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ABSTRACT
Estimation of Evaporation and
Evapotranspiration in Colombia
by
R. Kern Stutler, Master of Science
Utah State University, 1970
Major Professor: Dr. E. C. Olsen III
Thesis Director: J. E. Christiansen
Department: Agricultural and Irrigation Engineering
A formula for estimating class A pan evaporation from sheltered
evaporation was developed using data from ten climatological stations in

Venezuela, The formula is of the form:

Ev = K Evf Cef
where
Ev = pan evaporation,
K = a constant,
vi = sheltered evaporat:}on,
Cef = a coefficient based on the amount of Fuess or

sheltered evaporation,
Using this formula.\ the pan evaporation was estimated for 17
stations in Venezuela.and 20 stations in Colombia where measured
sheltered evaporatidn data were available. Using Christiansen's for-

mula the potential evapotranspiration was also estimated from the pan



evaporation and compared to that estimated by Christiansen's formula

using climatic data,

Using the Christiansen-Pardo formula, sheltered evaporation was
estimated for 26 stations in Colombia. From this estimated sheltered
evaporation the pan evaporation was estimated using the new formula
and compared with the pan evaporation estimated by the Christiansen

formula from climatic data.

(103 pages)



INTRODUCTION

i

The republic of Colombia, located in the northwest corner of
South America, is one of the many developing Latin American countries,
In recent years agriculture ha s received a great deal of attention and
support from the government through the Colombian Agrarian Reform
Institute, INCORA. The emphasis on agricultural development includes
planning and some initial construction on a total of approximately
363, 000 hectares of irrigated lands. To provide a sound basis for this
planning, as well as for the management of developed irrigation,
reliable estimates of evaporation and evapotranspiration are essential.

Because it integrates many of the climatic factors affecting
evapotranspiration, or consumptive use by crops, pan evaporation has
been considered to be a good indicator of potential evapotranspiration
and much work has been done to correlate the two, with particular
emphasis on the evaporation as measured by the U.S. Weather Bureau
standard class A pan.

In Colombia, pan evaporation data are very limited. Numerous
pan installations have been made in recent years, but generally, avail-
able data are limited to periods of six months to a year. Most of the
available evaporation data with more than one year of record are
those measured by a Wild type ‘evapo“rimeter in a shelter. This is

commonly referred to as "Fuess'' evaporation.



In order to relate these data to consumptive use, they first need
to be correlated with pan evaporation. The objectives of this study then,
are to:

1. Develop a formula to express the relationship of sheltered
evaporation to pan evaporation.

2, Estimate the pan evaporation and evapotranspiration for
stations in Colombia with measured sheltered evaporation using the
above formula.

3. Estimate the sheltered evaporation for stations where no
evaporation measurements are made, using the relationship previously
developed by Pardo in 1968, From this estimated sheltered evapora-

tion, estimate the pan evaporation and evapotranspiration,



REVIEW OF LITERATURE

The literature on evaporation and evap‘otranspiration is quite
exltensiv‘e with a large portion of the existing 1;'.terat\ur'e being published
.during the past 50 years. The literature for the years 1800 to 1958
has been compiled by Robinson and Johnson (1961), and many of the
more recent publicatio;xs have been included in a bibliography by
Christiansen and Lauritzen (1963). According to Akke, cited by
Blaney and Criddle (1962), the effect of sunshine and heat in stimula-
ting transpiration was studied in England as early as 1691.

Since 1935 sufficient investigation has been carried out and
data have become available so that deaigners, engineers and scientists
have been able to rely on such information. In turn this has generated
more interest in and need for further research and data, thus the

increase in later years of literature on the subject.

Evaporation

Evaporation is defined as the natural process by which water is
changed from a liquid{lto a vapor. 'St’;udies of evaporation have taken
a theoretical approach v‘vh'ere evaporalion theories have been.investigated
and an empirical approach where climatological data have been.used to

arrive at methods or formulas for estimating evaporation,

Evapotranspiration

Evapotranspiration is the combination of water transpired through



the leaves of a growing plant and that evaporated from the soil and plant
leaves. The term potential evapotranspiration applies to conditions
with full vegetative cover and where so0il moisture is not a limiting

factor,

Evaporation measurements

Pan evaporation. The standard U.S. Weather Bureau Class A

pan as described by Kohler et al. (1958) is the most widely used in the
United States. This same type of pan is being used at several locations
in Venezuela as well as other countries in South America. Recent
installations have been made at various climatological stations in
Colombia but very limited data are available.at present. The Venezuelan
installations are in general quite good but some varialions have been
noted in pan color, installation and operation by Stutler (1970).

Evaporation from the pan is influenced by its relative position
with respect to the ground surface, depth of water in the pan, color of
interior and exterior, surroundings, etc.

Evaporation in shelter. A widely used method of measuring

evaporation in Venezuela and Colombia and perhaps other South Ameri-
can countries is with evaporimeters placed in an instrument shelter.
This is a Wild type instrument and as noted by Stutler (1970) is either
from the Fuess or SIAP company. The sheltered evaporation measured
by either of these two makes has come to be commonly referred to as

"Fuess evaporation,”


http:available.at

The Fuess evaporimeter consgists of a circular evaporation pan
250 sq. cm., in area ar;d 10 mm. deép. Attached to this pan and sup-
ported above it is a plastic water supply bottle, which maintains the
water level in the pan( at approximately a constant level. As the water
evaporates from the pan, which rests on a balance, it actuates a needle
which may be read on a scale, or on the recording models, it registers -
the movements on a paper recorder.

The SIAP instrument also has a 250 square cm, circular evapora-
tion pan, but it has no water supply bottle and has a cylindicial shield
around the pan. The water level in the pan constantly varies, decreas~
ing as evaporation takes place then suddenly increasing when it is filled,
As evaporation ‘takes place, the change in weight actuates a needle which
is read on a scale calibrated in mm. of evaporation. These are seldom
provided with a recorder.

The Piche evaporimeter is also used under shelter in many
countries in South America. It consists of a graduated tube 30 cm.
long with the lower end covered by a paper disk from which the water
evaporates. While this is generally located in a shelter it may be used

outside as well.

Evapotranspiration measurements

* The various methods of measuring evapotranspiration as re-
viewed by Tanner (1967) are divided into three classes: (1) water

balance or hydrological methods, (2) micrometeorological methods



and (3) empirical methods. While the first two are rational approaches
the third is empirical and depends on relating the empirical factor to
actual measurements of evapotranspiration.

The water balance methods include natural catchment, soil
moisture depletion measurements, and the use of lysimeters, The
microméteorological methods most commonly used are the profile
methods, also referred to as aerodynamic or mass transfer methods,
the energy balance method and combinations of these two. These are

discussed later in the review.

Theoretical methods of estimating evaporation
and/or evapoiranspiration

Vapor transfer. Several theoretical methods based on vapor

transfer theory have been developed. The methods and formulas of
Meyer, Rowher, Penman and Harbeck are discassed by Christiansen
and Mehta (1965).

Energy balance. The energy balance approach is perhaps the

best theoretical approach to the estimation of evaporation and evapo-
transpiration, requiring simpler measurements than those for the
vapor transfer. The methods all stari from the basic equation

LE = RN - G - H, which says that the energy available or used in
evaporation water is equal to the net radiation less energy used to heat
the soil and air. Fritschen (1966) discusses the advantages and disad-
vantages of these meteorologg’.cal methods and states that the energy

balance method in combination with the Bowen ratio may be the most



promising.‘ He concludes that the method gives good results under

both humid and arid conditions providing the basic assumptions are met.

Combination methods, Several combinations of the aerodynamic
and energy balance have been used. One of these, the Penman method,
is discussed by Pardo (1968) and C. M. H. von Bavel (1966).. It is
stated by von Bav.el that this is the only method that has a physically
sound basis and yet does not require highly specialized measurements,
which is a serious limitation of most of the theoretical approaches.
However, even for this combination method, the minimum data required
are not available in many areas. He concludes that it is a sound and
proven method with general validity, its use restricted only by avail-

able data.

Empirical methods of estimating evaporation
and evapotranspiration

Many empirical formulas relating climatological data to eva-
poration and potential evapotranspiration have been developed. Among
these are the methods of Lowry, Johnson and Thornthwaite. These are
reviewed by Christiansen and Mehta (1965).

Blaney-Criddle. Perhaps one of the most widely used formulas

is that of Blaney-Criddle (1962) for estimating consumptive use or
evapotranspiration, The formula was developed utilizing the results
from experimental studies in the United States and several foreign coun-
‘tries whi‘ch show t};'e relationship between temperature, length of growing

season, monthly percentage of annual daytime hours, and consumptive



use of water. The formula developed is

U= KF
where
U - = water use in inches,
k = empirical seasonal coefficient,
F = sum of monthly factors (f) for the season (sum of the

products of mean monthly temperature (t) in degrees
F and monthly percenta:ge of annual daytime hours (p)).

The equation for monthly or short period consumptive use in
inches is u = k f.

Hargreaves. Hargreaves (1956, 1968), gives a method for esti-
mating evapoiranspiration from Class A pan evaporation and presents
a formula to estimate pan evaporation, when these data are not avail-
able, based on mean temperature and mean relative humidity. He also
presents a modification to the formula for estimating evapotranspiration
suggested by J. E. Christiansen which incorporates the factors fo;'
wind, sunshine and elevation.

The original equation is of the form

Ev = m (T - 32)
where
E is the mean monthly evaporation in inches,
T is the average mean monthly temperature, in oF,

m is an empirical coefficient depending on two factors:



¢ a function of relative humidity andd a monthly
daytime coefficient, where m = cd.
The formula for estimating pan evaporation in metric units is

Ep = 17.4d T(1.0 - Hn)

where
Ep = Class A pan evaporation in mm.,
T = mean monthly temperature oC,
d = monthly daytime coefficient,
Hn = mean monthly relative humidity expressed as a

decimal.

Christiansen. Christiansen (1960) studying the evaporation at

five stations in northern Utah found that he could express the monthly

evaporation by an equation of the form

Ev = KRC, C C C C
t w s h m
where

Ev is the monthly pan evaporation,

K is a constant selected so that the mean value of each
of the coefficients is 1.0,

R is the energy from the solar radiation during the month
and expressed as an equivalent depth of evaporation,

Ct is a coefficient for temperature, expressed by a linear
equation as a function of the mean monthly temperature,

c,C

w 8
& C are similar coefficients for wind, sunshine percentage



10

and relative '.umidity,
Cm "~ 2 monthly coefficient.to correct for heat storage and

other seasonal cifects.

Jensen-Haise. Jensen and Haise (1963) present a method for

estimating potential evapotranspiration based on solar radiation and
mean air temperature. Their equation is as follows:

E = (0.014T-0.37)R
tp s

in which
Etp = potential evapotranspiration in inches per day,
T = mean air temperature in oF,
R.8 = solar radiation in inches per day.

In areas where solar radiation is not measured they suggest
the use of an equation proposed by Angstrom with constants developed
by S. Fritz and J. H. MacDonald (Jensen and Haise, 1963). This for-
mula is as follows:

R = R__(0.35+ 0.615)
8 50

in which
RS = golar radiation under existing conditions,
R'so = solar radiation on cloudless days,
S = the fraction of possible sunshine for the time period.

Grassi. Grassi (1964) developed three formulas for predicting
actual evapotranspiration from climatic data. These were developed
on the basis of theoretical radiation at the top of the atmosphere, meas-

ured solar radiation, and pan evaporation. Grassi concluded that these


http:0.014T-0.37
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formulas should give reliable results in areas where the climatological
conditions are not greatly different {rom those in the Western United

States,

Chritstiansen. Christiansen (1968) presented a formula for

estimating pan evaporation from extraterrestrial radiation and climatic
data which he concluded should provide reliable estimates of pan eva-
poration for a wide range of climatic conditions and latitudes. This
was based on former work by graduate students working under his
direction; Patil (1962), Patel and Christiansen (1963), Mathison (1963),
Al-Barrak (1964), Palayasoot (1965), Mehta (1965) and Chindasnguan
(1966) plus the analysis of additional data. A reanalysis of all these
data gave the following revised formulas and coefficients:
Ev = 0.473 R CT CW CH CS CE CM

where

R = extraterrestrial radiation expressed as equivalent

depth of evaporation in the same units as Ev.

and the coefficients expressed in dimensionless form are as

follows:
C'I‘ = 0,393 + 0.5592 (Tc/To) + . 04756 (Tc/To)z,
Tc = mean temperature in °C and To= 20° C,
CW = 0,708 + 0.3276 (W/Wo) - 0.036 (W/Wo)z,
w = mean wind velocities above the evaporation pan,

Wo = 96,56 km per day,
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= 1,250 - 0,348 (H/Ho) + 0.120 (H/Ho)2 - 0.0218 (H/Ho)4,

CH =

H = mean relative humidity at noon,

Ho = 40% or 0. 40,

CS = 0,542 + 0.64 (S/So) - 0,4992 (S/So)2 + 0.3174 (S/So)3.
S = mean sunshine percentage,

So = 80% or 0. 80,

CE = 0.970 + 0.030 (E/Eo),

E = elevation,

Eo = 305 meters,

Christiansen and Hargreaves. Christiansen and Hargreaves (1969)

present further modified equations for estimating evaporation and evapo-
transpiration. Three formulas were presented for estimating pan eva-
poration and four for estimating the potential evapotranspiration.

Christiansen. Recently Christiansen (1970a) has done some addi-

tional modifying of his equations to make the equations for estimating
pan evaporation and the ones for estimating evapotranspiration com-
patable whether based on measured or theoretical radiation, or measured
or estimated pan evaporation. The equations are given in the following
form:
For pan evaporation
Ev = K1 Rt Ctv Chv va Cs Ce

where

K = ,350,
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Rt = extraterrestrial radiation expressed as an equivalent

depth of evaporation.

= K C
Ev 1'\2 Rs tv C:hv va
where
Kz = 0.761,
R.s = measured or estimated incoming solar radiation,
Rs may be estimated from the equation
Rs = K3 Rt Cs Ce
where K3 = 0.460.”

The equation for the coefficients of the pan evaporation formulas

are as follows:

C = 0.644 4 .210 (TM/25) + .146 (TM/25)°

tv
where
™ = mean temperature in oCentigrade,
C = 1.20- .20 (HM/.’?O)3
hv
where
HM = mean relative humidity expressed as a decimal.
va = 0.70 + 0.36 (WKH/8) - .06 (WKH/S)Z
where

WKH is the mean wind velocity in km per hour at a height of
10 meters.
For polential evapotranspiration using the pan evaporation as

a base:



where
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K, EvC C

Etp 4 ttv  wtv Chtv

K4 = 0.8

and the equations for the coefficients are as follows:

where

where

1,041 - .047 (TM/25) + . 006 (TM/25)°

Cttv =
thv = 1.071 - .096 (WKH/8) + .030 (WKI—I/8)2 - , 005 (WKI~I/8)3
Chtv =.910 + .070 (HM/. 70)2 + .020 (HM/.70)3

For potential evapotranspiration using radiation as a base:

Eip = K5 Ry Cyp Ot Cre G Ce
K5 = 0.28,
Rt = cxtraterrestrial radiation expressed in equivalent
depth of evaporation,
Eip = Ko Ry G4 Ot Cne
K6 = 0,609,
Rs = measured or estimated incoming radiation at the earth's

surface expressed in equivalent depth of evaporation.

The equations for the coefficients are as follows:

Ctt =.670 +.193 (TM/25) + .,137 (TM/ZS)Z

Cht

th

1.10 - .10 (HM/. 70)*

«75 + .31 (WKH/8) - .06 (WKH/S)z

The coefficients for sunshine percentage and elevation remain:
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C
8

0,48 + .66 (S/.5) - .14 (/.5)%,

C
e

.970 + .03 (EL/305).

Guillen. Gnillen (1967) developed equations for estimating Fuess
evaporat.ion from climatological data based ‘on 10 year average records
for 22 stations in Venezuela. He also attempted to relate Fuess evapora-
tion to pan evaporation. His formula for estimating the Fuess evaporation

is as follows:

EV = K CT CH CW CS CM CDP

in which
EV = evaporation in mm per day,
K = 2.957,

and the coefficienis are:

CH =2.12 -1.75 Hz,
CT = -0.490 + 0. 0621 T,
CS = 0.53 + 0.784 5,
CW = 0,728 + 0.0494 W,
CDP = 1.15 - 0.015 DP,
CM = monthly coefficient,
in which
T = mean temperature in degrees C,
H = mean relative humidity expressed as a decimal,
W = mean wind velocity in kilometers per hour, measured

at 2 meters above the ground,
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S = sunshine percentage expressed as a decimal,

Guillen concluded that the most significant factor in the rela-
tionship of pan evaporation to Fuess evaporation was humiditv and
expressed the relationship between Fuess evaporation and pan evapora-
tion as estimated from the Christiansen formula as follows:

EVP = 1.796 - EVF * C

H
where
EVP = estimated pan evaporation,
EVF = measured Fuess evaporation in mm/day,
CH = -0.548 + 0.01935 HM.
where
HM = mean relative humidity in percent.

Pardo. Pardo (1968) developed equations for estimating sheltered
evaporation from climatic data based on data from 20 stations in Colom-
bia. His equation is

Ev = KC C

VPD T
in which
Ev = evaporation in mm per day,
K = a constant whose average value is 1,510,
CVPD = -0.113 + 0.318 VPD,
CT = “0070+0.085 T.
where
VPD = vapor pressure deficit, in mm of Hg.,

. O
T = mean temperature in C.
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This eciuation fit the Colombian data better than the earlier
equation developgd by Guiller;‘using the Venezt;elan data.
Chanduvi-Aéiena (1969), us}ing data from 12 stations.in Peru,
combared the measured Piche 'evaporation with the evaporation and/
or evapotranspiration estimated by 24 different formulas, He con-
cluded that Christiansen'é and Mathison's formulas gave the best
estimates of Piche eya.poration. His data did not include any meas-

ured pan evaporation so no comparisons were possible between

measured Piche and pan evaporation.

Estimation of solar radiation

Pizarro. Fizarro (1967) developed an equation for calculating
the solar radiation reaching the earth's surface based on the theore-
tical extraterrestrial radiation at the top of the atmosphere, geographi-
cal parameters ‘and climatological data. His formula may be written

Ra = 0.6237R C_C

S E
in which
Ra = radiation at the earth's surface in langleys per day,
R = theg;i'étical radiatio;x at the top of the atmosphere
in laz;'gleys per day,
CS = sunshine coefficient iﬁ wl'{ich S is thg ratio of sunshine
‘ hours to theoretical daytime hours,
CE = elevation coef‘ficient, in w}xich E*ig the elevation in

feet..
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Then CS = 0,32 +0.85 8

and CE = 0.97 + 0.00003 E

Christiansen modified Pizarro. Christiansen (1970b): has modi-

fied Pizarro's equatian as follows:

Ra = 0,460RC_C

S E
where
CE =.970 + .030 (EL/305)

EL being the elevation in meters.

Pardo (1968) cites an equation given by Frank and Lee and
gives a method developed by Christiansen for calculation of theoretical
radiation at the top of the atmosphere expressed in langleys per day
(calories/cmz/day). This is as follows:

R = 120 [DL sin (LA) sin (DE) + 7.6394 cos (LA) cos (DE) sin

(OM)]/ES
in which
\/1 - tan2 (LA) tan2 (DE)

OM = Arctan T (LA) tan (DE)]
and

R = extraterrestrial radiation in langleys per day

DL = day length (theoretical sunshine), in hours

LA = latitude 'in radians

DE = mean monthly declination of the sun, in radians

ES = square of the monthly relative value of the distance

from the earth to the sun, dimensionless.
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The radiation may be expressed as an equivalent‘depth‘ of
evaporation by dividing the radiation by the heat of vaporization of

»

water in calories/gm. The heat of vaporization is computed by the

expression

HV = 595.9-0.55T

where

T is the mean temperature in OC.
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PROCEDURE

The first step in the present study was to analyze the data from
10 climatological stations in Venezuela where measuremenis of both
sheltered and class A pan evaporation were available. A considerable
amount of these data was already tabulated and key-punched. Additional
data were collected by the author and Prof. J. E. Christiansen on a
recent trip to Venezuela and processed for use in this study. The sta-
tions used are given in Table 1. The data used were monthly means,

with a total of 308 months.

