 L6ST 2602 3527

L4077 L5111 A0 Jb464 LE6SE L5855 . 524
L1 W51 LBCT L6564 LESS .596 L 221
LALlE LS51E L6068 .&E5 652 .593 L5168
L4018 J5LE L&CS LEED -HHZ .59 .515
ic AZL LS21 WE12 &5 &S5 589 .512

i LR25 .S24 L4159 -E47 .&SC .5BE .5C9
1 LE25 .527 b8 L&8E .b64&S .584 506
13 L6532 LSO LE2C LEE5 LB8E L5883 L5502
14 W36 W53F 222 670 .6AL L5852 L4988
15 JHAR L536 LL25 ETQ 525 L, 58C .4T4

ié Lhbe L S39 LE27 LET7L .88 L5T78 .491
L7 L5258 L5842 .29 &1 .451 LB57L L %87
18 L5852 .544 L6321 L6712 L5639 .575 583
ig 156 550 -a23 JET2 637 4572 .419
20 EBG L5594 835 L&T2 L82E L5TC AT

2% LY LS5T7 63T LET2 L8635 L54E L4669
22 6T LHEDR L8629 LET2 L6322 L5465 J564
23 LeTL -583 LBAE L6T2 LE3T L5643 460
25 5?5 586 JB4T LETZ L62E L5EC L4506
25 LETE 569 LB4E LTI L5628 L5517 L 851

28 LHBL L5TR2 J64E LET0 L 524 554 JLAS
27 EE L5TE LbAT LEEY L4222 J551 L5441
28 LABB L5746 649 JEET 620 .54B L437
29 WAGL W5T9 .65 666 -H1IB L3545 .532
k1 LG94 L582 LEES L6LT .5k2 .&27

EXS 458 LE1S .53%

AVERAGLE LL44 L5139 -b4l 577
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TAPLE  [&.——[CR[LY YALUES DF DAY LENGTH

FROM MERYINIS 123% SUMSHINE TABLES FOR LATETUDE 40 NORTH.

FOUR S

CAY JAM. FEE, MAR, 4PA. RAY JUME JULY A9G. SE9, OCT. NOY. DEC.
Io9.&6 13.2 11.3 12.7 12,9 14.%8 {5.€ 14.3 13,1 11.2 10.5 9.5
2 9.4 12.2 il.s 12.7 13,5 4.5 15.€ 14.2 1.0 L1.7 10.&6 9.5
3 Fa.&8 12,2 1I.58 L2.5 (6.0 14.9 15.9 14.2 13.0G 11.7 10.& 9.5
A 9.4 18,2 1.4 12.B 14.C 14.9 [4.S 14.2 13,0 EL.& lO.4 9.5
5 F.86 12,3 11,5 12.8 {4.0 34.5 [5.9 14.1 12.9 11,8 0.3 9.5
6 9.5 12.4 1195 12.9 4.1 15.9% 146.% I4.1 12.9 li.& 10.3 9.5
T 9.5 12.4 11,6 12.9 T4.1 L&.9 14,5 ta.i B2-F 11.5 10.3 9.4
2.5 13.4 1T.4 13.0 15,2 14.5 14,95 l4.€ 12.2 11.5 i0.2 9.4
9 9.5 12.5 1.7 13.0 §4.2 16.9 1a.§ (4,0 12.7 1l.4 10,2 9.4
6 7.5 10.5 1L1.7 1201 i8.2 5.0 1&.E l4.2 12.F 11.f iDLl 9.4
I 9.6 12,6 1.7 12.1 14.3 $5.0 £4.% 13.9 12.5 1i.4 10.1 9.4
IZ 9.8 10.€ $1.8 2.1 15.% 15.C 14.8 13.% £2.8 11.3 10.1 9.4
13 9.6 10.4 $1.d 2.2 14,3 15.0 14.F 13.6 12.& El.2 lO.C 9.2
16 9.4 16.7 11.5 3.2 4.4 15.C E6.E 13.2 12.5 t1.2 l0.0 9.2
9.7 197 119 13,3 1.4 15.C 16.7 120-2 L2.5 tl.2 10.0 9.3
& 9.7 1248 12.8 12.3 14.& 15,0 [5.7 L3.7 12.5 ti.t 9.9 9.3
17 09,7 12.9 12.0 13.2 12.4 13.€ 15,7 13.7 12.4 1i.1 9.9 %.3
12 9.7 1Z.B L2.1 13.4 14.5 15.€ 14.7 13.& 12.3 1i.C S.9 9.3
19 9.8 1T.9 I2.1 13,4 1805 15.0 14.¢ 13.& 12.3 Il.C 5.8 9.3
20 ¥.B 12.% 12.% 03,35 [&6.5 15.C L4.6 13.& 12.2 li.2 9.8 9.3
2l 9.8 Ll.2 12.2 12.5 $4.& 15.0 l4.& 13.% 12.2 16.9 9.8 5.3
22 G.8 LI.C 12.2 12,86 §5.& 15.€ 16.£ 13.5 12.2 15.5 9.5 9.3
23 03.9 11.0 1203 13.4& 1408 18.% 14.% 13,4 (2.1 iC.2 9.7 9.3
2L 3.¢ It 12,3 1206 §2.& 15.C 14.5 13,6 12.1 LC.3 9.7 9.2
25 9.9 11,1 12,4 (2.7 4.7 15.0 14,5 13.4 12.0 LG.8 9.7 9.3
26 L. 11,2 12,6 FZ.7 14,7 15.C 14.4 13.3 12.0 16.7 §.7 9.3
27 1T.0 18,2 12.5 13.8 14.7 15.C 14,4 13.1 12.¢ L2.7 9.6 9.3
28 12.7 [1.3 12.3 12,6 1€.7 13.0 16.4 13,2 11.% LG.& 9.8 9.3
29 13.F tl.3 1Z.5 13.8 {&.E 15.0 14.4 13.2 11.9 10.6 9.& 9.4
3G 1.1 L12.6 12.9 }4.8 15.0 3.3 13.2 11.8 1U.& 9.4 9.4
3L 0.t E2.4 1.8 14,3 13.1 1.5 G.h
AVERAGE 5.7 137 12.0 12,3 1d.4 15.C 14.7 13.7 12.4 ll.l 10.0 9.4




LYSIMETER-DERIVED POTEXNTIAL EVATOTRANSPIRATION

TAALE 15.——DIFFERENCES BETWEEM DAILY MAXTHMUH AND MEAN AIR TEMPERATURES

DATA ARE FRD¥ 2A-TERM HARMOWIC CURVE FITTED TG AVERAGE OF 154B8-65 DATA
LESS 1956. 1957, 1964, ANC PERIDDS WHEN HAY CUT RESTRICTED PET ESTIMATE

DEGREES FAHRENHEIT
FEE. MAR. APR. MAY JUNE JULY AUG. acT.

