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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 	 = KEvf Cef 

where 

Ev = pan evaporation, 

K = a constant, 

E = sheltered evaporation,
vf 

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 evaporation data were available. Using Christiansen's for­

mula the potential evapotranspiration was also estimated from the pan 
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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 

The republic of Colombia, located in the northwest corner of 

South America, is one of the many developing Latin American countries. 

received a great deal of attention andIn recent years agriculture ha s 

support from the government through the Colombian Agrarian Reform 

Institute, INCORA. The emphasis on agricultural development includes 

some initial construction on a total of approximatelyplanning and 

a363, 000 hectares of irrigated lands. To provide 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 

good indicator of potential evapotranspirationbeen considered to be a 

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 

recent years, but generally, avail­pan installations have been made in 

able data are limited to periods of six months to a year. Most of the 

than one year of record areavailable evaporation data with more 

those measured by a Wild type evaporimeter in a shelter. This is 

commonly referred to as "Fuess" evaporation. 
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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. 
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REVIEW OF LITERATURE 

The literature on evaporation and evapotranspiration is quite 

extensive with a large portion of the existing literature 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 publications 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

1691.ting transpiration was studied in England as early as 

Since 1935 sufficient investigation has been carried out and 

data have become avAilable so that designers, 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 to a vapor. Studies of evaporation have taken 

a theoretical approach where evaporation 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 
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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 soil 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 variations 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. "1 

http:available.at
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The Fuess evaporimeter consists of a circular evaporation pan 

250 sq. cm. in area and 10 mm. deep. 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 
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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 evapotran spiration. 

The water balance methods include natural catchment, soil
 

moisture depletion measurements, and the use of lysimeters. The
 

micrometeorological 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 evapotranspiration 

Vapor transfer. Several theoretical methods based on vapor 

transfer theoi'y have been developed. The methods and formulas of 

Meyer, Rowher, Penman and Harbeck are discussed 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 start 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 meteorological methods and states that the energy 

balance method in combination with the Bowen ratio may be the most 
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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 Bavel 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 which show the relationship between temperature, length of growing 

season, monthly percentage of annual daytime hours, and consumptive 
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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 percentage of annual daytime hours (p)). 

The equation for monthly or short period consumptive use in 

inches is u = k f. 

Hargreaves. Hargreaves (3956, 1968), gives a method for esti­

mating evapotranspiration 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 for 

wind, sunshine and elevation. 

The original equation is of the form 

E = m (T - 32) 

where 

E is the mean monthly evaporation in inches,v 

T is the average mean monthly temperature, in OF, 

m is an empirical coefficient depending on two factors: 
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a monthlyc a function of relative humidity and d 

daytime coefficient, where m = cd. 

The formula for estimating pan evaporation in metric units is 

Ep = 17.4d T(.0 - Hn) 

where 

Ep = Class A pan evaporation in mm., 

T = mean monthly temperature °C, 

d = monthly daytime coefficient, 

= mean monthly relative humidity expressed as aHn 

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 t C C Ch C 

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, 

a coefficient for temperature, expressed by a linearCt is 

mean monthly temperature,equation as a function of the 

Cw Cs 

& Ch are similar coefficients for wind, sunshine percentage 
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and relative 1.umidity, 

C - a monthly coefficient.to correct for heat storage and 

other seasonal effects. 

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

estimating potential evapotranspiration based on solar radiation and 

meai air temperature. Their equation is as follows: 

E = (0.014T-0.37) Rtp s 

in which 

Etp = potential evapotranspiration in inches per day, 

T = mean air temperature in OF, 

R5 = 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: 

R5 = R 5o (0.35 + 0.615) 

in which 

R 5 = solar radiation under existing conditions, 

Rs = solar radiation on cloudless days,so 

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
http:coefficient.to
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should 	give reliable results in areas where the climatologicalformulas 

conditions are not greatly different from those in the Western United 

States.
 

a formula forChristiansen. Christiansen (1968) presented 

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 

Patel and Christiansen (1963), Mathison (1963),direction; Patil (1962), 

and ChindasnguanAI-Barrak (1964), Palayasoot (1965), Mehta (1965) 


(1966) plus the analysis of additional data. A reanalysis of all these
 

data gave the following revised formulas and coefficients:
 

Ev = 0.473C C C C C CM 

where 

equivalentR = extraterrestrial radiation expressed as 

depth of evaporation in the same units as Ev. 

and the coefficients expressed in dimensionless form are as 

follows:
 

. 04756 (Tc/To)2
 

0. 393 + 	0.5592 (Tc/To) + =CT 

Tc = mean temperature in 0 C and To = 200 	C, 

2 
CW 	 = 0.708 + 0. 3276 (W/Wo) - 0. 036 (W/Wo) 

= mean wind velocities above the evaporation pan,W 


Wo = 96.56 km per day,
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-CH = 1. 250 - 0.348 (H/Ho) + 0. 120 (H/Ho)2 0.0218 (H/Ho)4 

H = mean relative humidity at noon,
 

Ho = 40%6 or 0.40,
 

0. 542 + 0.64 (S/So) - 0.4992 (S/So)2 + 0. 3174 (S/So)3 
C = 

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 = K 1 Rt Ctv Chv C C Ce
 

where 

K = .350, 
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as an equivalentR - extraterrestrial radiation expressed 


depth of evaporation.
 

Ev = K R C C C
2s tv Chv wv 

whe re 

K = 0.761, 

R = measured or estimated incoming solar radiation, 
S 

* may be estimated from the equation 

R s= K3RtC s Ce
 

= 0.460.#,
where K 3 

The equation for the coefficients of the pan evaporation formulas 

are as follows: 

+ .146 (TM/Z5) 2 
. Z10 (TM/25)C = 0. 644 + 

where
 

TM = mean temperature in Centigrade. 

I. 0- .20 (HM/. 70) 3 

Chv = 

where 

HM = mean relative humidity expressed as a decimal. 

0. 70 + 0. 36 (WKH/8) - . 06 (WKH/8) 2 

C = wv 

where 

WKH is the mean wind velocity in km per hour at a height of 

10 meters. 

asFor potential evapotranspiration using the pan evaporation 


a base:
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Etp = K4 Ev Cttv Cwtv Chtv 

where 

K4 -0.8 

and the equations for the coefficients are as follows: 

C = 1. 041 -. 047 (TM/25) +. 006 (TM/Z5) 2 

Cwt v =1. 071 - .096 (WKH/8) + .030 (WKH/8)2 - . 005 (WKH/8) 3 

Chtv = .910 +. 070 (HM/. 70) z + . 020 (HM/. 70)3 

For potential evapotranspiration using radiation as a base: 

Etp = K5 Rt Ctt Cwt Cht C C 

where 

K5 = 0.28, 

Rt = extraterrestrial radiation expressed in equivalent 

depth of evaporation. 

Etp = K6 Rs Ctt Cwt Cht 

where 

K6 = 0. 609, 

R = measured or estimated incoming radiation at the earth's
S 

surface expressed in equivalent depth of evaporation. 

The equations for the coefficients are'as follows: 

Ctt =.670 + . 193 (TM/25) + . 137 (TM/25) 2 

- . 10 (HM/. 70) 4 
Cht 1. 10 

Cwt = .75 + .31 (WKH/8) - .06 (WKH/8) 2 

The coefficients for sunshine percentage and elevation remain: 
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2I 

C S = 048 + .66 (S/.5) -. 14 (S/. 5)
 

C = .970 + .03 (EL/305).

e 

G,,iilen (1967) developed equations for estimating FuessGuillen. 

evaporation from climatological data based on 10 year average records 

for 22 stations in Venezuela. He also attempted to relate Fuess evapora-

His formula for estimating the Fuess evaporationtion to pan evaporation. 

is as follows: 

EV = K CT CH C CS CM CDP 

in which 

EV = evaporation in mm per day, 

K = 2. 957. 

and the coefficients are: 

12 - 1.75 H2CH
 

CT = -0..490 + 0.0621 T,
 

CS = 0.53 + 0.784S,
 

C = 0. 728 + 0. 0494 W,
 

CDP = 1.15 - 0.015 DP,
 

= monthly coefficient. 

CH. 

CM 

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 humidity and 

expressed the relationship between Fuess evaporation and pan evapora­

tion as estimated from the Christiansen formula as follows: 

1. 7 9 6  EVP = EVF CH 

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 = K CVp D CT 

in which 

Ev = evaporation in mm per day, 

K = a constant whose average value is 1. 510, 

CVP D = -0.113 + 0.318 VPD, 

CT = -0.70 + 0.085 T. 

where 

VPD = vapor pressure deficit, in mm of Hg., 

T = mean temperature in 0C. 
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This equation fit the Colombian data better than the earlier 

equation developed by Guillen, using the Venezuelan data. 

Chanduvi-Aciena (1969), using data from 12 stations in Peru, 

compared the measured Piche evaporation with the evaporation and/ 

or evapotranspiration estimated by 24 different formulas. He con­

cluded that Christiansen's and Mathison's formulas gave the best 

estimates of Piche evaporation. 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 CS CE 

in which 

Ra = radiation at the earth's surface in langleys per day, 

R = theoretical radiation at the top of the atmosphere 

in langleys per day, 

C = sunshine coefficient in which S is the ratio of sunshine 
S 

hour's'to theoretical daytime hours, 

C = elevation coefficient, in which E'is the elevationin 

E 

feet., 
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Then CS = 0.32 + 0.85 S 

and CE = 0.97 + 0.00003 E 

Christiansen modified Pizarro. Christiansen (1970b)z has m6di­

fied Pizarro's equaticn as follows: 

Ra = 0.460 R CS CE 

where 

C = 0.48 + .66 (S/.5) - .14 (S/.5) 2 

s
 

C = .970 + . 030 (EL/305)
E 

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/cm2/day). This is as follows: 

R = 120 [DL sin (LA) sin (DE) + 7. 6394 cos (LA) cos (DE) sin 

(OM)]/ES 

in which 

V1 - tan2 (LA) tan2 (DE)Abs [tan (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 - 0.55 T 

where 

T is the mean temperature in 0 C. 
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PROCEDURE
 

The first 	step in the present study was to analyze the data from 

10 climatological stations in Venezuela where measurements of both 

sheltered 	and class A pan evaporation were available. A considerable 

amount of these data was already ti.bulated 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
 

Station Months
 
No. Name Agencya Lat. Elev. of data
 

25 Cua MOP 10.15 240 23
 
26 Jusepin U. de 0. 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
 

aMOP Ministry of Public works 

U. de 0. Eastern University
 
MAC Ministry of Agriculture and Livestock
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Computer program 600 (Table 2) was written 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: 

TM mean monthly temperature, in °C, 

TX mean maximum temperature, 
0

in C, 

TI mean minimum temperature, in C 

HM 	 mean average relative humidity, in percent, 

HX 	 mean maximum relative humidity, in percent, 

HI 	 mean minimum relative humidity, in percent, 

W1O 	 mean wind velocity measured at 10 meters height, in 

km per hour, 

EVP 	 monthly class A pan evaporation, in mm, 

EVF 	 monthly sheltered evaporation, in mm, 

RSL 	 measured incoming solar radiation, in langleys per day, 

SH 	 mean sunshine hours, in hours per day, 

PPT 	 monthly precipitation, in mm. 

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

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

in the 	study: wind w'vlocity, relative humidity, temperature, days of 

,precipitation, percentage, of sunshine hours and sheltered evaporation. 



Table 2. Computer programs used in the study and given in 
Appendix 	A 

Program 
No. Purpose Data 

600 	 Compute ratios of measured pan evapo- 10 stations 
ration to measured sheltered evapora- in Venezuela 
tion. 

503 	 Solve four simultaneous equations. 

607 	 Compare measured pan evaporation with 10 stations 
that estimated by Christiansen-Guillen in Venezuela 
formula and the new Stutler formula. 

608 	 To check the Christiansen-Pardo formula 17 stations 
and compare pan evaporation as estimated in Venezuela 
by the Christiansen formula and the new 
Stutler formula. 

609 	 To estimate pan evaporation by the Stutler 20 stations 
formula from measured sheltered evapo- in Colombia 
ration, and by the Christiansen formula 
and estimate potential evapotranspiration 
by two formulas. 

610 	 To estimate sheltered evaporation by the 26 stations 
C-P and the C-G formulas, estimate pan in Colombia 
evaporation by the Stutler formula and 
the Christiansen formula and estimate the 
potential evapotranspiration by two for­
mulas. 
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From these it was observed that the most uniform and most consistent 

relationship was that of the computed ratio EVP/EVF to the measured 

sheltered evaporation. Figure 1 shows only the overall average of the 

ten stations plotted for clarity, along with the curve drawn to fit the data. 

Computer program 503 was used to determine the equation of 

3
this curve. Two alternative forms of equations were tried; y = AX + 

BX + CX+ Dand y = A/X + BX 2 + 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= KEvf 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 improve 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 evaporation. 

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

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 
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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 vapor pressure, in mm of Hg. , 

VPD vapor pressure deficit, in mm of Hg., 

RM monthly theoretical radiation expressed as an equi­

valent depth of evaporation, in mm, 

EVFMG monthly sheltered evaporation estimated by the C-G 

formula, in mm, 

EVFMP monthly sheltered evaporation estimated by the 

C-P formula, in mm, 

EVPR monthly pan evaporation estimated from the theoreti­

cal radiation by the Christiansen formula, in mm, 

EVPK monthly pan evaporation estimated from the shel­

tered evaporation by the Stutler formula, in mm, 

ETC monthly potential evapotranspiration estimated from 

the theoretical radiation by Christiansen's formula, 

ETKP potential evapotranspiration computed from the esti­

mated pan evaporation, 

SP 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 
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Table 4. Climatological stations in Colombia with no measured 

evaporation 

Station 
No. Name Latitude Elevation 

Yrs. 
Data 

of 

61 
62 
63 
64 
65 

Santander 
Paraguaycito 
Palmira (Est. Ag.) 
Ambalema (Pajonales) 
Calarca (La Bella) 

3.020 
4.40 
3.42 
4.77 
4.53 

1050 
1250 
1006 
250 
1500 

6 
3 
7 
5 
6 

66 
67 
68 
69 
70 

Popayan (Univ.) 
Manizales 
Est. Jaramillo 
Medellin 
Bajo Calima 

2.43 
5.07 
7.92 
6.27 
3.98 

1760 
2153 
1450 
1475 

40 

7 
8 
13 
4 
3 

71 
72 
73 
74 
75 

Tolu 
Funza 
Ubate 
Andagoya 
Tibi 

9.52 
4.70 
5.32 
5.10 
8.62 

4 
2550 
2600 

60 
55 

4 
7 
7 
7 
3 

76 
77 
78 
79 
80 

El Centro 
San Jeronimo 
Monteria 
Usme (Est. de Papas) 
Quibdo 

6.93 
6.45 
8.77 
4.37 
5.68 

114 
764 

15 
3120 

43 

7 
5 
3 
4 
4 

81 
82 
83 
84 
85 

Aracataca 
Sonson 
Las Palomas 
Cartagena 
Bogota (Cd. Univ.) 

10.58 
5.72 
5.13 
10.43 
4.55 

28 
2350 
2700 

3 
2560 

4 
5 
4 
4 
7 

86 Manaure 11.75 1 2 
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from these two estimates by the Stutler formula and the pan evaporation 

The potential, evapotranspiration is esti­by the Christiansen formula. 


mated by the Christiansen formulis based on pan evaporation and
 

climatic data. 

Because this group of stations covered a nuch 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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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 C Cvim f m st 

where 

Evp = class A pan evaporation, mm per month. 

K = 1.740 

Evf m = sheltered evaporation, mm per month. 

C = monthly coefficient, tabulated in Table 5. 

Cst = station constant, tabulated in Table 6. 

Cef = a coefficient based on the sheltered evaporation, 

expressed by the following equatinn. 