Table 1. Selected climatological stations in Venezuela with measured
pan and sheltered evaporation

na—
—

Station a Months
No. Name Agency Lat. Elev. of data
25 Cua MOP 10. 15 240 23
26 Jusepin U. de O. 9.60 146 13
27 Mayalito MOP 9.52 270 4
28 San Juan de

los Morros MOP 9.90 430 18
29 Zonaz Aridas MAC 10. 15 580 51
30 Sta., Cruz MOP 10.18 438 61
31 Cagua Shell
Foundation 10.18 432 60
33 Yaritagua MAC 10. 05 381 18
34 Punta de
Piedras MOP 10.90 10 11
35 Barcelona MOP 10.18 7 49

“MoP Ministry of Public works
U. de O. Eastern University
MAC Ministry of Agriculture and Livestock



21

Computer program 600 (Table 2) was wriiten to compute the

ratio of the pan evaporation to the sheltered evaporation. This was

done for each month of data. The average of these ratios was com-

puted for each month of the year. The overall average for the station

was also computed. The data used, with their computer symbol are as

follows:
™
TX
TI1
HM
HX
HI

w10

EVP
EVF
RSL
SH

PPT

. O
mean monthly temperature, in C,
. . ©
mean maximum temperature, in C,
- . ©
mean minimum temperature, in C,
mean average relative humidity, in percent,
mean maximum relative humidity, in percent,
mean minimum relative humidity, in percent,
mean wind velocity measured at 10 meters height, in
km per hour,
monthly class A pan evaporation, in mm,
monthly sheltered evaporation, in mm,
measured incoming solar radiation, in langleys per day,
mean sunshine hours, in hours per day,

monthly precipitation, in mm.

These computed ratios of EVP/EVF were then plotted against the

climatic paramcters that were measured at all of the stations being used

in the study: wind velocity, relative humidity, temperature, days of

‘precipitation, percentage of sunshine hours and sheltered evaporation.
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Table 2. Computer programs used in the study and given in

Appendix A

= —— ]

Program
No.

Purpose

Data

600

503

607

608

609

610

Compute ratios of measured pan evapo-
ration to measured sheltered evapora-
tion.

Solve four simultaneous equations.

Compare measured pan evaporation with
that estimated by Christiansen-Guillen
formula and the new Stutler formula.

To check the Christiansen-Pardo formula
and compare pan evaporation as estimated
by the Christiansen formula and the new
Stutler formula,

To estimate pan evaporation by the Stutler
formula from measured sheliered evapo-
ration, and by the Christiansen formula
and estimate potential evapotranspiration
by two formulas.

To estimate sheltered evaporation by the
C-P and the C-G formulas, estimate pan
evaporation by the Stutler formula and
the Christiansen formula and estimate the
potential evapotranspiration by two for-
mulas.

10 stations
in Venezuela

10 stations
in Venezuela

17 stations
in Venezuela

20 stations
in Colombia

26 stations
in Colombia
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From these it was observed that the most uniform and most consistent
relationship was that of the compu.;.ed ratio EVP/EVF to the measured
sheltered evaporation. Figure 1 s:hows only the overall average of the
ten stations plotted for clarity, along with the curve drawn to fit the data.

Computler program 503 was used to determine the equation of
this curve. Two alternative forms of equations were tried; y = AX3 +
IBX2 +CX+Dand y=A/X + BX2 + CX + D. The latter form was found
to fit the data better than the first. This form then was used to express
a coefficient as a function of the sheltered evaporation, EVF.

The form of the equation arrived at for estimating the pan evapo-
ration from measured sheltered evaporation is

Evp = K Evf Cef

Cef is a coefficient of the form as described previously.

Computer program 607 was then written to include the pan evapo-
ration as estimated by the Christiansen-Guillen formula as well as the
pan evaporation estimated by the new formula and compute the ratio of
the measured pan evaporation to that estimated by the two formulas., A
station constant was introduced in this program to bring the overall
average of the measured pan evaporation to computed pan evaporation
equal to 1.0, These station constants were different for each formula.

In an attempt to i{'nprove the formula by the addition of a coef-

ficient based on one of the climatic factors, the ratios were plotted as a

function of wind velocity, temperature, relative humidity and percentage
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Figure 1. Relationship of ratio of pan evaporation to sheltered evaporation to the
measured sheltered evaporation. Averages for 10 stations in Venezuela.
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of sunshine hours. None of these indicated a relationship that'could be
used to improve the formula, However, the ratios for any one month
were generally above or below the overall station average for most of
the ten stations. Therefore, a monthly constant was added to the for-
mula, The absolute error was used as a measure of how well the com-
puted values compared with the measured pan evaporation.

As a check on the Christiansen-Pardo equation using Venezuela
data, and to compare the pan evaporation as estimated by the new for-
mula and Christiansen's formula, computer program 608 was written.
This program used six years of data from 17 Venezuelan Ministry of
Defense climatological stations tabulated and used by Rujirakul (1970).

Station constants were introduced for the Christiansen-Pardo
formula to make the overall ratio of the measured sheltered evapora-
tion to the computed equal to 1.0 for each station. Monthly coefficients
were also introduced. The absolute error in decimal form was used
to measure how well the estimated fit the measured eval?oration.

Computer program 609 was written to estimate the class A pan
evaporation form the measured sheltered evaporation by the newly de-
veloped formula., This program used the data from 20 stations in
Colombia used by Pardo (1968), as given in Table 3. The program
also estimated the evapotranspiration for these same stations by two
of Christiansen's formulas; one based on pan evaporation and one based

on the theoretical incoming radiation.



Table 3. Selected climatological stations in Colombia with
measured evaporation (from Pardo, 1968, p. 26)

e ]

Yrs., of
Station No. Name Latitude Elevation data
31 Chinchina 4,88 1360 11
32 Blonay 7.58 1235 8
33 Libano 4.90 1495 8
34 La Florida 2.45 1789 8
35 Tibacuy 4,35 1525 8
36 Pueblo Bello 10. 43 980 7
37 Chapeton 4, 47 1200 8
38 Ospina Perez 1.27 1700 7
39 Salazar 7.73 1000 5
40 Yolombo 6.60 1540 4
41 Bertha 5,88 1764 5
42 Jardin 5.57 1630 5
43 Llanadas 5.22 1870 5
44 San Vicente 6.95 1200 3
45 Naranjal 4,95 1400 4
46 Anolaima 4,75 1726 5
47 Sevilla 4,28 1550 5
48 Restrepo 3.65 1670 5
49 Dolores 3.53 1590 3
50 Gigante 3.65 1500 5
51 Tambo 2.38 1750 5

26
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Some additional or slightly different computer symbols were

used in programs 609 and 610, than those previously defined. These

are as follows:

VP

VPD

RM

EVFMG

EVFMP

EVPR

EVPK

ETC

ETKP

SP

vapor pressure, in mm of Hg.,

vapor pressure deficit, in mm of Hg.,

monthly theoretical radiation expressed as an equi-
valent depth of evaporation, in mm,

monthly sheltered evaporation estimated by the C-G
formula, in mm,

monthly sheltered evaporation estimated by the

C-P formula, in mm,

monthly pan evaporation estimated from the theoreti-
cal radiation by the Christiansen formula, in mm,
monthly pan evaporation estimated from the shel-
tered evaporation by the Stutler formula, in mm,
monthly potential evapotranspiration estimated from
the theoretical radiation by Christiansen's formula,
potential evapotranspiration computed from the esti-
mated pan evaporation,

sunshine percentage.

Computer program 610 was written to estimate the sheltered

evaporation using the data from 26 Colombian stations shown in Table

4 by the C-P and C-G formulas. It also estimated the pan evaporation



Table 4. Climatological stations in Colombia with no measured

28

evaporation
eSS
Station Yrs. of
No. Name Latitude Elevation Data
61 Santander 3, 02° 1050 6
62 Paraguaycito 4.40 1250 3
63 Palmira (Est. Ag.) 3.42 1006 7
64 Ambalema (Pajonales) 4,77 250 5
65 Calarca (La Bella) 4,53 1500 6
66 Popayan (Univ. ) 2,43 1760 7
67 Manizales 5.07 2153 8
68 Est. Jaramillo 7.92 1450 13
69 Medellin 6.27 1475 4
70 Bajo Calima 3.98 40 3
71 Told 9.52 4 4
72 Funza 4,70 2550 7
73 Ubaté 5.32 2600 7
74 Andagoya 5.10 60 7
75 Tibd 8.62 55 3
76 El Centro 6.93 114 7
17 San Jeronimo 6.45 764 5
78 Monteria 8.77 15 3
79 Usme (Est. de Papas) 4,37 3120 4
80 Quibdo 5.68 43 4
81 Aracataca 10.58 2.8 4
82 Sonsdn 5,72 2350 5
83 las Palomas 5,13 2700 4
84 Cartagena 10.43 3 4
85 Bogotd (Cd. Univ.) 4,55 2560 7
86 Manaure 11.75 1 2
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from these two estimates by the Stutler formula and the pan evaporation
by the Christiansen formula., The potential evapotranspiration is esti-
mated by the Christiansen formulas based on pan evaporation and
climatic data.

Because this group of stations covered a much wider range of
elevation and temperature than any other group used in the study, the
ratios of the pan evaporation as estimated by the Stutler and Christian-
sen formulas were plotted against temperature and elevation. These

are shown in Figures 2 and 3.
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Figure 2. Relationship of ratio of pan evaporation as estimated by Christiansen
formula and Stutler formula to elevation for 26 Colombian stations.

o€



Ratio EVPR/EVPK

©® EVFM estimated by C-G formula
X EVFM estimated by P-C formula
1.0 L
LT51 &
-]
X
o
. -1 - X
.50
i ] i i ] - 1
5 10 15 20 25 30 35

Temperature °c

Figure 3. Relationship of ratio of pan evaporation as estimated by Christiansen formula
and Stutler formula to mean temperature for 26 stations in Colombia.

1€



32

RESULTS AND DISCUSSION

New formula

The final formula developed to estimate class A pan evapora-

tion from sheltered evaporation, called the Stutler formula, is

Evp = K Evfm Cef Cm Cs’c
where
Evp = class A pan evaporation, mm per month.
K = 1,740
E = sheltered evaporation, mm per month.
vim
Cm = monthly coefficient, tabulated in Table 5.
Cs ¢ = station constant, tabulated in Table 6.
Cef = a coefficient based on the sheltered evaporation,

expressed by the following equation.

C .=0.71 +0.537 (110/E ) - 0.365 (E
vim v

of m/110)+.118

f

2
(E m/110)

vi
The absolute error, expressed as a decimal in the programs

and a percent in Table 7, was used as a measure of how well the

formula fit the data. A comparison of these in Table 7 shows that
for every station the Stutler formula has the least error. It should
be noted that, other than the addition of a station constant, no attempt

was made to adjust or improve the other formula.



Table 5. Monthly coefficients for the Stutler formula,
Venezuelan data

ﬂW

Month

January e 974
February 1. 007
March 1.10

April 1. 054
May 1.018
June .92

July . 989
August 1,007
September 1.007
October 1. 038
November . 909
December . 909

Table.6. Station constants for the Guillen and Siutler
formulas, Venezuelan data

Station Guillen Stutler
No. formula formula
25 1. 142 . 9508
20 . 944 .8741
27 1.644 1.1683
28 1.389 . 9865
29 1.553 1.1313
30 1,071, . 8704
31 1.645 1.1071
33 1. 120 . 9779
34 . 921" 1.0427

35 lo 165 ! 09662
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Table 7. Comparison of Guillen and Stutler

formulas
Station Average absolute Average absolute

No., error (Guillen) error (Stutler)
25 7.7% 4.9%

26 14. 4 6.5

27 9.2 2.6

28 14.8 4.8

29 10,7 7.2

30 13.5 5.0

31 17.0 5.7

33 15.1 7.4

34 10.4 5.7

35 12.2 5.7

Overall
Average 13,12% 5,79%




Table 8. Comparison of measured sheltered evaporation and sheltered evaporation as-esti- ]

mated by the Christiansen-Pardo formula and comparison of pan evaporation
estimated by the Christiansen formula and the Stutler formula.

Ministry of Defense stations in Venezuela

Station No. EVF EVFP Avg. abs. error % EVPC

Data from 17

EVPK EVPC/EVPK

1 4,33 4.33 19. 96 5.731 6.812 . 841
2 3.97 3.97 15.53 6.198 6.512 .952
4 2.68 2.68 19. 85 5.560 5.731 .970
6 4.46 4.46 14.22 5.332 6.873 .776
8 6.81 6.81 9.39 7.190 8.874 .810
9 3.24 3.24 18.28 4,957 6.061 .818
10 5.31 5.31 17.76 6.512 7.253 . 898
11 2.54 2.54 19. 86 5.013 5.625 . 891
12 ] 4.89 4,89 21.59 5.975 7.124 .839
13 2.61 2.61 16.79 4.875 5.636 . 865
14 5.52 5.52 18. 41 5.446 8.096 .673
16 2.80 2.80 15. 06 4.973 5.787 .859
18 2.72 2.72 12.22 4.793 5.698 . 841
19 4.84 4.84 13.80 5.748 7.207 .798
20 5.10 5.10 23.23 5.839 8.140 LT17
21 2.51 2.51 14.30 4.471 5.584 . 801
22 3.73 3.73 17.94 4,954 6.403 .774
Average 4.00 4.00 16.95 5.504 6.671 . 831

Evaporation is in mm per day.

EVF = measured sheltered evaporation.

EVFP = estimated sheltered evaporation by C-P formula.
EVPC = pan evaporation estimated by Christiansen formula.
EVPK = pan evaporation estimated by Stutler formula.

g€



36

For the new formula, the station constant, Table 6, varjed from
a minimum of 0.8704 for Santa Cruz, No. 30, to a maximum of 1, 1683
for Mayalito, Station No, 27. This variation does not seem to be a
function of the measured climatic factors, but rather is more likely
influenced by those that aren't measured, such as difference in the
immediate surroundings, exposure conditions, and perhaps even the
instrument shelters and instrumentation.

The monthly coefficients varied from a minimum of . 909 in
November to a maximum of 1,10 in March., (Table 5)

The station constant probably has more influence on the ratio of
pan evaporation to sheltered evaporation than does the monthly coeffi-
cient. Since the station constant is not known for the stations where
pan evaporation estimates are desired, a value of unity was used for
the product of the station constant and the monthly coefficient in follow-

ing programs.

Ministry of Defense data in Venezuela

The results of the comparison of the measured sheltered evapora-
tion to that computed by the C-P formula are summarized in Table 8
along with the pan evaporation as estimated by the new formula and
the Christiansen formula,

The sheltered evaporation as computed by the C-P formula does
not fit the Venezuelan data as well as the Colombian data from which

it was developed. The overall average absolute error is 16.95 percent
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for the 17 Venezuelan stations.
The average ratio of the pan evaporation computed by the Chris-
tiansen formula from the theoretical radiation to that computed by the

new formula is 0, 831.,

Colombian stations with measured sheltered evaporation

Table 9 summarizes the results of estimating the pan evapora-
tion and evapotranspiration for the 20 stations in Colombia where
measured sheltered evaporation data were available. The overall
average of the ratio of the pan evaporation estimated by the Christian-
sen formula to that estimated by the Stutler formula is 0.932. This
is higher than the value of the same ratio for the Venezuelan data of
0.831. This difference might be explained by the difference in evapori-
meters used in the two countries. In general the Fuess instrument
is used in the Ministry of Defense stations in Venezuela, whereas the
SIAP is the common instrument in the installations of the National
Coffee Institute in Colombia.

It should be noted that the ratio of the evapoiranspiration com-
puted by the Christiansen formula based on theoretical radiation to that
estimated with the pan evaporation as a base is the same as the ratio
of the pan evaporation as computed by the two formulas. This is
evidence that the formulas of Christiansen, at least for this range, 'are
compatable; that is, the evapotranspiration will be estimated to be the
same, whether the pan evaporation or the theoretical radiation is used

as the basis.
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Table 9. Comparison of pan evaporation as estimated by the
Christiansen formula and from measured sheltered
evaporation using the Stutler formula

Station EVPR/ ETC/
No. Elev EVPR EVPK EVPK ETC ETK ETK

31 1360 147.48 159,45 .925 120.94 130.80 .925
32 1235 129.40 138.46 .935 107.86 115,46 .934
33 1495 124.93 129.15 .967 105,81 109.52 .966
34 1789 143,82 132.14 1.088 118,01 108.42 1.089
35 1525 141.06 151,04 .934 116.06 124,33 . 934
36 980 141.67 155,17 .913 117,76 129.04 .913
37 1200 135.30 161,32 .839 112.24 133,91 . 838
38 1700 143.49 140.33 1,023 118.26 115.72 1.022
39 1000 139.21 158,31 .879 114.25 130.06 .878
41 1764 137,30 149.99 <915 114.11 124.68 .915
42 1630 127.46 139.97 .911 106,86 117.40 .910
43 1870 132.44 140.56 .942 110.49 117.34 .942
44 1200 133.74 142,82 .936 111.33 118.95 .936
45 1400 144,23 151.56 .952 119,36 125.48 ,951
46 1726 140.81 141,22 .997 116.48 116.95 .996
47 1550 129.70 140.89 .921 108.01 117.41 . 920
48 1670 135.83 146.61 .927 113.79 122.88 .926
49 1590 165.71 171,86 .964 132.72 137.69 .964
50 1500 128.48 156.40 .821 105.94 129,01 . 821
51 1750 132.31 148.26 .892 109.97 123,32 .892
Averages 137.72 147,78 . 932 114.01 122,42 .933

Evaporation and evapotranspiration are in mm per month.

EVPR = estimated pan evaporation hbased on theoretical radiation,

EVPK = pan evaporalion estimated from sheltered evaporation by
new formula,

ETC = potential evapotranspiration based on theoretical radiation,

ETK = potential evapotranspiration estimated from pan evaporation,
EVPK.
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Colombian stations with no measured sheltered evaporation

The sheltered evaporation as coinputed from the C-P and C-G
formulas and the estimated pan evaporation and evapotranspiration for
the 26 Colombian stations are given in Table 10. The overall ratio of
the pan evaporation estimated by the Christiansen formula to that com-
puted from the sheltered evaporation as estimated by the two different
formulas is nearly the same, 0.845 as compared with 0, 863. However,
the ratio using the C-P estimate varies over a much wider range be-
tween stations than does the one using the C-G estimate. This would
indicate that the C-G formula might be better for estimating the shel-
tered evaporation. Again it should be noted from Table 15 (Appendix)
that the ratios of the eva poration and the evapotranspiration are the
same.

From Figures 2 and 3 it appears that there is a relationship
between the ratios of the pan evaporation as computed from the theore-
tical radiation to that computed from sheltered evapora’gi‘on and the
temperature and/or elevation, Since temperature and elevation are
related, probably a correction for one would also correct for the other.
There could be several possible explanations for this apparent rela-
tionship.

1., A correction for temperature or elevation needs to be made
in the formulas for estimating the sheltered evaporation.

2. A correction for temperature or elevation needs to be made
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in the formula for estimation of pan evaporation from sheltered evapo-
ration, as the one developed in this study was based on a very limited
range of temperature and elecvation.

3. Some corrections may also be necessary for temperature
or elevation in the Christiansen formulas.

Without some measured pan evaporation for a basis of compari-
son, it is difficult to say what corrections should be made. Recent
analysis of data from Ecuador by Christiansen (1970 b) indicates that
his coefficient for elevation tends to overcorrect and that it would appear
that a better fit would be obtained if the elevation coefficient was elimi-

nated.



Table 10. Estimated pan evaporation and evapotranspiration for 26 stations in Colombia
with no measured evaporation
_ —_—

Station
No. Elev. EVPR EVPKP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC

61 1050 155.32 177.03 179.50 . 877 . 865 145.63 147.69 127.74
62 1250 150.57 165.11 165.71 . 912 . 909 135.05 135.55 123,12
63 1006 158.75 198.:24 183.67 . 801 . 864 158.81 147.13 127.15
64 250 172.34 271.51 218.18 .635 . 790 214,76 172.68 136.41
65 1500 142.21 145.28 156.93 . 979 . 906 121.45 131.19 118.84
66 1760 156.37 155,06 162.37 1.008 . 963 126.59 132.57 127.66
67 2153 135.95 130.67 140. 44 1. 040 . 968 109.07 117.22 113.44
68 1450 153.38 151.46 161.79 . 950 . 948 132.27 132.54 125.62
69 1475 167.19 180.98 180.23 . 924 . 928 144.94 144.35 133.91
70 40 127.57 157.92 158.41 .808 .805 133.94 134.37 108.10
71 4 128.50 163.33 177.40 . 787 . 724 137.97 149.87 108.44
72 2550 147.26 120.03 134,71 1.227 1.093 99.04 111.15 121.53
73 2600 157.66 131.11 150.20 1.203 1.050 106.71 122.25 128.36
74 60 134.31 170.92 165.09 . 786 .814 143.85 138.95 112,94
75 55 157.27 228.99 197.05 . 687 . 798 185.16 159.47 127.19
76 114 158.88 225.97 198.56 .703 . 800 182.78 160.62 128.53
77 764 162.12 201.51 191.77 .805 .845 162.52 154.70 130.79
78 15 147.15 199.28 196.14 . 738 . 750 162.07 159.62 119.79
79 3120 101.99 104.94 110.20 . 972 . 925 90.53 95.05 87.88
80 43 132.26 166.75 166.78 . 793 . 793 139.96 140.02 110.93

184



Table 10. Continued

Station
No. Elev. EVPR EVPKP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC
81 28 158.20 203.48 196.94 777 .803 167.21 161.86 129.96
82 2350 134.94 119.19 135.66 1.132 . 995 100.79 114.72 114,07
83 2700 83.56 108.45 116.26 . 770 .719 94.17 100.94 72.48
84 3 165.41 196.59 201.57 . 841 . 821 161.08 165.19 135,51
85 2560 140.52 133,84 139.29 1.050 1. 009 107.13 111.48 112.46
86 1 175.71 287.34 226.05 .612 L7777 228.32 180.21 140.05

Averages 146.36 173.27 169. 65 . 845 .863 141.99 139.28 120.11

Evaporation and evapotranspiration are in mm per month.