10.2 10.6 10.2 10a1 10. 5
10.2 L0.6 10.2 10.1 10.5%
0.2 10.6 10.2 10.2 10.4
10.2 10.46 10.2 10.2 10.%
10.3 10.6 10.2 102 10.4

om0
]
O m e o R

10.31 10.5 10.2 10.2 10.3
10,3 10.86 10.2 10.2 10.2
1.3 10.6 10.1 1042 10.2
10.4 l0.5 1D.1 10.2 10.2
10.4 10.5 10.1 10.3 10.2

W P -l @mma

[ R -
oo o
A v 44w
Sl ww
o D OO
oo eemEm

0.4 10.5 0.1 L0.2 L1
10.4 10.5 10.1 10.3 1g.1
10.4 0.5 k0.1 10.3 10.0
10.5 t0.5 10.1 10.3 10.0
10.5 10.5 10.1 10.3 9.9

]
oG o003
[« NI
R
wthn b b
gD 8D
H
o=rMNRh
- -
R
[N R )

10.% 1G5 LD.1 10.4
10.5 10.9 10.1 10«4
10.5 1C.4% 10.1 0.4
10.5 10.4 10.1 18.4
0.6 LO.4% 1041 LC.%

.n..n_-n.na
[ EV - . ]

oW oo
v
= O O
- BRI ]
e e e ] o @ @ e o

-l = g I R -
"o

R

= D LD W

]

o @ ® D@

0.6 10.4 10,1 10.5
10-& 10.4 10.1 L0O.5
10.46 10.4 10.1 1G8.5
10.46 10.3 10.1 10.5
i0.& 1023 10.1 10.5

f o omy = ]
W™ & W (3 m
e
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LI .
[RRCRT AT
b g e g
VoeN e
wmin o oo
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Te v e
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10.6 10.3 10.1 lC.&
10.46 10.3 101 10.46
10-6 i0.3 LD.1 10.6
10.& 10.3 10.1 Ll0.A

10.2 1D.1 10.4

. a
o

9.3
3.2
9.1
2.1
5.0
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10-1 10. &

AVERALE 10.1 LL.4
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TABLE Lb.--CATLY VALUES OF BLANEY-CRIDDLE CRGP GROWTH STAGE COUEFFILIENTS

FRON ALFALFA CURVE, FIGURE 2y 1N 5C5 TECH. RELEASE NO. 21 (4%}
LAY JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEP. OCT. NO¥. DEC.

0.60 Q.68 0.80 0.93 l.04 1,12 1.12 1.09 1.03 C.96 (.86 0.70
0.50 0.68 D.80 0.94 1.05 1.12 2.12 1.08 1.C3 C.96 0,85 0.70
0.40 0.69 0.81 0.94 1.05 1.12 1.12 }.08 1.C3 C.96 0.85% 0.69
0460 0.69 0.8F 0.94 1.05 1.12 1.12 1.08 1.03 G.95 Q.84 0,49
0.60 0.69 0.82 0,95 1.05 1l.12 1.12 1.08 1.02 C.9% 0.84% C.&8

G.61 3.70 0.82 0.95 1.06 1l.12 L.12 1.08 1.C2 C.9% 0.83 0.48
Q.61 Q.70 0.02 0.96 1.Cé& 1.123 1.12 1.08 1.02 .94 0.83 0.&7
N.bl 0.70 D.B3 0.96 1.06 1.123 1.12 L.08 1l.02 Cu94 0.82 0.467
0.6 0.71 0.83 0.97 1.07 1.12 1.12 1.07 1.02 C.94 0.82 0.47
0.61 G.71 0.84 0.97 1.07 1.13 L-12 1.07 1.C1 B.%& 0.8l D.6&

Ll G.62 0.72 0.B% 0.97 1.07 1.13 1.12 167 1401 C.93 0.8l Q.b6b
12 0.62 0.72 0.685 0.98 1.08 1.13 1.l2 1.07 l.Cl C.92 0.BO 04668
13 0.62 0.72 0.85 0.96 1.00 1.13 Lail 1.07 1.CL Ca93 Qu79 0.65
14 D.562 D.73 0.8% 0.4968 1.08 1.13 1.11 1.07 1.CO0 Ga92 0.79 O.65
15 ¢.63 0.73 0.86 0.99 1.08 1.i3 L.11 1.08 1.C0 0.92 0.768 O.64

16 0.6 Q.74 0,86 0.99 1.09 1.13 L.1L La0& 1.C0 C.92 07T Dab4
17T 0.63 0.74 0.87 0.99 1.09 2.13 lall L.06 1.C0 0.91 0.77 O.64
18 0.53 0.74 0.7 1.00 .09 1.E3 1411 1.06 0.99 C.91 0.7& 0.64
19 Ga54 .75 0.88 [.00 1.09 1.13 l.11 L.06 0.59 Cu9l 0.75 0.63
20 0.64 0.75 0.88 1.01l 1.10 1.13 L.1€ 1l.06 C.5% C.90 0.75 0.63

21 0.6% 0.76 0.89 1.0l 1.10 113 L.1C 1.C5 0.99 €.90 0.74 0.62
22 0.64 0.76 0.89 1.01 1.10 1.13 L.1C 1.05 €.99 C.90 Q.74 Q.62
23 0,65 Q.77 0.8% 1.02 l.10 l.13 L.1C 1.CS5 0.98 GC.89 .73 0.62
24 0465 0.77 0290 1.02 1.10 1l.13 LalC 1.C5 Q.98 0.B9 0.73 Q.42
25 0,65 0,77 0.%90 1.02 1.11 1.13 1.1C l.05 0.98 Q.88 0.72 0.4l

26 .66 0.76 0.90 1.03 lall 1.03 L.09 L.04 Q.97 Q.88 .72 Qa6lL
27 Oabbd 0.78 0.91 1.063 1.1l 1.13 1.09 1.04% €.97 0.88 0.71 C.61
28 O.b6 0.7% 0.92 1.03 1.11 1.13 1.C9 l.C4 0.97 0.87 0.71 0.40
27 0467 079 0.92 1.04 lall 1.13 L1.0% L.04 0.97 G.B7 0.71 Q.60
30 0.67 Q.92 1404 1all 1413 1.C9 La04 0496 G866 070 0.860

31 D.68 103

SVERAGE O.623
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TABLE 17.—CAILY WALUES REPLACING CHRISTIANSEN'S MONTHLY COEFFICIENTS

VALUES BATAINED 8Y INTERPOL AT ION AND EXTRAPDLATIEM OF CHRISTIANSEN'S
PEAN MONTHLY COEFFICIENTS FOR INDIANA

Jak. FIB. MAR. APR. MAY JUNE JULY AUG. SEP. 0OCT. NOV. OQEC.

1.i2 L.04 +34 +B9 .29 87 .87 -84 =95 lad4 1.10 I.15
1.12 1.0% «9h B9 B8 87 .87 -89 295 1.04 L.11  1l.15
i.12 .03 £2E -89 -EB ) - 88 - 8% «96 1,04 1.1l 1415
1.1t t.D3 .96 -89 -85 +87 +88 « 89 «96 l.04 .1t 1.15
1.0t }.03 .95 -89 =88 =87 -8 « 8% -96  1.07 i.12 1.15

1.1t 1.02 =35 .89 .28 «B87 -1 .85 96 1.05 1.12 1.15G
ol 1.02 +55 39 -88 «B87 - 88 -9c -97 1.05 1l.1i2 L.i%
1,19 L.02 +35 -89 -G8 -8t .88 -5C «£97 l.05 .l.l2 l.1lé
i.10 i.B2 -1 -89 =-£8 =87 -£8 -5C «37 1.06 1.12 Ll.l&
1.10 1.82 A9k R -E8 =87 -G8 «5C +38  1.06 1.12 1.16

1.10 1.0l -4 .89 .28 «87 +BE 40 .98 1.06 L.13 Ll.lé6
1.0% L1.01 %4 «89 «E8 « BT -8 90 £98 1.06 1.83 1l.16
1.09 1.0l -93 89 -£28 -87 « 82 « 90 .98 1.87 L.13 l.le
1.09 1.0t «23 «B9 « 88 -B7T - B8 =51 «99 1.07 1.13 l.lé&
1.09 L.00 93 + 89 - 88 -87 -88 =59 1.07 1.13 il.lé&

1.GB  1.00 .93 =8¢ .28 .87 .82 +89 1.07 1l.13 1Ll.l6
1.08  1.80% Pk B9 -84 -87 - g8 .G 1.07 l.l3 1l.16
l.88 1p.00 =92 -89 -£8 -7 -8E 1.G0 1.08 .14 L.l8
1.08 =99 .92 .89 -88 +87 +EE 1.00 l.08 1l.14 1l.16
E.07 +99 32 .39 -85 .81 .88 1.01 1.08 1i.i4 Q.14

1.07 99 92 «89 JE8 8T =88 1.01 1.08 1l.i4 1l.lé
1.07 -39 r -89 -£8 o B8 1.01 .08 1i.i4 1l.1é
1.07 38 91 -89 +£8 «B7 . BB 1.0 1.89 L1.1s 1.17
L. .58 91 B3 + B8 87 -88 1.02 1.09 .14 1.17
1.06 .98 «91 + 89 =87 87 - 82 1.02 L.09 1l.i4 L.17