Cef= 0.71 + 0.537 (1l0/Ef) - 0. 365 (Evfm/ll0) + .118 

(Evfm/110) z 

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

Month 

January .974
 
February 1.007
 
March 1.10
 
April 1. 054 
May 1.018 
June 	 .9Z
 

July . 989 
August 1.007 
September 1.007 
October 1.038 
November .909 
December .909 

.Tabl-e6. 	 Station constants for the Guillen and Stutler 
formulas, Venezuelan data 

Station Guillen Stutler 
No. formula formula 

25 1.142 	 .9508
 
26 .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. IO 	 .9779
 
34 .921 	 1.0427
 
35 1.165, 	 .9662
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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% ' 4.97 

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. Data from 17 
Ministry of Defense stations in Venezuela 

Station No. EVF EVFP Avg. abs. error 0 EVPC EVPK EVPC/EVPK 

1 
2 
4 
6 
8 
9 

10 
11 
12 
13 
14 
16 
18 
19 
20 
21 
22 

4.33 
3.97 
2.68 
4.46 
6.81 
3.24 
5.31 
2.54 
4.89 
2.61 
5.5Z 
Z.80 
Z.72 
4.84 
5. 10 
2.51 
3.73 

4.33 19.96 
3.97 15.53 
z.68 19.85 
4.46 14.22 
6.81 9.39 
3.24 18.28 
5.31 17.76 
2.54 19.86 
4.89 21.59 
2.61 16.79 
5.52 18.41 
2.80 15.06 
2.72 12.22 
4.84 13.80 
5. 10 23.23 
2.51 14.30 
3.73 17.94 

5.731 
6.198 
5.560 
5.332 
7.190 
4.957 
6.512 
5.013 
5.975 
4.875 
5.446 
4.973 
4.793 
5.748 
5.839 
4.471 
4.954 

6.812 
6.512 
5.731 
6.873 
8.874 
6.061 
7.253 
5.625 
7.124 
5.636 
8.096 
5.787 
5.698 
7.207 
8. 140 
5.584 
6. 403 

.841 
.952 
.970 
.776 
.810 
.818 
.898 
.891 
.839 
.865 
.673 
.859 
.841 
.798 
.717 
.80] 
.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. 
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For the new formula, the station constant, Table 6, varied 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. J0 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 evapotranspiration 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 124.93 329.15 .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.Z4 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 133.74 142.8Z .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 .89Z 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 based on theoretical radiation. 
EVPK = pan evaporation 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 computed 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 ev 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 evaporation 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 elevation. 

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. 7 228.99 197.05 .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 



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. Zl 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 .777 228.32 180.21 140.05
 

Averages 146.36 173.27 169.65 .845 
 .863 141.99 139.28 120.11
 

Evaporation and evapotranspiration are in mm per month. 
EVPR = EVR = pan evaporation estimated by Christiansen formula based on theoretical 

radiation. 
EVPKP = EKP = pan evaporation estimated by Stutler formula from sheltered evaporation 

estimated by Pardo formula. 
EVPKG = EKG = pan evaporation estimated by Stutler formula from sheltered evaporation 

estimated by Guillen formula. 
ETKP = evapotranspiration estimated from pan evaporation estimated by Pardo 

and Stutler formulas. 
ETKG = evapotranspiration estimated from pan evaporation estimated by Guillen 

and Stutler formulas. 
ETC = evapotranspiration estimated by the Christiansen formula based on 

theoretical radiation. 

N 
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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 the Christiansen-Pardo formula and the 

Christiansen-Guillen formula, 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 

for standard conditions ofto the fact that the Christiansen formula is 

whereas the Stutler formula was developed from datapan exposure, 

some of which are known not to be standard.under existing conditions, 

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 

and give consistent results whe-Christiansen far mulas are compatable 

ther using evaporation or theoretical sunshine as a basis. 

The Colombian stations have a wide range of temperature and 

additional corrections for tempera­elevation and indicate that some 

ture or elevation would improve the formula. Additional data including 

measured pan evaporation are needed to verify this.
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C PPOQ p,,g,.r "e IN QEL*TIiTnqrt VEN PAN Arm! sirLTERC2 

C tVAPfl IO1NTOn IrVNE UttLA'5I1ATM . 
fl~~INI 


xtiTSva osi 1 'is,anwra41a.I?13r.?2 si% 31IIs~, .e Wort, S'rsaa, 

roSasIts .1a.lN.orr.2. Iai.Irsa.. V a.Nm r6ir5:.va.~ Ira 


inz 11 0u1141141OATlOS Of flAN rVAPMPAII4 TO ruts'.%rVAP3QhIIO4 IN VINE? 
lUL

3 A1.111 
l 3 rOvmATII~n.*4?* vq rL L4I '1Aor~ 14 TV II 40M "1 ~I 

I Win %. pD nP1'EVO PA.L rr tyjtrVr.,l 

IPS ?OvMA 1 1?3 I.3r S. 2.Pr 1. r% .1 or S.tT. r6lIrr.1.IfSr. .	 I,' 7? 

to? rov-at'~ 

IrIN'w.EQ).l SVl TO Pi
 
P0 22 1:1.-16
 
(351113:0.
 

2? 	CONTINUE 
11:0 4.11
 

'6READI'..l~ 
00 	 I's 1:1.I 

$51 1 :0. 

la 	CONT INUE
 
00 1', 1 #61.
 

SIII: . 

AVIII:0.
 
11 COnTINYUE
 

00 	 3S M:t .4 
REC 1.l.t-nhi.%yP.LF LA.11.m0..T. T .NH4N.N.winNr.. 

INPSL * IoP .0NVr 

11?1*I11
 
EVT:NvF 
4mV:N4-V1n
 
HX:NW/ fll.
 
041:N,4/ 111.
 

A:~DEV
 

4y0: 4vq . V.
 

II Il:T14 

I I S3 :41 
I If 13 :. 

K111:10
 

lil 3:00
 

XII4I 3:( VT 1I
 

00 11, 1-1.1 3
 
51(3:$1IM14E11
 

I1rCONt INUE 

13. CONTINUE 

00 	 t' 1 :1.1 1 

it) CONTINUE
 

00 	I&1 1:1.1 1
 

1N 	CONTIUC
 

I3 CONTINUE
 

IL1 CONTINUE
 

DO ?1 1:1 .11
 
0*11 13:O'.El111K
 

:1 	 CO"T INUE
 
(41114 1:r'.MIa I 'M'IiIs
 
WQI I3A. I inAxI 11. 1 :1 *11
 

END
 

http:1.l.t-nhi.%yP.LF
http:r6ir5:.va


C PROGRAM 503 TO SOLVE FOUR SIMULTANEOUS EQUATIONS (MATRICS) 
COMMON A(4v,43B(q4liX14)


4
DATA (B(I0I9=l )/lo3371,0o.851,.ao,((A(1,J)Z=I14) J=1,4)/.125,
I1o0 3o37598.0o25e1.0.2.25,I4.0a5,1°0,1 -S,2.0,4*1o0/ 
CALL INVER
 
00 1 IZ194*
 
sum= 1. 0 

DO 2 J=194
 
2 SUM=SUMA(I.j)*B(J)
 
1 X(I)--SUM


WRITE (69 100)(X(1)91. =I1941 
100 	FORMAT (1HO,4FI5.6
 

STOP
 
SUBROUTINE INVER
 
COMMON A(q44)vB(4q) x4)
 
NX =4
 

12 DET=1.0
 
DO 601 L=INX
 
DET-DET*A(LL)
 
A(L L) =I.O/A (LL3
 
DO 602 1=1,NX
 
IF(I-L) 603.602,603
 

603 A(I*L)=A(IoLI.A(L.L)
 
DO 605 J=IwNX
 
IF(J-L) 6049605,604
 

604 A(G.J)=A(IJ3-A(IL)*A(Lj)
 
605 CONTINUE
 
602 CONTINUE
 

00 607 J=1.NX
 
IF(J-L) 608.607,608 

608 A(LtJ)r-A(L*LI*A(LtJ)
 
607 CONTINUE
 
601 CONTINUE
 

RETURN 
u1

END 	 ­
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C ppflrpAV 6.17 If,ES1 T(A7E PAN EVAPORAII[ON IROM %HIL rRru I'VAPORATION 
c WIT1,A COEFrICIEN7 raR EVOPORA: JON ONLYv 

oi3IrhSoN XI203. SX1201. AvIZUp.55173 AAX(?113.CI# o13G3 

oi,,rpjsioN 0SX12319 OAXl1flD. nrtie3pio.( tziotri I?
 
nimr'fIN csr i % p
 
03OIrcInN cmiI2l
 

IZF7. 3o ..*3.t 7. 3.rr,.3 
1112 FO'AIlliI'TAr.LL CO34PAI'I%ON (Of MLAURrIJ PAN (VAPOIJAIION 10 fT 

1144ATFO PAP) EVAPORATIONM FPM %iirLICRIO VVAPORAI ION BYiTWO FO.IMUL it, 

1113 FO711AAt11rn1.'S7A rL LAI nA NO iN Tx I I HM41 ix HI 
I V,') L P S RSL PPT np rvr IPC V/IVF I'V/tPL IM LvJirpcG 
2 rOcO9,0/1 

W11 FOQflt1 13
 

flV7 F On 1 4 1 11.3 

110 FOQMAI(1IH 9' VENEZUELA f1AIA'v//l 

CGOS *~.* 41 (7fJc.U .9j4 
COST ( 73:1 .U.1.6'44
 
CGSI112 R :1 *Uo*1.*3 89
 
CGS 17:F9)= U * -553
 

COSTI 311 :1.Jo.6045 
CGS7C! 33:1.00..1 4*..05
 
CGS7(I31431--.U'.921 
CC*STI353:1.0.1.165
 
CST (75)ji.q2 6*.9 %I.n37
 
CS? (2G) :.8146.1.0 18..05
 
CST 1271=~1.11 5141 .n 33 .1.0 lot
 
CST (701 .964 5*.9 Tool.027
 
CST 129) : 1.98gS 98.1.0 5. .0 33
 
CST (331=.8509.99-1'.02oz4
 
C ST I3131.08 97*..0 3*..2It
 
CST 33:.6 .9S 101
 
4CSTf 1: I.0? 4b.*.9'?2. 02 6
 
CST I3'3 :.958 6*.D . 0 8 
CMI 13 .9714
 
CM(?3 :1.007
 
CMI3I: a. 
C$I41411.054 
Clii53 I.1
*8
 

CM(I .92
 
CMI 73:.39~
 
C 1I 81I. 007
 
C,4491=:1. 00 7
 
C4I 1031. 038
 
C 44 1 l. 90 9
 
CMI 1?3:.'Jr09
 
READ IS. 1003 IOECfMIM.:I?32'
 
READ is. 1F9I fESI"JM.N:1.?
 
00 	 FO 3(K-I4:1 

UPITE 16. 1Il9
 
IJRITc 16. 193)
 
On 70' JJ:1.@2
 

16 	 REAfl3';.107l NN
 
00 17 1:1.20
 
0531 1130. 
OAX II 3.
 

37 Cn%iiINuE

SI--). 
on 4n L:1s.%N
 

is RrAn(Sol121 MMoN
 

SSX I)7].
 
AAX13 :0.
 

I fI 	 CON 7I1NUC
 
00 .3r) J:1NM4
 
00 11 1:1.70
 
x (II=1. 
51(13 0. 

A I U.I 

11 	 CONTINUE 

http:271=~1.11
http:FO'AIlliI'TAr.LL
http:AAX(?113.CI
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00 3s 91:1411 

REAMSol af0i NSIeONYQ.LESKLA.MO,~O.THelK.T1,NHN.NHK.NHI#Wlo.NEV.SH9 
INRSL. IOOP*NEVF 
KM =MO 

OCR 1MI3:ECCHII3 /57.2954 
7: -TANfXLA/S7.295S81AN1OCRfgg31
 
ONH ATANISORTfI.n-zs21/ABsizii
 
DL = OH/0.1319
 
If M7 17918.18
 

17 DL =24.-OL
 
1e SIND = SIMN)M
 

S:SH/flL
 
Ev :NEV*3.0
 

CEF=.73o.37.fllUo./Evr3-.3E,5.gEyF,11O.,.118.gEy,/110.3..2
 
HMI:NH"/1 03I.
 
HX:NHI/1 00.
 
141:NHI/1 00.
 

lq HNMIHX*II/2
 
20 CONT INUE
 

RSL:NRSL
 
PPT :1P
 
RA =fV/EVF
 
NYR=NYQ*G0
 
EPC=1. 74 .CVF#CEF*CS7INSYI3CM(M)
 
ERR=A95S(CV-EPCI /EV 
RC:EV/EPC
 
CH:-0.SqB * 1.3 SaH
 
EPCG: .79*EVF*CH*CGSTINSI
 
RCG:EV/CPCG
 
ERPG=ABSIEV-EPCG,,EV
 

K131 71T
 
K1q) "I
 

XIS) HX
 
x f 51 WIl
 

K119) =RSL
 
X1111 PPT
 

K141=: pc
 

X115) =KISIMK1lS 

K1171 :ERR
 
K(183:PCG
 
KX1193 :ERQG
 
K(203:F.PCC,
 
0O 12 T= 1.14
 
SKI) = SKli # K(11
 

12 CONTINUE
 

SKI 203:5K 21204K(203
 
35 CONJTINUE 

DO 15 1= 191'a 
A1111S 3/N 

13 CONTINUE 
AX(151 51183SK1131 
AXl116):SX183/SKE 1
 

AKI 193:5K 1191IN
 
URlTEI 6.10 IIST eLE KLA .DMOo. I ). 1=1, 193
 

551(1= SSKIII * SIM 
14 CONT1INUE 

55Kf11=SSKEI71*SKI)73 

551I23 :ssX (203 .5K1203
 
30 C')N IIIUE 

FMMP
 
FN=N
 
00 .36 1:-1@14
 
05K II3osKI 134s5KI1)
 

?G CONTINUC
 

http:17918.18
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OSX I I)
or4-c'aq 

:-O' I InI 
It" 

.';w 120 1 
*o W£ " 

'at' CONTI1NUE 
00 3R 1:1.14a 

3'a CO111PIZIE 

OAVXI£il O%XgR)/O%II3I' 

OAX(C17) :fl'KI 171 V 
OAV I Ishl'X I R I/ OX 4101 
0OAVI I1--u% cili jm ZU, 
UP! TEI*. IOnj) (OAXIII*.-1 .191 

7n CPN11IJtI( 
80 CONIINUE 
(s0 siop 



C 
C 

C 

PQOGCA'4 GnB CHECK ON PARDO EGUATION FOR ESTXIATING SI4FLTERED 

EVAPOPATION USING DATA FROM VENEZUELA MINISTRY OF DEFENSE STATIONS 

AND Tn ESTIMATE EVAPOTRANSPIRATION 
DIMENSION OEC(15).FS(159EISv (2)A2)S171SM2lA(7
 
OW~NS!ON XP(22)*CMP(121
 

3F,,3F2PIF319
ICO FOoMATr(I3.2F3.F3.F5.OF.O3oFl,2I3F4O 

IFS.1v FG. ,F4.OvF 3.fl.FS.l) 

10? FOP&*AT(12FG.31 
103 FO0'4AT (I12F65) 

DATA ANn COMPUTED EVAPORATION AND EVAPOTRANS
104 FORMAT(1H19TABLE 

IPIRATION FOR 17 MINISTRY OF DEFENSE STATIONS IN VCNEZUELAov/) 

TM TX W110 HM HI SP VPDMR PD EV
JOS FODMAT(lHl'ST ELEV 

EVPK ER/EK ETR ETS E
IF Q'Af) .Rsnl VC EV/EC EVPR EVPS 

2TK TI/TK'9/) 
11P FOPmATIISF5.flIF;) 
107 FO'MAT( IHQ'MEAN v3F5alv3F2' F.6s!2, SF7.3. 1IF~s31 

lOf- FORMAT( l3,9.~oFS.13F4.ZF6Z,92F63F7311F6939/)
XPv AND ERRORs PERCENT 9@28X9FE.3tF12w1f FOPMAT~II 'MONTHLY CONSTANT. 