EVPR

EVPKP

EVPKG

ETKP

ETKG

ETC =

EVR =

EXP =

EKG =

pan evaporation estimated by Christiansen formula based on theoretical
radiation.
pan evaporation estimated by Stutler formula from sheltered evaporation
estimated by Pardo formula.
pan evaporation estimated by Stutler formula from sheltered evaporation
estimated by Guillen formula.
evapotranspiration estimated from pan evaporation estimated by Pardo
and Stutler formulas.
evapotranspiration estimated from pan evaporation estimated by Guillen
and Stutler formulas.

evapotranspiration estimated by the Christiansen formula based on

theoretical radiation.

(44
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SUMMARY AND CONCLUSIONS

A formula was developed for estimating class A pan evaporation
from the sheltered or Fuess evaporation, using 308 months of data
from ten stations in Venezuela,

The new formula was used to estimate pan evaporation from
measured sheltered evaporation for 17 Ministry of Defense stations in
Venezuela. A comparison of this to the pan evaporation as estimated
from climatic factors by the Christiansen formula gave an average
ratio of 0. 831.

A check on the Christiansen-Pardo formula indicated that it
does not fit the Venezuelan data as well as the Colombian data.

The pan evaporation was estimated for 20 Colombian stations
with sheltered evaporation data using the new formula. This was
compared to that estimated from theoretical radiation and climatic
factors, giving an average ratio of 0. 932, as compared with 0. 831 for
the Venezuelan stations.

For an additional 26 Colombian stations the sheltered evapora-
tion was estimated using thc; Christiansen-Pardo formula and the
Christiansen-Guillen fornpula, from which the pan evaporation was
estimated using the new formula, These compared with the pan evapora-
tion computed using the Christiansen formula gave ratios of 0. 845 and

0.863 respectively,
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In all cases the ratio of the pan evaporation as computed by
the Christiansen formula to that estimated from sheltered evaporation
by the Stutler formula is less than unity. In other words, the pan eva-
poration estimated by the Stutler formula is generally more than that
computed using the Christiansen formula. This is partly explained due
to the fact that the Christiansen formula is for standard conditions of
pan exposure, whereas the Stutler formula was developed from data
under existing conditions, some of which are known not to be standard.

The potential evapotranspiration was estimated by the Christian-
sen formula first using the estimated pan evaporation as the basis and
then using the theoretical radiation as a basis, The ratios of these were
the same as the ratios of the pan cvaporations, indicating that the revised
Christiansen for mulas are compatable and give consistent results whe-
ther using evaporation or theoretical sunshine as a basis.,

The Colombian stations have a wide range of temperature and
elevation and indicate that some additional corrections for tempera-
ture or elevation would improve the formula. Additional data including

measured pan evaporation are needed to verify this.
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PRAGOAM AN) TP NETFOMINE THE QLLATION ACTWEEN DAN AND SHILTERED
CVAPNAATTION FNY TEN YINEZUE LA STATIANS
DIVENSION T{IS)oSELIS1e AT ) oSAILGI o8 BX U159 eI%Y T SYeIAY (LS}
100 FORMAT IS0l 20T 30FRa2e 218035, 00 3T S0P el el Uefu ol olle I8l G 10100
101 FORMOT (IR el WelGoFRa20 80t FSale WRe20 20 Lo lofUol oFholol5atoFu,lefF,
117,21}
10D FOOVAT(IH]I0ATLI0S OF DAN FVAPORATION T0 FulsS FVAPIRATION JH VENE2
WwrLatesn)
173 FOOMAT{1HN, *CTRA v F LAY A v ™ 1} 11 M [} ] "l
1 win gve S P& PPY NP FUF LVILVEC e/
19 FARMAT (2T %)
1P FOPMATI23Ye 3F8,003F5.202F601oFu ol oF FoleFSalofUalefbelef .28
107 FOFWAT(]?)
1h 2FA0 IS« 1T TINN
JFEuN.EN. M) SN TR EN
PO 22 11415
0Sx¢31z0.
0aXt11:0.
22 CONTINUE
Xxz0.
WRITELAR 112
WRITFIG.]1 03}
00 47 L) NN
25 QEARtSe 1JUIVeM
00 17 131416
SS¥€11=0.
ARXIINZq.
13 CONTINUE
DO 37 Jz) ™
ro 11 121415
izn,
SutIzd.
AXEINZ0,.
11 CONTINUE
DO 35 K:=1eN
REAC ISe 1TNINCT oNYPoLF e LA MDoMO o TW o TX o T o NHUo NHE e NH To W} (T NF Vo SH e
INPSL ¢ [P ¢NP e NFVF
AASAXGY .
EVFzNEVF
EVINEY
HMINHNZ 100,
HYSNHYXZ 1N
HEzNuTZI
OSLINOSL
pp1zye
RAZEV/EVF
NYRZINYRORD
L IRR L]
xt23:°0x
L IRSRA M
By ~uy
X165 24Y
T(F) THv
xt7y=dl 0
x{myzyv
11913SH
XEINITRSL
X{111:PP7
xt3121:z90
XCYSISEVF
XL1UISALRAY/RELYY
WRITE(S 1N ) NSToNYDLLE ¢XL AP (X(13e 1210 14)
00 t? 12113
SAYLTI=SALTIexi N
12 CONTINUVE
1 CONTINUE
DG 1Y §2141Y
AX(TIZSXETI/Y
AXglayzsx(sy/sxi1 )
13 CONTINUE
WOTITFI61N5) (AXITYa]2] o) u)
0 14 J=21.1 8
COX{IITSSAGLreSHL]Y
14 CONTINUE
19 CONTINUE
Fuzu
FNIN
DO %4 Jzt.)
AAXCTISSSYCTIZEFNelN)
34 CONTINUL
AANEIUDISSX(0Y /SSNLTYY
YRITEIR«INGY CAAXLTNs IS 101N
0o 29 Izt
0SXEII=0S (IS XL T
M CONTINUE
4 conTINug
0o 21 Iz1.1%
QAXCTIZOSK(TI/ 2K
>} ComYINUE
CAYLIUISASHISYI /D80 LYY
MRITFLAR«IN5) ¢NAXEIT)s 121el W)
Gn 70 146
&) STop
END
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100

12

603

604
605
602

608
607
601

PROGRAM 503 TO SOLVE FOUR SIMULTANEOUS

COMMON A(4¢4)¢BCU)oXtH)

EQUATIONS (MATRICS)

DATA (B(I)oIZIvQ)/l.GTvI-Ov;BSlv.80/0((A(I-J)vI:1vQ)9J=loQ)l.1250

llont 3.375'8-0' .25’ 100120250“000 -5'1.0 ll

CALL INVER

DO 1 Iz1e4

SuUM=0.0

DO 2 J=1.8
SUM=SUM+A(TI.J) *B tJ)
X(I)=SuM

HRITE (6¢100XXCI)eI=1s4)
FORMAT (1HGO¢4F15.6)
sToP

SUBROUTINE INVER
CONMON A(4es8)eB(G) sX(G)
NX =4

DET=1.0

DO 601 L=1sNX
DET=DET#+A(L. L)
AlLeL)=1.0/A(0L L)

DO 602 I=1sNX

IF(I-L) 603+602¢603
ACTIe L) ZAC(IsLIesACLYL)
DO 605 J=1+NX

IF(JU-L) 604+,605.604
AlGe ) ZACTIoJ)-AC(TeL) 2ACL o))
CONT INUE

CONT INUE

DO 607 J=1.NX

IF(J-L) 608+607+608
AlLeJ)==ACLoL)2A (L oJ)
CONT INUE

CONT INUE

RETURN

END

.S '2.0'4‘100,

Is



PROCRAY D7 T0 CSTIMATE PAN CVAPORATION fHUM SHIL TFREU fVAPORATION
HITH A COSFFICIENT FOR EVIPORATION ONLY
DIMNCLSTON X(20)e SX(20)e AYE2000 SSXL20)e AAX(2UD4C05TE36)

OIMFUSTON 0SXE22)s OAX(200e NFLII2)eFSUI2)eDIRE12),
DIMENSTON CSTLR)
DIMFNSION CHIEL Q)
INO FORMATU Sel20130F0020e2 8 e3F0alolSel WaloluoflalelUolbelSalelud
103 FOPUAT(T30l8eF0e2v 2] 36 3FFaloWFS.20lbaled SallobhalolFhoMef 4olle2F S.00
12FTe20Fue3eF1430M0a3)

102 FOPVRT(IMITARLL COUPAPISON Of MLASURID PAN TVAPOVATION 10 ST
ITHATED PAY EVEPORATION FRCP» SHELISRED FVYAPORATION HY Two FOoRMULAS®
22

IN3 FOIPATIIHD*STA FL LAT DA MO ™ T 11 HH HX H1

1 w1 wJp S RSL PPT NP FVF 1PC EV/FEVF Fv/sLPL tRR LV/FPCO
2 [OfG* /)

104 FORMATIDIT)

INS FOPMATELIHD o STATION AVERAGE e 7Xe 355108 5020FbalelFS.NoFSa3e2FSNoF
LUee 2F Qe 2FTa MFS a1 oF 103¢Fbat0 /7))

10?7 Forvey (121

INR FORMAT(12FR.3)

1N9 FORKATI() 2F6,5)

110 FORMAYC(LIH o VENEZUELA NATAy7 /)
CGSTI29)=a14
COST(?6)1z) Doy
CGSTUZ27)z1.U0)ab4Y
CGS1t2Aa1=21.001.389
COST(29)21,9¢1.553
COSTI3IM=1.9e).3 71
CGST(310:z1.301,.545
CGST(23)21.0e)2 401,015
CGST(34)=),90,921
CEST(2I5)=1.001,165
CST125)12.9206+.99¢1.037
CST(261-.846+1.0189]1,.015
CSYI27)121.1154e1 13301014
CSTU2B8)=,96450,935¢1,027
CST1291=21.0898¢]1.005%¢).033
CST(3012.8509¢.99%+1.024
CST{311=1.089T¢1.00301.21%
CSY(37"12.9655¢,93b¢1.017
CSTLIIT1.072450,992¢1,.026
CST(3542,9986¢1.0%1,.008
cCMerr=.a7y
CMt21=1.007
CHI3IT .1
CHI4)IZ 1,054
CHMISIT1, 018
CM(BY=.92
CH(7)1=.339
CMiBIZ1.007
Cutorz1.007
cMe1nI=1.,028
CHEl1I=.908
CM(12)=,4909
RCAD (5. 1D8) (DECIMIINZ] L) 2)
READ (541091 (ES(HIeNZ1e1P)
DO RO KKz1.%
NPITELG. 1D)
WRITE(6s110)
WRITC (G, 1O3)
00 70 JJz1.2

16 READIS 107} NN
DO X7 I=1.20
0SxX{I1=l.
OAX(I)=.

37 CONTINUE
SMz,

DO 40 Lz1eMN

25 READ(S 1340 MMeN
DO 10 1=1.20
SSxtIy=),.

AAX (I3,

11 CONTINUL
DO 3N J=1leM™
00 11 121+20
xtrizn.

Sxt1) = 0.
AXtIY = 0.
11 CONTINUE
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00 35 XZ LN
READES s 1ODINSTeNYReLEeXLArMDoMOeTHe TXoT JoNHHoNHX e NHT o W10+ NEVeSH
INRSLe IO DP¢ NEVF
AM = MO
¥ = M0
DERIMIZIDEC(NINIZSY.295A
22 ~TANUXLA/S5T7.2958)e TANIDERIHY )
on = ATANC(SQRT () D~202)74BSI2))
oL S OM/0.1309
IF (2) 1T7¢18418
17 OL S 24.~-0L
18 SINO = SINIOM)
SISH/DL
EV = NEVe).D
EVF = KEVFel,.0
CEFCa71¢.5370(¢110./EVFYI=a3659 (EVF/1106) ¢.2186(EVF/7110.)002
HUMZNHM/ ] D
HX-NHX/100.
HIZNHIZ1 00,
IFIHN}Y 19,1920
19 HMHZ (HXeH]I¥/2
20 CONTINUE
RSLINRSL
petrzin
RA = EV/EVF
NYRSNYR<GD
EPC=1.TueEVFoCEFeCSTINST)oCHIM
ERRZABSIEV-EPCI/EV
RCZEV/EPC
CHz-0.548 ¢ 1,935sHH
EPCGZ1 47900 EVFeCHOCGSTINST)

RCG=EV/EPCG
ERRG=ABSIEV-EPCGI/EY
X(1) = T4
Xt2) = 1x
Xt3) = 11
XUI6) = HI
Xt4) = HM
X{5) = HX
Xt7) = wlo
xea) = EV
X(8)=S

Xt10) = RSL
Xt131) = PPY
X{12) = OP
X135y = EVF

X{l4)ZEPC
X(15) = xt8)7x(1 3y
X(163=x(81I/7X(14)
X{17)=ERR
X(18)=PCG
X119) ZERRG
X(20)2EPCO
DO 12 I= 1414
SX{IY = SXUIV ¢ XxtI)
12 CONTINUE
SXCL1TICSXE1T)eXx (1T
SXC19)=SXx(19)+X(19)
SX(20)=Sx{20) +X(20)
35 CONTINUE
DG 13 IS lely
AUCTY = SXUIM/N
13 CONTINUE
AXC151 = Sx(8I/SXt13)
AXE16Y2SX(BI/SX(1Y)
AXCI7ISSXLLTIIN
AX(181=Sx(8)/75%L20)
AX(19)1=SX(L9) /N
WRITEC(Gs 101 INSToLE e XLAMDoMOs (AXET) 0 1Z1919)
0N 14 I= 1ol 4 '
SSXCIY = SSXCI) ¢ SXUI)
14 CONTTIMUEL
SSXU17I=SOX (1T eSXA T
SSYL1I9)2SX (1) «SX (1 9)
SSX12112SSK (20 +S5X(20)
30 CINTINUE
FMzNy¥
FNZN
DO 36 Iz)ely
OSXEIIZOSXLI)eSSXITD
26 CONTINUE
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an

34

10
8a
&N

(AR AR A3 AR RARAN NREA)
OSX {19 0S¢ 1M o8 L 1Y)
oSX {20808 i aNY oS t 200
SHM=SM oFMel N

CONTINUE

Do 38 Iz1.14
OAXETI:0SNLIY/SH
CONTTIMUE
OAX(15)zOSX(HIZ0SXL1 )
0AX (16 ZOSXERIZOSX (L&)
OAXC17):0SX(17)/75M
OAXIIHIZONX{(AIZOSXIDOD)
OAXE19)Z0SX (19)/749M

MPITE(Es INS) (OAXETVeIZ]019)

CONTINNIL
CONYINUE
stoP

54
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PROGSAM 618 CHECK ON PARDO EQUATION FOR ESTIMATING SHELTERED
EVAPOPATION USING DATA FROM VENEZUELA MINISTRY OF DEFENSE STATIONS
AND TO ESTIMATE EVAPOTRANSPIRATION .
DIMEMSTON DEC(]SlvFS(lS)'DER(15)0!(27)0&(27)OSU|27’050“(27.0‘V(27l
DIMENSTION XP{22)CMP(12)

1C0 FOD“AT(13'2F3.09F3-l0F5-00F3.002130F3.003F“.lo3f3.20f“olof3-lv
!FS-l-FG.avF‘O.DvF:!-ﬂoFS.l’ ¢

1N2 FOPMAT(12F6.3)

103 FOPMAT(]1 2F6.5)

104 FORMATE1HI'TAHRLE DATA AND COMPUTED EVAPORATION AND EVAPOTRANS
1PIRATION FOR 17 MINISTRY OF DEFENSE STATIONS IN VENEZUELA.'/)
1058 FOPMAT(1HD'ST ELEV TH TX W10 HM HI SP VPOM8 PO Ev

1F ex{) RSO EVC EV/EC EVPR EVPS EVPK ER/EK ETR ETS E
2TK TR/TK®4/)

110 FOPMAT(I S+ ?F5.0: IR}

107 FORMAT(IHOHEAN C 3 3F5.1e3F0.,2+F64293F743011F643)

10f FOPHAT(I3v1903F5-103F0o2'F5.2v2F5-3uF7c3ol1F6-3vll

1710 FORMAT(1H *MONTHLY CONSTANTs XPo AND ERRORs PERCENT*:28XeFGe3eFl2.
13+7)

131 FOIMAT(LIH SOVERALL CONSTANTs XPo AND ERRORe PERCENT*+28XeFGe3eF12.
137
EOUIVALENCE(X(l)oT")olX(ZloTX)'(X(})v"lﬂ’o(!lﬂ'tHH)o(X(S’OHIIO(X(G
lloSP)-(X(7)vVPDHBlo(X(B)oPD)oCX(S,OEVF’o(!(lﬂ)cRHDlv(!(llloRSD)-(¥
2(lZ)vFVFC)-(X(lu)vFVPP)olX(lS)-CVPSIv‘X(lﬁlnEVPK'v(X(lB)o[TR)o(X(l
391+ FTSHe (X(20),ETK)
OATA(XP(NST)'NST=!o?Z)/.7R8Qvcgﬁﬁﬂvl.ol.l9l?ol.v.78““vl.ll-llBl'oB
1193v1.3976'.715?'-7825vo585501.183501-n1.710701-v.q875008¢02'-9035
2¢.R1904,9869/
DATA (TMP (M), H=1cl?l11-057'1-099010103|1.029v.972'.9““0.897'-8“20
1.803¢.7950.81) 9,914/
READ(S5+102) (DPEC({MIsM=1012)
READ(S5¢203) (ES{M)+MT2e12).
NMz1?
NYZh
M1Z1]
WRITE(R.1D4)
WRITE (R 105)
DN 27 K=1.17
READN(S«1 100 NSToXLAeXLMsLE
YLAZXLA+XLM/6D.
non 206 I=1.22

20 SuUM(I)Y = D.
XX=72.
DO 26 L-1eNM
DO 2% 1122
X(I1)=%.

23 SuU(1Y=n.
XN:B-
DO 25 J=1eNY
READ(S «100) NST-XLD!XLHvXLOvELoZﬁvNYRoHOtDH.THoTXvTIoHMtHXoHIoHlo
1ICLC+SHMsRSLMePMe DP4TCVFM
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0
14

XLAZXLD+XLM/ED.