1.06 97 =91 -89 -87 «87 «89 1.02 (.99 Ll.l& 1.17
1.25 97 .91 -89 67 -87 -89 i+02 l.89 .15 1l.17
LG5 37 .91 -89 =27 87 489 1.03 1.09 1.15% 1i.17
L.45 .87 21 -89 87 87 +85 (.03 1.1iD0 }.1% i.17
1.05 90 .89 87 87 «8% 1.903  1.10 i.1%  L.L7

L.O& -590 +B7 .89 1.10 .17

108 93 + BB B2 1.07 L.156



http:1.00-.93

bd TECENICAL BULLETIX 1452, U.5. DEI'T. OF AGRICULTURE

VABLE 18.-~—DELTA / GAMMA DIMENSIONLESS ¥S. TEMPERATLRE !N DEGREES CELSIUS
FUHNISHED BY U.S. WATER CONSERYAT ION LABORATURY, USDA, ARS, SWC ., PHOENMIX, ARLZ.
ic L/ ic L/G ic E/G ™ 0/G T c/G Tc /G

-5.0 .%a7 2.0 .592 «Tib
—4.9 .491 =-1.9 .595 -T21

1.4 4 .a62 1-033  10.0 1.232
1.1 4
~4.B  oAF4 —L1.A .599 l.2 725 4.
1.3 %
.4 4

0 7.0

R 1.3 Tal 1.039 L0O.1 1.239

2 .873 Te2 1.045 10.2 l.24&
—5.7 L4997 —1.T .803 + 730 3 T.3
—4.6  LE01 —l.é WBOT «T3% 4 Tad

878 1.052 10.3 Ll.254
B84 L.058 10.4% lL.28l

=4.5 .304 =-1.% .611 1.5  .1739 4.5 .889 Ta5 1.0684 LD.5 l.268
—%.4 508 —1.4 L4615 Lat  WTh4 4ef  «895 Ta6 1.07L 10Q.5 1.275
—&.3 W51l -1.3  W.518 L.7T  .T48 4.7 %00 7.7 1.077 10.7 1.2B83
—H.2 L3314 -1.2 85223 1.8 .753 4.8 .905 7.8 1.083 10.8 L.290
=60 L5517 -l.1 W827 1.5 758 4.9 .91l Te9 L.C9C 10.9 1.297
4.0 L5200 =L.0 .&31 2.0 .T&2 5.0 .%lé 8.0 1.096 11.0 1.30%
=3.9 L524 -0.9 535 2.1 .TET S.1 .%922 8.1 E.102 Ll.1 1l.312
=3.8  .527 -Q.8 .539 2.2 .T72 5.2 .F28 8.2 1.109 11.2 1.320
=3aT 531 Q.7  .643 2e3  WT77 5.3 933 8.3 l.116 11.3 1.328
—3+6 534 -Q.d L 64T 2.4 .TE2 Sah R3S Bed 1.122 1l.4 1.335
=3.% .537 -0.5 .451 2.5 .TBY 545 945 8.5 1.129 11.5 L.34%32
=3.4 .54l 0.4 L4655 2.6 L7191 5.8 .950 Bef 1.136 1l.&6 1.351
~3.3 .S544% -0.3 .4660 2.7 7496 5.7 «958 BT Llalé2 1l.7 lu359
=3.2 .548 -0.2 .8&4% 2.8 .8C1 5.8 982 8.8 L.149 11.8 l.346
~3.1 .55F -0.1 .&68 2.9 .EBCE 5.9 .9&7T 8.9 14155 L1.9 L.374
-3.0 .555 G.0 .&872 1.0 J.BLL E.Q .273 9.0 1.162 12.0 l.382
=2.9 .5358 G.1 L.&T7 3.1 .381é tal 979 9.1 1.169 12.1 1.390
=-2.8 .562 0-2 J68L 3.2 W8Il €.2 .9d5 9.2 1l.176 12.2 1.398
—~2.7 564 0.3 685 3.3 .82 €.3 .99l 9.3 1.183 12.3 Ll.406
2.6 589 Q0.4 4890 3.4 LB31 B4 L9997 9.4 L.l90 12.4 1l.4l4
=2.5 4573 0.5 594 3.5 837 €.5 L.02C3 9.5 1.197 12.5 l.a22
=2.% .57 Q.6 .4699 .8 LB4F teb 14009 9.6 1.204 L2.6 1.%30
-2.3 .580 0.7 .T03 3.7 .Bal £.7 la015 9.7 laZ2ll 12.7 1.4238
-2.2 .5B% 0.8 .707 3.2 .B52 £.8 L.021 9.8 L.218 L2.8 L.%%0
~2.1 .588 0.9 .Tl2 3.9 .B57 €.9 L.027 9.9 1.225% L[2.9 L.454%




LYSIMETER-DERIVED POTENTIAL EVAPOTRANSPIRATION

TABLE 1B CCAT.

TC T/ iC C/G
13.0 1.462 16.0 1.727
L3.1 L.470  i16.1 1.737
13,2 L.&7T9 168.2 1.747
13.3 1.4BY  16.3 1.757
13.4 L.496 16.% 1.74b
13.5 1.504 l&6.% E.7T6
id.6 1.513 1&.6 1.7B&
13.7 1.521 l6.7 1.796
13.8 1.529 1&.8 L.BOS
13.9 1.528 5.9 1.8t5
14,0 1.546 L7.8 1.82%
4.1 1.555 L7.1 1.82%
t4.2 1.5&6 17.2 1.B845
i4.3 1.573 17.3 Ll.as5s
Thote L.582 1T.4 1.Ba6
4.5 1.591 17.5 :.8%6
4.6 L.600 17.6 l.@8&
15,7 L.609 17.7 1.896
4.8 1.618 17.8 1.504
14.9 1.627 17.9 1.9L7
15.8 1.635 13.0 l.927
15.%F 1.645 18.1 1.937
15.2 L.8654 18.2 L.348
15.3 l.463 18.3 1.959
5.0 1.672 8.4 1.969
15.5 1.681 i8.5 L.%A0
15.6 L.69% 18B.6 1.990
15.7 L.700 16.7 2.001
15.8 1L.70% 18.8 2.012
15.9 1.7Ti8 16.9 2.022

TABLE 18 CONT.

TC E/G TZ [ 4 o]
TLa0 345 33,5 4.222
JE.l 3.765% 33.6 4,242
3L.2 2.732 33,7 4.262
3L.3 3,801 33.8 4.282
Ai.4 3.819 33.9 4.302
31.5 3.838 34.0 &.322
31.56 3.856 34.1 4,353
31.7 3.874 14.2 &.364
FE.B 3.893  34.3 4.38<
3.9 3.911 34,4 40405
32.0 3.930 4.5 4.428
32.1 3,549 34.6 4,447
I2-2 ILTBE 34LT 4 LAGT
32.3 3,987 34.8 4.4B8
32.4 4.007 34.9 4.509
312.5 4.026 35.0 4.5320
32.6 4.045 35.1 4.551
32.7 4.065 35-2 4.573
32.8 4.084 35.3 4.595
12.9 4,103 35.4 4.816
33.0 4.122 35.5 4.b6338
33.1 4,142 5.6 4.680
31.2 4,162 35.7 4.681
¥3.3 4,182 35.8 4.703
33.% 5,202 35.9 4.72%