139/)
 
AND ERRORv PERCENT" 92BX*F6.39F12*131 FO!ZM8T(IH tOVERALL CONSTANT. XPs 

139/)
 
EOUTVALENCE(X(1),WM),IX(2IITX),(X(3),WlOo,Xtfh)HM)*(X(5)tHi*d(XIG
 
I),SP),(X(7)o,vpDm),Ix(),Pn),X19EVFIo,(X(1)RD)#(X(Il"RSD)I(X
 
2(l?),rc),(II4,RX(14S),CVPSIX(1(1i~liEVPK)9(X181ETR)(1XI
 
39)t FTS) v(XE 20)tETK13
 1 1 9 1 9 8
DATA(XP(ST)NST1O2)/.784,.%F6R8,1.,1.1o92.76411


l.o1.71079 let *8759*84029&90351191w 1.3976t .71 5? 9.78259*.5855#1 .18359 

DATA (rmp(mJ, t4:1,1?3/,057.1.O999,l1f31,.299.9729.9449.8979.8429 
1.8V3#. 795v. 811. *914/e 

READ(591 02) (PEC(MIM1.121
 
READ591031 (ES(M)vM=1 .12)­

M1=1 
UPITEEF. 104)
 
WRIYE(rov 105)
 
On 27 '(:1,17
 
RfAnl('ol 101l N'T.9XLAPXLM#LE
 
XLA:XLA+XLM/GIL.
 
nn ?s I:1,?2
 

?n Sumfli = 0.
 
XX=7?.
 
DID 7r L=1,Nm
 
0O 71 1=1.27
 

Or' 25 J=19NY 
READE'.9100) NST. XLDXLMXLOELZAtNYRtMOOMTMTXTIHM.HX.HI.UAO 

1CLC,SHM9RSLM9PM. OPsEVFM 

mailto:9@28X9FE.3tF12w
http:FOP&*AT(12FG.31
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X L A -XL 0 +XLM/G0.
LF:VL
 
MI MAl 

(MIi 

Z = -TaNgXLA/57.298.)TANV3ER(K1l
 
nft4 ATAN(SVPT(I . -7 #ZI/A13S(lZ
 

n EP (m4 (DEOC 3/57 .295 

IF (1 12tl~v13
 
1? Ot 24.-VL 
1 r, I, f SINCom) 

RUIZ1:71?f* .jL.scIN(XLA/ 729531 *SIN (DER (MI 3o3.B974COS(XLA/57. 295R3' 
ICOS(prr~(m))3*?..SjtO)/(S(MI 

RS;L :SLM/n"
 
iS0:U'1.$RSL/tb95. 0 .55sTH1
 
SH:cHm/DM
 

S :)'; n 
S0 DA/I'% 

EVF=FVFm/flm
 
Wl0:WA. IU. /ZA3 '..25
 
Ir twinl - 7.151 3 5. 3r,.36
 

7r w?M,-. 75D*win+ n3 9.1E1 H"? 
GAV Tf) 14 

1"s C'N TIPILIE
 

WFrl:1.ri + 0~.0000 s* 1
 
TKm='?7 3. lf.+T4
 
TKI:?73o Lf4TI
 

EfM~rYPIA47.2?-64r,./TKM-3.927*ALOG(TKM) 1-( .06 1*.D02*TM**23 
EAT :F XP (47.2 2 -64 3./TKI-3.927. ALOG(TK )-( .116 1+.0002*T~s2 

VPmm.1.5*, (H I*E AX +IJX.EA 1)
 
V!PDMR:1. 33!o(E4M-VPMM1
 

CIF'- '1 *7n#,i1R * TM
 
Cvtfl:-.1 1,4+ 31 RoVomml)
 

C7V=:z44i .?I * (Tm/7 S.) +.1 4;* (T'if?5.) **2
 
CHV: .?73- .?Os IH'4/. 7,))
 
CTT :.r 70' * 193*( TM/ 75.3)+. 137.1 TM/25. 3' '2
 
C'JT- 1. 1,')- * 10* fHm/ . 71)). s4
 

CWTV:I n 71-.tlflC,(WK/. 3.03D.I(WKH/8 .1#2-.0O5s(WKH/8.1 **3 

XKS:.7 G1 

x 1V : 43 c;J 

http:WFrl:1.ri
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RSsc=i.; Pm 0 CE *CS 

I FPS nI 91391 

qXrV:.cii 

EV''c =YvS PS r *CWV *CHV*CT V 
E.VPP:'t"V* P4p.CTV.CWV.CI4V.CS.CF 
C vF r~j:l)'lCVPD 'CTP.P( NS;T) .CMP (M) 

C F=.7 1,. 37 0 ( 11UIJEVF 4 365* f fVFM/1O. 1 11A (EVF M 10 . 2 

C T'( XK(TV' VVP(CT TV .CWTV*CHTV
 
F . r. V ) *P P s. CTT r W T *CIT1 

'i 1*71:rVPp/FVPK(
 
X ( 71 ) t-TR/ETK 
X (',,):A"Sf fln.. EVF-FVFri /EVF)
 
()n tj I IJ 1$7" 

rnP(I(T T :4111 t(1 

AMT StJIIIYM 

A ( ll I SU (q /SU(11 2) 

A ('71) 1 --' (1I.A P U ( 21)
 
A%SrA( 13 )
 

47 AVIII = 51P4(1I/XX 
AV(1 31)SUM(fl)/SUM( 1')
 
AV( 1*7):SUkM(14q/!51M(I 6)
 
AV(71):',IJ"(lq)/SUM(2(1)
 
AVX:P.V(l 3)
 
WPTTF(r,,tCJ;ST.LE.(AV(J).T:1.Z12
 

UJNTV&C 1109' r'IRTRAM V CO"PILATION. n *f)TAGNOSTIC* MESSAGF(S)
 

http:P4p.CTV.CWV.CI4V.CS.CF
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C 

C 

C 


P P)GP 4M Gn 9 C'qMPARISnN OF PAN EVAPORATION AS COMPUTED By THE 
CHPIcTIANEN AND 'rTIJTLER FORMULAS USING COLOMBIAN DATA COMPILED 
RY P4Q03.
 
oimrpmmO OSX(23)POAX(201 

Iqfl Fnr'MATCISFS.2,Is,13.BF..,2FS.2,2F5.2)
 

103 FPQMAT(.1H1'TAVLE DATA AND COMPARISON OF PAN EVAPORATION AND E 
IVAPOTRANSPIRATT04J A% ESTIMATED'$
 

11'4 Ffc?MAT(IHOSMO TM HM VP VPD 
 S RMDM EVFI EVPK EVPR FP 
1fllFPK ETK ETC ETCIETV'/)

HIS FOqPAAT(lIHIDSTATIOPJ'.I3.1X,.AVFcAES. ELEVATION =0916t/l 
i~r FORuATC3XFS.lqr4.2.r5.1IF4.lFQ.2,tF7.2,F8.3.2F7.2,FS.3///I 
107 FQIPMATti HflOVEPALL AVERAGES '#/)
1f1n FOPlAAH1,- @lIXol'RY STUTLER AND CHRISTTANSEN FORMULAS FOR 20 COLOM8 

IIAN %TaTIONSI/;

DATA ('3M(4)o H=lej?)I31..28..31..30..31.,30..3 

1 .,
 3 1 .. 3 0 ,t3 1 . 3 0 o
131./ 
EOIIIVALENCECXU,.@Tm,,g(X(2,HM.1X1VP,,gXqa.),VPD),C(Xs,,S),


1 X 6 )

1ePUDMI,(X(7I.EVFM).gXgs),EVPK).gX(9).EVPRI.1X111).ETK,.1X(1


2,.ETCI

00 17 1113
 
OSX 11:0.
 
O)AX(TI=3. 

17 CONTINUE
 
nn s n N=I, in 

DCP 70FG(1.)4
 
DO 7n K:19?3
 
So 1CII= It 1
 
AxlI n.
 

DO'4n J:1,1Z

211 RE n591W))) NSTIXLAILEIMOTH.TXTIHMP.VPDVPsSPDPEVFDWKH.RMD,
 

IP Ap n 
M = Me) 

S:SP/1 03.
 
HtA=HIAP/1 00. 
EVFPArvFonflmi 
RMDU:=0*OMH)
 
vDPmmn:VPO
 
EL:LF
 
CkV=1.
 
CWT=).
 
CT V=.F44..21. CTM4,?5.1 .14S' ITM/2 5.)**
 
CHV1.?0-.20. (HM/.70l**3
 

CHTI1.10-.10*IH4.7,..'i
 

CE=.70+.~rj~EL/35.) 

XS~l.4 r.0
 
xKV:.1 51
 
XKTV=. Q0
 
XKT:O. 79
 
EVPPZXKV.Pmr).CTV.CWV*CHV*CS,ocr.DmEmi
 
EVPK:1 .74*EVFO*%Er
 
ETC:XIVT.Qmn.CTT.CWT.CHT.CS.CE.DM(IM
 
E TK:X"(TV*EVPK( CT TV*CHTV
 

SX(I:=X C ) X II 

1V CONTINUE 
4nf CnNTIPJIIE 

O 41 T1913 

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


A X(I I)'-%X( It /12 

41 CONTINUE
 

AX( I3)=SX!1ZI/SX (!III 

WRITE(6, 105) NSTLF
 
WRITEIG, 106) ( 1X(19119 131
 
00 44 1=1,13
 
OSX (I)=OSX( I|+SX (I)
 

44 CONTINUE
 
7fl CONTINUE
 
80 CnNTINUJE
 

DO 46 1=1,13
 
OAX ( I :OSX( I1 /24 .
 

46 CONTINUE
 
OAK (XIn :0SX I 9)/OSX (8)
 
0SX (13 :OSX 12)/OS X( )
 
WRITE(6 107)
 
WRITE( 6 1n) (OAXI I l l
13) 

10 STOP
 
ENO 

1108 FORTPAN V COMPILATION. 0 *DIAGNOSTIC* MESSAGE(S)UNIVAC 
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C 

C 

C 


pqOGPAm bir TO ESTIMAATE PAN EVAPORATION ADN POTENTIAL rVAPOTHANSPIRATION 
FROM OATA COMPILED RY STUTLER USING GUILLEN AND PARDO FORMULAS 10 ESTIHAYE 
SHELTERED EVAPORATInN 
DIMENSION OECI121. ESI 12)@OER(121 
DIMENSION X(2019 SX1791v AX(2019OMfl2l 
DIM'ENSION ISX(231* OAX120) 

lr"n FOP'94T(13.FG.2,15o13.3F5.1,FS.2,?FS.l.Fq.0.FS.2) 

If)3 FORPIAM19ITABLE DATA AND COMPARISON OF PAN EVAPORATION ANn 
IEVAPnOANSPIRATION AS ESTIMATFD BY STUTLER AND CHRISTIANSEN FORMUL 
2AS' s//) 

iOU FORMAT(IHnlMO TPFO M 
IPR EVPKP EVPvG EVP/EKP 

VP vpn 
EVR/EKr 

s DP 
ETKP 

RH 
ETHO 

EVFMP EVFMG FY 
ETC ETC/ETP ETC/ 

?ETGI/) 
1fl'FOR1NAT(12F(1.3) 
107 FOPMAT112FG.51 
108 FORMAT(IH *STATION'.13#1XvlAVEQAf(ES') 
1P~c FORMAT( 3X vF5.1 F4. ?.FS.1 vF4Q.19F4 *?FS.1.6GF7.2v 2F8.39 3F7.2v2F8. 3// 1 

DAT A i( M MI H:Ie! /3 1. .2I.31..30..31..30..3tI..3 .. 3fl.e31 .. 30.. 
I %. / 

I POPlIX471.RM)o IX(P8)#EVI'mpi X(91 9EVFMGI 9(X 11DI1,EVPRI v Mil I EVPKP 

READ(5.ifl7d (DCII*MU1912) 

')SX (I) j. 
OAX II ::. 

toT CONTINUmE 

WPI E ( 6 13) 
WRIT7ff9 10'4 
00 70) l(K:1,.2 

13 15W1.1 
SX I=(. 

A II I =n. 
15 	CONTINUE
 

DO '.0 J=1912
 
READ( 591 DO NST9 XL ALEtfl.TM. TXv T IHMoVPtSH*DP.I 

EL=LF
 
DER(M)=IDEC(MI / 57 .295 R 
Z= -TANMXA/57.2SUAANMER(Mll 
Om = ATAI~tSRT4.1-Z2I/ABSIZII 
DL = om/fl.13fl9 
IF (7) 12.13.13 

I' OL = 24.-DL 
13 SINO = SINI CMI 

icns (orI? (HII.2.sS PlO /ES(MI 

S=SH/DL 
IS=SH 

EAM:VFXOI7.22E6-&U43./TIV-3.27ALOGTKI.61.0O2.TH..2I 
Vt)PAH4*EAm 

http:EAM:VFXOI7.22E6-&U43./TIV-3.27ALOGTKI.61.0O2.TH
http:12.13.13
http:FS.1.6GF7.2v
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VPMMD=FAM-VPMM 
VPD VPMMD
 

CVP 0:-. 1 13+.*318BVPMMO 

CTV:.F.I4+ ,21(TM/25 I .146* ITM/25.1 *2
 
CHV:1.2D- .20* IHM/.7fl1* *3
 
CTT:.1; 7+..1;3*(TM/5. )+.137*(TM/25. )*2
 
CHT:1. 10- .104-(I*/.701'.4
 
CTTV=1 n41- .0470(TM/25. )+.006*(7i/25.:)**Z
 
CHTV:.91 0..07O.*(HM/.70 **2*.OZ*(HMI.701'3
 
CTG:.rf1,2lIs - .49 n
 
COPG:1 .15S-.0 15*DP
 
CWG: I . 11
 
CHG:?. l2-1.7S.(HH)**
 
CE: .97n0. .30* I EL/3fl5.-)
 
Tr( IS.EQ.0) GO TO 14
 
CSG=C.5i..784*S
 

GO TO 16
 
14 CS:!.
 

CSG1l.f
 
IG 	CONTINUE 

R'4:R140.M (M) 
XS=fl.4 61D 
RSC :X 4RM 0.CE .CS 
IFIPSO) 18#18919 

18 RSD=RSC
 
Iq CONTINUE
 

XKV=.3'9J
 
rZt.0 

EVPR=XKV* RMD*CTV.CWV*CHV*CS*CE*OH(MI
 
EVFDG:=2. 957.CTG*CHG*CWG*CSG*CDPG
 
EVFDP=1.51i.CVPD*CTP 
EVF HP:F V F 0c . IM ) 
EVFHG:EVFG0'( M)
 
CEFP=.71. .537C(11lr./EVFMP)- .365.(EVFHP/1 10..P4.118*(EVFI4P/l11.)*h2
 
CEFG:.71+.53S7.(1 1fl/EVFMG)-.365*(EVFMiC/11 . 3+.118*(EVFMG/il0.)**Z 
EVPKP: 1 *1CEFPOEVFMP
 
EVPKG:1. 711'CErG*EVFMG
 
X(13)=EVPR/EVFKP
 
X (1413 EVPRe/EVPK(;
 
XKT :.2 8
 
XKTV=. 83
 
ETC:XKT*RMD.CTT.CIT*CHT.CS*CE*OH(MI
 
ETKP:XI(TV*CVPKP*CTTV*CHTV
 
ETH G=XKTV.EVPKG.CTTV*CHTV
 
X (183:ETCIETKP 
X ilqi ETC/ETKG
 
WRITE(G9132) 040, (X(III~l,19)
 
DO 3nl 1:1,19
 
SK(I I)SX M +X (I I
 

in CONTINTUE
 
4n0 CONTINUE
 

DO 41i 1=1919
 
AXI I)=:5K(1)/I?
 