LFZFL

M =MD

XM = QO

MlzoMN

NDEP(MI={DECIH)I/ 572958

2= ~TAN(IXLA/S57.295R)«TAN(NER(M))

N1 S ATAN(SORT () JN-2¢2)1/7A8S5(2))
ot T CM/R.1709

IF (7)) 12+13+13

ot T 24.~-0L

SIND = SINCOM)

RLNZIP N (DLeSIN(XLA/5742958) oSINIDER(M) ) +3,81974COS(XLA/S5T7.2958) ¢

1COSIDFR(M)) ¢ 2, SIFOV/ES (M)

PMD 1N, eRL0/(595.0-T7,55¢TM)

RSL=RSLM/DM

RSDZI1J2RSL/(595,.0~0,55¢TM}

SHZSHM/DM

SPZSH/NL

Sz=se

DOAZDM /M

EVFZFVFM/IM

WINSWAS (1T /72ZA) %25

IF (WI1N - 7.15) %5,35¢36

WPV =.28D¢W1D¢ N3 9] Nee?2

Gn TO 14

WM T, 79+ W10-1.50

CINTIMLUE

WIMPZ14,91ey2M

WFPZ1,0 ¢ G 0N0C0 o W2MP

THMZPT 3, 164¢TY

THKI=273.16¢T71

TKXZ27 2, 16¢TX

EMMZEXP (47 e22F~ 040 T,/ TKM=3.9278sALOGITKM)} ) =(061+.00022TM22)
EATCFYP (47.226-6UR3./TKI=-3.927+ALOGITKI))I=(,.051+.00022T1e»2)
CAXZFEXO(U474220-BU4F 3o/ TKX=3.,927¢ALOGITKX))=(061+,0NN22TXe22)
VPMMZY e (HIsEAX+HXEAT)
VPDMBZ 1. 3378 (EAM=-YPMM)

VOMUPCEAM -V OMM

CIPZ=N.7N¢+.RFeTH

CVONZ—,11%¢, 31 Re yOUM]

WHKYTUI N

CTVZ AU+ 216 (TH/2S,)4,1U5¢(TM/25,) 22
CHVZ1,.20= .20 (HU/,Ti)) 9e3

CTTZuRT0+ 1930 T /259414, 1372(TM/254)¢22
CHTZ1.10- 10 (HMZ, TI}) 0oy

CITVZ1 W QU= 7s(TM/ 25,0+, COB*(TH/25,)%22
CHTVS N N4 ,0700(HM/ TN ) 0024 ,07¢ (HM/ . T0) 03
CHVZe N0 200 (WKH/9 )=, DR ¢ (IWKH/Rs) 802
C”T:.7q"o3l‘(HKH,QQ"006““““/80,“2
CHTVZ1.NT7)= o000 (WKH/G )¢, 0302 (WKH/Bo)e92-,005¢(WKH/B.)ee3
LF=.97Ne  N3Ne (FL/230S.)
CSZ."'H.SG‘(S/c%)-.l‘l‘lS/.S)"Z

XSzD 06D

XUT 2,7

XKS=.7R)

XKV 157

XHTVzZ,RJ

56
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RSC=XSeRMDe CESCS
IF(PSN) 1Rel13+19

1¢ RSDroc<r

19 COMTIMUE
XKV=.35l
EVURPST YV S ePSNeCUVeCHVOCTY
EVPRZXKYVeRMNeCTVeCWVOCHVCSeCF
FVFCZl1en 10 CVPDeCTPeXP(NST) ¢CMP (M)
CEFZeT14e5370¢(11Ue/7EVFM)=o 3650 (EVFM/110.)14a11R8%(EVFM/110.0022
FEVOKZ1.74sFYFMeZEF/DOM
CTIRCXUTSRMDSCTTsCWToCHT LS CE
FTKSXKTVeFYPK+CTTVeCHTV2CHTY
FISZ AP )IeRASPsTTerWToCHT
X{13Y=TVlL /T VFC
X{)7VSFVPR/ITVPK
XI21)1=7 TR/ETK
X (7?21 TAS{IN2 o (EVF-FVFL ) /EVE)
0nn on 121622

un SULYY = Sutly ¢« x(I)

7€ CEMTINUL
D1 41 T=1.2?
ALI) = SUtf)IZYm

al SUMITIZSUMCTII+SULT)
ALy ssuLay/sutl 2
AC17)=SUCLY4)Y/SULLSR)
At21)Y=SUCLIRIZSUC2]))
AXSZSA(13)

20 CrMTIMUE

2¢ COMTIYWE

20 NN U2 71e2?

4P AVITY = SUMCETI/ZXX
AVIT 3VZSUMIY/SUMIT?)
AVIY7YIZSUMII UI/ZS UV (1 6)
Avi21rzsum(r y/SsuMi2a)
AvVX=evV(l 3)
WRITE (G ICAINSTLE S (AVITI)IeTZ1e21)

7 CAMTINGE
STne
£ N

UNTVEC 1109 FARTRAM V COMPTILATION. 0 «NDTAGNOSTICs MESSAGF(S)
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PPAGRAM 6N CAMPARISON OF PAN EVAPORATION AS COMPUTED BY THE
CHPICTTANSEN AND STUTLER FORMULAS USING COLOMBIAN DATA COMPILED
RY parDo,
DIMFMSION 0SX(221004X1¢22)
DIMENSION X{(20)¢SX(20)¢AX120)00DM(12)

1NN FOPPATLIZeF64201501348F5.102F54212F642)

102 FORMATIIZeFSa) oF4e2iFS5al sFUsloFUe2eHFT,29FB0302F742+FRL3)

103 FrOMAT(IHI®TAPLE DATA AND COMPARISON OF PAN EVAPORATION AND E
IVAPOTRANSPIRATION AS ESTIMATED®)

104 FORMAT(IHO'MO TM  HM VP VPO S RMDM LVFH EVPK EVPR FP
1R/FPK ETK ETC ETC/ETK*/)

IPS FORMATULIHN*STATIONT® I3 +1Xe *AVFRAGESs ELEVATION =4 ]6¢/)

l')ﬁ FOR“AT(SXOFSOIO"“-?OFSQIlrucl'F"'ZO"F7-2!F8.3'2F102'F8.3/,,’

IN7 FOPMAT(IHN*OVERALL AVERAGES *e¢/)

108 FOPMAT(IH +21Xe'8Y STUTLER AND CHRISTTANSEN FORMULAS FOR 20 COLOMB
11AN STATIONS®/Z) .
NATA (DM("" H:l 0.1 ?’/3l-0280'3!.030-03!0'30-031.'310030013100300'
131.7
EOUIVHLENCE(X(I)-T")o(X(Zl-HH)o(X(})vVP)-(x(u)vaD)'(X(SloS)o(X(G)
lvP“DNlo(X(?loEVFM)-(XIB)-EVPKl-(X(S)'EVPR)olx(ll)-ETK).lx(lZloETC)
DO 17 [=1413
0SX(I)=].
nNax(rizy.

17 COMTINUE
DN 80 Nz1.10
WCITE(Re 103)
WRITF (R 10R)
WRITF(Re 104)
DC 70 K=1e2
NO 158 Iz1e13
SXxtIyzn,
AxtIr=aq,

1% CONTINYE
00 un Jyszl.12

20 READIS 100} NST'XLAvLEvMOvTHcTXvTloHNPnVPDoVP-SPvDPofVFUvRKHORHDl
1Ramn
M = M
SzsSP/7100.
HMZoHMDZT 0D
EVFMZTVFDeNMI M)
RMDM=ZDOMDe DM (M)
vermnzypp
ELZLF
Cwvzle.
Cuizye.
CTVZAUU+ 21 ¢ (TH/75,)4.1U54(TH/25.) 002
CHYZ1,20-,20¢ (HM/. 7031003
CTTZ.a8704.1930(TM/ 25,0, 1379(TM/25,)882
CHIZ1. 10~ 410« (HM/, TN 0oy
CITVITa0U]~ Nt Te(TM/25.)¢.006¢(TH/25, 0002
CHTIVZ,0104.070¢(HM/ 7109024 ,02¢ (HM/ . T0) ¢ 3
CLZeQ7D+. 030« (EL/30S.)
CSZoli%¢ . 6Re(S/e5)-a1U42(S/.5)s02 .
C[F:.710.5370(11O.IEVFHl-.IBS'(EVFHIIIU.l’.llB'(EVFHIllU."'Z
XScshi.4y6)
XKVZ,352
XKTV=, 90
XKTz-0. 7?8
EVPRIXKVePMNOCTVeCUVICHVSCSsCFeRM (M)
EVPKZ1 . 74*EVFMe CEF
ETC=XHT#RMNDeCTT¢CHTOCHT e CSeCE DM M)
ETKCSXKTVeEVPKoCTTVeCHTY
X{10)z=x(ay/x(8)
X139 =x(12r/7xt11)
WRITE(Re 132) MO (X(T)esI=1013}
DO 30 I=1413
SXETIZSX(T)eX(T)

10 CONTINUE

40 CONTINUE
on 4] I=1413


http:CHV1.?0-.20
http:V=.F44..21
mailto:EOIIIVALENCECXU,.@Tm,,g(X(2,HM.1X1VP,,gXqa.),VPD),C(Xs,,S

\5'9

AXCIYSX(IV /12

41 CONTINUE
CAX(10)=SX(9)1/SXL8)
AXU131=6x(22)/SX(1 1)
WRITE (60 105) NSTHLF
WRITE(Ge 106) (AX(IVeI=1¢13)
DO 44 T=1e13
OSX{IN=0SX(TIN+SX{T)

44 CONTINUE

70 CONTINUE

&0 CONTINUE
DO 46 T=1,13
OAX (1)=0SX(1)/240.

46 CONTINUE
0AX (10)1=0SX19)/705X(8)
OSX(13)=0SX(12)/70SX(11}
WRITE(G+10T)
WRITE(Gs ING) (OAX(IVeI=1+13)

10 STOP
END

* UNIVAC 1108 FORTPAN V COMPILATION. 0 *«DIAGNOSTIC* MESSAGE(S)
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PROGRAM L1 TO ESTIMATE PAN EVAPORATION ADN POTENTIAL FVAPOTRANSPIRATION
FROM NATA COMPILED BY STUTLER USING GUILLEN AND PARDO FORMULAS T0 ESTIMAYL
SHELTERED EVAPORATINN
DIMENSTION DECC12)e ESC121.DER (12}
OIMENSION X(20)s SX¢220s AX (200 DM(12)
DIMENSION 0SX{2)1s OAX(20D)

170 FOPMAT(I3eF6.2¢1501343F5.10F5.202F5614F8.00F5.2)

1072 FORMATIIZeF 5.1 0F4e20F5eeFUeloFle2eFSelebFTe202F8.303FT7.202F8.3)

103 FORMAT(IHITARLE DATA AND COMPARISON OF PAN EVAPORATION AND
IEVAPNTRANSP IRATION AS ESTIMATFD BY STUTLER AND CHRISTIANSEN FORMUL
2AS'e/ /)

104 FORMATIIHO®HO T¥  HM VP VPN S op RM  EVFMP EVFMG Fv
1PR  EVPKP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC EYC/ETP ETC/
PETG*7)

ING FORMAT(12F6.3)

197 FOPMAT(] 2F6.5)

108 FORMAT(LIH *STATION®¢I3+1Xe *AVERACGES®)

100 FORMAT(IX oF Sl oF e ?+F5e1 sFULLeFlUo2¢F5.106FTe2:¢2FB8:3¢3F7.2¢2F8.3/77)

NATA (NDMIM)e MZ1 01 2)/31092800310e¢300¢310¢3000¢300¢31ee3000310e300s
1%1.7/

EOQUIVALENCE (X (1) oTH)o(XE2) eHM) e (X USIoVP) o IX (U)o VPD D)o XIS)eS)e(X(R)
1e0P o lX(TIeRMIVIXIRIGEVIMP) o (X(T)sEVFMG) o (X C1TVeEVPRIC(X(11DsEVPKP
2V ol XCI 23 o EVPKCI o (X(1S)eETKP o (X(1B) s ETKG D)o (X (1 TIVETC)

READIS108) (DEC{MIeM=14 )2}

READIS «107) (LS(M)eMZ1 1 2)

0O 43 IZ1419

nNsSxiI1zd.

QrX (1320

47T CONTINUE

NO 20 K=1413

HRIYE(G: IN)

WRITF (G 104}

00 70 KKzZ1+2
DO 15 I=1.19

X1zl
sx(11zqa.

AX({Iy=n,

15 CONTINUE

DO 40 Js=1.12
READIS10C) NSTeXLA«LE«MNoeTHoTXeTIeHMoVPeSHeDP oW

MzM0
EL=LE

DERIMIZ(DEC(M)NIZ/57.2958

2= ~TANIXLA/ST.2958)«TANIDERINM))

oM S ATAN(SGRY (] .1-202)/74BS2Z))
oL = oM/N. 1209
IF (2) 12413412

12 0L T 24.-0L

13 SINO = SIN(CM)
RLOZ1I20,e ({DLeSINIXLA/S7,2958)¢STINCOER(M) ) +3.8197¢CO0SIXLA/ST.295R)
LCOSIOFR(M)) 02, oSINOM/ES M)
RMDZIN.oRLD/ (5 35.0-15 5 TH)
SSSH/OL
IS=SH
THMZ27 3, 16¢TM
EAMZFXO (4T 226=-064F 3/ TKH=3,927¢ALOGITKM) )=t .06 14¢.00022THee2)
VPMMZ HMs £ AM


http:EAM:VFXOI7.22E6-&U43./TIV-3.27ALOGTKI.61.0O2.TH
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VPMMDZFAM~-VPMM
VPN =VPMMD
CIP==0.70+,085¢THM
CVPDz=-4113¢.31 8+VPMMD
CuWT=1.
Cuv=1.N
CTVCahliye o210 (TH/25.) 4,106+ (TH/25, )002
CHVT1,20=-o20¢(HM/ TN} »e3
CIT=ah 70¢.Lu3e(TM/25 )¢, 137t(TH125 ) en2
CHTZ1,10-.10¢{HM/ . TO) oY
CTTV=1a0Ul-a04T7e(TM/25, )+.006t(1ﬂ/25 Hea 2
CHIVZ.91 0+, 0700 (HMZ o T0 10424 .02¢ (HM/ & «70Ves3
CIG=Z.NR2 14T M-,430
COPG=1.15-.015+DP
CWG<l.0)
CHG=2.12-1.75s(HH)ee2
CE=.970+.N30«(EL/3054)
IF(IS.EQ.D) GO TO 14
€CSGz=0N,5%¢ .78 4sS
CSzURe . B6* (S /. 5)-.1":(5/ S)se?2
GO TO 16

14 CS=1.
csSG=1.N

16 CONTINUE
RMZRMD+*DM (M)
XS=0.460
RSC=XS+RMD¢ CE»CS
IF(PSN) 18B.18+18

18 RSD=RSC

19 CONTINUE
XKV=.352
XKS =670
EVPREXKVeRMD*CTVeCUVSCHV«CS*CEsDM (M)
EVFDG=2.957+CTGsCHG*CHG+CSG2CDPG
EVFDP=1.51«CVPDeCTP
EVFMPC-FYFDO+DM(M)
EVFMG=EVFOGsDMIM)
CEFP=o714¢.5374(110./EVFMP - .365s(EVFMP/110..0¢.1182(EVFMP/11D.)%#2
CEFGZe71¢e5379(1 104/EVFMG)-o365¢(EVFMC/2 1D )¢o 12 8¢(EVFMG/210e )25
EVPKP=1,7usCEFPe¢EVFMP
EVPKG=1, TusCEFG*EVFMG
X(13)=EVPR/EVFKP
X(I4)ZEVPR/ZEVPKG
XKY =28
XKTV=,82
ETC=XKTsRMD*CTToCWT#CHT¢CS+«CEsDM(M)
ETKP=XKTVsCVPKPeCTTVACHTY
ETKG=XKTVSEVPKGeCTTVeCHTY
X(18)=ETC/ETKP
X{19)=ETC/ETKG
WRITE(GR, 102) MOe (X(TI)eI=1¢19)
DO 30 Iz1l.19
SX(IY=SX(IN+X(I)

IN CONTINUE

40 CONTINUE
DO 41 I=1.19
AXCTI)=SX(TIY 212

41 CONTTINUE


http:CEFP=.71
http:CSG=C.5i
http:CHTV:.91
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UNTVAC

AXCEY3)I=SXEI0Y/SX(1 )
AXC141=SX(10)/7SX(1 2)
AXC18I=SX(17)/7S% (1 5)
AX(19)=SX(17)/SX(16)
WRITE(Gs 138INST
WRITE(Gs 109) (AX(1)eI=1s19)
DO 42 I=1+19
OSX(II=0SX(I)eSX(])
CONTINUE

CONTINUE

CONTINUE

DO 44 T=1,19
OAX(T)IZNSX(I)Z312
CONTINUE
OAX(E13)=0SXE10)/70SX(11)
OAX {Lu)=0SX(1D)/705% (12}
0AX(18)=0SX(17)/70SX(15)
OAX(19)=0SX{17)/S5%X(16)
WRITE(H+1D9)(0AX(I)eI=1y 18)
STOP

END

1108 FORTRAN VvV COMPILATION.
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TABLE 11-1 COMPARISON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION BY TWO FORMULAS
VENEZUELA DATA

STA EL LAT DA MO ™ TX il HM HX H1 wlp Evp S RSL PPT DP EVF EPC EV/EVF EV/EPC ERR EV/EPCG ERRG
25 280 10415 31 1 283.0 31.0 17.1 .69 .96 .39 6.1 192+ 680 377. 28. Se. 126. i86. 1.518 1.031 .043 «989 .09
25 280 10.15 28 2 25.0 32.0 17.6 66 <97 .38 6.7 203. .668 62l 20. B8e 137. 200+ 1.4876 1,015 .073 1.010 .O71
25 280 10.15 31 3 26.2 33.7 1%.8 .62 .93 .35 8. 266 695 466« 3. 1. 209. 277. 1.272 «963 .038 «952 .051
25 290 10.15 X0 5 27.5 34.2 20.3 .61 .91 .37 2.0 250. .597 439. 8. 1. 208. 260. 1.225 -365 .037 «9884 .059
25 240 1015 31 S 28.2 34.7 21.2 .62 .90 .37 6.7 240. .890 404. 107. 6. 198. 284, 1.23% -984 L0156 «922 092
2s 280 1015 308 6 25.8 30.7 20.7 .77 .94 .50 3.9 137. .861 408. 250. 23. 70« 186¢. 1.3962 «982 .068 1.011 .01l
25 280 10.15 31 7 25.5 30.8 20.4 .81 .97 .S2 3.7 151. 4529 432. 156. 18. 62. I52. 2.422 «995 039 1.152 .130
25 250 10.15 31 8 25.9 31.2 19.8 .79 .96 .47 3.9 1584 568 433. 102. 12 78+ 152. 2.182 «877 026 1.065 .0%0
25 2580 10.15 30 9 26.2 32.5 19.8 .78 .97 .46 3.8 176. .S60 428. 88. 12. 74. 162. 2.385 1.090 .083 1.207 .173
25 280 10.15 31 170 26.6 33.1 19.9 .7% .36 .40 4,3 183. -.620 423. £8. 8. 108. 185. 1.817 1.01%9 .019 1.002 .002
25 280 10.15 30 11 26.1 32.5 200 7% .99 .42 5.9 192. 650 389. 47a 12. 113 167 1.629 1.150 .131 «337 067
25 280 10.15 31 12 28.1 30.8% 17.4% 7% .98 .43 545 175+ «536 362. 20, 3. 118%. 167 1.583% 1.051 049 =911 097
STATION AVERAGE 259 32.2 19.6 .72 .95 .43 Se8 19l. .577 4%19. 89. 10. 120. 191. 1.588 1.000 .0a3 1.000 .077
26 186 9.60 30 &4 28.4 33.7 22.9 .63 <87 .39 15.9 269. .663 512. le 3. 260. 306« 1.035 -880 137 «909 .100
26 186 9.60 31 S 27.9 33.2 2342 +65 <90 .41 318.5 213. -531 47h. 120. 17. 20%. 228. 1.079 «3855 .0487 -885 .130L
26 1468 9.60 30 6 268 30.2 22.6 o71 +91 <52 11.0 142. .430 §35. 185. 26. 96. 187. 1.479 -864 .037 1.0488 .0&42
286 188 9.60 31 7 2646 30.6 22.5 +69 <86 <52 10.7 147. .0438 835, 313. 22. 81. 150. 1.815 «977 .023 1.360 .265
26 186 9.60 31 8 26.9 31.7 22.1 .€6 .82 .S0 Se5 152+ 536 471. 107. 21« 97. 162. 1567 «3430 .064 1.268 <211
26 146 9.60 30 9 27.2 32.4 22.2 .71 .90 .49 9.6 183. .553 450. 82. 14. 123. 175. 1.888 1.085 108 1.046 .052
26 146 9.60 31 10 27.0 32.8 21.9 .72 <90 .42 10.2 183. 654 431. 115. 10. 125. 182. 1.462 1.009 .0580 1.028 .117
26 186 9.50 30 11 26+7 31.6 21.6 .72 <91 .51 10.5 156. .597 386. B1l. 15. 103. 189. 1.512 1.D051 .046 1.008 .272
26 186 9.60 31 12 25.6 30.9 19.9 .71 .92 .50 11.5 185 .699 800. 72. 10. 1%7. 170. 1.262 1.090 .378 -878 .122
STATION AVERAGE 26.9 31.9 21.9 .70 .50 .43 11.2 180. .592 836. 110. 14. 1335. 180. 1.352 1.000 .D65 1.000 .las
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TABLE 11-2COMPARISON OF MEASURED

STA

27
27
27
27

EL

270
270
2710
210

L.y

952
9.52
9.52
9.52

STATION AVERAGE

28
28
28
28
28
28
28
28
28
28
28

430
330
430
430
430
430
830
430
430
830
830

9.90
9.90
2.90
9.30
9.90
3.90
9.90
9.30
9.90
9.90
9.90

STATION AVERAGE

OA

31
3

30
3

31
28
X1
30
31
30
31
31
31
36
31

M0

10
i1
12

"o pe
OO NDONBWN -

e

VENEZUELA DATA

™

29.?
26.5
26.7
25.5

27.0

28.2
25.5
27.2
27.7
27.7
26.7
24.8
24.9
26.0
25.2
28.5

25.9

Tx

35.5
32.7
33.1
31.8

33.3

31.6
32.5
33.7
34.1
32.6
29.5
29.5
29.3
30.8
31.7
31.5

31.4%

PAN EVAPORATION

TI

22.5
20.3
13.2

20.8%

16.3
17.0
18.0
20.2
2l.4
20.5
20.0
19.6
19.7
13.7
16.7

18.3

HM

«59
-7
- 73
«68

=64
+58
51
«50
=59
«76
«78
-81
.78
71
65

«67

HX

«00
«99
.ou
98

74

«97
«38
«8S
«76
«90
97
«97
-87
«96
«99

TO ESTIMATED PAN EVAPORATION FROM

HI

«00
55
.ns
45

«36

42
« 40
.37
32
.47
.57
«»56
.57
55
« &7
.50

5.2
5.6

!98.
217.
283.
261
223.
153.
161.
166.
laﬂ.
15%.
185.