i

1%.0
19.1
9.2
9.2
L9 .4

19.5
19.&
9.7
19.8
19.9

20.9
20.1
23.2
20.2
20 -4

2.5
20.6&
20.7
20.8
20.9

2.0
2i.1
21.2
21.3
2L.4

2i.5
2i.k
Z21.7
2L.8
21.9

TC

36.8
5.1
1E.2
1642
3b.4

3.5
34,6
36.7
1b.8
4.9

37.C
7.1
37.2
37.3
37.4

3t.5
37.4
3T.7
37.8
17.%

38.C
3a.1
g2
38.3
8.4

C/G

2.033
2.84%4%
2.055
Z2.0&6
2.078

2.02%
2.1C¢
2.111
2.122
2.133

AL
2.158
2.168
2.179
2.191

2.203
2.214
2.22&
2.237
2.249

2.2481
2.27%3
2.285
2.257
2.3C9

2.321
2.324
2.346
2.358
2.3710

£/G

EPRET:]
&.TER
4L.761
L.811
4. B3

4.858
4.8581
4.903
4.925
4.548

4.970
4995
S.017%
S.0%1
S.0&4

5.087
S.111
5.124%
5.158
5.181

G.204
5.228
5.253
5.277
5.3C01

i

22.0
22.1
22.2
22.3
22.4

22.5
22.4%
22.7
22.8
22.9

23.0
23.1
23.2
23.3
23.4

23.5
23.6
23.7
23.8
2.9

24.4
24,1
24.2
24.3
244

2%.5
24ab
24.7
2%.8
24.9

38.5
ia.é
8.7
38.8
JE.9

346.0
39,1
35.2
39.3
9.4

35.5
39.&6
3e.7
39.8
35.9

40.0
40.L
4C.2
40.3
4C.4

405
0.4
4C.7
40.8
4C.9

BsG

Z.382
2.385
2.408
2.420
2.433

2atdts
2.459
2.471
2.484
2.497

2.509
2.523
2,534
2,549
24563

24576
2.589
2. 602
2.614
2.629

Z2.542
2.456
2.670
2.684
2,698

2.TLL
2. 725
2.73%9
2.753
2.767

DG

£.325
£.349
$.373
£.397
£.421

S.445
f.47C
L.5695
£.521
£.544

5,571
S.594
S.622
Teba¥
TL6T2

S.697
5.723
5.749
5.314
S.802

5.528
5.854
S5.880
S.9086
£.532

L1

25.0
25.1
25.2
25.3
25.4

25.5
25.6
25.7
25.8
25.9

26.0
26.1
26.2
24,3
26.4

26.5
2b.8
2&8.7
26.8
26.9

21.4
27,1
27.2
27.3
2T.%

27.5
2.6
27.7
21.8
27.9

4L.0
Gia.l
41.2
41.3
Hleh

41.5
4l.6
417
Gi.8
41.9

42.0
42,1
42,2
42.3
42.4

42.95
42.4
42.7
42.8
42.9

43,0
3.1
43.2
433
434

o5

2. 781
2. 7195
2. 809
2.824
2.638

2.853
2.867
2.4882
2.8946
2.910

2.925
2.940
2.955
2.970
2.985

3.000
3.015
3.030
2.048
3.081

3.0%6
3.041
3.107
3.123
3.138

3.15%
3. 170
3.185
3.201
3.2L7

0/G

5.458
5.965
6.012
4-039
6. 088

6.093
6.120
G. 14T
G. 174
6.201

6,228
L.258
G 284
6.312
4. 340

H. 3568

H.396

LY Y4
&. 852
4. 480

6.508
&6.538
§e 567
6.596
a.b25

c

28.10
28.1
28.2
28.3%
28.4

28.5
28.56
28.7
28.8
28.9

9.4
29.1
29.2
29.3
29.4%

29.5
295
2%.7
29.8
2%.9

30.0
A0.1
30.2
3G6.3
30.%

30.5
30.6
30.7
3¢.8
30.9

TC

43,5
43.6
43.7
43.8
£3.9

4%.0
44,1
Sha 2
44.3
bhat

4h. 5
Ah. b
LhaT
Gh. 8
H5. 9

/G

3.232
3.249
3.246%
3.261
3.298

1.315
3.330
3.347
3.363
3.380

3,398
3.413
1.430
Jahbl
Y-

3.481
A.490
3.545
3.532
3.549

1.566
3.584
3.402
3620
3. 038

3,650
3.674
3.56%2
3.7L0
3.727

D76

6.65%
6.683
&.713
beTa2
&.T71

4. BQO
6. 830
4.860
6.8%0
&.920

&.950
6.980
Ta01il
7.041
7.071

&

L&}
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TIBLE 19.——RENY
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00
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BAILY POTENTIAL EVAPOTRANSPIRATION,

MAR .

.20a
L0080
B
L2001
L0

2002
=083
303
Bl 20
b

-Gos
-Q0&
036
397
002

003
=310
PHA R
012
203

1%
=215
B3 A
017
O

20
022
023
-32s
24

028

.323

APR,

029
031
ALK
=034
038

2037
040
+041
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~Lad

.048
069
052
-G53
055

039
i
04l
)
-06%

Gat
L85
BT
273
75

-qia
-079
Lag
-ER3
-

1.292

INCHES
HAY  JUHE JULY AUG.

LOET 138 L1732 L1717
088 L3140 172 L1717
-03% LI4l L17% L1174
L0851 042 L1774 LtTS
LLH5 LBas L174 L174

LB9% 144 J1TE L1792
S35 L1485 LIFE 172
W59 L1468 L1317 LEF2
LICC 149 L1277 L1772
L1001 .15 Ji7E . 16%

LIS (152 JLEC Li6%
LH0E L1%5 LLTE L LBE
LI08 154 J17E L1882
109 155 L1BC .16k
2312 158 L18L .164

-Fl4 158 LLEL .183
115 159 175 .l&2
L117 -L5% 179 .1al
-t119 .EéC LLlEC .15¢
L1230 (&L -iEC .15%

Sl J182 JLEC L1157
L1237 LlE4 LLEE .154
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~t2& LEte 180 L1522
LE27 J1EB LleL . 152
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L1356 L1710 179 L L4
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I.482 S.51¢

SEP.

140
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- l22
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LYSIMETER-DERIVED POTENTIAL EVAPOTRANSPIRATION

TABLE 20.-—MEAN CAILY POTENTAL EVAPOTAANSPIRATION, BLANEY-CRIDOLE
iNCHES
MaR. HAY JUME JuULY alUG. SEP. OCT.

019 18 196 -244 2285 .1H2 109
-020 121 L1977 L24F 241 .1BQ 107
020 124 2010 .24€ .24C .178 .105
020 <128 L2302 247 240 L1746 .102
02} 128 .202 .24E .2238 .172 .100

021 L122 0205 245 .237 .LT70 099
N2l 134 .208 .25C 237 . 167 095
-022 «137 L2010 .251 .235 166 004
.22 a1 L2012 .252 .232 L 1E2 W09

-023 142 215 .252 .23! 160 .090

323 155 .216 -252 .225 .157 .087
024 15p .218 .252 .227 .155 .08%
024 L15¢ .220 .252 -225 .153 .083
024 153 .221 .252 .224 .149 .0BO0
-023 2155 2223 .252 .221 .1%B .079

026 158 L3224 252 JE1B 145 078
027 L&D L2286 .252 L217 . LlA4 (OT&
JO28 SlE3Z L2227 .253 .204 L1139 072
.030 «1£5 L229 .253 213 L1337 .070
031 L168 .230 .252 .212 .135 .048

Q32 2171 .232 .252 207 131 .046
032 L7 L234 L2522 L2206 132 065
034 L1774 235 251 .203 128 .062
0356 2176 42237 251 .202 .1236 .061
037 S1B1 4238 .251 .201 .123 .058

.038 J1B3 L2355 247 198 . L21 .057
040 SlE4 2241 247 194 119 .055
042 L1886 242 .247 2192 116 053
.D43 +189 L2423 .247 .19C .115 .051
45 L1900 .244 .24& .1BS .LlL1 050

047 - 194 “245 184 . 048

2.408 LIY:1-1:3 G, 74C 2.291
898 4a.869 T.743 4. 4C0 -B29
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TARLE 21.——FELAN DALY POTENTIAL EVAPDTRANSPIRATION, HAMON

Lay

LT IF S WIF NR
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LYSIMETER-DERIVED POTENTIAL EVAPOTRANBPIRATION

TABLE 22.-=hrah Latlly POTENTIAL EVAPDTRAHSPIRATION, PAPADAKIS
MCHL S
FEE. AR, APR. HAY JLME JULY ALG. SER. 0OCT.