41 CONITNUE
 

http:CEFP=.71
http:CSG=C.5i
http:CHTV:.91
http:CHV:1.2D
http:CTV:.F.I4
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AX(13):SX(1O)/SX(1 1) 
AX(14=SX(1O)/SX(I 2) 
AX(18$=SX17)/SX(l 51
 
Ax( q-)sXT171/SX(I G
 
WRITE(69 10J8)NST
WRITE(6v 109) (AXl(ltI-=19 191 

00 	42 1=1,19 
OSX(I)-OSX( I)+SX(I) 

42 	CONTINUE
 

7n CON'TNUE
 
Rn CONTINUE
 

DO 44 T:1,19
 
OAX(TI)nsx( I)I/312
 

44 	CONTINUE
 
OAX(13)-OSX(10I/OSX(Ili)
 
OAX (14) -OSX (13) /OSXI 12)
 
OAX (18) =OSX (17) /O;X( 15 
OAX(19) OSX(17)/SX(161
 
WRITE ( 69 lOq (OAX (I). I =t 19)
 

in STOP
 
END
 

UNIVAC 1108 FORTRAN V COMPILATION. 0 *DIAGNOSTIC* MESSAGE(S)
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Appendix B
 

Tables
 



TABLE 11-ICOMPARISON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION RY TWO FORMULAS
 
VENEZUELA DATA
 

STA EL LAT DA MO TH TX 1 Hm HX HI wi 'VP S RSL PPT OP EVF EPC EV/EVF EV/EPC ERR EV/EPCG ERRS
 

25 240 10.15 31 1 24.0 31.0 17.1 .69 .96 .39 6.1 192. .640 377. 24. 5. 126. 186. 1.518 1.031 .043 .949 .091 
25 240 10.15 28 2 2S.0 32.0 17.6 .66 .97 .38 6.7 203. .668 421. 20. 4. 137. 200. 1.476 1.015 .073 1.010 .071 
25 240 10.15 31 3 26.2 33.7 19.4 .62 .93 .35 8.4 266. .695 466. 3. 1. 209. 277. 1.27Z .963 .038 .952 .051 
25 240 10.15 30 4 27.5 34.2 20.3 .61 .91 .37 E.0 250. .597 439. 4. 1. 2n0. 260. 1.225 .965 .037 .944 .059 
25 240 10.15 31 5 28.2 34.7 21.2 .62 .90 .37 6.7 240. .490 404. 107. G. 194. 244. 1.234 .984 .016 .922 .092 
25 240 10.15 30 6 25.8 30.7 20.7 .77 .94 .50 3.9 137. .461 408. 250. 23. 70. 146. 1.962 .942 .064 1.011 .011 
25 24l 10.15 31 7 25.5 30.8 20.4 .81 .97 .52 3.7 151. .529 432. 156. 18. 62. 152. 2.422 .995 .039 1.152 .130 
25 240 10.15 31 8 25.9 31.9 19.8 .79 .96 .47 3.9 ISB. .568 433. 102. 12. 74. 1,2. 2.142 .977 .026 1.065 .060 
25 24n 10.15 30 9 26.2 32.5 19.8 .78 .97 .46 3.4 176. .SO 428. 88. 12. 74. 162. 2.385 1.090 .083 1.207 .173 
25 240 10.15 31 iln 26.4 33.1 19.9 .74 .96 .40 4.3 189. .620 423. 58. 8. 104. 185. 1.817 1.019 .019 1.002 .002 
25 240 10.15 30 11 26.1 32.5 20.0 .74 .99 .42 4.9 192. .650 389. 47. 12. 113. 167. 1.699 1.150 .131 .937 .067 
25 240 10.1S 31 12 24.1 30.4 17.4 .71 .98 .43 5.5 176. .536 362. 20. 3. 114. 167. 1.544 1.051 .049 .911 .097 

STATION AVERAGE 25.q 32.2 19.6 .72 .95 .43 5.4 191. .577 419. 89. 10. 120. 191. 1.588 1.000 .049 1.000 .07 

26 146 9.60 30 4 28.4 33.7 22.9 .63 .87 .39 15.9 269. .663 512. 1. 3. 260. 306. 1.035" .880 .137 .909 ;100 
29 146 9.60 31 5 27.9 33.2 23.2 .65 .90 .41 14.S 213. .531 4 .ts. 120. 17. 202. 228. 1.079 .955 .047 .885 .1316 
26 146 9.60 30 6 26.4 30.2 22.6 .71 .91 .52 11.0 142. .430 435. 185. 26. 96. 147. 1.479 .964 .037 1.044 .042 
26 146 9.60 31 7 26.6 30.6 22.5 .69 .86 .52 10.7 147. .448 435. 313. 22. 81. 150. 1.815 .977 .023 1.360 .265 
26 146 9.60 31 8 26.9 31.7 22.1 .66 .82 .50 9.5 152. .536 471. 107. 21. 97. 162. 1.567 .940 .064 1.268 .211 
26 146 9.60 30 9 27.2 32.4 22.2 .71 .90 .49 9.6 183. .593 4SO. 82. 14. 123. 175. 1.488 1.04S .108 1.046 .052 
26 146 9.60 31 10 27.0 32.4 21.9 .72 .90 .49 10.2 183. .S4 431. 115. 10. 125. 182. 1.462 1.009 .040 1.028 .117
 
26 146 9.60 30 11 26.7 31.6 21.6 .72 .91 .51 10.5 156. .597 386. 81. 15. 103. 149. 1.512 1.051 .046 1.008 .272 
26 146 9.60 31 12 25.6 30.9 19.9 .71 .92 50 11.6 185. .699 400. 72. 10. 1'17. 170. 1.262 1.090 .074 .878 .122 

STATION AVERAGE 26.9 31.9 21.9 .70 .90 .49 11.2 180. .592 436. 110. 14. 133. 180. 1.352 1.000 .065 1.000 .144 



TABLE ll-ZCOMPARISON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION BY TWO FORMULAS
 
VENEZUELA DATA
 

STA EL L..T DA MO TM IX TI HM HX HI WIl E#P S RSL PPT OP CVF EPC EV/EVF EV/EPC ERR EV/EPCG ERRG 

27 270 9.52 31 5 29.7 35.5 22.5 .$9 .00 .00 8.7 271. .652 404. 70. S. 15. 259. 1.760 1.04S .043 1.00% .0027 270 9.52 31 10 26.6 32.7 19.8 .79 .99 .55 6.1 181. .696 413. 15. 3. 51. 186. 3.549 .97S .025 1.226 .18427 270 9.52 30 11 26.7 33.1 20.3 .73 1.00 .4S 7.1 171. .692 366. 92. 7. 69. 176. 2.S07 .981 .020 .982 .01827 270 9.52 31 12 25.5 31.8 12.2 .68 .98 .45 9.2 193. .794 367. 12. 2. 99. 196. 1.949 .983 .018 .860 .163 

STATION AVERAGE 27.0 33.3 20.4 .70 .74 .36 7.8 204. .708 387. 47. 4. 93. 204. 2.193 1.000 .026 1.000 .092 

28 430 9.90 31 1 24.2 31.6 16.3 
 .64 .97 .42 6.4 196. .792 377. 39. 3. 134. 198. 1.461 .993 .034 .855 .174
28 430 9.90 28 2 25.5 32.5 17.0 .58 .94 .40 
 7.4 211. .7S2 424. 4. 1. 16O 221. 1.3S9 .982 .047 .959 .09928 430 9.90 31 3 27.2 33.7 18.0 .51 .85 .37 8.2 283. .813 450. 0. 0. 219. 298. 1.295 .951 .02 1.182 .15.428 43nl 9.90 30 4 Z7.7 34.1 20.2 .50 .76 .32 6.3 261. .671 24. 11. 3. .198. 263. 1.318 .993 .007 1.260 .20628 430 9.S90 31 5 27.7 32.6 21.4 .59 .90 .47 S.7 223. .550 385. 213. 9. 153.'220. 1.456 1.018 .017 .983 .04228 430 9.90 30 6 26.7 29.5 20.5 .76 .97 .57 4.7 153. .466 368. 233. 18. 86. 161. 1.769 .951 .129 .757 .347
28 430 9.90 31 7 24.8 29.5 20.0 .78 .97 .56 4.4 161. .587 408. 298. 16. 61. 157. 2.648 1.031 .0130 1.105 .09528 430 9.90 31 9 24.9 29.3 19.6 .81 .97 .57 3.8 166. 584 403. 154. 18. S. 156. 2.973 1.069 .064 1.158 .13728 430 9.90 31 in 26.0 30.8 19.7 .78 .96 .55 4.2 180. .662 399. 139. 11. 67. 169. 2.687 1.067 .063 1.120 .10728 430 9.90 30 11 25.? 31.7 18.7 .71 .99 .47 4.5 15?. .710 360. 15. 6. 82. 157. 1.915 1.003 .003 .929 .07628 430 9.90 31 12 24.5 31.5 16.7 .GS .98 .50 5.2 18S. .752 355. 38. 2. 223. 178. 1.504 1.037 .03. .849 .177 

STATION AVERAGE 25.9 31.4 18.9 .67 .94 .48 5.6 199..GG5 398. 115. 8. 123. 199. 1.622 1.000 .048 1.000 .1%8 

C%
 
UT 



TABLE 11-3 COMPARISON OF 
MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION 4y TWO FORMULAS
 
VENEZUELA DATA
 

STA EL LAT DA MO 
 TM TX TI 
 "M HX HI WID EVP S RSL PPT OP EVF EPC EV/EVF EV/EPC 
 ERR EV/EPCG ERRG
 

29 580 10.15 31 1 22.9 30.0 16.. .78 
 .90 .62 9.3 180. .660 0. 7. 3.
29 75. 188. 2-392 .960 .079 .889 .128
SRO 10.15 2q 2 23.1 31.0 16.8 .76 .89 .59 10.4 195. .724 
 0. 3. 2. 85. 201. 2.287 .971 .059 .887 .236
29 580 10.1S 31 3 23.9 31.9 17.7 .73 .81 .53 11.7 2sq.

29 

.664 0. 3. 2. 112. 240. 2.272 1.062 .074 .937 .065
580 10.15 30 
 4 23.9 31.3 19.6 .77 .85 .62 10.4 204. .4SQ
29 

0. 67. 9. 82. 208. 2.473 .950 .089 .946 .054580 10.15 34 9 24.0 30.2 20.2 .81 .90 .69 11.8 179. .463
29 0. 88. 11. 63. 187. 2.838 .962 .071 .988 .089580 10.15 30 6 23.1 29.0 13.8 .84 .92 .74 12.1 163. .487 
29 

0. 120. 19. 47. 156. 3.426 1.041 .089 1.146 .141580 10.15 31 7 23.2 29.0 19.4 .86 .92 .75 10.1 163. .S19 0. 140. 22. 04. 165. 3.716 .992 .038 1.192 .16429 580 10.15 31 R 23.3 29.8 19.3 .84 .92 .71 
 10.5 189. .618 0. 73. 15. 54. 177. 3.484 1.068 .063 1.15629 580 10.15 30 .148
9 23.9 31.1 19.2 .82 .89 .67 11.6 191. .620 0. 34.29 580 10.15 31 10 24.5 
9. t;l. 18S. 2.992 1.031 .074 1.034 .07631.5 1e.2 .79 .87 .62 9.3 197..S27 0. 29. 9. 69. 195. 2.861 1.012 .088 1.053 .13829 980 10.15 30 11 24.1 31.0 18.6 .79 .89 .63 
 7.9 16t. .604 0. 62. 10. 59. 163. 2.771 .995 .050 1.016 .061
29 580 10.15 31 12 22.9 29.8 17.6 .79 .91 
 .64 7.8 151. .632 
 0. 29. 8. GO. 164. 2.5Z3 .922 .092 .922 .085
 

STATION AVERAGE 
 23.6 30.5 18.7 .80 
 .89 .65 ir.1 185. .591 0. 54. 10. 68. 185. 2.734 1.000 .072 1.000 .107 

30 438 10.18 31 1 25.1 31.7 19.2 .63 .94 .43 10.8 198. .760 402. 3. 1. 157. 193. 1.187 1.027 .039 .920
30 438 10.18 28 2 26.0 32.5 19.7 .58 .87 .43 
.109 

12.0 216. .773 445. 9. 0. 184. 212. 1.178 1.022 .025
30 438 10.18 31 3 26.8 33.1 20.1 .56 .83 .40 
1.078 .099


12.4 271. .784 483. 59.
30 438 10.18 30 
0. 229. 276. 1.185 .982 .046 1.138 .1174 27.3 33.0 21.4 
 .60 .83 .43 10.4 228. .592 432. 189.30 438 10.18 31 
5. 192. 230. 1.192 .993 .051 1.031 .1555 26.7 32.3 21.9 .66 


30 
.90 .46 8.3 189. .514 405. 382. 10. 139. 185. 1.361 1.020 .065 .971 .058437 10.18 fn 6 25.4 30.6 21.0 .75 .96 .52 6.6 143. .483 406. 205. 18. 90. 144. 1.594 .995 .04930 .932 .076437 10.18 31 7 24.9 30.4 20.6 .76 

30 437 10.18 31 8 25.1 30.6 20.5 
.98 .53 6.6 153. .525 403. 180. 16. 83. 150. 1.847 1.020 .071 1.066 .141
.75 .97 .52 6.4 154. .587 419. 179. 15. 
 84. 154. 1.830 1.004 .027 1.065
30 .171437 10.18 30 9 

30 437 10.18 31 10 25.S 31.7 20.1 
144. 15. 76. 149. 1.899 .964 .083 1.058 .168 

25.1 30.8 20.1 .77 .98 .51 5.9 144. .58E 408. 
.75 .99 .50 6.3 160. .666 409. 145. 11. 
 93. 163. 1.724 .979 .072 .99930 .166
438 IC.18 30 11 
25.6 31.7 19.9 .72 .98 .48 6.9 147. .685 379. 94. 7. 105. 149. 1.399 .986 .031 .880 .14230 438 10.18 31 12 25.4 31.6 19.4 .67 .97 .47 8.8 168. 
.739 375. 25. 2. 140. 166. 1.201 1.014 .042 .824 .205
 

STATION AVERAGE 
 25.7 31.6 20.3 .69 
,93 .48 8.4 180. .636 414. 138. 9. 129. 180. 1.388 1.000 
.050 1.000 .135 

Ca
0'
 



TABLE 11-4 COMPARISON OF 
MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM SHELTERED EVAPORATION BY TWO FORMULAS
 
VENEZUELA DATA
 

STA EL LAT DA MO TRI 
 TX TI H" HX HI 
 W10 EVP 
 S RSL PPT DP EVF EPC EV/EVF EVIEPC 
 ERR EV/EPCS ERRG
 
31 432 10.18 31 
 1 24.5 30.3 18.6 .67 .81 .S3 
 11.9 214. .54 
 0. 3. 1. 125. 216.
31 43? 10.18 29 2 25.3 31.6 19.1 .63 .78 .48 

1.716 .992 .048 .782 .276
14. 23S. .672 0. 0.
31 432 10.18 31 3 26.2 32.6 19.6 .59 
0. 137. 231. 1.714 1.015 .029 .867 .164
.73 .45 14.4 279. .508 0. 0. 0.
31 432 10.18 30 4 26.8 37.8 20.9 161. 273. 1.728 1.o019 .062 .966 .192.60 .74 
.47 12.8 243. .393
31 432 10.18 31 0. 39. 4. 131. 238. 1.854 1.0225 26.5 31.9 21.1 .66 .78 .54 .065 1.022 .108
10.2 201. .347 0. Ill. I. 90.31 432 10.18 30 G 25.0 29.8 20.3 .72 .82 .GI 

201. 2.238 .999 .071 1.063 .2U07.3 166. .385 0. 182. 16.31 59. IGI. 2.836 1.029432 10.18 .084 1.15531 7 24.9 29.7 20.1 .73 .82 o131.6 7.8 179. .466 0. 184. 16. 62.31 432 10.18 31 8 25.1 30.1 176. 2.899 3.015 .060 1.143 .12120.2 .73 
 .84 .62 7.3 172. .513 0. 138. 13.
31 432 10.18 30 9 25.1 30.4 19.8 60. 178. 2-848 -965 .078 1.138 .120
.74 .84 
 .65 6.4 163. .451 0. 148. 14.
31 50. 169. 3.278 .960
412 10.18 31 10 25.5 30.9 20.0 .042 1.254 .203.73 .84 .62 6.A 184. --69 0. 147. 11. 60.31 432 10.18 30 11 25.2 30.8 19.7 .71 .83 .60 
183. 3.094 1.007 .059 1.230 .1837.4 159. .578 0. 
 49. 6. 68.
31 43? 10.18 31 12 24.6 30.4 18.9 .69 
166. 2.337 .961 .044 .964 .134
.83 56 9.0 181. .646 0- 15. 2. 95. 
183. 1.909 .989 .038 .826 .206
 

STATION AVERAGE 
 25.4 
30.9 19.9 .68 
 .81 .57 9.6 198. .515 0. 85. 8-
 91. 198. 2.166 1.000 .057 1.000 .1710
 

33 381 10.05 31 
 1 24.8 31.0 19.9 .76 -93 .48 
 14.8 201.