199.

S

«652
«696
«798

=708

«792
«7382
«813
«671
«550
-4966
«587
<584
«662
«710
«752

«665

RSL

404
§13.
366.
367.

387.

377.
424,
450.
4248,
385.
368.
408.
403.
399.
360.
355.

398.

PPT

10.
15.
92.
12.

47«

39.
L%
n.

11e.

213.
233.
298.
158 .
139.
ls.
l8.

11S.

op

s.
3.
7.
2.

L 28

3.
le
0.
3.
9.
18.
16.
18.
11.
6.
2.

SHELTERED

EYAPORATION BY

EVF EPC EV/EVF EV/EPC

15%. 259.
Sl. 186.
69. 176.
99. 196.

93. 203.
133, 198.

160. 221.
219. 29%8.

198. 263.

153.-220.
86. 161.
61« 157.
S6. 156.
67« 169.
82. 157.

123. 178.

123. 199.

1.760
3.589
2.507
1.9%9

2.193

1.861
1.359%
1.295
1.318
1.3856
1.769
2.6498
2.973
2.687
1.915
1.508

1.622

1.045
«37S
-981
«983

1.000

«993
982
«251
2393
1.018
«351
1.031
1.089
1.067
1.003
1.037

1.000

THO FORMULAS

ERR

-083
«025
-020
-018

.026

- 038
-047
‘osz
«007
<017
«129
«030
«064
-063
-003
- 036

EV/EPCG

1.008
1.226
.982
-850

1.00C

»855
«959
1.182
1.260
«983
« 757
1.105
l1.158
1.120
<9298

1.000

ERRG

018
«163

«092

178
-099
«15%
«206
«042
«347
«095
137
«107
0075
«177

-188

99



TABLE 11-3 COMPARISON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION QY Tw0 FORMULAS
VENEZUELA DATA

STA EL LAT DA M0 ™ TX TI HN HX HI %10 EVP S RSL PPT DP EVF EPC EV/EVF EV/EPC ERR EV/EPCG ERRG
29 580 10.15 31 1 22.9 30.0 16.6 .78 .90 .62 9.3 180. .660 0. Te 3. 75. 188. 2.392 «360 .079 «889 .128
29 S80 10.15 29 2 23.1 31.0 16.8 .76 .89 .53 10.4 195, «724 O« 3, 2. 85. 201. 2.287 «971 .059 «887 L1356
29 580 10.15 31 3 23.9 31.9 17.7 .73 .87 .53 11.7 258. 664 1 1% 3. 2. 112. 280. 2.272 31.062 .D74 =937 .069
23 580 1D0.15 30 4 23.9 3143 19,6 .77 «85 .62 10.4 209. «458% 0. 67. 9. 82. 208. 2.473 «930 .089 -9486 .05
29 580 10.15 38 S 28.0 30.2 202 <81 +90 +69 11.8 179. <863 0. 88. 11. 63. 187. 2.838 «962 .071 «388 .089
29 S80 10.15 30 6 23.1 29.0 13.8 .83 .92 .78 12.1 163. .4587 0. 120¢ 19 87. 156. 3.426 1.081 .083 1.1%6 .181
29 580 10.15 31 7 23.2 29.0 19.4 .86 492 .75 10.1 163. «519 0. 140. 22. 48. 165. 3.716 «992 .038 1.192 .1864
29 SB80 10.15 31 B 23.3 29.8 19.3 .83 .92 .71 10.5 189. «6518 0. 73. 1S 58. 177. 3.48% 1.068 .063 1.156 .1us
29 S80 10.15 30 9 23.9 31.1 19.2 .82 <89 .67 11.6 191. «620 0. 34. 9. bs. 185. 2.992 1.031 .072 1.03% .076
29 580 10.15 31 10 28.5 31.5 19.2 .79 .87 .62 9.3 197. 527 0. 29. 9. 69. 195. 2.861 1.012 .088 1.053 .138

29 580 10415 30 11 241 31.0 18.6 .79 .89 .63 7.9 162+ .60% 0. B2« 10. 59. 163. 2.771 «995 L.050 1.016 .061

29 S80 10.15 31 12 22.9 29.8 17.6 .73 .91 .64 Te8 151. 632 0. 29. 8. E0. 168%. 2.523 «922 .092 «922 .085
STATION AVERAGE 23.6 30.5 13.7 .80 .89 .65 1N.1 185. .591 0. 58. 10. 68. 185. 2.738 1.000 .072 1.000 .107
30 835 10.18 31 1 25.1 3147 1922 .63 .94 .43 10.8 198. «760 402. 3« la 157. 193. 1.187 1.027 .039 «920 .109
30 938 1C.i8 28 2 2640 32.5 19.7 458 +87 .43 12.0 216+ <773 n4S, 9« 0. 188. 212. 1.178 1.022 .025 1.078 .099
30 838 10.18 31 3 26.8 33.1 20el .56 <83 .40 12.5 27i. <784 483. 5%. 0. 229. 276. 1.185 «382 .046 1.138 117
30 8438 10.18 30 & 27.3 33.0 21.4 60 <83 .43 10.8 228. «592 432« 18%9. S. 192. 230. 1.192 «993 .051 1.031 155
30 838 10.18 31 S5 26.7 32.3 21.9 .66 .90 .46 8.3 189. .5148 40S. 382. 10. 139. 185. 1.351 1.020 .065 «371 .058
30 837 10.18 N1 6 25.4 30.6 21.0 .75 .86 .52 6.6 143. .883 506. 205. 18. 90. 184, 1.59% «395 043 «332 .07
30 837 10.18 31 7 24.9 30.8 20.6 .76 .98 .53 6.6 153. .525 R03. 180. 16+ B83. 150. 1.847 1.020 .071 1.066 .18l
30 837 10.18 31 8 25.1 30.6 20.5 75 .97 .52 6.8 154, .587 419. 179. 15. 88+ 158. 1.830 1.008 .027 1.065 171
30 837 10.18 30 9 25.1 30.8 20.1 .77 .98 .S S.9 1483, .58€ 808. 184, 1S5. 76. 189. 1.899 «964 .083 1.058 .168
30 437 10.18 31 10 25.5 31.7 20.1 .75 .99 .50 6.3 160. .666 409. 1485. 11. 93, 163. 1.72% «379 072 «9%99 .166
30 433 1C.18 30 11 25.6 31.7 13.9 .72 .98 .48 6.9 147. .685 379. 94%. 7. 105. 1489. 1.399 +386 031 «880 .142
30 838 106.18 31 12 25.4 31.6 19.4 .67 .97 .47 8.8 168+ .739 375. 2S5. 2. 14D0. 166. 1.201 1.018 .082 828 .205
STATION AVERAGE 25.7 31.6 20«3 <69 L93 .48 8.4 180. <636 413, 138. 9. 129, 180. 1.388 1.000 .050 1.000 135
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TABLE 11-4 COMPARISON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION BY Two FORMULAS
VENEZUELA DATA

STA EL LAT DA M0 ™m X 71 HM HX HI w10 EvP S RSL PPT DP EVF EPC EV/EVF EV/EPC ERR EV/EPCG ERRG
31 432 10.18 31 1 24.5 30.3 18.6 +67 <81 .53 11.9 218. .65% D. 3« 1. 125. 218. 1.716 «992 .048 «782 .27
31 832 10.18 29 2 25.3 31.6 19«1 <63 .78 .48 1%.0 235. 672 0. 0. 0. 137. 231. 1.71% 1.01S «029 «867 .164
n 632 10.18 31 3 2642 32.5 19.6 «59 <73 .45 18.% 278. .508 . 0. DO. 161. 273. 1.728 1.018 «062 «366 .192
3 432 10.18 30 4 26.8 32.8 20.9 .60 .74 .47 12.8 243. .393 O. 39. 3. 131. 238. 1.85% 1.022 «065 1.022 .108
31 832 10.18 31 S 26.5 31.9 21.1 .66 .78 .53 10.2 201. .3§57 0. 111. 10. 90. 201. 2.238 «999 .07@! 1.063 .200
31 832 10.18 30 56 25.0 29.8 20e3 <72 .82 .61 7.3 166+ 385 0. 182. 16. 59. 161. 2.83% 1.029 .088 1.155 .131
3 432 10.18 31 7 24.9 29.7 20l 73 .82 .85 728 179. 468 0. 184. 16. 62. 176. 2.839 1.01% -060 1.183 .121
31 932 10.18 31 8 25.1 301 20.2 <73 .84 .62 7«3 172. .513 0. 138. 13. 60. 178. 2.838 <965 .078 1.138 .120
3 432 10.18 30 9 25.1 30.8 198 .7% .88 .65 6.8 163. .451 0. 148. 14. 50, 169. 3.278 <960 .042 1.254 .203
31 832 10.18 31 10 25.5 30.9 20.0 <73 .88 .62 6.8 184. .569 0. 187. 11. 60. 183. 3.098 1.007 «053 1.230 .183
31 832 1018 30 11 25.2 30.8 19.7 <71 .83 .60 7.8 159. .578 0. 49. 6. 68. 166. 2.337 <961 .044 «968% 134
3 837 10.18 31 12 248.6 30.4 18.9 469 .83 .56 9.0 181. .646 0. 1S5. 2. 95. 183. 1.309 «989 .038 «826 .206
STATION AVERAGE 25.8 30.9 19.9 .68 .81 .57 8.6 198. .515 0. 8S. 8. 91. 138. 2.166 1.000 «057 1.000 .170
33 381 10.05 31 1 24.8 31.0 19«9 .76 .93 .48 18 .8 201. .6€5 261. Se 3. 120. 188. 1.668 1.067 .066 ‘'e899 4115
33 381 10.05 28 2 25.1 31.8 19.8 .70 .90 <42 17.8 222. .728 303. 3. 2. 181. 207. 1.577 1.076 .O086 «388 .089
33 381 10.0% 31 3 26.0 32.7 20.2 .70 .88 .41 1S.1 285. .707 301. 3. 2. 188. 263. 1.512 1.081 .07S -944 059
33 381 10.05 30 8 26e3 31.5 21.6 .78 <92 .54 16.7 220. 472 116. 91. 10. 132. 212+ 1.662 1.0%0 .063 855 .155
33 381 10.95 31 5 25.9 30.5 218 .82 .9% «61 13.6 163. .401 125. 90. 16. 9p0. 179. 1.80% <312 .097 «861 154
33 381 10.05 30 6 24.4% 29.8 21.6 .8% .93 .68 10.0 120. .398 O. 206. 21. 5S8. 1482. 2.078 «886 .183 «960 .120
33 381 10.05 31 7 24.5 28.9 21.4 .83 .94 65 3.5 138. .485 93. 206. 23. 49, 137. 2.798 -943 .062 1.2939 .230
33 381 10.05 31 8 24.8 29.8 21+2 <83 .95 .68 9.C 150. .540 193. 116. 18. 51. 151. 2-9%6 «997 .030 1.373 .271
33 381 10.05 30 9 24.8 30.9 20.8 .83 .37 .60 8.8 153. .567 258. 94. 16. 60. 157. 2.630 1.009 .069 1.232 .19
33 381 1095 31 10 25.4 30.9 21e1 81 .97 «59 942 156+ <578 0. 131. 11. 72. 171. 2.167 <914 ,03% 1.056 ,.053
33 381 10.05 30 11 24.7 30.6 20.8 .83 .96 «60 8.3 128+ 4533 161 73. 13. 63. 184 2.032 «889 .125 =958 048
33 381 10.05 31 12 24.7 30.6 23.3 .79 .95 58 11.3 155. .600 16%. 39. 8. S1. 160. 1.720 «377 024 «863 .159
STATION AVERAGE 25«1 307 21al .79 .93 .56 12.6 178. «556 178+ 88. 12. 93, 178. 1.896 1.000 .078 1.00C .151
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TABLE 11-5COMPARISON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION BY TWO FORMULAS
VENEZUELA DATA

STA EL LAT DA M0 ™ TX TI HM HX HI 10 EVP S RSL PPYT DP EVF EPC EV/EVF EV/EPC ERk tV/EPCG ERRG
34 10 10.90 31 1 27.6 31.8 22.4 .75 .92 =55 10.1 260. .813 832, 3. 2. 189. 248. 1.376 1.087 .08S «321 .086
33 10 10.90 28 2 27.0 30.0 22.8 «72 .79 .51 8.8 261. 747 414, 40. 7. 188. 256. 1.388 1.020 .019 «393 .007
34 10 10.90 31 3 27.8 31.9 23.5 .67 .88 - 48 7«7 2754 «75% 479. Se &. 221. 318. 1.24% «866 <155 1.005 .0GS
35 11 10.90 30 4 28.0 31.3 23.8 .77 .90 .S58 10.8 278. 67D 982. 15. 4. 223. 307. 1.287 «306 .104 «800 .250
35 10 10.90 31 S 29.0 32.5 24.4 .76 93 «88 10.6 272. 728 S08%. 4. 1. 209. 280. 1.301 «972 .029 =853 173
34 10 10.90 30 6 28.3 31.3 245.5 .7% «92 .S2 Se8 209+ 515 856. 60. 13. 142, 202. 1e472 1.036 .03% 1.007 .007
348 10 10.90 31 7 28.7 31.2 24.6 .72 .90 «51 Se3 248, .676 §90. 6+ 5. 163. 2314 1497 1.055 <052 1.071 <066
3 10 10.90 31 B8 28.9 32.2 24.9 .67 .90 -89 2.9 228: 4668 478. B80. B. l148. 225. 1.541 1.014 .018 1.244 .19
35 10 10.90 30 9 29.2 32.9 25.0 .69 «85 .51 3.8 248Bs 4697 885. 25. 5. 163. 23S. 1.521 1.053 .D051 1.163 .14%
34 10 10.90 31 10 29.7 33.3 25.4 .75 92 58 8.2 262. 706 %44, 1. 1. 172. 250. 1.523 1.089 .047 1.020 -019
38 10 10.90 30 11 28.5 31.6 2%.5 76 «92 .55 1.0 192. .609 357. 159. 10. 102. 177. 1.882 1.085 .078 1.233 .189
STATION AVERAGE 28.4 31.8 24.2 .73 .89 ,S1 6.5 248+ .683 456. 36. 5. 175. 248. 1.421 1.000 .057 1.000 .10%
35 7 10.18 %1 1 26.7 32.2 19.0 .68 «91 .42 38 192+ 779 B8l. 17. 2. 135. 195. 1.818 «987 .0D28 «877 .1867
35 7 10.18 28 2 27.0 32.4 19.0 .6% «91 .19 8.4 201. .785 91. 5+ 3. 1864 207. 1.376 «370 .033 «365 .177
35 7 10.18 31 3 28.0 33.3 19.6 .59 «86 .40 10.8 260 .8G* 90. G. 0. 191. 262. 1.359 «930 .023 1.091 .12%
35 7 10.18 30 4 28.6 33.5 21.5 .61 83 .43 10.6 240. .681 87. 13. 2. 166« 231e 1488 1.080 .082 1.095 .173
35 7 10.18 31 S 29.0 33.7 22.2 .62 «88 .44 92 227+ <539 87. 81. Te 157. 217. 1l.484% l1.038 .087 1.057 .202
35 7 10.18 30 6 27.6 31.9 21.6 .73 «91 .51 7.9 170+ 532 108. 123. 1S. 90. 160. 1.889 1.065 .065 1.043 .072
35 T 10.18 31 7 27.0 31.7 21.0 .79 «93 .52 6.8 161. .563 103. 128. 17. 77. 168. 2.077 «983 074 1.018 .0S54
35 7 10.18 31 8 26.8 31.9 20.2 .78 «92 .50 6.8 158. .568 1448. 110. 16. B81. 169. 1.955 «937 .069 «978 .04&%
3s 7 10.18 30 9 26.8 34.1 21.2 .78 «93 .50 6.9 166+ .647 285. 136. 14. 86. 172. 1.930 «964 .038 «363 .071
3s 7 10.18 31 10 27.7 33.6 20.5 .7% «31 .47 7.7 176. 676 203. 20. 10. 102. 188. 1.717 -938 .071 «931 .081
35 7 10.18 30 11 27.6 32.8 20.7 .71 «92 46 7e7 162« 4663 82. 58. 10. 97. 161 1.663 1.002 .053 «378 .035
35 7 10.18 31 12 27.2 32.7 19.7 .71 «S0 .84 7.9 16%. .751 95. 38. &. 107. 167. 1.572 1.013 .078 «315 .097
STATION AVERAGE 27.6 32.8 20.5 .69 .90 .45 8.5 195. <683 111. 52. 8. 126. 195. 1.550 1.000 .057 1.000 .122
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YasLE 12 DATA ANL COMPUTEL EVAPCRATION AND EVAPOTRANSPIRATION FOR 17 MINISTRY OF DEFENSE STATIONS IN VENEZUELA.

ST ELFV T TX W13 WM HI SP vyoOmB PN EVF RMD RSD EVC EV/EC EVPP EVPS EVPK ER/EK ETIR ETS ETX TRZIK
1 T 2642 320 ®el o75 o4C .72 1091 1e77] 8.337 16.889 8.4568 4.329 1.000 S.731 6.473 6.812 .881 4.612 5.208 5.485 -851
2 SN 2T, U1 1%L 476 .4 .65 94487 1.305 3.9R8 18.857 9.886 3.970 1.000 64198 7.9%99 6.512 952 4.861 6.277 5.115 «350
q 10TS 2706 D529 12,7 .87 o8P Lof Ko7l 2.322 2.576 18.793 7.955 2.677 1.0N0 S5.5F0 S.516 S.731 .970 4.506 %4.469 5.653 «368
& N 2725 TXel o7 oI5 87 o7 1ULR3 2.863 8.457 16.939 7.848 4.457 1.000 S.332 S.284 ReB73 o776 49367 4.327 5.639 .T7%
3 77T 2747 330 19.% .78 88 77 11.38 .98% £.812 14.84R 9,356 6.811 1.000 7.190 8.8N5 8.874 .810 S.48% 6.665 6.719 «810
2 B 2%.9 TPWG TS o8l .68 <63 T7.81 2.552 3.244 14.377 7.378 3.284 1.000 64.957 S.081 6.061 818 4.10% 4.207 S.027 «816

in T 2741 0.8 2107 87 LR L6 7.S55 1.305 S.311 14.818 7.307 $.309 1.000 64512 6.208 7.253 .898 5.000 3.766 5.568 -898

11 T 26471 29,8 7.3 .80 LET .52 T.50 1.429 2.543 14,863 8.8573 2.5%4 1.000 5.NM3 6.191 $.625 .891 4,128 S$.098 5.636 890

12 81 22,2 7248 1148 .77 .57 +5¢ 1138 1.472 4,892 16.892 8.111 4.821 1.000 S5.975 6.995 7.124 .839 4.712 S.444 5.628 .837

13 887 2Re5 T1eT 4.5 7R L4 LT0 9.R7 2,574 2.K06 14,859 7.332 2.606 1.000 8.875 4.597 S.636 .65 4.060 3.832 §.703 «863

18 7N 2601 31.7 11.€ .31 .89 .66 9.60 3.677 5.521 18.908 7.S577 5520 1.000 S.885 5.651 8.096 +673 8.812 %4.583 6.543 .57a

ie 1873 170 “2.5 P£o3 .30 +53 o638 5.58 4.618 2.800 14.857 8.577 2.799 1.000 8.973 S.263 5.787 4859 4.124 4.36S 8.806 «858

18 37 27.1 2.9 FaT 473 oS5l 56 10.03 £.399 2.719 15.959 6,535 2.719 1.000 %.793 §.490 5.698 841 3.952 3.704 4.711 .83%

19 4% 2Re? 1.8 1P o6V o8F .53 11.61 1.973 4.3482 14.981 §.457 G.832 1.000 S.798 5.300 7.207 .798 8.501 9.198 5.664% <795

2r TR 2740 778 177 .76 o452 oEF 10.15 3.67% 5.100 14.99p 84815 54100 1.000 S.839 6.745 8180 717 9.633 $.346 G.421 «721