2025 330 L0482 (0E2 -106 124 o135 119 .09t
2029 031 -04%% LOE3 LIET L1264 .135 L1168 090
325 L0301 050 .084 .1CT? L1125 L1235 116 . 087
L02% 031 051 .C45 L1008 J12E L1365 L1146 .087
a22% L0731 .05%2 L0825 (108 127 W134 L1148 .D8&

025 032 .0%Y 087 .1C9 .L128 .134 .11% .085
125 .032 .05% L0EF .1i09% 128 134 113 082
225 L0033 .0%6 .089 111 .127 134 .1t2 .083
D26 .033 056 .C9C LL10 L1325 .133 .111l .082
-n2& 036 (058 .CSC 111 .12§ 133 110 .081

026 034 L0559 .092 112 «13C .133 110 .079
025 .035% L060 .0Y2 ELZ2 .13C .132 .LC5 078
026 L03% .041 LCS3 L1132 L L3L 2121 LECB L0746
L0927 039 383 LC8F L11T .13 131 L1CT L0746
027 036 WCH3 L095 LI1& L1232 130 L1CT7 0TS

027 0346 L04% LOSE&E LL19 L1232 L1230 LLE5 L0073
027 037 L0886 LCST 115 o133 130 L1104 072
123,037 -CHT 05T 115 134 L12E .1C3 L07L
087 W038 068 LU98 116 L1348 L1298 102 L0&9
228 039 LCT0 L0999 L1007 2134 L1227 .1CL .068

W028 .0%0 .07 LMCC LLLE SE34 127 LICL LQAT
022 040 072 -1CL 118 .134 128 .1(0 .065
.028 .08t L0073 1C1 2119 .13F 129 .CS9 .085
029 042 L0T5 L1C2 119 L1353 (124 .C98 .063
029 042 .0T& .1C2 .12C .135F .123 .C95 .061

2029 042 077 103 L1220 L13E .12 .C96 060
D29 W04 LOTT 103 L1201 L13¢ 122 L0995 L0589
030 045 LBYF LGS L122 L13E€ .121 LC94 L0568
.30 045 L0800 L85 L1282 L0123 120 092 . 057
. JO4h 081 L1C5 41223 .13¢ .019 052 . 055

. 04T . Ll0E . 138 L 1S .0%4

-T832 1.929 T.430 3.9491 2. 254
1.135 2.949GC 4.07¢& 2. L&2




TECHNICAL BULLETIN 1432, U.8. DEPT. OF AGRICCLTTRE

TABLE Z23.--FFAN CAILY POTENTIAL EVAPOTRANIPIRATION. GRASSI

INCHES
JaN. FEE. ®aRr. &PR. ¥AY JUNE JULY AUG. SEP.

WDET LG W00 L1M L1798 L2280 .23 L2019 122
L0607 .06% J0®L L 131 L18L L2201 L2234 L21F - 1&l
248 L3668 L0922 .13} 182 222 .23 .217 .179
«O%8 L0567 LG93 135 .16% 223 233 L2146 178
2042 367 L0968 (136 L1285 -22% L2311 L215 -176

409 L3HE W95 L1138 L1ET L2258 L2131 ,215 L1715
D89 L0689 096 .139 189 .22% .233 .214 .172
259 270 .09d -141 190 226 .233 L2012 .172
050 .071 .D99 L1822 152 .226 .22F .21. .1TC
WOB50 W0TF L 100 L 345 L1953 L2277 L2372 L2101 L Ll&B

1} 051 Q72 .10} 046 195 228 .232 .209 147
2 .051 .0T72 102 148 .15& -228 .311 .208 .14&
13 .852 074 .10+ L1489 187 ,229 .211 207 .la&
4 .033 .05 (05 . 151 -1§9 .229 .231 .2C& .i&2
15 .053 .076 .06 .152 .200 .23C .230C .2095 .14C

i6 096 L3TF L W07 L1556 202 L23C L2310 .2C3 159
7 054 .078 J108 .156 .2C2 .230 .226 .2C2 157
l& .0655 .978 .10 198 .204 .230 .225 .20%1 .15&
e ,055 079 .11l 159 .2d6& 23] .228 .20C .1l54
20 -056 080 113 .161 .2C% 232 L228 195 .152

21 .057 081 114 L1462 .2C8 .232 .227 .19% .15}
22 .057 .0B2 115 .16% JEIC 4232 .227 . 194 .149
21 058 L0823 J1LT . led L2011 2222 .22£ 195 .147
24 .05% 0BG L1118 . L&B LE1Z L2313 .225 L1G4 145
25 .59 .0B3 -1i1% -169 .213% .233 .225 .192 .l4s

26 06D 086 131 17 L2014 L2333 L2248 L1501 .142
21 .04l WOBT L1233 L0173 215 .233 .223 .18% . 1s@
2B D61 .08 L1246 174 L21E .234 .222 .1BE L1382
29 .062 089 .125 176 217 .233 .222 .18& .127
0 .65 LE27 L1788 .218 .23& .221 .185 .13%

M L0464 128 +E19 L22C - LE4

TCTAL 2.206 L.E0s E.Bb4 341 .32
L.&a81 3.345a t.224 1.05¢C 4.219




LYSIMETER-DERIVED POTENTIAL EVAPOTRANSPIRATION

TARLE 24.——HEAY ESILY POTENT IAL EVAPOTRANSPIRATION, STEFHENS-STEWART
INCHES
HAR. HAY  JUNE JULY AUG. SEP. NOV.

B 0BT 129 .152 .148 .114 . 030
14 «089 L1371 .152 L0147 4113 «029
4014 0580 132 4152 .14& L1212 028
15 £92 133 153 L1148 L0 -0Q27
OL5 D83 L1346 2153 L1453 L1109 026

Nlé L0895 136 L1548 L1144 .1CR 025
017 057 L0135 2154 .144 L1CE 024
017 L9 137 154 L1462 LUCS 023
018 00 138 JL54 .142 .1C4 022
019 L0} 138 154 .141 .1C2 021

.020 -LG2 139 .154 Ll4C . 1CO 021
020 +l04 140 .154 125 .G99 -020
02l 2105 141 154 .138 .C57 -Q19
-n2z WACT L1427 4154 4127 L0986 .018
023 L1008 142 154 1386 095 Loy

024 10 L1843 155 L35 L0692 017
«025 SLLL L 14E L1854 L1233 LCG2 =016
025 ~11E L1453 154 .132 -C90 2015
026 -l14 145 o154 . 131 . 089 .015
027 ~1Ll5 -J46 152 120 .CET ~0i4

.028 116 L147 LL52 125 L0486 014
029 2118 147 .153 .128 .Q84 013
031 -119 .14B .152 .124 JDB3 L01l2
032 120 189 L 152 L1235 .08L a1z
+033 121 148 152 L1245 L0830 . 011

D34 -123 .1SC .19% .123 .Q1B -0l1
D35 <124 150 191 .121 .07 011
036 125 .1%51 150 .12C .05 -010
-G37 L1126 2151 LLSC L1119 074 -0L0
-0239 127 L152 L1489 LLLT L8722 - 009

-040 126 «L%8 .1li6

1-879 4,262 4o Lb4
~ThS 2.3E0 4.733




TEGHNICAL BULLETIN 1432, 7.8, DEPL, OF AGRICULTURE

TAHBLE 25.-—PEAN CAILY POTENTIAL EVAPUTRANSP [RATION, TURC
INCHES
MAY JUNE

-130 178
2122 178
P L
-136 LITH
L3127 L1079

139 L1e0
«141 160
+1483 182
«i45 182
RN ET- R 8-}

.laB . 184
2149 _1B4
151 L85
=182 ,184
-Ies  LiAA

- 155 .187
<127 .187
-158 .18@
«1E0  .18%
<iEl .189

-1£42  .189
PR - R
Ll£5 190
lés L19)
~LET .91

-1E8 L1910
-lew o142
L1710 .i9e
172 192
#1713 192

=174

4.779




LYSIAMETER-DERIVED POTENTIAL EVAPOTRANSEIRATION

TABLE 26.—=MFah [CALLY POTENTIAL EVAPOTRAKRSPIRATION. JENSEN-HAISE
THCHES
JAN. FEB. MAR. APR. MAY JUNE JULY aUG. SEP. OCT. HOV. DEC.