33 .665 261. 5. 3. 120. 188. 1.668" 1.067
381 10.05 28 2 25.1 31.8 19.8 .066 ".899 ;11S
.70 -90 .42 17.8 222. .728 303.
33 381 10.05 31 3 26.0 32.7 20.2 

3. 2. 141. 207. 1.577 1.076 .066 .988 .089
.70 .88 .41 19.1 28S. 
.707 301.
33 381 10.05 30 , 26.3 31.5 21.6 .78 
3. 2. 188. 263. 1.512 1.081 .075 .944 .059
.1 .54 16.7 ."r..47-116.
33 91. 10. 132. 212. 1.662 1.041 .063
381 10.05 31 5 25.9 30.5 21.8 .855 .15S
.82 .94 .61 13.6 163. 
.401 125.
33 381 10.05 30 6 24.4 29.4 21.6 

90. 16. 90. 179. 1.804 .912 .097 .861
.84 .94 .154
.68 10.0 120. .398 0. 206. 21.
33 381 10.05 31 7 24.5 28.9 21.4 -Sr -94 
58. 142. 2.078 .846 .183 .960 .120
.65 9.5 138. .485 93. 206. 23.
33 381 10.05 31 8 24.8 29.8 21.2 .83 
49. 147. 2.798 .943 .062 1.299 .230
.95 .64 
 9.0 150..SO540 193. 116. 18. 
 51. 151. 2.946
33 381 10.05 30 .997 .030 1.373 .271
9 24.8 30.9 20.8 .83 .97 
.60 8.8 159. .567 254.
33 381 10.05 31 94. 16. GO. 157. 2.630 1.009
10 25.4 30.9 21.1 .81 .97 .59 .069 1.232 .190
9.2 1SG. .578 0. 131. 11. 72.
33 381 10.05 30 171. 2-167 .914 .094 1.056
11 24.7 30.6 20.8 .83 .96 .60 .053
8.9 128. .533 161.
33 381 10.05 31 12 24.7 30.6 23.3 .79 .95 .54 

73. 13. 63. 144. 2.032 .889 .125 .9S4 .048
11.3 15S. 
.600 164. 39. 8. 91. 160. 1.720 .977 .024 
 .863 .159
 
STATION AVERAGE 
 25.1 30.7 21.1 
 .79 .93 .56 12.6 178. .S5 178. 88. 12. 94. 178. 1.896 1.000 
 .074 1.000 .151
 

a%
 
-3 



TABLE 11-5COMPARrSON OF MEASURED PAN EVAPORATION TO ESTIMATED PAN EVAPORATION FROM 
SHELTERED EVAPORATION BY 
TWO FORMULAS
 
VENEZUELA DATA
 

STA EL LAT DA 
HO TM TX 
 TI Hm HX 
 HI UIO EVP S RSL PPT OP 
EVF 
EPC EVIEVF EVIEPC ERR -V/EPCG ERRG
 
34 10 1O.qO 31 1 27.6 31.8 22.4 
 .75 .92 .S5 
 10.1 260. .813 432.
34 3. 2-
10 10.90 28 2 27.0 30.0 22.8 189. 248. 1.376 1.047 .045 .921
.72 .79 .086
.51 8.8 261. 
.747 414. 40.
34 lIn 10.90 31 7. 188. 256. 1.388 1.C20 .019
3 27.8 31.9 23.5 .67 .88 .48 .993 .007
7.7 275& .754 479. 5. 4.
34 1n 10.90 30 221. 318. 1.244 .866 .1554 28.0 31.3 23.8 1.005 .CGS.77 .90 .50 10.8 278. .70 482. 15. 4.34 10 10.90 31 5 29.0 32.5 24.4 .76 

223. 307. 1.247 .906 .104 .800 .250.93 .48 10.6 272. .728 504. 4. 1. 209. 280.34 10 10.90 30 6 28.3 31.3 24.5 1.301 .972 .029 .853 .173.74 .92 .52 
 5.4 209..515 4SS°
34 10 10.90 31 60. 13. 142. 202. 1.472 1.036 .034 1.0077 28.7 31.2 24.6 .72 .90 .51 .007
5.3 244. .676 490.
34 10 10.90 31 6. 5. 163. 231. 1.497 1.0558 28.9 32.2 24.9 .67 .90 .052 1.071 .066
.49 2.9 2281. .664 478. 80.34 10 10.90 30 8. 148. 225. 1.541 1.014 .0149"29.2 1.244 .19632.9 25.0 .69 .85 .51 3.8 248a .697 485. 25.34 10 10.90 31 10 5. 163. 235. 1.521 1.05329.7 33.3 2S.4 .75 .92 .54 .051 1.169 .1444.9 262. .706 444. 
 1. 1.
34 10 10.90 30 172. 250. 1.523 1.049 .04711 28.5 31.6 24.5 .76 .92 .55 1.V 
1.020 .019192. .609 357. IS9 10. 102. 177. 1.882 1.085 .078 1.233 .189
 

STATION AVERAGE 
 28.4 31.8 24.2 .73 
 .89 .51 6.5 248. .689 456. 36. 5. 175. 248. 1.421 1.000 .057 1.000 .104
 

35 7 10.18 1 26.7 32.2 19.0 .68 .91 .42 
 9.4 192. .779
35 7 10.18 2R 2 27.0 32.4 
81. 17. 2. 135. 195. 1.o18 .987 .028 .87719.0 .64 .91 .167
.39 8.4 201. .785 91. 5.
35 7 10.18 31 3. 146. 207. 1.376 .970 .033
3 28.n 33.3 19.6 .59 .86 .965 .177
.40 10.8 260. .85G 90. 0.35 7 10.18 30 4 0. 191. 262. 1.359 .990 .02428.6 33.5 21.5 .61 .89 .43 1.091 .124
10.6 240. .681 87. 13. 2.35 7 10.18 31 5 166. 231. 1.44 8 1.040 .082 1.09529.0 33.7 22.2 .62 .88 .44 .1739.2 227. .639 87. 
 41. 7. 157. 217.
35 7 10.18 30 6 27.6 31.9 21.6 .73 .91 .51 7.4 

1.444 1.04 .087 1.057 .202 
35 170. .532 108. 123. 15. 90. IGO.T 10.18 31 1.889 1.0657 27.0 31.7 21.0 .79 .93 .52 .065 1.043 .0726.8 161. .563 103. 128. 17.
35 77. 164. 2.0777 10.18 31 8 26.R 31.9 20.2 .78 .92 .50 .983 .074 1.014 .0546.8 158. .568 144.35 7 10.18 30 9 2G.R 110. 16. 81. 169. 1.955 .937 .069 .97834.1 21.2 .78 .044
.93 .50 6.9 166. .647 286. 136. 14. 86.35 7 10.18 31 10 27.7 33.6 20.5 172. 1.930 .964 .038 .963 .071.74 .91 .47 7.7 176. .676 203.35 7 10.18 30 11 27.6 32.8 20.7 .71 

20. 10. 102. 188. 1.717 .938 .071 .931 .081.92 .46 
 7.7 162. .6G3 82.
35 58. 10. 97. 161. 1-663 1.0027 10.15 31 12 27.2 32.7 19.7 .053 .974 .095.71 .90 .44 7.9 I9. .751 95. 38. '4 107. 167. 1.S72 1.013 .078 .915 .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 

00
 



TABLE 12 
 DATA ANC COMPUTE., EVAPC'QATION AND EVAPOTRANSPIRATION FOR 17 
MINISTRY OF DEFEtNSE 
STATIONS IN VENEZUELA.
 

ST ELFV T%4 TX 111 
 141M HI SP V0.mB Pf) EvF RHO RSO EVC EV/EC EVPP EVPS EVPK ERIEK ETR 
 ETS ETK TRA/K 
1 7 M.? !'.0 0.1 .7S .4- .72 10.91 1.771 4.333 14.88q 8.468 4.329 1.000 
5.731 6.473 6.812 .841 4.612 5.208 5.485 
 .841
 

914qn -!n '.1 I|r.ri .7IG . .65 9.47 1.305 3.9A8 14.847 9.886 3.970 1.000 
6.198 7.999 6.512 .S52 4.861 6.277 5.115 .950
 

IP9 "l2.A :5.9 117.1w . .UP .oF f.71 2.322 2.976 14.793 7.955 2.677 1.n100 S.Sr- 5.515 5.731 
 .970 4.506 4.469 4.6S3 .988
 
rfj
11 77.5 T3.1 7 .?: .47 . 7 IU.R3 2.186 4.457 2.989 7.448 4.457 1.000 
 5.332 5.284 G.873 .776 4.367 4.327 5.639 
 .77%
 

8 '0 27.7 33A* 10.1 .74 .48 .1T 11.01 .984 S.R12 14.81r, 9.356 6.811 1.000 7.190 8.en5 8.874 .810 S.444 6.66S 6.719 .810
 
9 ?r.a 7o.S 7.5 .8i .St .63 7.81 2-662 3.244u 14.877 7.378 3.244 1.000 4.qS7 50f1 I6A.061 .818 4.10q 4.207 5.02? .816
 

le 
 ' 27.1 1'.. ?1.7 .R; .Set .7( 7.55 1.301] r.311 14.818 7.3107 S.3(19 1.000 6.512 6.204 7.253 .898 S.000 4.766 5.568 898 
r
1 Va ?C..1 7 €. 7.q . St .E .;2 7.5!) 1.429 2.S43 14.863 8.853 2.544 1.000 5.013 6.191 5.625 .891 4.128 5.098 4.636 .ago
 

r
14 72. 'r 11I. R .7 5 .SS 11.34 1.472 4.8q92 
1.8Q2 8.111 4.891 1.000 S.975 S.9rJ5 7.124 
 .839 4.712 S.444 5.628 .837
 
1 44' 2".5 '1.'1 .c .?F .4:- .70 9.149 2.574 ?.F14 
 .9Sq 7.332 2.6t0 1.00 4.875 4.597 5.636 
 .865 4.0600 3.832 4.703 .863 
10 7nl 7r. 31.7 In.c .41 .49 .GG 9.40 3.477 5.521 14.904 7.577 S.SO 1.t000 5.446 S.,,1 8.096 .673 4.412 4.583 6.S43 .674
 
16 1474 lqa.n 
 4Q. P.3 .30 .57 .fit 5.8 4.61q 2.800 14.857 8.577 2.799 
1.000 4.973 5.263 5;.787 .859 4.124 4.365 11.806 .858 
1 In 27.1 3 .q r.n .7-1 .14 . br, 10. 03 G.399 2.719 15.949 6.535 2.719 1.1000 4.793 4.490 5.698 .841 3.952 3.704 4.711 .839
 
1g q1q 2A.7 14 1.4. .bl .4 .53 11.61 1.939 C.9142 14.981 6.457 4.842 1.000 5.748 5.300 7.207 .798 4.501 
4.108 5.664 .795
 
2 ? '7.:) 7-.4 1'.' ?F..SZ. ER I.16 3.67A 5.100 14.99 P 8.415 5.1100 1.rJ0 S.839 6.745 8.140 
 .717 4.633 5.346 6.421 .721
 

9 232.12" ?8.G f.1 .31 n
*q7 59 7.1% 4..6r2 2.51 15.017 7.270 2.Sna 1.000 4.471 4.181 5.584 
 .801 3.778 3.537 4.734 
 .7958
 

27 1qn Z.1 II.
1 *3 . z .5 .57 I.16 3.073 3.735 14.?P4 7.4Z1 3.733 1.000 4.9S4 5.144 6.403 .774 
4.073 4.231 S.269 .773
 

%.0 



TABLE 13-1 DATA AND COMPARISON OF PAN FVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
 
BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS
 

MO TH Hm VP VPD S RMOM EVFM EVPK EVP* EPRIEPK ETK ETC ETC/ETK
 

1 20.7 .74 13.3 4.7 .55 442.37 66.34 164.28 157.09 .955 133.77 127.91 .956 
2 20.9 .72 13.1 5.0 .54 419.44 E3.56 162.34 150.33 .926 131.59 121.86 .926
 
3 21.1 .74 13.6 4.7 .46 482.17 65.10 163.42 161.33 .987 133.07 131.35 .987 
4 20.6 *78 14.0 3.9 .37 'G6.80 56.40 157.14 135.14 .860 129.74 111.57 .860 
5 20.6 .79 14.3 3.7 .40 467.79 53.32 154.81 137.96 .891 128.28 114.29 .891 
6 20.5 .77 14.1 4.3 .42 441.90 55.20 156.24 137.33 .879 128.36 112.82 .879
 
7 20.8 .75 13.5 4.1; .49 461.59 66.03 1r,4.07 155.75 .q49 133.90 127.12 o949
 
8 20.9 .74 13.4 4.7 .53 477.40 67.89 1b5.35 166.81 134.68 135.87
1.009 1.009
 
9 20.G .75 13.5 4.4 .47 469.20 65.40 163.63 154.43 .944 133.91 126.38 .944
 

10 2l.1 .79 13.7 3.7 .43 472.75 54.25 155.52 143.29 .921 128.63 118.50 .921 
11 20.0 .80 13.9 3.5 .41 434.70 47.10 149.93 127.82 .853 124.55 106.16 .852 
12 20&5 .77 13.8 4.O .50 434.31 55.83 156.69 142.57 .910 129.06 117.42 .910 

STATION 31 AVERAGES. FLEVATION 1360
 

20.6 .76 13.7 4.3 .46 455.91 59.71 
159.45 147.48 .925 130.80 120.94 .925
 

1 19.0 .82 13.4 2.9 .49 426.25 34.72 139.43 125.83 .902 116.93 105.50 .902
 
2 19.2 .79 13.1 3.5 .50 409.08 
39.48 143.60 127.60 .889 119.08 105.80 .888 
3 19.9 .77 13.2 3.9 .42 478.02 44.64 147.93 144.28 .975 121.80 118.79 .975 
4 20.0 .81 14.2 3.3 .29 469.50 30.00 135.11 117.77 .A72 112.65 96.17 .871

5 20.1 .82 l4.4 3.2 .34 476.47 31.62 136.61 125.24 .917 114.23 104.69 .917 
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 .41 471.82 33.7q 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 20.2 .79 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 .44 464.3R 35.65 140.25 135.73 .968 117.00 113.19 
 .967
 