21 977 2241 T2ef ol 431 447 o452 7.9 4.262 2.517 15.017 7.270 2.5N9 1.000 4.471 8.181 S.584 4801 3.778 3.537 4.734 t?SS

22 129 251 3leb 2.3 .82 .57 .57 R.16 3.073 3,735 18.9pg 72821 3733 1.000 4954 S.184 6.403 o778 §.073 4.231 5269 <773
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TABLE 13-1 DATA AND COMPARISON OF PAN FVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STAT IONS

HO TM  HM vP VPD S RMOM EVFHM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
1 207 <78 13.3 8.7 .55 842.37 66.38 16%.28 157.09 +956 133.77 127.91 2556
2 20.9 <72 13.1 S.0 .54 419.44 E£3,.56 162.34 150.33 «926 131.59 121.86 «926
3 21e1 .78 13.6 8.7 .46 4R2.67 65.10 163.42 161.32 «987 133.07 131.35 «987
4 20.6 .78 14.0 3.9 .37 466.80 S56.40 157.14 135.14 «863 129.74 111.57 «860
5 20.6 79 18.3 3.7 .80 467.79 ©3.32 153.81 137.96 «891 128.28 114.29 «891
6 20.5 «77 14.1 4.3 .42 541.90 55.20 156.2% 137.33 «879 128.36 112.82 «879
7 2048 «75 13.5 8.6 .49 861.59 66.03 1748.07 155.75 «949 133.90 127.12 «949
8 20.9 <74 13.8 4.7 .53 477.40 €7.89 1b5.35 166.81 1.009 134.68 135.87 1.009
9 206 <75 13.5 8.4 47 469.20 65.40 163.53 154.43 «9344 133.91 126.38 «348

10 2Nel <79 1347 307 o83 472,75 54.25 155.52 143.2° «921 128.63 118.S0 «921

11 20.0 .80 13.9 3.5 .41 634,70 47.17 149.93 127.82 «853 124.55 106.16 «852

12 20:S <77 13.8 4.0 .SD 4345.31 55.87 15669 142.57 «910 129.06 117.42 «910

STATION 31 AVERAGES. FLEVATION = 1360

20.6 <76 13.7 8.3 .46 455,91 59.70 159.4%5 147.48 «925 130.80 120.94 «925
1 19.0 82 12.4 2.2 .49 426.25 34,72 139.43 125.83 «902 116.93 105.50 «902
2 192 .79 13.1 3.5 .50 4N9.08 39.48 143.60 127.60 «889 119.08 10S5.80 «888
3 19.9 <77 1322 3.9 .42 478.02 44.64 147.93 144,28 «975 121.80 118.79 «975
§ 20.0 .81 14.2 3.3 .29 469.50 30.00 135.11 117.77 «R72 112.65 95.17 «871
5 20.1 .82 14.4 3.2 .34 476.47 31.62 136.61 125.24 «917 11%.23 104.69 «217
6 19.8 .83 14.4 3.0 .38 453.00 31.20 136.22 121.89 «895 114.23 102.18 «895
7 19.6 .80 13.8 3.4 .41 6471.82 33.79 138.59 135.61 «979 115.31 112.81 «978
8 19.8 .80 13.8 3.5 .45 482.67 35.34% 139.98 144.84 1.035 116.20 120.22 1.035
9 202 .73 14.0 3.7 .46 468.00 39.00 143.19 143.31 1.001 118.64 118.73 1.001

10 20.1 .81 14.2 3.3 .44 464.38 35.65 140.25 135.73 «968 117.00 113.18 «967

11 19.7 .84 14.4 2.8 .41 420.90 24.60 129.93 115.30 «887 109.34 96.99 -887

12 19.1 <B4 13.9 2.7 .43 §17.57 25.42 130.73 115.44 <883 110.12 97.19 -883

STATION 32 AVERAGES. ELEVATION = 1235

19.7 <81 13.9 3.3 .42 453.18 33.79 138.46 129.40 «935 115.46 107.886 «934
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TABLE 13-2 DATA ANDO COMPARISON OF PAN FVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED

DO NONEWN

™

18.6
18.7
19.0
18.8
18.8
18.8
18.8
18.8
1.9
18.6
13.5
18.8

STATION

WO O EWN

10
11
12

18.8

17.4
17.5
17.4
17.3
17.5
17.5
17.6
17.9
18.0
17.5
17.1
17.3

STATION

17.5

HM

- 88
« 85
- 86
- 88
-89
« 86
«81
« 81
«83%
«f8
- 88
« 87

BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAY STAT IONS

ve

13.6
13.6
14.1
14.4
14.5
13.4
13.3
13.7
it.1
14.3
14.2

<
v
o

N = ANNYVWUWAN = 9NN
0 0 0 6 0 8 0 8 s
=UODPIN=EERHEEN

33 AVERAGES.

«85 13.9 2.4

- 80
«76
» 76
«79
«78
«75
«69
« 60
« 67
« 76
-8
« 80

11.8
11.3
11.4
11.7
11.6
11.2
10.5
10.0
10.2
11.1
11.6
12.0

NN e AW!.AII.AW:\!
L]
SONJIOONN-OTND

34 AVERAGES:»

«75

11.2

I §

S RMOM

«U46 441.13
«4F 418.60
42 481,74
«2X5 465.90
«37 466.96
<42 441430
«51 460.97
«S% 476.47
«52 4RB8.60
«42 472.13
«3G 434.10
<41 433.69

ELEVATION =

«44 455,12

«51 453.84
«51 426.4%4
«45 483.91
«36 UK1.40
«37 457.25
+4ft 429.90
«50 453.12
«49 463,65
«49 U68.00
«43 478.33
«32 444,90
<46 447.02

ELEVATION =

=45 855,90

EVFM

23.25
24%.36
26.04
19.50
18.91
22.8)
32.28
31.62
30.00
21.08
17.40
139.84

14 95

23.92

18.29
22.43
17.36
16.23
20.46
28.80
48.67
54.87
48.90
22.94
18.00
15.59

1789

27.70

EVPK

128.60
129.7C
131.34
124.80
124.19
128.15
137.18
136.51
135.11
126.42
122.52
125.15

123%.15

123.55
127.75
122.58
121.35
125.79
133.98
151.19
155.99
151.37
128.29
123.25
120.51

132.14

EVPR EPR/EPK

125487
117.71
130.%66
112.20
113.83
119465
143.12
152.861
142.61
122.82
104.72
11335

124,93

142.93
140.02
150.88
128.07
1239.81
134,38
157.37
170. M
166.22
147.58
12S.24
133.35

143.82

«979
-908
« 995
«899
« 9217
«934
1.0483
1.117
1.0586
«972
«854
-~ 306

«967

1.157
1.096
1.231
1 .055
1.032
1.003
1.041
1.090
1.098
1.150
1.015
1.106

1.088

ETK

108.55
109.81
111.42
106.90
106.58
108.75
114.66
113.99
113.54
108.0S
105.20
106.74

109.52

102.9%
105.26
100.96
100.92
104.31
110.05
121.79
124.05
121.39
105.68
102.87
100.80

108.42

ETC ETC/ETK

106.20
99.60
110.7R
96.02
97.59
1N1.48
119.60
127.32
119.91
104 .89
89.76
96.60

105.81

119.08
115.39
124.28
106.51
107.65
110.40
126.72
135.21
133.31
121.58
104.5%
111.48

118.01

«978
«907
«998
-898
«916_
«933
1.043
1.117
1.055
2971
«853
«305

-966

1.157
1.096
1.23
1.055
1.032
1.003
1.041
1.090
1.098
1.151
l1.016
1.106

T



TABLE 13-3 DATA AND COMPAPISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED

<
Q

™

18.9
13.3
19.6
19.1
19.1
18.7
18.8
19.1
19,5
10 19.3
11 18.8
12 19.0

WOONIAIVEWN =

STATION

19.1%

19.3
20.2
21.0
21.0
20.9
21.0
21.1
21.0
20.8
19 20.4
11 20.2
12 19.9

WONOWULWN -

STATION

20.6

HM

«77
77
« 75
« 8N
«.80
- 79
« 74
« 71
« 70
76
« 80
« 80

BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STAT IONS

vP

12.8
12.9
12.7
13.3
13.5
13.0
12.3
12.0
11.9
12.5
13.2
13.2

VPO

WWNWN & EWWW o WNW
WNDODNBDWELSWNI®

35 AVERAGES:

«77 12.8 3.9

«73
« 7%
- 72
«78
- 86
- 85
-« 82
-84
- 36
-« 87
- 86
- 80

12.3
12.5
13.1
18.3
15.7
16.0
15.6
15.7
15.9
15.8
15.4
153.0

WNNNWANVNESE TN
® 6 0 6 0 0 0 0 0 0 0
VNSOV NDOWD

36 AVERAGES.,

«81 14,7 3.5

S RMOM

«60N 444,23
«52 420.84
<45 482.87
«33 4R5,.30
«X5 465.31
«38 438,90
«43 458.49
42 475,23
«42 468,90
«41 473.99
«4]1 436.80
«52 436.79

ELEVATION =

<44 4S5,.82

«73 409,51
«74 398,16
«R6 473.06
«51 472,20
«U44 485.48
<43 464.70
«52 482.67
«52 488.56
<48 466.20
<47 454.46
-54 40S5.90
«67 399,59

ELEVATION =

«56 450.04

EVFM

50.22
54.60
56.42
40.80
38.u4
40.50
48.98
$7.35
60.03
51.15
37.50
48.567

1525

48.72

77.19
82.04
95.79
69.90
46.19
40.20
49.637
36.00
33.48
33.92
$4.25

8n

55.24

EVPK

152.41
155.78
157.15
184,73
142.70
lag .47
151.43
157.84
159.79
153.14
141.88
151.19

151.04

171.5%
174 .54
133.06
166.72
149.20
144,22
151.92
147.68
140.57
138.31
138.69
155.52

155.17

EVPR EPR/EPK

15437
140.05
155.11
124,72
128.24
125.15
184 .47
154 .68
155.27
145.08
126.36
139.17

141.06

152.69
155.16
176.57
151.21
132.45
127.86
143.65
146.23
131.18
123.87
118.26
134.95

141.67

1.013
« 899
« 987
«862
«899
<266
« 25y
=980
«972
.9"7
«891
«921

<23y

893
- 888
« 965
«3907
-888
«887
- 985
«990
«933
«896
«853
-868

«913

ETK

125.72
128.34
128.60
120.47
118.53
113.97
123.77
127.88
128.67
125.80
118.31
125.78

124.33

139.51
140.81
148.28
137.58
126.22
121.73
126.76
124.17
112.97
117.68
117.49
129.26

129.384

ETC ETC/ETK

127.33
115.38
126.94
103 .80
106.59%
103.92
118.09
125.33
125.05
119.19
105.35
115.77

116.06

124.19
125.11
143.02
124.76
111.97
107 .85
124 .82
122.89
110.9%
105.31
100.12
112.14

117.76

1.013
«899
.987
«862
«899
«866
«9354
<980
«972
«247
-890
«920

«934

«890
«889
«965
«307
-887
«886
«985
«9830
«932
«895
« 852
«868

«913

2L



TABLE 13-4 DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED

x
Q

™ HM

19.7 .81
20.0 .79
20.2 .80
19.9 .83
20.2 +.82
2.1 .79
20.1 .77
20.4 .73
20.7 .74
10 20.1 .81
11 19.6 .84
12 13.7 .83

WO ANDWNN =

8Y STUTLER AND CHRISTIANSEN FORMULAS FbDR 20 COLOMBIAXN STAT IONS

VP

13.9
13.8
13.9
14.5
14.86
15.1
13.6
13.3
13.4
14.1
14.5
13.4

VPO

3.2
3.k
3.4

2
3

2
4
g
u

3

WNWONSNNY

2.7
2.9

STATION 37 AVERAGES.

20.1 .80 14.0 3.6

18.9 .81
18.8 .78
18.8 .80
13.8 .83
19.0 .8N
19.1 .75
13.3 .70
13.5 .66
19.7 « 70
10 19.2 .78
11 18.6 .82
12 18.8 .83

WAL W -

13.1
12.4
12.8
13.3
13.1
12.3
11.6
10.8
11.5
12.4
13.0
13.5

NI

NNWwEONEBEWN

® s o 0 0 0 0 8 T
NRPEDNVO~NO~NO

STATION 38 AVERAGES.

13.0 .77 12‘5 2.7

S RMDM

«53 444,23
«U8 420.586
<43 482.93
«36 u65.90
U0 4685.93
<45 440.10
«48 453,73
«49 476.16
«46 4R3,50
«41 473,99
«37 436.50
«43 436.43

ELEVATION =

«484 456.00

- 8

«49 460.35
<48 430.64
«38 485.486
«34 460.20
«44 483,53
<47 424,80
«53 445.47
«57 467.17
«49 468.60
«43 1482.05
<40 450.90

el } HSQ.‘!G

ELEVATION =

-45 456.97

EVFM

58.28
57.68
62.00
50.49
$6.11
£€9.70
73.186
87.73
€6.19
€2.93
46.52
51.46

1200

£2.67

35.96
36.95
28.76
21.90
24.49
42.33
50.22
64.79
50.10
37.82
21.90
21.39

1700

36.47

EVPK

158.53
158.09
161.23
152.59
156.92
153.57
168.91
178.18
177.18
161.89
148.45
153.38

161.32

140,53
141.531
134.88
127.25
129.82
145.99
152.41
163.20
152.32
142,16
127.25
126.73

140.33

EVPR EPR/EPK

138.29
130d.18
14¥.52
121.91
129.4€
132.39
146. 36
159. 4%
153.35
135.30
113.73
121.61

135.30

142.24
133.73
138.66
122.35
137.15
140.3¢
161.29
176.09
165,90
143,91
126.70
128.59

143.49

«872
«823
-878
« 7989
«825
« 821
«867
«895
«865
«83%
<781
«793

«838

1.012

« 945
1.028

«961
i«05¢&
l1.058
1.078
1.089
1.047

« 985
1.015

1.023

ETK

132.28
131.03
134.16
128.17
131.28
132.23
138.76
‘1““.85
-llm.3l
133.91
126.31
128.99

133.91

117.52
115.92
112.40
106.90
108.12
119.560
122.38
130.12
122.93
117.566
106.78
106.58

115.72

ETC ETC/ETK

115.36
107.88
117.73
102.38
108.27
108.70
120.24
129.686
124 .91
112.73
95 .84
102.23

112.24

118.92
121n.5%
115.53
102.75
114.29
114.99
130.15
140.41
133.91
123.24
106.2%
108.21

118.26

«877 °

«823
-878
«739
-825
«8 30
«867
«895
«866
«836
«761
«793

838

1.012
-945
1.028
<961
1.056
. 961
1.058
1.079
1.089
1.047
.995
1.01%

1.022

€L,



TABLE 13-5 DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
B8Y STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS

MO ™ HM VP VPD S RMOM EVFM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
1 200 «79 16.0 3.8 .43 425.94 41.23 145.09 124.56 «859 120.06 103.06 -858
2 21.0 .78 18.1 4.0 .47 409.36 S4%.32 155.57 127.77 «821 128.25 105.3? «821
3 21.8 .78 14.0 4.8 .83 478.64 6£8.20 165.56 152.01 «918 138.80 123.77 <918
§ 21.6 «81 15.1 3.6 .28 470.40 48.30 150.89 118.7¢ «787 125.35 98.64 «787
S 2147 279 1543 8.1 .33 477.71 4§9.29 151.68 129.85 «856 12532 107.26 «856
6 21.7 .76 18.8 4.5 .41 454.50 55.57 156.46 13%.92 «888 128.20 113.82 - 888
T 219 «73 14.2 S.3 .50 473.37 70.37 167.04 161.86 «969 135.33 131.13 «969
8 2242 272 18,3 Sa7 S2 424,22 £1.22 17813 172.21 «989 140.51 138.956 -989
Q224 272 184 SoS5 .52 468.20 79.20 172.84 164.87 «954 139.76 133.32 «9354

10 22.7 <78 168.9 8.1 .47 4R3.569 E4.48 162.98 146.54 «899 134.34 120.77 «899

11 21.3 83 1543 3.2 .47 420,90 64S.30 148.47 117.11 «789 124.23 97.9% «788

12 21.1 .82 15.1 3.2 .40 #17.26 £5.88 148.95 116.07 «779 124.57 97.03 «779

STATION 39 AVERAGFS, ELFVATION = 130D

21e6 <77 14.6 4.3 .43 483,832 58.61 158.31 139.21 «879 130.06 114.25 -878
1 1747 «77 12.2 3.5 .58 435.55 51.46 153.38 148.46 «968 12726.87 122.83 -968
2 178 «75 117 2.9 .54 014,96 S56.34 157.46 142.34 «204% 129.09 116.79 «904
3 18.2 .77 11e4 3.5 .51 479.88 69.12 1866.20 153.15 «958 136.97 131.17 «958
8 181 281 1242 2.9 +39 466.80 &7.70 150.42 131.95 «877 125.569 110.24 «877
S 18.3 .81 12.5 3.0 .35 470.27 44.02 147.482 130.19 «783 123.07 108.66 «+883
6 17.2 .80 12.0 2.0 .3F 445,20 ©1.10 144.98 122,84 -847 120.86 102.3% «847
7 17.6 «73 11e4 3.3 .42 464.33 84,02 147.42 139.51 <345 1.-.00 115.46 «946
8 17.7 «79 11.5 3.0 .43 473.02 46.19 149.20 1862.49 «S54% 124.17 118.5N 554
9 17.9 .80 118 2.0 .39 4€7.70 44,73 147.98 134.N6 »906 123.36 111.7% .9086

10 18.1 .81 1242 2.9 .39 469.03 41.23 145.09 132.42 «913 121.32 110.77 «313

11 179 282 12.3 7.7 .45 429,00 37.50 141.88 126.37 «891 11%.37 106.03 -890

12 17.9 .80 12.2 2.0 .S4 427.49 85,26 148.44 137.82 «928 123.75 114.88 «92R

STATION 41 AVERAGES. ELEVATION = 1764%

17.9 ¢79 11.9 .1 .45 454.07 47.43 149.99 137.30 «915 124.68 114.11 «915

vL



TASLE 13-6 DATA AND COMPARISON OF PAN EVAPCRATION AND EVAPOTRANSPIRATION AS ESTIMATED

x
o

™

13.3
18.6
18.9
18.6
18.8
18.7
18.3
18.5
18.3
18.2
18.1
18.4%

o s
N QWO NV EWN -

STATION

18.5

19.2
13.6
19.8
19.6
19.9
1S8.9
13.9
19.8
19.9
10 139.5
11 19.4
12 19.4

W NOWNEWN -

STATION

19.7

HM

«79
«79
« 80)
- 84
«.85
-« 83
« 80
«82
«83
- 848
- 84
- 83

BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STAT IONS

vpP

12.5
12.8
13.0
13.4
13.7
13.4
13.0
13.0
13.1
13.1
13.5
13.1

vPo

3.4
3.3
3.3
2.5
2.5
2.7
3.2
2.9
Pe7
25
2.5
7.8

42 AVERAGES

«82 13.1 2.9

«83
«79
«31
«83
- 82
- 81
«78
«79
«79
- 82
-84
«83

13.8
13.8
14.0
14.2
18,3
12.0
13.6
13.6
13.6
13.7
14,0
14.0

2.8
3.6
3.3
2.8
3.1
3.3
3.9
3.7
2.6
3.0
2.6
2.8

43 AVERAGES.

«81 13.9 3.2

S RMDM

<47 837.41
42 416.36
«34 480.81
«29 466.80
«31 469.34
<40 844.00
«49 4563.45
«50 477.71
«4S5 8465.00
«39 469.96
«38 430.50
<40 8429.35

ELEVATION =

<40 854.47

«%1 4§439.89
<40 417.76
«35 481.74
«31 466.80
«33 468.72
«37 443,10
«83 462,52
«48 877.40
-45 468.90
e37 471.51
«33 432.90
«36 431.83

ELEVATION =

«38 455.26

EVFM

41.23
38.92
60.30
32.10
31.31
34.50
39.37
38.75
35.70
31.93
28.50
32.24

16 30

35.40

34.72
33.60
27.51
34.20
33.48
35.40
45.88
45.26
42.00
33.17
27.50
30.38

1870

36.12

EVPK

145.09
143.12
148.30
137.05
136.32
139.23
148351
142.97
l40.30
136.89
133.69
137.18

133.97

139.43
138.42
143i.89
138.96
138.31
140.03
148.85
1488.44
145.74
138.03
133.12
135.46

140.56

EVPR EPR/EPK

135.25
124,05
131.44
112.52
115.85
123.53
143,53
185.72
133.50
126.94
115.27
118.96

127.46

127.23
126.73
136.71
121.50
127.85
128.83
148.13
156.67
149.40
133.76
113.91
118.71

132.44

«932
«867
«911
-821
« 850
« 887
1.300
1.026
«965
« 927
«862
«867

«9211

313
«S16
«963
«874
=923
923
«9395
1.055
1.025
<969
«856
«876

<942

ETK

120.37
118.87
120.11
115.77
115.36
117.10
119.64
118.79
117.3%9
115.62
112.86
115.27

117.80

117.18
114.79
118.34
116.88
115.80
116.69
122.91
122.87
120.81
115.56
112.31
113.97

117.34

ETC ETC/ETK

112.1¢
103.03
103.39
95 .00
97.98
103.86
119.64
122.20
113.92
107.17
97.26
99.93

10G .86

106.89
105.08
113.99
102.15
106 .85
107.33
122.23
129.66
123 .82
111.95
96 .06
99.83

110.49

«932
«867
«911
«821
-8 49
- 887
1.000
1.026
«965
«927
«862
.887

<310

<912
«915
«963
«87h
«923
«920
-394
1.055
1.025
«969
«855
-876

«342

6L



TASLE 13-7 DATA AND COMPADISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED

2
o

WO NV &WN

10
11
12

™

21.4
22.2
22.7
22.1
22.1
21.6
21.7
21.6
21.5
21.2
21.3
zl .6

STATION

WONDOANEWN -~

21.7

21.0
20.9
21.1
20.5
20.%
20.8
20.7
20.8
20.¢
20.2
19.9
20.6

STATION

271.6

8Y STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS

H™ 1]

e 79 15.3
« 79 1S5.7
«79 16.1
<83 16.2
«82 16.3
«82 16.4
«79 16.2
«80 16.1
«83 16.1
-85 16.2
« 85 16.5
«81 16.2

vop

WNNGE WA e 8
® 6 6 & 6 & 8 0 0 6 0 8
NOVWOWUOON B e~ DO

G4 AVERAGES.