L0 WNG2 -Cle 059 135 206 L2544 238 L1437 111 .045 010
LO91 LG L015 060 L138 20T .2&% LF37 L L2 .109 023 L0100
001 LOGE JDlE .C8s L141 205 L2465 236 L1779 . 107 .04 009
L001 L0071 L0L1T 066 -133 L2101 L2248 .235 L17T L0106 .029 .009
LO01 003 L018 088 .le& 213 244 L2345 L1764 L0100 .03 008

001 .4C3 .C19 LOTQ J1&F 214 247 .232 .172 -C99 036 .008
081 L0071 020 .0:3 L1851 .216 247 .23L L. 169 .09T7 .035 o007
L0861 .004 021 0795 -152 218 .247 225 . 167 099 .033 .o007
001 D4 L0322 L0TE .15 LZL9 L24E J228 .15 L0852 .032 006
L0901 054 .023 L0BD L1589 221 J2&E L2237 .142 .G9C .03} 004

.00t L0046 026 LQEZ .11 .222 L24F .22% .140 L0867 .029 005
031 006 JO0FS .OA% 163 .234 .24F 223 .158 .08% .06 .005
a9l .o06 L027 .0B8 .ic5 Z25 .24F .221 .155 .QB) .02T7 005
001 .RCS .028 .C90 .18 .22& .24F .22C .153 .08l .02& .00S
.00l .00& 029 .092 .17C .228 .24E8 .21% .190 .G78 .024% .00&

L0010 .J0e 031 -09% 173 229 .24 L2018 LL4B L C0TL L023 .DO0&
LOB1 L3007 L0372 L6985 (178 L23C 24 LZ1E . l4s .CFS 022 004
LA .07 O34 L 10t LITT 222 L28E L213 L3183 072 021 003
L3231 957 L03% .103 J1BC 233 .24E J2LL L 040 L0700 Q20 003
LO01 .O0E W37 106 L1827 L23% (24T L2049 L1238 .048 L019 003

L0Z1 L0049 L0038 o108 188 (235 .247 207 136 .045 .01 .00
_Ool a0 W0s0 J111 L1Bé L2386 .24& L2305 L1323 083 017 .003
031 LA09 .222 Jlis JLBE .237 .24& (203 L1131 .061 .0lé .002
L001 .30 .04& L117 .19G .238 .245 .201 .128 .059 .0ls .002
L2901 L00T L5553 L3119 L162 .239 L2446 .19% . 136 .057 .OL5 002

JEeia g 34T L1327 154 L2AC L2454 . 197 L1245 .055 014 _002
I B ) B JO89 L 125 L1568 .261 L2463 2195 o121 L0553 013 002
22 W51 127 L1SE .242 -242 L0192 .119 .052 L0122 .002
202 L83 L 130 L20C L2R2 L2410 J16C L llé L04E& .0L2 .002

L5535 L133 L2852 .24) L240 J1EE .1l4 L0483 .OL1 .001

EVEY - 2C4 +235 188 QLG - 001

J.gsd &.81C E.bad 2.3188 - L54
T.318 1.&15 4, H58




TECHXNICAL BULLETIN 1432, T.8. DEPT, (F AGRICTLTTRE

TABLE 27 .—-~MEAN CALLY POTENTIAL EVAPOTRANSPIRATION, MAMK]NK
iNCHES
CAY JaN. FEB. “AR. APR. MAY JUNE JULY AUG. SEP. 0T, HOV. DEC.

D2 L0300 L042 L0713 L115 L152 162 L1153 . 125 L0868 045 022
+B21 030 L343 L0TR LDLE L1SC L1832 153 124 .085 .05 L0201
<021 LD3D 044 LOTS LT L1501 LLEF 152 132 .683 043 021
L0210 .031 L0453 W07 L116 L1252 L1462 151 .12 .082 .042 ,02%
L0201 L3032 089 L0TE L1230 .152 .1E2 LL51 .i2C .081 -0 .020

W e Ry

& -022 037 L0344 0?9 LL12D 153 L1&3 LI5C . 119 075 LG40 .020
T .022 .932 ,347 .C91 .123 153 L1632 L1499 LLE8 .07R .039 .020
2 922 333 049 .0B2 .1ds .154 L1462 (148 .Ll1& LCTT L0338 .020
9 022 032 Q4B .0B3 -125 .159% .1&2 .148 .1i5 .O715 .037 .020
0 .C23 .034 349 .0§% .1L237 156 .1£2 147 Lii4 .07C L0356 019

1P .023 .34 05C CHE J12E 156 -162 .14& 113 .OFZ _035 .0ig
2 .023 L35 .05 WDBE .129 .15€ 182 145 .12 071 .034 019
13 .023 035 L4052 LCBT 130 LU57 LL& Jl44 LLLO 070 .G313 .0I9
14 .B2% .32 L08% 091 121 L1SE 141 143 L10S 068 .033 .Gl9
15 024 L35 .0%4 092 L1331 L1538 141 L1433 L1CE .CET LD32 .0i9

16 026 _F3e .0%5 .C33 135 159 141 152 L1027 064 .03 .019
17 .€25 237 W0S5 L5 L1239 L159 .lel 141 LICS5 .064 .Q3O 019
12 LT25 L0237 J0S57 L0 126 L1955 J1&C _l4C 104 .G63 029 .0L7
19 225 .23+ 0%y 097 L1337 L14C 140 L1385 L1C2 .06 .029 .019
d0 23248 L7392 LTH3 LG99 LL3E Jl&0 L1595 L1382 L1€1 . 0&C .£28 .09

21 -U2& L34 LOsh L LS 129 LLEC L t59 L1337 LLEC 059 .02T7 013
22 .J2& LT8F .46l 32 .140 141 L 159 L1346 LCSB LD58 L.G27 .019
23 L2227 LM Lhed L0173 L0181 L)el L15F L1324 L0957 L0358 W28 .O19
26 JUQ27 LTel LTH3 LIS L14Z L14t L1SE L1344 -0%8 L055 .025 019
25 L027 JVel LTER S8 L1242 L&t 197 L1331 .£99% L0564 .225 .02p

26 L02B LJTRY LT3 LETA L1ks& L1&7 J1ST7 132 .LS3 .053 .C24 ,020

ST LD2: LTwl LTAF L12% .1e% L1e2 154 130 .6%52 .051 .024 020
Ioal2% WTael L&D LAY LLAE LIH2 J1SE 25 .CSC L05C .023 .020

29 LLdd LTLs L3ed L1022 LieY L1E2 LEST L3S LCRY 049 .023 .020

v LI27 LT Litd LT L1EZ LEFSA LB2T LCET Q&8 ,B22 .020

31 .03 372 -le% L1584 J128 T -02%
TUTAL ] L7998 2. T2 4.37C 2. 1064 574

BT 1 1.70% haliz L858 1,288 - 364




LYSIMEYTER-DERIVED POTENTIAL EVAFOTRANSPIRATION
TADLE 28.——PEAN CAILY POTENTIAL EVAPDTRAMSPIRATION, CHRISTLANSEA
INCHES
AR, JUNME JULY AUG. SEP. ©OCT.