11 19.7 .84 14.4 2.8 .41 420.90 24.60 129.93 115o30 .887 109.34 96.99 .887
 
12 19.1 .84 
13.9 7.7 .43 417.57 25.42 130.73 115.44 .883 110.12 97.19 .883 

STATION 32 AVEPAGES, ELEVATION 
 1235 

19.7 o81 13.9 3.3 .42 453.14 33.79 138.46 129.40 .935 115.46 107.86 .934 



TABLE 13-2 DATA AND COMPARISON OF PAN FVAPORAT'ON 'AND EVAPOTRANSPIRATION AS ESTIMATED
 
BY STUTLER AND CHRISTIANSEN FORMULAS F&Z 20 COLONBIA:' STATIONS
 

io TP H4 VP VPO S RMOM EVF14 EVPK EVPR EPR/EPK ETK ETC ETC/ETK 

1 18.6 .84 13.6 2.6 .46 441.13 23.25 128.60 125.87 .979 108.55 106.20 .978 
2 18.7 .85 13.6 2.4 .4, 418.60 24.36 129.70 117.71 .908 109.81 99.60 .907 
3 19.0 .86 14.1 2.4 .42 4qI.74 26.04 131.34 130.'66 .Q95 1111.42 110.71 .994 
4 18.8 .88 14.4 1.9 .35 465.90 19.50 124.80 112.20 .899 106.90 96.02 .898 
5 18.8 ..89 14.5 1.8 .37 466. 9?6 18.91 124.19 113.83 .917 106.58 97.59 .916­
6 18.8 .RG 14.1 2.4 .4? 441.30 22.83 128.15 119.045 .934 108.75 10l.48 .933 
7 18.8 .81 13.4 3.1 .51 460.97 32.24 137.18 143.12 1.043 114.66 119.6] 1.043 
8 18.8 .81 13.3 3.2 5F 476.47 31.62 136.61 152.61 1.117 113.99 127.32 1.117 
9 18.9 .83 13.7 7.8 .52 4r,8.69l 30.00 135.11 142.61 1.056 113.64 119.91 1.055 

10 18.6 .88 14.1 2.0 .42 472.13 21.08 126.42 122.82 .972 108.05 104.89 .971 
11 18.5 .88 14.3 1.9 .36 434.10 17.4n 122.62 104.72 .854 105.20 89.76 .853 
12 18.8 .87 14.2 2.1 .41 433.69 19.84 125.15 113s35 .906 106.74 96.60 .905 

STATION 33 AVERAGES. ELEVATION = 1495 

18.8 .85 13.9 2.4 .44 455.12 23.9? 129.15 124.93 .967 109.52 105.81 .966 

1 17.4 .80 11.8 ".0 .51 453.84 18.29 123.55 142.93 1.157 102.94 119.08 1.157 
2 17.5 .76 11.3 3.5 .51 426.44 22.43 127.75 140.02 1.096 105.26 115.39 1.096
 
3 17.4 .76 11.4 3.6 .45 483.91 17.36 122.58 150.88 1.231 100.96 124.28 1.231
 
4 17.3 .79 11.7 3.1 .3S 461.40 16.23 121.35 128.07 1.055 100.92 106.51 1.055 
5 17.5 .78 11.6 3.2 .37 457.25 20.46 125.79 129.81 1.032 104.31 107.65 1.032 
6 17.5 .75 11.2 T.7 .44 429.90 28.80 133.98 134.38 1.003 110.05 110.40 1.003 
7 17.6 .69 10.5 4.8 .5n 450.12 48.67 151.19 157.37 1.1141 121.79 126.79 1.041
 
8 17.9 .64 111.0 S-.6 .49 469.65 54.87 155.99 170.01 1.090 124.05 135.21 1.090 
9 18.0 .;7 10.2 5.0 .49 468.00 48.9n 151.37 166.22 1.098 121.39 133.31 1.098 

10 17.5 .76 11.1 3.5 .43 478.33 22.94 128.29 147.58 1.150 105.68 121.58 1.151
 
11 17.1 .89 11.6 2.9 .39 444.90 18.00 123.25 125.24 1.016 102.87 104.5" 1.016
 
12 17.3 .80 12.0 2.9 .46 447.02 15.50 120.61 133.35 1.106 100.80 111.44 1.106
 

STATION 34 AVERAGE'. ELEVATION = 1789 

17.5 .75 11.2 !.7 .45 455.90 27.70 132.14 143.82 1.088 108.42 118.01 1.089
 



TABLE 
13-3 DATA AND COMPAVISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
 
BY STUTLER AND CHRISTIANSEN FORMULAS FO4 20 
COLOMBIAN STATIONS
 

MO TM HM VP VPD 
 S RMOM EVFM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
 

1 18.9 .77 1'.8 3.8 .6n 44.23 50.22 152.41 154.37 1.013 125.72 127.33 1.013
2 19.3 .77 12.9 3.8 .52 420.84 54.60 155.78 140.05 .F99 128.34 115.38 .899
3 19.6 .75 12.7 4.2 .45 482.67 56.4? 157.15 155.11 .987 128.6n 126.94 .987
4 19.1 .8n1 13.3 3.3 .33 465.3" 4S0.80 144.73 124.72 .862 120.47 103.80 .862
5 19.1 ..R 13.5 3.4 .. 5 465.31 38.44 142.71 128.24 .899 118.63 106.59 .899
6 18.7 .79 13.0 3.4 .38 438.90 40.50 144.7 125.15 .866 119.97 103.92 .8667 18.8 .74 12.3 4.3 .43 458.49 48.98 151.43 144.47 .954 123.77 118.09 .9548 19.1 .71 12.0 4.8 .47 475.23 57.35 157.84 154.68 
 .980 127.88 125.33 
 .980
9 19.5 .70 11.9 5.2 .42 468.9tl 60.00 159.79 155.27 .972 128.67 125.05 
 .972
10 19.3 .76 12.5 3.9 .41 473.99 51.15 153.14 145.bFR .947 125.80 119.1911 18.8 .80 13.2 3.2 .41 436.80 
.947 

37.50 141.88 126.36 s891 118.31 105.35 .89012 19.0 .80 13.2 3.3 .52 436.79 48.67 151.19 139.17 .921 125.78 115.77 e920 

STATION 35 AVERAGES, ELEVATION 1525 

19.1 .77 12.8 3.9 .44 455.62 48.72 151.04 141.tS .034 124933 116.06 .934 

1 19.3 .73 12.3 4.6 .73 409.51 77.19 171.55' 152.69 .890 139.51 124.19 08902 20.2 .7r) 12,5 5.3 .74 3q8.16 82.04 174.64 155.16 .888 140.81 125.11 .8893 21.0 .72 
13.1 5.0 .86 473.06 95.79 183.06 176.57 .965 148.28 143.03 .9654 21.0 .78 14.3 4.0 .51 472.20 69.90 166.72 151.21 .907 137.58 124.76 .9075 20.9 .86 15.7 2.7 .44 485.46 46.19 149.20 132.45 .888 126-22 111.97 .887
6 21.0 .85 16.0 2.8 .43 464*70 40.20 144.22 127., .887 121.73 107.85 .886
7 21.1 .82 15.6 3.5 .52 482.67 49.63 151.92 149.65 
 .985 126.76 124.82 
 .985
8 21.0 .84 15.7 3.0 .52 488.56 44.33 147.68 146.23 .990 124.17 122.89 09909 20.8 .86 15.9 2.6 .48 466.20 36.00 140.57 131.16 
 .933 118.97 110.93 
 .932
10 20.4 .87 15.8 2.4 .47 454.46 33.48 138.31 123.87 .896 117.68 105.31 .895
11 20.2 .86 15.4 2.6 .54 405.90 
33.93 138.69 118.26 .853 117.49 100.12 .852 
12 19.9 .80 14.0 3.5 .67 399.59 54.25 155.52 134.95 
 .868 129.26 112.14 .868 
STATION 36 AVERAGES* ELEVATION : 980 

20.6 .81 14.7 3.5 .56 450.04 55.24 155.17 141.67 .913 
129.34 117.76 .913
 



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

BY STUTLER AND CHRISTIANSEN FORMULAS 
FbQ 20 COLOMBIANJ STATIONS
 

MO TM "m VP VPD S RHoM EVFM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
 

1 19.7 .81 13.9 3.2 .53 444.23 
 58.28 158.53 134.29 -872 132.28 115.36 .877
2 20.0 .79 13.8 3.F .48 420.56 57.68 158.09 130.18 
 .823 131.03 107.88 .823

3 20.2 .80 13.9 3.4 .43 482.98 62.00 161.23 141.52 
 .878 134.16 117.73 
 .878
4 19.9 .83 14.5 2.9 .36 UG5.90 50.49 152.59 121.91 .799 128.17 102.38 .799
5 20.2 .­82 14.6 3.2 .40 465.93 56.11 156.92 129.4F .825
.825 131.28 108.27

6 2n.1 .79 14l.1 3.7 .45 440.10 59.70 159.57 13l.39 
 -830 132.23 109.70 
 .830
7 20.1 .77 13.6 4.2 .48 
459.73 73.16 168.91 146.3F .867 
138.76 120.24 .867
8 20.4 .73 
13.3 4.9 .49 476.16 87.73 178.18 159.4S. .895 144.85 129.66 .8959 20.7 .74 13.4 4.7 .46 4r9.50 86.10 177.18 153.35 .865 144.31 124.91 .866
10 20.l .81 14.1 3.3 .41 473.99 62.93 161.89 135.30 
 .836 134.91 112.73 
 .83611 19.6 .84 14.5 2.7 .37 436.50 46.59 149.45 119.73 
 .761 126.01 95.8 .761


12 19.7 .83 14.4 2.9 .43 436.48 51.46 
153.38 121.61 -793 128.99 102.23 .793
 

STATION 37 AVERAGES. ELEVATION 1200
 

20.1 .80 l4.0 3.6 .44 4S6.00 62.67 161.32 135.30 .839 133.91 112.24 .838
 

1 18.9 .81 13.1 3.0 .49 460.35 35.96 140.53 142.24 
 1.012 117.52 118.92 1.012
2 18.9 .78 12.4 3.5 .44 430.64 36.96 141.41 133.70 
 .945 116.92 110.543 18.8 .80 12.8 3.1 .38 485.46 29.76 134.88 138.66 
-945 

1.028 112.40 115.53 1.028

4 18.8 .83 13.3 2.9 .34 460.20 
21.90 127-25 122.35 .961 106.90 102.75 .961
5 19.0 .8n 13.1 3.2 .44 4S3.53 24.49 129.82 137.15 1.056 108.12 114.20 1.056
6 19.1 .75 
12.3 4.1 .47 424.80 42.30 145.99 14.3F .961 119.60 114.99 .9617 19.3 .70 11.6 4.9 .53 445.47 50.22 152.41 161.29 1.058 122.98 130.15 
 1.059
8 19.5 .66 10.8 5.r .57 467.17 64.7q 163.20 176.09 
 1.079 130.12 140.41 1.079
9 19.7 .70 
11.5 4.8 .49 468.s0 50.10 152.32 165.90 1.089 122.93 133.91 1.089


10 19.2 .73 12.4 3.4 .43 482.05 37.82 142.16 141.91 1.047 117.66 123.24 1.047
11 18.6 .2 13.0 2.8 .40 450.90 21.90 127.25 126.70 .996 106.78 106.29 .995
12 18.8 .83 13.5 2.7-.41 4E4.46 21.39 126.73 128.59 1.015 106.68 108.21 
 1.014
 

STATION 38 AVERAGES. ELEVATION 1700 

19.0 .77 12,5 3.7 .45 456.97 36.47 140.33 143.49 1.023 115.72 118.26 1.022
 



TABLE 13-5 DATA AND COMPARISON OF "AN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
 
BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS
 

NO TM Hm VP VPD S RMDM EVFM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
 

1 20.0 .79 14.0 3.8 .43 425.94 41.23 145.09 124.56 .859 120.06 103.06 .858 
2 21.0 .78 14.1 4.0 .47 409.36 54.3? 155.57 127.77 .821 128.25 105.3? .821
 
3 21.8 .74 14.0 4.8 .43 478.64 68.20 165.56 152.b .918 134.80 123.77 .918 
4 21.6 .81 15.1 3.6 .2P 470.40 48.30 150.89 118.78 .787 125.35 98.64 .787
 
5 21.7 o.7q 15.3 4.1 .33 477.71 49.29 151.68 129.85 .856 125.32 107.26 .856
 
6 21.7 .76 14.8 4.6 .41 454.5(1 55.51 156.46 13R.92 .888 128.20 113.82 .888 
7 21.9 .73 14.? 5.3 .50 473.37 70.37 167.04 161.86 .969 135.33 131.13 .969 
8 22.2 .72 14.3 5.7 *53 4P4.22 P.1.22 174.13 172.21 .989 140.51 138.96 .989
 
9 22.4 .72 14.4 5.5 .52 4G8.90 79.20 172.84 164.87 .954 139.76 133.37 .954 

10 22.11 .78 14.9 4.1 .47 4S4.69 F4.48 1o2.98 146.54 .899 134.34 120.77 .899 
11 21.3 .83 15.3 3.2 .49 420.qf 45.30 148.47 117.11 .789 124.23 97.94 .788 
12 21.1 .82 15.1 3.2 .40 U17.2S "15.88 148.95 116.07 .779 124.57 97.03 .779 

STATION 39 AVERAGE'S ELFVATION 1000 

21.6 .77 14.6 4.3 .43 4c3.82 58.61 158.31 139.21 .879 130.06 114.25 .878 

1 17.7 .77 12.2 3.5 .R9 435.55 51.46 153.38 148.4G .968 176.87 122w80 .968 
2 17.8 .75 12.7 3.q .54 '14.96 56.84 157.46 142.34 .904 129.09 116.70 .904 
3 18.2 .77 11.4 3.5 .51 479.88 69.13 166.20 159.15 .95e 136.97 131.17 .958 
4 18.1 .81 12.2 2.9 .39 46.80 47.70 150.42 131.95 .P77 125.69 110.24 .877 
5 18.3 .81 12.5 3.0 .36 470.27 44.02 147.42 130.19 .A83 123.07 108.66 .883 
6 17.9 .80 12.0 3.0 .3F 445.20 '1.10 144.98 122.84 .847 120.86 102.39 .847 
7 17.6 .78 11.,4 3.3 .42 464.33 44.0? 147.42 139.51 .946 1..f.l0 115.46 .946 
8 17.7 .79 11.5 1.0 .43 478.02 46.19 149.20 142.43 .S54 124.17 118.5n .954
 
q 17.9 .80 11.8 7.r) .39 497.70 U4.70 147.98 134.n6 .9n6 123.36 111.75 .906
 

10 18.1 .81 12.2 2.9 .*q469.03 41.73 145.09 132.49 .913 121.32 110.77 .913 
11 17.9 .9? 12.3 2.7 .45 429.00 37.50 141.88 126.37 .891 119.07 106.03 .890 
12 17.9 .8n 12.2 3.0 .54 427.49 45.26 148.44 137.82 .928 123.75 114.88 .92R 

STATION 41 AVERAGES;v ELEVATION 17S4
 

17.9 .79 11.9 T.1 .45 454.0? 47.43 149.99 137.30 .915 124.68 114.11 .915 



TABLE 13-6 	DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
 
BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS
 

MO Tm HM VP VPD S RMDM EVFM EVPK EVPR EPRIEPK ETK ETC ETC/ETK 

1 18.3 .79 	 12.5 3.4 .47 437.41 41.23 145.09 135.25 .932 120.37 112.19 .932 
2 18.6 .79 	 12.8 3.3 .42 416.36 38.9? 143.12 124.05 .867 118.87 103.03 .867 
3 18.9 .80 	 13.0 3.3 .34 4R0.81 40.30 144.30 131.44 .911 120.11 109.39 .911 
4 18.6 .84 	 13.4 2.5 .29 466.80 32.10 137.05 112.52 .821 115.77 95.00 .821 
5 18.8 .. 85 	 13.7 2..5 .31 469.34 31.31 136.32 115.85 .850 115.36 97.98 .849 
6 18.7 .83 	13.4 2.7 .40 444.00 34.50 139.23 123.53 .887 117.10 103.86 .887
 
7 18.3 .80 	13.0 3.2 .4q 463.45 39.37 143.51, 143.53 1.00 119.64 119.64 1.000
 
8 18.5 .8? 	 13.0 2.9 .5n 477.71 38.*7 142.97 146.72 1.026 119.79 122.90 1.026 
9 18.3 .83 13.1 ?.7 .45 466.00 35.70 140.30 133.50 .966 117.99 113.92 .965 