«81 16.1

« 7T 14.2
«77 13.8
«78 14,2
«83?2 18.6
«82 14,8
«81 14,6
«T77 1440
«77 13.9
«7%3 14.0
«81 14,2
-81 14.1
e79 14.3

T 7

BNWON= N~ = ONSE

N AT AWNWNEERLED

45 AVERAGES.

«73 14.2

P §

S RMDM

«S0 433.90
48 412,72
<42 480.19
«3T 463.80
«36 u75.54
«34 451.20
<41 470.27
<45 482.36
<43 4R8.30
<41 466.85
<41 424.80
47 422.22

ELEVATION =

<42 454.65

«56 442.06
«5" 419.44
«49 432.87
«41 uLARG.80
«39 463.10
<44 442,50
«51 u6l1.90
«52 877.410
<47 469.20
«43 472.75
«#4]1 434.40
<47 434.00

ELEVATION =

-47 455.93

EVFH

49,29
49,28
56.19
37.50
27.20
33.60
41.54
39.37
36.33
30.69
28.20
35.96

1200

38.76

51.77
52.08
54.25
43.50
43,40
44,70
52.39
S4.56
53.43
48436
42.90
4$9.29

14 00

ug,22

EVPK

151.58
151.57
143.20
141.88
141.62
138.42
145.35
143.51
140.83
135.75
133.41
180.53

142.82

153.62
153.86
155.52
146.99
146.91
147.98
154.10
155.75
154.87
150.94
146.49
151.68

151.56&

EVPR EPR/EPK

138.97
133.57
149.50
125.42
132.51
121.58
142.50
148.29
136.84
128.52
116.85
130.32

133.78

154.97
144,89
158.88
134.2%8
132.48
134.75
154,14
161.65
151.29
140.62
124.89
137.95

144,23

<216
-881
1.002
+«884
«836
«878
980
1.032
«872
947
«876
«9227

«936

1.009
«3942
1.022
<914
<902
«911
1.000
l1.038
«977
«932
«853
«909

«952

ETK

125.50
125.34
122.97
118.62
118.11
115.72
120.09
118.97
117.96
114.54
112.55
117.01

118.95

126.04
126.37
128.19
122.96
123.00
123.11
126.89
127.91
127.63
125.81
122.37
125,52

125.48

ETC ETC/ETK

114.9¢6
110.386
123.20
104.812
110.48
101.60
117.72
122.88
114.56
108.38

98.52
108.48

111.33

127.14
119.0n
150.9%
112.29
110.88
112.08
126.92
132.74
124 .67
117.18
104.29
1l14.18

119.36

«916
<880
1.002
-884
«335
«878

1.033

<97
«946
-875
«927

<936

1.008
«942
1.022
«313
«901
«910
1.000
l1.038
«977
«931
-852
«909

«951

9L



TABLE 13-8 DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STAT IONS

MO0 T™ HM ve vepD S RMDM EVFM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
1 19.4 .79 13.3 3.4 .53 442.37 43,09 146.65 146.95 1.0N2 121.78 122.71 1.002
2 18.8 .77 13.0 8.0 .48 419.16 38.08 142.39 136.21 «957 117.28 112.13 «957
3 19.5 .76 13.0 4.1 .50 482.05 41.54 145.35 162.52 1.118 119.33 133.43 l1.118
B 1846 483 13.3 2.6 35 465.60 27.90 133.12 123.39 «927 112.18 103.93 «926
S 18.8 .80 13.1 2.3 .39 8466.55 29.76 134.88 135.58 1.005 112.21 112.78 1.605
6 18.8 «77 12.6 3.7 .40 43%0.70 33.90 138.59 132.55 «956 114.451 109.35 «956
7 189 7% 12.2 4.5 .4F 460.35 39.37 143.51 153.04 1.066 116485 124.62 1.067
8 18.9 72 12.0 6.7 .48 476.16 44.33 147.568 162.94 1.103 11%.89 132.30 1.104
9 13.1 472 12.0 4.7 .4F 485.60 46.50 149.45 158.65 1.062 121.29 128.77 l1.062

10 18.8 .81 12.6 3.0 .45 472.75 39.68 143.77 143.23 «996 120.09 119.61 «9396

11 18.3 <85 13.2 2.3 .39 434.70 30.00 135.11 116.08 «859 114.58 98.40 «859

12 18.6 «85 13.4 2.4 .40 833.31 28.83 134.01 118.59 «885 113.51 100.40 «884

STATION 46 AVERAGES., ELEVATION = 1728

18.9 .78 12.8 3.5 .48 855.27 36.91 141.22 140.81 «997 116.95 116.48 «996
1 138 .80 13.5 3.8 .42 444,85 37.32 142.16 131.87 «928 118.17 109.59 «327
2 19.5 «73 13.3 3.F 46 821.12 38.08 142.39 131.33 «922 117.95 108.78 «922
3 199 «79 13.7 3.6 .42 482.9% 41.23 145.09 146.44 1.009 120.27 121.37 1.009
8 1941 .83 13.7 2.8 .27 465.30 3C.90 135.94 112.38 «827 114.35 94.49 «826
S 19.3 +82 13.9 3.0 .39 465.00 32.55 137.46 129.17 «340 115.27 1n8.29 «939
6 19.4 .82 13,8 3.0 .33 835.90 33.30 138.14 121.61 «880 115.67 101.80 «880
7 19.6 .78 13.4 3.7 .44 458,80 4Q0.61 144.5T 142,31 +384 119.50 117.63 «984
8 1945 «77 1342 3.9 .46 475.23 ‘3.71 147.17 151.43 1.029 121.20 124.73 1.029
9 19.5 .78 13.3 3.7 .40 468.290 41.40 145.24 140, 2¢ «“66 120.07 115.95 « 966

10 19.1 <82 13.3 3.0 +36 473.99 26.27 140.80 129.14 «317 117.79 108.01 «917

11 18.7 .83 13.4 2.7 .30 437.19 29.40 134.54 107.98 «803 113.32 90.9 «802

12 19.0 .83 13.7 2.8 .33 437.4]1 32.24 137.18 112.44 «820 115.40 94.56 «819

STATION 47 AVEPAGESes ELEVATION = 1550

19.3 +81 13.5 3.3 .39 455.80 36.45 140.89 129.70 «921 117.41 1D8.01 «920

LL



TABLE 13-9 DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED

x
Q

™

20.0
20.3
20.6
19.8
13.8
19.5
19.5
19.4
19.6
19.4%
19.4%
19.7

bt b b
N QW WNNDU D WN W

STATION

13.7

20.2
21.2
21.7
20.8
21.0
21.0
21l.2
21.3
21.3
20.6
20.4

o s o
N DOV NOWNEWNm

STATION

21.0

AY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS

HM ve vPO

«81 18.0 3.4
-81 14.0 3.4
«81 l4.1 3.3
«83 18.2 2.8
-84 14.4 2,7
«84 lu.1 2.8
«82 13.9 3.1
«81 13.8 3.2
«92 14.0 .G
«83 14.1 7.9
« A4 14.3 2.7
-84 14.4 2.8

48 AVERAGESS.

«82 18.1 %, 0

«70 18.1 S.9
«63 12.8 7.4
«68 12.7 7.1
«83 13.7 3.5
«73 13.5 5.1
«65 12.7 €.8
«61 12,0 7.7
=61 11.6 7.3
«50 11.8 7.7
e69 12.7 S.7
«81 13.8 2.2
«7T7 14,1 8.1

83 AVERAGES,

«69 13.0 6.0

S RMDM EVFH
<48 448.57 438.98
«51 423.64 50.12
«51 483.91 656.11
«38 464.40 44.40
«39 462.83 40.30
<41 836.20 37.50
<85 456.01 &41.54%
«47 473.68 44,64
«46 458.90 42.60
«43 476.16 39.06
«37 440.40 33.60
<43 qy1.84 39.37
ELEVATION = 1670
«44 456.34 4§3.18
«47 849.19 46.19
«57 424.20 80.3¢
«55 484.53 88,35
-39 4684.70 57.00
«41 4R3.14 58.51
<47 436.20 96.90
«53 456.32 132.99
«53 u73.29 120.99
-54 4639.80 112.20
«48 477.09 79.67
-84 441 .30 44,10
«46 442.37 33.17
ELEVATION = 1590
«49 456.90 80.03

EVPK

151.03
152.33
156.92
147.74
184,30
141.88
145.35
147.93
146.24
143.24
138.42
143.51

146.61

149.20
173.58
178.56
157.58&
165.78
183.72
204 .88
197.74%
192.68
173.14
147.49
138.03

171.86

EVPR EPR/EPK

142.26
137.67
157.63
129.58
129.29
124.15
136.88
145.89
142.29
137.88
118.86
127.63

135.83

157.18
171.85
194.27
138.96
152.41
161.54
182.03
189.11
190.188
172.92
134.65
143.13

165.71

«939
- 904
1.005
«877
-896
«87S
« 285
«973
« 263
«859
«889

«927

1.053
«988
1.088
.88?
«919
-873
«888
.gss
«991
<999
-913
1.037

«964

ETK

126.09
126.78
130.67
128.22
121.53
119.44
121.51
123.52
122.50
120.43
116.78
120.77

122.88

120.36
137.18
141.20
130.567
133.44
145.81
160.90
155.39
150.96
138.85
122.86
113.63

137.69

ETC ETC/ETK

118.43
114.55
131.23
108.91
108.89
104 .46
114 .48
121 .88
1¥9.15
115.88
100.23
107.36

113.7S

126.81
135.59
153.62
115.20
123.60
128.21
142.986
148.60
149.53
138 .68
112.1%
117.82

132.72

«939
«904%
1.004
896
«941
«986
«973
«962
«858
-889

«326

1.054
»988
1.088
-882
«919
-879
- 888
« 3586
«991
«999
«913
1.037

« 968

8L



TABLE 13-10DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED

™

19.9
lqlg
2N.3
13.6
19.5
13.0
18.8
13.9
19 .“
10 13.6
11 13.1
12 19.3

VR NN L WA

STATION

13.4

18.6
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TABLE 14-1 DATA AND COvMPAOCISON NfF DAN EVASNRATION AND EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER AND
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CHRISTIANSEN FORMULAS
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137.59
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135.67
106.64
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TABLE 14-2 DATA AMD COVPAPISON 3F PAN FVAPORATION AND
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EVAPOTRANSPIRATION AS ESTIMATED 3Y STUTLER AND
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137.98 « 844 «916
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181.28 «570 .782
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TABLE 14-3 DATA AND COMPADISON OF PAN
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FVAPORATION AND EVAPOTRANSPIRATION &S ESTIMATED 3Y STUTLER AND
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58.65
59.8%
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61.64
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133.10
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143.36
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162.41
155.55
150.83
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143.77
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148,21
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151.30
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176.07
159.97
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134,25
150.39

155.06
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157.51
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152.07
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156.13
16G.11
162.98
1548.34
15%.158
147.30
151.50

156.93

158.51
1539.92
158.81
159.58
158.14
160.97
172.34
181.14
175.17
156.77
150.320
156.13

162.37

«%49
«917
1.020
1.009
«397
«952
«980
-928
1.010
1.019
«951
<941

-979

1.007
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1.012
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«987
1.013
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123.94
131.85
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131.28
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128.11
129.717
131.08
133.438
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132.82
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131.34
130.73
131.47
130.71
131.87
138.66
183.52
139.37
128.79
125.29
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CHRISTIANSEN FORMULAS

ETC ETC/ETYP ETC/ETYG

116.42
110.91
128.30
118.47
120.28
113.14
121.08
131.03
123.26
121.57
110.13
111.52

118.84

123.51
118.33
133.786
128.07
120.67
119.24
130.13
180.77
138.58
132.28
119.65
122.95

127.66
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1.020
1.009
«997
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«930
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1.018
950
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«876
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«984&
« 934
1.027
«956
«356
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TABLE 14-1 DATA AMD COMPARISON OF PaAN
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323.42
417.29
480,47
465.0107
466 .62
441.06
I A
475,81
ug7.34
470.45
u32.13
431.67

454 .03

425.M
un8.57
u77.93
e70. %
477.96
u54.79
47 5.627
483.28
t68.01
46 3.21
419.41
41S.R4

453.22

FVAPORATTOW ANC EVAPOTRANSPIRATIOGN AS ESTIMATED 3Y STUTLER AND CHRISTIANSEN VORHULAE

EVFMP

?7.72
25.52
2%.78
71.13
23.22
23.01
3072
.34
25 .68
20.20
19.9¢
?4.25

25.43

T4e12
77.51
RJ.85
€ED.57
52.76
Sh.A16
62.5¢
75.56
59.82
4r.18
46 .08
S4.54

62.79

EVFur

47.1%
39.%4
u,.1f
2kh.79
3ID.37
31.33
41.94
41,30
35.47
27.4n
28.61
32.71

35.05

78.50
76.2F
75.75
53.38
Su4.87
59.5?
67.60
TT7.471
51.1°
46.53
47.81
58.26

£3.25

EVPR

143.F0
13u.48
142.80
119.53
125.77
1?72.24
1u5.70
1865.01
142.33
120.77
123.80
135.73

135.95

157.27
154.63
171.91
1u43.98
151.20
151.98
173.33
182.57
159.07
137.85
12R."6
133.568

152.38

EVPKP

122.95
130.383
134.90
126.53
128.57
128.36
135.78
137.72
131.9
125.52
125.27
129.59

133.67

159.54
171.75
173.89
150.23
158.88
157.48
15165
170.48
159.¢8
189.19
149,11
155.74

15 1.46

EVPKG EVR/EKP EVRZ/EKC

143,97
143.99
lu4.18
132.06
135,02
136.34
145,59
147.24
140.10
132.70
133.79
143.80

140.44

17°.39
170.24
170.561
154 .86
155.99
159.43
166.52
171.68
163.61
149.48
150.50
158.51

161.79

1.113
1.028
t.103
=945
«978
«357
1.073
1133
1.079
1.042
<964
1.047

1.049

«328
<901
-989
+«899
«9352
« 965
1.054
1.071
-« 996
«924
- 845
-858

«950

.qg’
«93 4
1.032
«30S
«929
«971
1.00n
1.060
1.016
«9R5
«933
<934

=968

«9312
=305
1.008
«93G
«969
«95°2
t.023
1.063
«230
.9? 2
.838
«-803

-394 8

ETKP

110.569
138.91
111.93
136.4S
108.17
137.61%
112.32
113.5%
199.56
105.67
105.48
128.62

109.07

137.29
138.17
130.69
131.67
131.92
129.86
132.85
138.38
130.88
123.99
123.99
128.52

132.27

“

ETKG

126 .85
119.86
119.563
111.14
113.87
114480
120.52
121.49
116.32
111.71
112.61
120.53

117.22

139.53
137.52
138.03
127.27
128.63
131.47
136.86
139.35
131.67
128,23
125.35
130.81

132.54

€TC ETC/ETP ETC/ETE

123.72
111.35
123.487
10C.5%
105.74
102.97
120.54%
128.64%
118.18
110.07
101.656
113.786

113.4%

127.36
128.45
139.09
118.33
125.67
125.32
139.98
188.20
130.40
118.55
10a.72
110.31

12S5.82

1.118
1.028
1.103
«945
=978
«957
1.073
1.7133
1.079
la042
968
1.087

1.080

«928
«301
-989
«893
«952
«965
1058
1.071
«996
- 84S
=858

«950

«991
«934
1.032
<9205
«929
«301
1.000
1.06C
1.016
- 985
«503
«954

+912
-905
1.008
<969
«953
1.023
1.063
«922
- 837
- 843

948
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TRRLE 14-5 DATA aMD COMPATISOM OF PAN FVEPQRATIUN AND
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uGt g,
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u26.28
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424,80
486.6?
UE8.27
46 7.315
44,5]
460.37
477.4]
471.91
u?77.68
uuyl, 2?0
Ly l.84

4T 3,94

Fyrup

10?2.85
95.01
1P5.19
€7.13
25 .5R
erz.ie
1m8.54
1NX.3y
9% .10
77.786
75.25
21.58

92.53

Al.63
65.998
63.52
S3.89
59.19
G3.5R
f9.75
S5.67
S4 .54
.32
u3.ng
45425

57.95

TVFMC

17 7.3A
37.14
179.14
f%5.62
¢ .29
RE .96
1IT1.44
4r .74
sp.Aa8
T7.32
76 e6?
£9.62

91.27

T8.42
63.74
67.32
55.38
5R.54
56.35
57.73
54.69
55.44
50.11
42,18
1.7

58.30

CVAPOTRANSPIRATION AS ESTIMATED 3Y STUTLER a%D

EVPR

16h8.92
19622
1°1.
1f9.837
1€9.
1F4 .89
177.83
1£3.02

37

4y

174.54

165.19
150.80
152.29

1€7.

133.25

122.93
138.