L4T .185 204 .2QC .163 .124
-850 L1884 204 195 (162 .122
2051 .185 .20¢ .198 .1&2 .120
052 L1868 2C+ L1297 .16 L1118
052 L18E .20& 1986 1460 .17

053 L189 .287 .1%4 L0159 (115
054 189 207 .195 .158 .113
0%5 -E9) 208 193 .156 .1t2
057 LG 206 L1922 155 L1El
058 2192 2206 .191 L0155 .109

L0059 124 .205 .190 .153 .i08
D61 L195 0289 .i88 150 105
2061 123 L2056 L1895 .149 104
062 L1913 .209 .18& 150 .102
06k 194 L2095 . 185 149 100

06% L19% .208 184 147 098
BT 195 L20E L1E2 L1486 0%
D68 .19c .2CE .182 .145 .095
070 197 207 418} .142 .093
L72 <197 .207 .IBC . 141 .091

073 SE99 J2C¢ 175 141 L089
OT75 200 .20& JITH 138 .089
-815 .200 -20% .178 .135 .088
Q77 .2C1 .20% .1%6 136 D86
078 L2C1 .202 .174 .13% .DB4

«~BAD L2010 .204 175 132 .082
B2 -201 .204 LT3 .1l29 .0B0
084 2201 4203 L1695 128 .078
085 201 4202 167 126 JO078
-0R7 L2064 L2022 L1646 126 074

.08Y . 1E2 «2C1 . 165 074

T.1462 2,505 S.839 S.895
«IR7 2.046% S.211 £.385

3
%.367




68 TECHNICAL BULLETIN 1452, ©.8. DEPT. OF AGRIGULTURE

nay

L T L PV

—

TABLE 29.-—MEAN DALLY POTENTEAL EVAPOTRANSPIRATICN, PENMAN

Jak.

-023
-0232
024
«023
024

025
024
025
025
«026

~RET
027
027
028
028

D29
.D38
030
830
-031

032
033
033
-034
-034

-035
- 035
Q38
036
037

Q37

911

FES8.

D28
L0338
039
039
L0408

<D
~Bal
043
043
044

- 044
+045
D46
045
G4

«D4B
-04R
850
«058
=050

051
051
- 052
.053
054

Q54
.055
D586
057

L.362

MAR.

058
)]
0680
0h]
061

D42
063
064
045
065

0467
P LT
068
064
070

072
073
072
074
075

017
078
Q80
082
83

-083
SOEY
086
087
089

091

24248

APR.

094
093
-094
.096
058

oo
.02
- 104
1046
- 106

- 128
<10
11l
-2
114

116
L7
119
-121
.23

. 124
126
127
130
=130

132
134
«135
137
138

3.457

Ha¥

- 139
-4l
-143
- 143
. 145

- L1&7
- 148
- 149
151
- 153

.153
- 154
- 1536
157
-158

. LAD
161
-1E2
=143
- 163

1565
-la¥
- 187
- 169
«170

-171
L4171
172
-173
-i74

«176

4.921

INCHES
JURE JULY AUG.

179 2194 L1B&
~17T L1195 .185
L1786 195 . 184
178 .195 .l82
-179 .195 .182

4179 .196 .iA1
+180 .195 .iAc
182 .195 .17%9
-183 196 L1768
-183 .196 177

S183 2194 LL7E
~1B4& L1195 174
185 195 .172
<186 2195 172
186 195 L1712

<187 .195 .149
L1288 .194 .18
~1BE L1194 .1lad
«189 .194 .I&65
190 193 164

LA98 L 193 L1682
=190 .192 .16C
=191 .192 . 158
«191 .91 .i58
«192 191 L15&

«192 .191 .155
2192 190 153
«193 .189 .i51
=183 .189 .l4%
«194 188 .i48

- -1BT L1471

5.582 5.21C
£.991

SEf.

145
- 144
=163
o142
+ 140

2125
137
«135
134
-132

+ 136
« 130
«127
«126
4124

122
« 121
120
- 117
=115

- 114
=112
-111
105
107

=108
=105
«103
Sd01
« 0949

3. 691

acT.

4099
036
. C57
-C95
- 094

- G692
« 580
- 089
Q8T
- 086

- 084
- 083
- 0al
- 079
-.a78

077
G786
« 074
-0
- 071

+ 049
LY
. 068
« D646
- 065

- 063
- 0862
. 061
059
- 057

- 054

2.3%3

HOV.

. 055
+ 054
« 053
- 052
<051

- 049
+« 048
-047
« 346
- D44

- 043
- 43
042
041
040

- 039
037
«037
=036
- 035

-035
« 034
033
« B33
-032

031
03z
- 030
-029
029

1.281

DEC.

Q30
- 029
=028
-028
- D28

027
027
- 028
=027
026

« 026
+ 025
- 025
024
«024

023
023
023
023
026

.023
-823
=023
=022
-023

-023
- 022
-022
022
-022

«022

- T85 "




LYSIMETER-DERIVED POTENTIAL DVAPUTRANSPIRATION

TABLE 30.—-—-MEAN DAILY POTENYIAL EVAPOTRANSPIRATION, VAN BAVEL
THNCHES
JAit. MAR, APR. MAY JUNE JULY AUG. SEP. OCT.

033 074 L3112 2156 L1590 203 .193 L1592 169
034G 076 112 159 .i88 203 197 .15€ L1G7
«035 L076 L1013 L1860 189 L203 191 L1500 .108
034 L0707 L1146 161 L1B9 L3203 L1190 149 -1CH
- 035 LOTT LJLLY L1063 L1189 203 L1986 L1487 .1ICH

036 LO078 L1188 164 190 L204 L18E Ll46 104
035 L2079 L2121 1635 L1910 .204 L1BT .i44 .102
836 OB L1223 166 L1192 203 L1888 L1483 L1C]
026 2081 2125 167 193 204 L1835 141 LIED
0338 L083 125 169 193 204 .1B4 .39 058

i1 L0238 084 2127 169 193 204 .1B83 .138 .C9%4
i2 .g38 JOB5 4129 170 L1954 L203 L1B1 L1377 . 0%
13 .029 084 L1306 171 194 203 L1179 135 .09
i4 .039 086 2131 172 .195 .203 17§ .133 693
i5 .040 JOBT S133 L4173 4195 203 177 .132 .092

L6 .40 J0B9 o136 .1T4 196 203 .L75 .13} .090
17 042 090 2136 L176 187 L2082 L175 L2130 089
i8 .0682 L089 139 .1T7& L1597 .202 173 .i28 .(E8
19 .042 091 140 17T LS8 .202 171 L1246 L O0B&
20 044 W92 L1462 LITT L199 L2001 171 L1224 L 08D

2L 045 LO094 L1463 LE79 L1689 L2010 L14AR L1123 .0B4
22 2045 L0496 L0459 L1800 L1589 L2060 .167 L1122 .082
23 .046 097 J145 L1800 199 .Z00 .165 120 .DE2
24 047 L0899 L 149 LIBL L2000 .169 .165 .118 081
25 .047 L2181 149 L1382 .2€0 .199 .13 .it? .CEOD

26 047 100 LS50 182 L2000 .199 .1s) 116 LO08
27 048 -102 (152 .iB3 .201 .198 .16C .115 .077
28 .04% Sl4 L1593 L1284 L2€2 197 158 L1113 L0786
2% Q50 L10% 4159 185 L2010 196 156 LE11 .CT74
30 050 W07 L1986 L1856 L2C3 .195 L154 LLIC .072

31 .050 . -9 . 187 . 124 L15% .07

TETAL i.776 4.821 5.886 B.4EG 2. 806
1.280 2.774 5.375 &,238 . 940




68 TECENICAL BULLETIN 1452, U.8. DEPT. OF AGRICGLTURE

TABLE 3L1.—-¥EAY [AILY PGTENT 1AL EvAPATRAMSF[RATION, COMPLTED LAKE EVAPORATICH

IHCHEES
HMAR, AFR. MAY JUNE JULY AUG. SEP. OCT.