10 18.2 .84 13.1 2.5 .39 469.96 31.93 136.89 126.94 .927 115.62 107.17 .927 
11 18.1 .84 13.S 2.5 .38 430.50 28.50 133.69 115.27 .862 112.86 97.26 .862 
12 18.4 .83 13.1 2.8 .40 429.35 32.24 137.18 11A.96 .867 115.27 99.93 .867 

STATION 42 	AVERAGES. ELEVATION 16 3E 

18.5 .82 13.1 2.9 	.40 4S4.47 35.49 139.97 127.46 .911 117.40 1OG.86 .910 

1 19.2 .83 	13.8 2.8 .41 439.89 34.72 139.43 127.23 .313 117.18 106.89 .912
 
2 19.6 .79 	13.8 3.f .4n 417.76 33.60 138.42 126.73 .916 114.79 105.08 .915
 
3 19.8 .81 	 14.O 3.3 .35 4R1.74 37.51 141.89 136.71 .963 118.34 113.99 .963 
4 19.6 .83 	 14.2 2.8 .31 466.80 34.20 138.96 121-50 .874 116.88 102.15 .874 
5 19.9 .82 	14.3 3.1 .33 468.72 33.48 138.31 127.iS .923 115.80 106.85 .923
 
6 19.9 .81 	 14.0 3.3 .37 443.10 35.40 140.03 128.83 .920 116.69 107.3 .920 
7 	19.9 .78 13.6 3.9 .43 462.52 45.88 !48.95 148.13 .995 122.91 122.23 .994
 

" 
8 19.8 .79 	13.6 3. .48 477.40 45.26 148.44 156.67 1.055 122.87 129.66 1.055
 
9 19.9 .79 13.6 F.6 .45 468.90 42.00 145.74 149.40 1.025 120.81 123.82 1.025 

10 19.5 .82 13.7 3.0 .37 471.51 33.17 138.03 133.76 .969 115.56 111.95 .969 
11 19.4 .84 14.0 2.6 .33 432.90 27.90 133.12 113.91 .856 112.31 96.06 .855 
12 19.4 .83 14.0 2.8 .3f 431.83 30.38 135.46 118.71 .876 113.97 99.83 .876 

STATION 43 	AVERAGES. ELEVATION - 1870 

19.7 .81 13.9 3.2 	 .38 455.26 36.12 140.5 9 132.44 .942 117.34 110.49 .942 u 



TABLE 13-7 DATA ANn COMPADISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
 
BY STUTLER AND CHRISTIANSEN FORMULAS FOR 20 COLOMBIAN STATIONS
 

rO T" Hm Vp Voo S RMDM EVFM EVPK EVPR EPR/EPK ETK ETC ETCfETK
 

I 21.4 .79 15.3 4.0 .50 439.90 49.29 151.68 138.97 .916 125.50 114.96 .916 
2 22.2 .79 15.7 0.1 .48 412.72 49.2A 151.67 133.57 .881 125.34 110.36 .880
 
3 22.7 .79 16.1 4.4 .42 480.19 46.19 149.20 149.50 1.002 122.97 123.20 1.002
 
4 2?.1 .83 16.2 7.4, .37 469.80 37.50 141.88 125.42 .884 118.62 104.81 .884
 
5 22.1 ..82 16.3 3.6 .36 475.54 37.20 141.62 132.51 .936 118.11 110.48 .935
 
6 21.6 .82 16.4 3.5 .34 451.20 33.60 138.42 121.58 .878 115.72 101.60 
 .878
 
7 21.7 .79 16.2 4.3 .41 470.27 41.54 145.35 142.50 .980 
120.09 117.72 .98n
 
8 21.6 .80 16.1 4.0 .45 482.36 39.37 143.51 148.29 1.033 118.97 122.88 1.033
 
9 
21.5 .83 16.1 ?.3 .43 4A8.90 36.30 140.83 136.84 .972 117.96 114.56 .971
 

10 21.2 .85 16.2 2.9 .41 466.86 31.69 135.75 128.52 
 .947 114.54 108.38 .946 
11 21.3 .85 16.5 2.9 .41 424.80 28.20 133.41 116.S5 .876 112.55 98.52 .875 
12 21.6 .81 16.2 3.7 .47 422.22 35.96 140.53 130.32 .927 117.01 108.48 .927 

STATION 44 AVERAGES* ELEVATION = 1200 

21.7 .81 16.1 3.7 .42 454.65 38.76 142.82 133.74 .936 118.95 111.33 .936
 

1 21.0 .77 14.? 4.4 
.56 442.06 c1.77 153.62 154.97 1.009 126.04 127.14 1.009
 
2 20.9 .77 13.8 4.2 .5' 419.44 52.08 153.86 144.89 .942 126.37 119.0n .942 
3 21.1 .78 14.2 4.0 .49 432.67 54.25 155.52 158.88 1.022 128.19 130.95 1.022 
4 20.5 .8' 14.6 3.1 .41 466.80 43.50 146.99 134.28 .914 122.96 112.29 
 .913
 
5 20.6 .82 14.8 3.1 .39 468.10 43.40 146.91 132.48 .9V2 123.00 110.88 .901
 
6 20.8 .81 14.6 '.5 .44 442.50 44.70 147.98 134.75 .911 123.11 112.08 .910 
7 20.7 .77 14.0 4.1 .51 461.9C 52.39 154.10 154.14 1.000 126.89 126.92 1.000
 
8 20.8 .77 13.9 4.2 .52 477.4n 54.56 155.75 161.65 1.038 127.91 132.74 1.038
 
9 20.6 .79 14.0 4.0 .47 469.20 53.40 154.87 151.29 .977 127.63 124.67 .977
 
10 20.2 .81 14.2 1.3 .43 472.75 48.36 150.94 140.62 .932 125.81 117.18 .931
 
11 19.9 .81 14.1 3.2 .41 434.40 42.90 146.49 124.89 .853 122.37 104.29 .852
 
12 20.6 .79 14.3 7.8 .47 434.001 49.29 151.68 137.95 .909 125.52 114.14 .909
 

STATION 45 AVERAGES. ELEVATION = 1400
 

20.6 .79 14.2 3.7 .47 455.93 49.22 151.56 144.23 .952 125.48 119.36 .951
 



TABLE 
13-8 	DATA AND COMPARISON OF PAN EVAPORATTON AND EVAPOTRANSPIRATION AS ESTIMATED

BY STUTLER AND CHRISTIANSEN FORMULAS FOR 
20 COLOMBIAN STATIONS
 

MO 	 TM HM VP VPD S RMDM EVFM EVPK EVPR EPR/EPK ETK ETC ETC/ETK
 

1 19.4 .7q 13.3 3.4 .53 442.37 43.09 146.65 146.95 
 1o.fl2 121.78 122.r01 1.0022 18.8 .77 13.0 4.0 .48 419.16 
 38.08 142.39 136.21 .957 117.28 112.19 .9573 19.5 .79; 13.0 4.1 .sn 482.05 41.54 145.35 162.52 1.118 119.33 133.43 1.118
4 18.6 .83 13.3 2.6 .35 465.60 27.90 133.12 123.39 .927 	112.18 103.93 .926
5 18.8 .SO 13.1 3.3 .39 496.55 
 29.76 134.88 135.58 1.005 1112.21 112.78 1.005
6 18.8 .77 
12.6 	3.7 .4P 440.70 33.90 138.69 132.55 
 .956 
114.41 109.35 .956
7 19.9 .7; 12.2 4.5 .4F 460.35 3q037 143.51 153.04 1.066 118.85 124.62 1.067
8 18.9 .72 12.,0 4.7 .48 476.16 44.33 147.68 162.94 1.103 
119.89 132.30 1.104
9 19.1 .72 12.0 4.7 
.4r 46.60 46.50 149.45 158.65 1.062 121.29 128.77 1.062
10 18.8 .81 12.6 3.0 .45 472.75 39.68 143.77 143.23 
 .996 	120.09 119.61 .996
11 18.3 .85 13.2 2.3 .39 434.7n 30.00 
135.11 116.09 .859 114.58 98.40 .859
12 18.6 .85 13.4 2.4 .40 434.31 28.83 134.01 118.59 
 .885 	113.51 100.O .884 

STATION 46 AVERAGES. ELEVATION 
 1726 

18.9 	.78 12.8 3.5 .44 455.27 36.91 141.22 140.81 S9q7 116.95 116.48 .996
 

1 19.4 .O 13.5 3.4 .42 444.85 37.a2 142.16 131.87 .928 118.17 109.59 .927
2 19.5 *7%1 
 13.3 	3.r, .46 421.12 
38.08 142.39 131.33 .922 117c95 108.7P .922
3 19.9 .79 13.7 3.6 
.42 482.9S 
 41-23 145.09 146.44 1.009 120.27 121.37 1.0094 19.1 .83 13.7 2.8 .27 465.30 30,90 135.94 112.38 .827 114.35 94.49 .8265 19.3 .8? 13.9 3.0 .39 465.00 32.55 137.46 129.17 .940 	115.27 108.29
6 19.4 .82 13.,8 3.0 .39 438.90 33.39 138.14 121.61 	
.939 

.880 	115.67 101.80 .8807 19.6 .78 13.4 3.7 .44 458.80 40.61 144.57 142.31 	 .984.984 	119.50 117.63

8 19.5 .77 13.2 3.9 
.46 475.?3 ' 3.71 147.17 151.43 1.029 121.20 124.71 1.029
9 19.5 .78 13.3 	3.7 .40 468.90 41.4O 145.24 140.2 .0f;6 120.07 115.95 .966
10 19.1 .82 13.3 3.0 .36 473.99 36.27 14.80 129.14 .917 117.79 108.01 
 .917
11 18.7 .83 13.4 7.7 .30 437.10 29.40 134.54, 107.98 .803 	113.32 90.91 .802
12 19.0 .83 13.7 2.8 .33 
437.41 32.24 137.18 112.44 
 .820 	115.40 94.56 .819
 

STATION 47 AVEPAGES, ELEVATION 
 1550
 

19.3 	.81 13.5 3.3 .
.31 455.80 
 36.46 140.89 129.70 
 .921 	117.41 108.01 .920
 



TABLE 13-9 DATA AND COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED
 
RY STUTLER AND CHRISTIANSEN FORMULAS FOIR 20 COLOMBIAN STATIONS
 

NO IM 4m VO VPD S RMDM EVF EVPK EVPR EPR/EPK ETK ETC ETC/ETK
 

1 20.0 .81 14.0 3.4 .4A 448.57 48.98 151.43 142.26 .939 126.09 118.43 .939
 
2 20.3 .81 14.0 3.4 .51 4123.64 50.12 152.33 137.67 .904 126.78 114.55 .904
 
3 20.4 .81 14.1 3.3 .51 483.91 56.11 156.92 157.63 1.005 130.67 131.23 1.004
 
4 19.8 .83 14.2 2.8 .38 464.40 44.40 147.74 129.58 .877 124.22 108.91 .877
 
5 19.8 .84 14.4 7.7 .39 462.83 40.30 144.30 129.29 .896 121.59 108.89 .896
 
6 19.5 .84 14.1 7.8 .41 436.20 37.50 141.88 124.15 .875 
119.44 104.46 .875
 
7 19.5 .82 13.9 3.1 *45 496.01 41.54 145.35 136.88 .942 121.61 114.48 .941
 
S 19.4 .81 13.8 3.2 .47 473.68 44. Gt 147o93 145.89 .986 123.62 121.88 .986
 
9 19.6 .R2 14.0 .C .46 468.90 42.60 146.24 142.29 .973 122.50 119.15 .973 

I] 19.4 .83 14.1 7.9 .43 476.16 39.06 143.24 137.88 .963 120.43 115.88 .962 
11 19.4 .R4 14.3 2.7 .37 440.40 33.60 138.42 118.86 .859 116.78 100.23 .858 
12 19.7 .84 14.4 ?.8 .43 441.44 39.37 143.51 127.63 .889 120.77 107.36 .889 

STATION 48 AVERAGES. ELEVATION 1670
 

19.7 .8? 14.1 3.0 .44 456.34 43.18 146.61 135.83 .927 122.88 113.79 .926
 

1 20.2 .70 14.1 5.9 .47 449.19 46.19 149.20 157.18 1.053 120.36 126.81 
 1.054
 
2 21.2 .63 12.8 7.4 .57 424.20 80.36 173.58 171.45 .988 137.18 135.59 .988
 
3 21.7 .64 12.7 7.1 .55 484.53 88.35 178.56 194.27 1.088 141.20 153.62 1.088
 
4 20.8 .80 13.7 3.5 .39 464.70 57.00 157.58 '38.96 .88? 130.67 115.20 .882
 
5 21.0 .73 13.5 5.1 o4l 4G3.14 68.51 165.78 152.41 .919 134.44 123.6n .919
 
6 21.0 .65 12.7 ,.8 .U7 436.20 96.90 183.72 161.54 .S79 145.81 128.21 .879
 
7 21.2 .61 12.0 7.7 .53 456.32 132.99 204.88 182.03 .888 160.90 142.96 
 .888
 
8 21.3 .61 11.6 7.3 .53 473.99 120.90 197.74 189.11 .956 155.39 148.60 .956
 
9 21.7 .60 11.8 7.7 .54 469.80 112.20 192.68 190.88 .991 150.96 149.53 .991
 

10 21.3 .69 12.7 5.7 .48 477.09 79.67 173.14 172.92 .999 138.85 138.68 .999
 
11 20.6 .81 13.8 3.2 .44 441.30 44.10 147.49 134.65 .913 122.86 112.14 .913
 
12 20.4 .77 14.1 4.1 .46 442.37 33.17 138.03 143.13 1.037 113.63 117.82 1.037
 

STATION 49 AVERAGES, ELEVATION 1590
 

21.0 .69 13.0 6;.0 .49 456.90 80.03 171.86 165.71 .964 137.69 132.72 .964 
 O
-.,73
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TABLE 14-1 
DATA AN-0 COMPAoISON (F DAN FVA~0PATION AND EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER AUD CHRISTIANSEN FORMULAS
 

MO TM H4 VP VPD S, DP PM rVFMP EVFMG EVPR EVIOKP 
 EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC CTC/CTP ETC/ETS
 

1 23.8 .r9 16.8r. 4 .nlO 1 1.0 A53.55 R'l.U4 P9.)21 159.R3 173.38 179.09 .870 .84? 143.24 148 tSJ 124.62
2 23.R .91 16.6 .870 .8424-2 .n- 10. 4 27.02 64.37 79.5n 1 40.22 165.GP 173.03 .84f .8ln 137.3R 147.47 116.23 .846 .8103 2.0 .n 1 17.S £.2 .1Pr! 13.0 "A'R.?3 77.67 35.11 160.33 171.86 176.57 .933 .908 142.46 14&.36 132.86 .9.3 .9084 23.4 .OI 1G.9 4.4 .fr 14.0 U6 S.31 77.46 t2.39 1S4 .74 171.72 174.86 .901 .IB5 141.91 144.51 127.85 .901 .8855 23.9 .82 17.0 4.0 .nn 14.1 4 2.14 72.27 Ro.all1 1n.14 168.31 173.R7 .892 .864 140.01 144.63 124.84 .892 .863F 23.9 Ril 17.0 4.? .rf, F.0 435. n4 74.20 9 A.2e 143.14 169.60 178.52 .844 .832 140.6n0 14R.0J 118.63 .844 .8027 23.8 .78 16.5 4.9 .9rn R.0 555.09 4.75 98.44 155.11 178.81 184.63 .967 .840 146.81 151.59 127.25 .861 .839P 25.1 .7r, l6.5 5.7 . Sn c.o 74.41 1 -4.74 115.18 1(q.5a 194.15 191.41 .873 .872 15P.11 158.32 138.09 .873 .872q 24.7 .74 16..l F.1 .n" P.1 471.18 115.09 11C.81 171.56 194.35 191.f7
in 23.9 .75 15.4 c.. 