19

89

1°22.04

130.30
7.3 4

EVPKP

16 7.11
182.58
188.60
177.84
176.85
180.95
190.51
187.52
123.12
171.91
170.28
174.35

180.98

174.38
154.08
165.78
155.24
152.19
157.27
166.62
156452
13 5.74
14 4,33
146.65
149.25

157.92

EVPKG EVR/EKP EVR/EKG

193.15
183.8¢6
190.90
17693
175.43
177.72
1% .40
132.02
17R.89
171.95
171.17
179.33

130.23

169.73
162.46
164.96
15A.28
158.72
157.10
1%1.78
155.85
156.42
152.32
151.60
153.56

158.41

«R77
-« 856
« 360
- 955
«258
-911
«333
- °t0
<354
-961
- 88¢
-873

- 924

- 768
«750
«838
-831
«817
«77%
-732
-840
«A36
«867
- 800
«791

-808

+RB53
«250
«Q3 8
«9RC
«9R 6
L)
«354
1.0710
«37€
«361
-8191
.829

-.q28

-785
«157
«842
«825
-819
«779
-816
-840
«833
«822
«773
«769

-80S

ETKP

138.11
185,17
149.94
143.35
142.99
148.M5
1803.70
1ya.u47
146.C3
139.5D
138.18
18C.69

144.94

135.65
137.92
140.22
132.28
13%.22
133.60
140,54
133.1"
13238
123.171
125.27
127.40

133.98

CHRISTIANSEN FORMULAS

£T4G ETC EYC/ETP ETC/ETG

150L.%2 122.83
146.13 124,20
181.77 143.3%
1¢ .62 13E.94
141.85 137.01
1:2.47 132.18
1-7.46 130.A8
183,43 143,49
1482465 139.27
139.53 138.05
13R.9J 122.37
lus .71 122.89

14% .35 133.91

141.77 111.23
136.60 103.33
139.53 117.36
137.25 109.82
134.82 110.30
133.45 103.81
135.46 111.23
132.47 111.67
132.94 11C.59
130.56 107.13
122.53 1G60.03
131.12 120.74

138.37 108.10

-877 «863
«85b -850
150 «949
«9355 « 250
<958 <9556
+911 «328
«333 «954
«264J l1.000U
954 -976
«961 «961
« 886 - 881
<874 =849
«924 -9328
« 768 « 785
«749 «756
«837 «841
-83C - 824
-816 -818
«777 «778
-791 -815
«338 «843
- 8386 «832
- 866" «82C
- 799 772
« 793 «768
- 807 « 805

78



TASLE 14-b DATA aAnD COVPARTSON OF P&V EVAPORATIIN ANG EVAPOTRANSPIRATION &S ESTIMATFN 3Y STUTLER S%D CHRISTIANSEN FORMULAS

MO TM w4  yP yeD < 9P PM  EVFUD EVFMC  EVPR EVPRP EVPKG EVR/EKP EVR/EKG ETKP  [TKG ETC ETC/ETP ETC/ETE
1 23.7 «R3 2a.8 2,0 .7 1o 417.5¢ €773 AR.ON 115,44 158.15 178.35 730 «687 134,04 151.15 97.74 .729 587
2 25.6 .P7 26,5 3.2 .00 1.7 404.00 S6.87 92.21 11%.33 157.16 178.75 .721 <649 132.72 147.58 95.62 .720 «648
R 27,2 .27 25,53 7.6 .00 1.0 477.1 R1a33 127.3” 140.15 174.23 185.92 - 8nS «750 14€.67 157.38 117.30 « 804 - 749
4 2746 RS 21,f 4,2 P T, BT AT 90.33 1772.86 103,02 179.52 187.12 « 7986 « 764 150.17 15 .47 119.53 « 796 « 764
6§ 27.7 %R Pu.,R ?,9 .79 f,3J 415.92 27.25 98,77 148,51 177.R%3 184,78 -812 2782 149.25 155%.L5 121.185 «812 +781
R 262 «R7 24,0 2,3 OC AR.0Q Un3.u2 FS.09 22,84 121.58 1563.481 175.02 - 805 «752 137,42 147.63 110.93 « 804 791
7 26.2 %3 2u.,A T,1 .70 2.0 ufl.e0% Fle8s 2N.91 1 78.56 160.B4 173.93 «837 «77T4 136421 147.3U 113.8% <836 «773
B 28e3 «R® 20,4 3.1 V3 7.0 unaa,3 62472 BI.TF 175.94 151.38B 175.72 « 849 «779 136.65S 142.73 115.84 <848 « 779
9 26.0 .23 24, 2,0 ,00 3,0 ur9,?7 53.3 79.69 13,52 158.35 172.45 «824 «757 174,14 144,58 110.45 «823 «756

10 25.6 .89 2u,N" 2,7 "0 9. uEN.1y FleER  7%.0% 123,79 153.53 170.18 «R13 «737 13N.AY 144.77 136.0U8 «812 «732

11 25.7 .29 23,3 2.7 .60 6.0 413.11 S1.33 76.32 112.26 152.73 170.98 .735 «A57 123,931 145,43 ©5.38 . 734 «65b

12 23.8 .87 2%.9 3.7 .Cn 4.0 unNv.3 fyu.Ju 98,39 114.87 162.68 178.59 « 716 o543 137.34 150.78 96.89 - 705 «643

STATION 71 AVFRAGES

26.3 .87 24.8 3.3 .00 5.2 Y53.76 R5.50 RA.67 128.50 163.%3 177.40 .787 «724 137.97 140,87 10Aa.44 .86 . 724
1 12.5 072 8.3 3.7 .70 ©.0 838,32 14.51 3I2.30 165.01 119.55 137.23  1.213  1.057 98.02 112.52 118.95 1.214  1.057
2 12.8 .73 8.6 3.7 .00 12.0 217.05 13.77 29.07 136.96 113.7% 134.24 1.153 1.020 97.67 110.34 112.62 1158 1.021
3 13.5 475 8.7 2.° .00 13.0 879.93  15.96 34.53 156.37 122.16 139.35 1.280 1.122 100.91 115.11 129.21 1.280 1.123
4 13.8 .76 9,3 2.7 .00 70,9 46 3.468 1693 3I0.62 153.39 122.13 135,75 1.231 1.198 101.15 112.44 124.58 l1.232 l.108
S 139 .78 9.3 2.9 .0 21.7 454.14 17.95 31.68 150,88 123.19 136,67 1.225 1.134 182.01 113.18 124.98 1. 225 l1.104
R 1321 «77 8.8 %2 .0 22.0 839.13 16,74 2R.S58 146,24 121,93 133,73 1.198 1.022 9399.88 109.55 119.567 1.198 1.0%82
7 12.4 o7 8.2 7.9 00 21,0 857.79  13.50 25.45 149.09 118.45 130477 14259  1.160 97.42 107.56 122.68 1.259  1.141
8 12.4 .71 8.1 2,1 .0F 13.00 4723.72 T4eb8 3I0.3° 1°7.10 119.68 135,43 1.313 1l.180 97.386 110.74 128.51 1313 1.160
9 12.3 .77 8.1 3.7 .70 15,0 456S5.76 1313 27.25 152.98 118.11 132.50 1.295 1.155 96.87 108.63 125.53 1296 1. 155

17 13.2 .78 9.1 ¢.5 0P 19.9 470.34 13,50 27.59 147.62 118.65 132.83  1.246  1.111 98.82 110.62 123.12  1.267 1.112

11 13.2 478 9.0 2.5 .N0 27,0 432,73 13.08 2f.24 175,84 117.927 131.53 1.151 1073 98.43 109.73 113.35 1152 1.033

12 1322 o768 Ba7 2.7 D 14,3 632,585 18,23 31.51 138.80 115.9% 135.51 1.157 1.017 99.48 113.17 115.11 14157 1.017

STATION 72 AVERAGFS

130 o748 847 2.9 0N 13.6 457,92} 18.97 219.61 1487.26 12003 134,71 1.227 1,093 9%.08 111.15 121.53 1.227 1,093

q8



TABLE 14-7 DATA AND COMPAPISON OF PAN FVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER AND
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437.13
673,54
4k 4,83
466.75
441.35
460.52
475.28
456.37
u69.25
430.33
4z23.7%8

45 3.01

uy 3,65
421.37
485,29
470.03
871.54
145,62
8€5.35
480.70
472.20
475.39
a36.39
435,.6€

453,63

EVFMP

24 .82
248.51
I3.55
?7.78
28.28
23.87
21.02
2%.9n
24.91
25.706
24.82
27.61

25.85

RO.40
75.22
70.99
Rl.54
71.83
65.52
92.31
90.96
80.60
88.80
631.97
RS.31

76«45

EVFMG

49.43
45,17
55.33
47.75
49.39
45,48
43.77
47.79
4fR.74
43.12
43.04
51.32

47.49

70.96
66.33
79.92
70.11
64.8°
652.43
5 R.9F
72.22
68.47
71.48
6§0.5F
53.46

5756

EVPR

151.97
145.57
171.94
162.51
162.97
151.58
155.23
163.80
163.51
162.25
149.13
1£1.38

157.66

130.80
124.99
139.64
135.70
135,95
127.19
137.76
145.08
14n0.07
1u42.80
124.05
123.60

13%.31

EVPKP

130.15
12949%
138.47
133.01
133.29
129.72
126.36
129.24
130.23
130.38
120.15
132.85

131.11

173.60
170.26
167.4b
174.33
168.02
153.71
174.82
180.12
173.73
178.84
162.63
163.57

170.92

EVPKG EVR/EKP EVR/EXG

151.79
143.18
156.71
150.46
151.75
148.63
187.22
150.49
149.64
146.67
14661
153.27

150.20

167.48
16%.28
167.81
166.86
163.27
151.51
165.10
168.28
165.72
167.78
160.18
162.27

165.09

1.168
1.120
1.242
1.223
1.223
1.173
1.228
1.267
1.256
1.2“"
1.14%
1.139

1.203

«753
«734
083“
.801
-809
777
'.788
-80S
-806
-799
+763
«7586

«786

1.001

«976
1.097
1.081
1.078
1.020
1.1154
1.088
1.093
1.106
1.017

«988

1.050

«781
«761
«8384
«837
-83%
«787
-829
-862
«845
«852
« 778
«7562

-814a

ETKP

105.81
105.58
112.04
108. 31
108.56
135.61
193.67
115.38
1nc.58
196.27
196.07
137.65

10671

185.890
142.94%
141.58
186.33
142.0%8
138.489
146.78
150.66
185.85
189.63
137.861
138.43

14 3.85

EIKG

123.40
121.21
126.81
122.52
123.60
121 .48
120.78
122.749
121.32
119.55
119.48
1258.20

122.25

140.62
137.92
141.58
148.07
138.02
136.63
139.486
14C.76
139.12
14C.38
135.5%
137.33

138.95

CHRISTIANSEN FORMULAS

ETC ETC/ETP ETC/ETG

123.5%
118.31
1339.16
132.45
132.77
123.93
127.33
133.60
132.60
132.29
121 .57
122.712

128.36

109.27
104.85
117.9%
117.17
119.82
107.49
115.58
121.27
117.50
119.488
104.87
104.489

112.98

1.168
1.121
1.2682
1.223
1.223
1173
1.229
1.268
1.256
1.245
1. 146
1.140

1.203

«153
«73%
-833
«301
«808
«776
«787
« 805
« 806
« 739
-762
« 755

«785

1.002

«976
1.097
1.081
‘.07“
1.020
1.055
1.083
1.093
1.107
1.017

.988

1.050

<781
«760
«833
«837
-832
«787
«829
-862
«845
« 851
o778
«761

«813

98



TABLE 14-8 DATA AND COMPAPISON OF PAN FVAPORATION AND EVAPOTRANSPIRATION S ESTIMATED BY STUTLER AND
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-698
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-681
«686
-681
«761
«694
«685

«687

«631
-686
+«6399
«7810
« 736
«722
=716
«717
-703
<745
.593
«661

«703

<718
«717
«832
«A3u
-881
«822
881
«873
«836
«806
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«703

+798

+718
«734
-820
«831
«861
-81C
«831
«85A8
«885
-84 2
«759
«723

-830
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CHRISTIANSEN FORMULAS
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137.97
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135.78
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163.0%
107.25

127.19

125.82
112.18
139.14
132.01
133.80
125.55
133.81
138.60
131.76
129.01
116.82
118.27

128.53

«662
.SSS
«669
- 702
«698
-671
«681
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«631
«761
-694
«685

«687

«631
« 546
« 699
- 740
«736
«722
«716
717
- 753
P { -
«693
«661

«703

«718
«717
=832
«835
-881
-822
«841
«873
«836
«806
<735
-702

«798

«719
«738
« 82U
«831
«881
«81C
-831
«8586
-885
«882
«759%
=723

« 800

L8
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| TASLE 14-10DATA AND COMPAZISON OF PAN EVAPORATION AND EVAPGTRANSPIRATION AS ESTIMATED BY.STUTLER AND CHRISTIANSEN FORNULAS -,

- ‘

-~

Ho M H“ VP VPD S opP RM FVFNP EVFMG EVPR EVPKP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC ETC/ETP ETC/ETG
1 9.6 <87 .8.5 1.2 .42 6.0 880.81 1.80 7.0° 112.59 134.58 111.24 1.077 - 1.012 90.43 96.27 97.39 1.077 1.012
2 9.8 B2 B.4 1.F 56 5.0 6817.02 2.23 9.62 127463 135.58 114.15 1.209 1118 89.75 97.03 108.50 1.209 1.118
3 1N.8 .85 8.8 I 4 3% 1M.0 878.55 2.92 9.67 115.88 106.3% 114.12 1.090 1015 91.24 97.93 99.41 1.090 1.015
8 10.2 «RF 8«5 13 .20 1P.0 861.46 229 6€.33 ©92.81 135.58 110.38 879 «B8%1 80.95 95.09 79.92 «87¢ 841
S 11.1 «R7 8.6 1.2 .25 20.0 461.33 2.01 6.15 97.61 105.2% 110.16 «927 «886 90.33 95.25 88.36 «927 -886
€ 9.8 .85 8.3 1.2 .28 ?2,0 435.16 1.26 4.03 91.26 1D04.3%5 107.57 -875 «848 89.99 92.87 78.70 -878 «847
7 9.2 <91 B8.4 .8 .18 ?S5.0 454.58 «53 2.60 £0.08 103.43 105.86 «778 «756 80.90 93.12 70.31 778 «755
8 9.0 .90 .3 9 .77 24.0 470.72 <49 2.49 9N.86 103.39 105.82 «879 «859 90.55 92.68 79.51 «878 «858
9 8.7 LBS A.2 1.3 .27 17.3 454.36 1.13 B,08 102.50 1J4.17 107.73 «98¢4 «351 B9.56 92.62 88.ll -984 «351

10 3.7 .8F 8.4 1.3 .71 19.0 469.75 1.68 Sell 95.31 134.85 108.95 «909% % 875 90.39 93.93 82.1l% «309 « 875

11 10.1 .83 8.8 1.5 .31 16.0 %33.11 2.58 7.61 104.481 135.93 111.85 «S86 «933 90.62 95.69 89.32 «986 «933

12 10,2 .85 8.5 1.3 .87 8.0 433.2¢ 2.60 9277 112.87 1135.95 118.32 1.06S «9B7 ©20.95 98.13 96.86 1.065 ~987

STATION 79 AVERAGFS .

9.7 «9% 8.8 143 43N 15.8 451.6% 1.76 6.21 101.99 13%.94 110.20 «972 «925 90.53 95.05 87.88 <971 « 925
1 25.5 o85S 22.9 3.7 NN 18,0 439,73 72.39 80.62 127,53 168.3% 173,75 «757 736 181.22 145.71 106.88 «757 « 733
2 2545 «86 23.0 3.4 00 17.0 918.R) €0.56 656.91 119.54 160.19 16%.568 «746 «726 138%.82 138.59 100.53 + 736 «725
3 25.5 .86 22.8 3.4 0N 1%.3 &83.59 67.04 72,84 138410 1568.77 168469 «838 «819 138.67 141.97 116.14 - 837 -818
8 25.4 .85 23.3 3.6 0N 18,0 6869.05 69.19 72.63 135.97 1566.24% 168.55 818 «807 139.43 141.37 113.97 «817 - 806
§ 25.R .86 23.5 3.5 N0 22.0 872.81 63.57 69.03 135.84 156.50 1€6.13 «816 «818 180.07 139.76 114.19 <815 -817
6 26al «B2 22.9 a6 0N 230 487.75 92.02 76417 13712 180483 170.89 «758 «802 199,93 181.72 113.67 «758 «802
7 25.8 o83 21.9 8,1 .M 25.0 866.32 82.36 70.6% 139.08 174.65 167.22 +«796 «B832 185,48 139.28 115.79 « 796 «831
8 25.6 +8% 22.3 4,2 .N0 27.0 681.24 83.10 658.63 143.93 175,98 165.89 «818 «868 186.50 13B8.14 119.79 -818 «867
9 25.9 .85 27.4 3.8 0NN 24.0 471.43 73.58 67.06 137.81 169.18 1564.78 «81S «A36 1681.80 138.11 115.43 «814 «836

10 25.8 <87 22.9 3.2 .0N 24,7 472.83 - 6093 52463 132.63 16560.46 161.R8 «827 «820 135.55 136.58 111.94 - 826 « 820

11 258 88 20.0 3.0 oFM 17.0 43311 5662 657.53 120.86 157.30 165411 «766 «730 133.29 139.90 101.97 « 765 « 729

12 2544 ¢33 2348 2¢9 N0 12,0 831.68 55.65 55.98 119,719 156.58 164.00 « 761 «726 132.75 139.05 100.86 «760 «725

STATION 8N AVERAGES .

25e6 ¢85 22.3 3.6 0D 20.7 457.46 70.31 70.06 132.26 1566.75 166478 «793 - «793 139.96 140.02 110.93 «793 792

68
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TABLE 14-11 DATA AND COMPARISON OF PAN EVAPORATION AND ~EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER AND CHRISTIANSEN FORMULAS

.- - <
- - .

MO ™ HM VP VPD S op RM FVFHP EVFHMG EVPR EVPRP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC EVC/ETP ETC/ETG -
1 2741 277 21.3 Be2 70 2.0 411.67 139.17 182.86 156.12 218.58 210.91 «739 «731 169.93 171.83 125.55%5 «739 «731
2 27t o8l 238 Fo2 .71 2.8 400.38 105.07 118.82 148,65 189.11 195.52 «765 «736 156.0” 162.14 119.31 - .76S5 « 736
3 29.0 .71 2.7 Ro2 .72 1.0 475.76 196.60"17A.11 199.54 251.85 233,96 « 7748 «832 200.91 186.94 155.43 «178 4832
4 23.8 476 22.8 Tol €5 4P 475.93 170.43 1846.33 JR1.49 229.63 211.83 «790 «857 186.06 171.64 187.05 «733 | -.857
S 2384 +R0 2%.3 Se8 .57 12.0 4P .37 139.92 117.5% )1 68.85 233.47 191.71 <810 «881 171.20 157.435 138.63 «810 . «881}
6 27,8 BT 23.9 8.7 .51 17.1 468.00 103.15 ©9,37 146.37 187.81 179.19 «781 «R17 155.63 148.80 121.49 «781 «816
7 28.0 <82 23.6 Sa1 252 7.0 686.37 118.66 111,95 164.36 196443 192.54 «837 «858 162.48 159.256 135.90 -836 853
B 28,2 o8N 272.6 S.7 o3 7o 492.048 135.P5 114.58 165.22 236.60 1945.12 «RON «851 159.70 159.45 135.68 - 800 «851
9 28.8 +AY 23,4 8.9 .55 13.0 469.7 112.26 94.60 153.47 193.12 182.37 «79S «882 1560.20 151.238 127.25 « 794 «88]

10 28.3 RS 23.5 4.3 .58 1R.T 457,82 10M0.78 B86.55 148.70 186.01 177.45 «778 »815 155.80 148.25 120.81 «777 «815

11 27.7 485 23.8 8.2 5% 9.0 433.08 91.37 93.47 130.75 180.22 1381.67 « 725 =720 150.68 151.90 109.25 «725 © 719

12 2840 o8R0 22,7 5.7 77T 1.0 431.79 137,83 1463.07 143.93 234.78 211.05 «732 «710 168a25 173.49 123.16 «732 " 71U

STATION 81 AVERAGES

2Rell ¢80 22.9 Seb 62 7.2 853,71 128.87 118.87 158.20 233.48 195.94 «777 «803 1657.21 161.86 129.385 <177 «503
1 18.3 .87 10.3 2.4 0N 17,0 434.96 1b.04 36.49 133.83 121.18 140.99 1.104% »949 101.58 118.19 112.20 1.108 «949
2 14.5 <BY 10.7 2.1 .00 13.0 616,15 12.53 29,68 127.96 117.39 134.80 l.0u47 «912 99.37 118.12 104.07 1.047 -912
3 18.6 <95 11.2 1.9 0N 1S.0 478,63 12.19 30.23 138.30 117.02 135.32 1.182 1.022 99.7% 115.33 117.83 1.181 l1.022
8 185 <85 11.8 1.9 .97 19.0 465.17 11.52 26.95 134.16 116.28 132.21 1.154 1.C1S5 99.12 112.70 11l4.32 1153 1.014
S l8.6 <RS 11.8 1.9 0N 2n.1 467.99 12.18 27.78 135.23 117.02 133.01 1.156 1.017 99.74 113.36 115.22 1.155 _l1l.016
6 150 487 10,9 2.3 .00 17.0 443.27 15.12 33.07 138.56 121.27 137.93 1110 +976 102.23 116.28 113.51 1.118 ' .976
7 19e9 «79 10,7 2.7 €N 18,0 462.49 19,51 3I6.09 1485.67 124.81 140.65 1.167 1.N36 108,19 117.40 121.61 1.167 1.036
8 152 <78 1Mol 2.9 7P 13.0 476.65 21.98 41,93 152.76 127.33 145.R39 1.200 1.099 105.90 121.16 127.08 1.200 -1.048
9 18.8 (80 110.7 2.5 .00 2N7.0 466.52 17.44 32.35 188.88 122.66 137.28 1.181 1.055 102.75 1148.99 121.36 1.181 1.055

10 14.2 of6 10,9 1.7 <00 23.0 467.75 173415 23.87 13213 118.75 129.22 1.151 1.023 98.21 110.59 113.03 1.151 l.022

11 18.1 .86 11.0 1.7 .30 22.0 4239.18 9.58 23.16 120.72 118.10 128.51 1.058 «939 97.67 110.30 103.30 1.058 «939

12 16.1 8% 19.6 1.9 .N0 19.0 426.3% 11.59 27.07 174.31 116.46 132.33 1.065 «937 98.99 112.488 105.33 1.065 «937

STATION 82 AVERAGES

18.6 28% 10.9 2.2 .60 17.4 452.71 168,25 30.72 139.58 119.19 135.66 1.132 995 100.79 114.72 114.07 1.132 «994

06
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11.53
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12.22
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