L0379 .072 L12C 159 J17& .léé& 124 .0Ba
«2E0 LOT73 L1232 L1860 L1748 L1é63 125 .0R3
«050 LCT% .124 JIEL L 178 .164 L1323 .08l
0]l LG7S LL25 162 L1TE L1ED L3132 .080
041 078 LLET L1682 174 L1862 121 L079

L0482 L079 LLZE 163 L1177 .1l 120 078
053 .05 130 162 L1TE L14C LLLT L0078
BEs LOE3 L1331 15 LLTFé L1595 L1l4 .07S
«045 084 L1323 L14% L1T7 158 (115 .A73
«O56 035 (124 L18E L1737 L1057 LL1Y .0T2

Q& LOBT L1239 (147 LIT7¢ L1585 112 .c71
<065 239 L1337 167 LL7E L1546 1Ll L070
«0¢8 CY1 LLEFE .1&9 .L1TE 153 .1E65F 088
W58 ,C93 L1215 L1E% L8 132 LLCT L0587
SD5Q W05 LAY L1865 LLT7E L1151 L 1Ch .OB&

2052 W0%6 L3142 LITC LLTE L145 L1C5 .DA&
L0252 L0%7 L1463 L17C LLTT L14E L1CY L0483
W858 LEFF LM% LHT) LITE WLt L1CZ L0A2
L0553 LB L1&E L1 J174 L 1A% LLCC L0061
«35A L1031 L1AT J172 L1149 L1485 L 059 .04

2857 104 LPEE (172 L1732 L1A2 LGSR L0553
ZU58 L1084 1469 173 4173 L14% .C%5 .057
2383 L1107 LFC 17T L0172 13§ 055 .054
2J6L L3 LIFL L1T% L172 L1IE 053 L0355
-FAZ L ELL L1582 L0174 LLTD L1337 LCH2 . 054

S0£3 JE1R L1337 LL74 LTTE L13% L0451 .053
2365 L1le of52 LTS LLTC . 1s L0BY .05t
-268 LIlE LLEE LITS L1GT L 12 LDE2 LO50
04T L1183 LE3E LLTH Lidz L1331 €28 048

SL1E9 L1ZF L17e (LR LI2% LCES .Q4R

L1358 -l5e L2 24T

2.83% 2.TE] 445528 2.008
5388 Z.38% i.1e5




LYSIMETER-DERIVED POTENTIAL EVAPOTRANSPIRATION &9

TAGLE 32.——MEXY CaflyY POTENTIAL EYAPDYRANSPIRATION, COMPLTED PAN EVAFPORATION

IRCHES
JaN, MAR . MAY JUME JULY AUG. SEP. OCT.

2031 L0553 158 .199 223 217 .168 .120
031 +056 158 199 .223 216 .166 118
-032 057 160 L2001 224 2215 1664 LLL7
032 057 162 202 .225 +215 1483 .115
Q32 (5B 184 .202 225 213 .160 114

832 059 W185 203 .22€ 212 159 113
w032 0460 J187 2204 228 JZLY LE57 W1Q0
032 061 +168 4206 225 209 155 1G9
L0323 062 JLT0 J206 L22& L208 L1534 .108
033 .63 172 207 L2217 W2CH L 152 .07

D33 64 173 208 227 .205 L1500 L1QS
L33 068 LLT6 L 209 L22¢ 2203 L L45 L1004
035 Qb L8 LZC9 L2268 2200 147 L1102
034 06T L1778 .210 .22€ .20C 145 101
034 069 LET9 211 .227 199 . les L 099

035 071 L1880 L2012 .22& 187 143 L.098
2035 071 JIE2 213 L22¢& 195 L 1AL .09
036 073 L1823 214 227 2193 139 L0495
036 074 L1B4 214 .22€ L19@ 137 .093
D36 -B76 185 216 «22¢& L19C€ .135 092

2037 .77 L1B4 L2186 L2286 188 .134 090
037 075 L1868 227 .225 -186 .133 .089
2037 +OE0 189 218 .225 .184 .131 .088
038 082 .190 219 .224 .183 .130 .0856
033 .0B3 191 219 .223 .18l .128 .085

038 =085 153 220 .223 -179 .127 .083
L0239 <087 2163 .221 .222 2177 125 .082
039 <089 L1955 L 222 4222 175 124 .080
028 090 195 .221 .221 -173 .122 .Q79
040 092 Li68 L222 .22C L1TY L1121 .QTFF

040 094 198 «2iB 170 +QTE

1.351 1.766 €.340 E.083 3.032
1.008 2.223 5.55C £.9562 4,303




TECHNICAL BULLETIN 1402, U, DEIT. OF AGRICULTURE

FAPLE 13.--ME#K CAILY POTENTIAL EVAPOTRANSPIRATIGN, LYSIPETER

Cafs ARE FROM S-TLAM RARMONIC CURYE FITTED TOD AYEHAGL OF 1948565 DATA
LESS 1954, 1957, 464, 8MLC RERIUDS WHEN HAY CUT RESTRICTED PET ESTIMATE.

INCHES
AN MAR . s JUNE JuLY ALG. SFP. CCT. NOV. DEL.

020 LT L222 -222 -213 .1°C .1C9 .082 .020
G2a ML 222 L2227 4212 .18 .107 .0%Q .020
020 A&7 2223 4222 4211 1%y L1086 J049 L0240
02 W4 L2271 2222 .21C 4195 .104 L047 . 020
020 P ET 2224 2222 .2C09 (152 L1087 .0a5 .020

020 U4H L2234 4227 4207 151 101 L0494 D20
020 PLLE 4226 222 J2CE L 149 L099 042 010
i) e 224 222 205 L1487 097 040 019
020 MARL 225 W222 J2CY 1A% 095 L0 .0ls
320 NeLE £224 L0272 L2062 143 2094 (037 -DL9

-020 0150 L2264 222 L2CC 142 092 .06 .OL9
020 .N80 L224 L2222 .19F L14Q LE9C L0395 LO0E9
02 A% -224 222 .197 138 J0B8A .033 .0l9
W21 .81 -224 4222 4195 L1386 J0BA 032 004
21 S0he W22 0221 L1593 L1135 L08% L0331 .020

021 %2 224,221 2192 L1133 .0921 .930 .020
21 MILY 224 221 -19C 131 .0BL .C29 .20
-2l ML -2d4 221 L18F L1300 .079 028 .UE0
A2l 54 -225 2271 .1B& 128 .GT7 .C2Y 020
? 54 223 .220 LLBs 126 QTS5 028 .020

-3 FIEL) L£23 220 L1822 125 .OTY L025 .020
022 he W56 224 -22C -18C .123 .07 .C25 .020
W23 L1587 -223 2216 L1768 L1282 .0679 .024 020
.023 WG 223 L3220 176 L1200 06T L0273 L4020
023 -05! <221 L2LE L1744 119 2085 023 .020

0224 LU 227 LZ218 L1172 JLLT L0863 L0022 -020
Q2h 2041 L2243 JZLY L1T7C L1115 L 061 L022 .020
025 LOR2 L222 W20 L16F LLLE LDAQ D21 -020
2% 0483 -222 -2Ll¢ .iBe 112 .038 .021 020
P AL .222 .215 -te4 1L L0%6 L0221 020

D27 bk 214 L1627 - 054 . 020

L.06% . l30 £.Tap 5. 891 2.947 “BLl2
612 L.hST E.027 L.825 4. 035 -9719




LYSIMETER-DERTIVED POTENTIAL EVAPOTRANEPIRATION

T4BLE 34.——STATISTILS FROM HARMONIC ANALYSES

FEANS: CEEFFICIENTS: ANC STANDARD DEVIATIONS FRAOM REGRESSICN

TABLE FACTLR 5TD. DEV.

LYo FRCFM REGA.

AIR TEMP 22.50 ~C. 0800

T.87 .6%583

DEWPCIAT 21.20

8.i46

14433 ~1.0£E9

—2.1750

SCIL #CIST .1i51 -0.0770

3.42 — «CHEB - .0311L

SCLAR #AD 3b7.51 =-213.48 +CC59

25.01 8. 176

TERP OIFF L.78 QE4b

- 33 3318

LYSIF PET -0C26 - 0040

.QCe3 - 0040
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