.878 .8pq 157.39 15r.38 138.12 .878 .889.0n I ,.0 479.43 1 3.1? 94.13 169.20 187.39 1 92.10 .903 .929 152.39 14P.08 137.59 .9U3 .92911 23.n .7q 16.0 go. .no- 'n.0 444.77 77.33 74.66 1"U9.99 171.64 16).90 .877.869 .878 1410.8 139.66 122.54 .86912 24.n .7q 16.6 4.7 .rI 1t. 0 446.74 A,.6n q2. q 150n.99 177.49 175.21 .851 .862 146.816 144.29 124.31 .851 .862
STATION 61 AVEQAGES


24.n .7q 16.6 4.8 .0(1 17.2 454. 46 q;6. 3 9r.1 155.32 177.03 179.50 .877 .865 145.63 147.69 127.74 .877 .865 

1 21.2 .7-1 13.3 S.1 .83 1".0 455.05 77.76 92.01 167.17 171.91 180.79 .972 .925 139.50 146.70 135.66 .972 .9252 21.2 .73 13.4 r.1 .r, 11.0 421.17 70.23 7 .8? 1Sn.5G 166.95 171.30 .9112 .879 135.47 139.01 122.173 21.6 .71 13.9 .902 .8794. 2 .4o 15.1 483.E:7 92.29 74.55 167.2c 174.A0 172.42 .957 .970 141.76 139.83 135.674 21.7 .79 14.3 .57 .9703.R .34 23.9 466. f7 513.2 4 46.47 I ".90 154.75 149.42 .833 .863 128.0nt 123.63 106.64 .8335 21.4 .77 14.6 4.4 .863.41 18.0 4G6.34 67.27 &2.36 143.72 164.93 161.49 .871 .4911 135.45 132.63 118.03 .8716 21.3 .76 14.2 4.6 .44 .89014.0 440.17 A7.22 69.91 145.57 164. A9 16S.73 .883 .873 135.01 136.527 21.4 119.19 .883 .873.73 13.5 5.2 .S3 1,.0 459.3? 4r0.30 78.67 163.ng 173.35 172.50 .941 .945 140.63 139.94 132.31 .9418 .94521.6 .73 11.7 %.2 .53 14.0 476.38 P2.29 42.17 16,9.06 174.80 174.72 .967 .968 141.76 141.70 137.11 .67 .9689 21.3 .74 13.8 4.9 .44 15.0 4G'9.65 73.2 r-.59 1S.28 16 8.q9 166.45 .907 .921 137.5? 135.46 124.7410 20.8 .77 14.1 .907 .9214.2 .4 ?.0 U74.57 61.-; 60.33 11.31 161.00 160.03 .940 .Q 6 132.34 131.54 124.37 .940 .94511 2n.? .91 14.3 3.4 .-41 3.0 437.08 44.11] 
4c. nq 125. 14 147.57 148.2612 2S.9 .7 15.3 .847 .8t3 123.00 123.58 104.20 .847 .8433.0 .51 151. 437.42 56.66 66.57 141.85 157-33 164.44 .902 .463 13.L4 136.02 117.32 .901 .862 

STATION .221.1 .76AVErAGe',43.J .r .,A 1.1 56.47 6.31 6.03 1r0.57 15.11 165.71 .912 .909 135.05 135.55 123.12 .912 .908 

0 



TABLE 14-2 DATA AND CPM.PAnISON OF PAN FVAPORATrON AND EVAPOTRAtRSPIRATION AS ESTIHATED BY SIUTLER AND CHRISTIANSEN FORHULAS 

MO TOO H4 Vp VPD S 	 OP RH EVFM
D 

FVFH6 EVPR EVPKP EVPKG EVR/EKP EVR/EKG ETKP FTKG ETC ETC/ETP ETC/ETG
 

1 24.0 . G6 1,;.49,.q .4" 1".3 4-3.c8 I 1 .' 1 In'.94 165.59 233.81 190.20 .812 .871 1E,2.82 151.95 132.28 .812 .871 
2 24.1 .69,l15.4 -7.0 .47 1n..3 425.53 1 7'.nz qr.4; I 54 .1 3 197.22 183.45 .7P2 .R40 157.53 146.53 123.11 .782 .840 
3 24.3 .71 16.0 -,.q .45 13.0 41P15.87 131.64 104.14 1727.31 234.0S 18P.01 .844 .919 163.41 150.56 137.98 .84q .916 
4 24.f .71 16.u F.3 .3F 1 T.S 46'.23 1 14.02 q3.17 147.62 193.74 175.36 .762 .42 156.11 241.302 118.95 .762 .842 
5 	23.7 .71 IF.n F.4 .16 12.j 4 ,4.13 1 17.1,3 07.93 148.32 195.87 1 78.31 .757 .832 1!7.43 143.32 1)9.21 .757 .832
 
, 23.3 .71 19.4 r.? .4n I r. l 437.tib 1f4.15 08.78 144.11 190.33 178.83 .757 .906 153.07 143.82 115.90 .757 .80b
 
7 23.7 .F7 1c.1 7.2 .cn 7.9 457.2J 1 34.8q 115.78 170.45 236.02 1944.76 .82q .877 163.74 154.79 135.79 .829 .877 
8 23.7 . ,,c;.I -.IUQ C.n 475.1; 1 43.4 P lc.1' 178.30 211.3n 197.27 .Rqo9 .904 167.04 155.95 140.95 .844 .904 
q 24. .97 15.3 7.14 .4t, 8. 0 471.44 1 37.3'3 1"1R.29 170.22 237.50 190.40 .829 .q40 164.87 151.24 135.21 .820 .894 

1'" 23. .77 1. . ,1 .47 1,.Srl 47.26 1 13.51 85S.rl 159.51 191.69 176.88 .832 .932 154.b8 142.63 128.62 .832 .902 
11 23.5 .74 1-.2 r.r .43 17. 1 u4 2.64 CA .S3 77.58 146.31 184.86 171.80 .791 .8%2 14q.46 139.36 1113.68 .791 .852 
12 23.6 .7' 15.7 C.t .4? 13.0 443.65 111.94 08.62 1 47.71 192.53 178.73 .767 .825 155.23 144 .1,: 119.09 .767 .826 
STATION 63 AVEPAGES 

23.8 .7n I5. . 9.; .4b 1n.4 	458.13 1 21.;4 97.04 1 rP.75 198.2t; 183.67 .81 .864 158.81 147.13 127.15 .801 .864 

I 23.3 .67 19.1 9.5 .00 I.1 446.^' ?:32.r 4 171.31 17r.03 291.23 230.29 .584 .738 230.00 181.87 134.29 .584 .738 
2 27.9 .61; 18.4 q.1.,.10 ';.L 422.77 'P7.2S 14P.Oo 1I1.38 261.89 214.20 .615 .752 206-38 168.8G 126.94 .615 .752 
3 25.3 .6 18., q.q onn 5.0 446.16 234.86 169.57 186.73 321.10 228.99 .620 .815 217.15 180.36 147.08 .620 .815 
q 28.0 .68 t4.3 9.1 .n I '.r, 46'3.81 710.83 145.21 176.b4 265.63 212.39 .665 .A32 210.44t 168.26 139.94 .b65 .832
 

q 27.3 .77?q-rF .6 .nrl 12.0 479.2.3 175.1 4 129.98 168.45 233.21 203.08 .722 .829 187.06 16?.89 135.11 .722 .829
 
6 27.F .Gq 19.5 P.6 .lfn q.0 444.43 1qf,°4 143.91 164t.41 250.00 211.57 .658 .777 198.72 168.17 130.69 .658 .777 
7 27.9 .'3 18.fli.P .4nr6 .0 46; 4.13 ?cn.49 172.11 1 82.64 31&.67 230.89 .570 .782 247.O 180.53 141.24 .570 .782 
8 28.3 .C3 14;. 1 .7 nr 6.0L ur0.3? ?1.32 175.,4 19P8.39 335.00 233.52 .562 .837 251.80 182.49 147.22 .562 .807 
9 	27.4 .r.: 1.5 .6 .f-1 7.S 472.c;3 27'2.Or 159.30 1 80.04 278.22 219.f8 .617 .820 219.25 173.12 141.88 .647 .820
 

r

In 27.1 .77 1o.3 , q .mr' I . ) 476.3? 1 71.1,; 130.63 169.92 23C.19 203.46 .738 .835 184.69 163.24 136.33 .738" .835 
11 27.t .7n 14.4 0.2 .0lf 7.1 43S.7 182.11 141.07 159.78 238.83 20n9.80 .669 .762 14n0.46A 167.30 127.42 .669 .762 
17 27.6 .Aq Iq.2 p.6 .nn 4.0 43. IJ 701. 54 157.37 162.03 256.16 220.34 .633 .735 203.62 175.15 128.80 .633 .735 
STATIOh ,4 AVERAGE% 

27.R .rR 18.4 a.1 .1 P 7.1 	45o.1.3 ?12.50 153.43 172.34 271.51 218.18 .635 .7911 214.76 172.68 136.41 .635 .790 

I0
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TABLE 14-3 
DATA A%-D COMPAoISON OF PAN rVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER 
AND CHRISTIANSEN FORMULAS
 

MO TM 14H VP VPD S OP 
 QM EVFtP .VFMC EVPR EVPKP 
 EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC ETC/ETP ETC/ETG
 

1 lq.9 .RI 13.4 3.3 .n' I5.0 au 3.86 43.61 I.4G 1S.65S 14 7.r1s 1610.84 .949 .868 122.65 134.12 116.42 .949 .8682 20.2 .81 13.7 3.4 .rr 19. 42-. W87 41.'75 5A.10 1 33.10 14 5.11 157.51 .917 .RS 12C0.953 2n.6 RIl 13.8 3.5 131.28 110.91 .917 .845.-r IA.1 482.16 4P.51 53.18 154.05 151.06 167.63 1.020 .947 175.84 135.48 128.30 1.00 .9474 19*q .R 14.1 7.8 .'P "r.0 u5.69 34.73 40.7R I 4.70 139.44 152.D7 1.009 .925 117.47 128.11 118.47 1.0095 2f.1 .9' 14.0 3. . nl .92571.1 460.23 39.69 53.07 1 43.36 143.77 154.62 .997 .927 120.7 129.77 120.28 .997 .927; 19.8 .91 11.9 7.0 .)-] IS.0 44 0.12 '7.22 55.0; 134.P1 141.64 15.13 .952 .R3 118.92 131.U8 113.14 .951 .8637 2q.1 .1 13.0 1.4 .'lP 17.0 4;9.46 (14.q7 6 .48 145.25 148.21 16G.11 .98O .997 123.SS 133.48n 121.06 .980 .9078 2".6 .77 13.4 4.2 .o IT.[l 476.23 SQ.8'9 74.7' I8.3 b 151..71 161.96 .998 .93t 131.32 13.76 131.03 .998q 2'.n .81 13.5 !.3 .19 17. , q.06 47 .Pr, 5R.G2 147.87 1 
.937 

6.46 158.3 1.010 .934 122.11 132.02 123.26 1.009 .334I1 19.R .8t 13.7 2. ' .,in 23.0 473.7b 37.q7 t49.9 1 44.84 142.23 1 5'.16 1.019 .052 119.41 127.77 121.57 1.018 .95111 I1. 5 . 1 IT.G 7.7 .n 7S.0 3"6.21 37.S0 4 3.-9 1 30.71 137.51 147.30 .aq51 .8S7 115.92 124.17 110.13 .950 .88717 13 . .R3 13,.6 7.q .00 '3.0 036.!R 36.69 40.07 1 32.82 1t1. 17 151.50 .941 .877 118.58 127.25 111.52 .940 .876
STATION Fr AVERAGES 

20.n .c't 13.7 3.? .qn 18.4 455.9l 41.66 5F.36 142.21 145.28 156.93 .979 .906 171.45 131.19 118.84 .979 .906 

1 19.1 .7R 13.9 3.r .r0 19.0 .454.61 88.25 58.25 149.41 148.43 15a.51 1.007 .943 122.71 131.C4 123.51 1.007 .9432 19.3 .79 13.1 4.0 .'In 18.0 4Z7.11 46.44 60.19 144.08 149.40 159.92 .964 .901 122.70 131.34 118.33 .964 .9013 19.S .77 13.4 3.9 .nq '7.3 484.R4 50.6 4 58.66 12.411 152.7. 158.81 1.063 1.023 125.80 130.79 133.76 1.063 1.0234 19.7 .77 13.7 4.0 .on 7].-) 462.54 50.57 5 9.8; 155.55 152.68 159.68 1.019 .974 175.71 131.47 128.07 1.019 .974
5 19.2 .7R 11.; 3.7 .O0 '0.0 458.06 85.q9 57.75 150.83 149.03 158.146 18.9 .7, 12.9 4.1 .nn 17.0 439.29 48.80 1.64 145.55 151.30 

1.012 .95s 173.18 130.71 124.67 1.012 .954160.97 .962 .904 123.94 131.87 119.2 .962 .90147 19.1 .C9 12.2 5.1 .nn 13.0 450.51 65.7r 7P.4? 161.71 163.8A 172.34 .987 .938 131.85 138.66 130.13 .987 .938.00 11.08 19.3 .s' 11.8 F.1 n L'70.24 A4.31 97.59 178.29 176.07 181.14 1.013 .q84 139.01 143.U2 140.77 1.0139 19.v .6, 11.9 r.9 .n 13.0 469.71 74.77 82.87 174.17 169.97 175.17 1.025 .994 
.984 

135.23 139.37 138.58 1.025 .9941n 19.1 .7A 17.R 4.0 .no 24.0 179.18 49.80 59.91 161.02 152.08 156.77 1.]5s 1.X27 124.94 128.79 132.28 1.059 1.02711 18.9 .70 13.1 1.4 .n , ?CO (45.78 4o.25 4.8.31 144.23 144.26 150.90 1.0Or .956 119.6c 12°.2J 119.65 1.00012 19.2 .956.77 1'.9 T.8 .00 24.0 44R18.O 48.29 5;.05 149.22 150.39 156.13 .989 .956 124.33 128.64 122.95 .989 .956
STATION SI, AVERAGFS

19.2 .74 12.9 4.3 .r IR.6 456.66 84.24 64.13 156-37 155.06 162.37 1.008 .963 126.59 13'.S7 127.66 1.008 .963 

w 0



TABLE 14-4 DATA A"O COMPbD1SON OF DAN FVPOrATTO"4 Ar, EVAPOTRANSPIRATION A5 ESTIMATEO BY STUTLER AND CHRISTIANSEN FORMULAS 

NO T H'9 VP VP0 S OP Rh EVFMP FVF4r EVPR EVPKP EVPKG EVR/EKP EVR/EKC ETKP ETKG ETC ETCIETP ETCIET6 

1 16.6 .71 i.8 3.n . S 0 14.!] 433.40 	 77.77 U 7.1 1 I4q.F0 132.95 149.97 I.Iia .991 110.69 124.85 123.72 1.118 .991 
2 	 1.7 .7- 10.8 1.0 .51 15. n 417.23 2:,.57 39.0s 134.48 130.93 143.99 1.028 .q34 138.91 119.86 111.95 1.0,8 .934 

?03 16.7 .7 1n.9 1 .44 1'.0 !4a0.47 .7R 4 fl.3I 14?.80 134.90 144.18 1.103 1.032 111.93 119.63 123.47 1.103 1.032 
4 	 I.3 .0? 11.3 ?.q -71 74.n 465.n7 71.19 28.79 119.53 126.53 1 32.06 .945 .90S 136.45 111.1d 100.54 .945 .905 

,5 16.6 .3" 11.3 2.5 .3c '3.0 464.-,? 	 23.?? 30.193 125.77 128.57 1 35.U2 .978 .q29 138.17 113.87 105.74 .978 .929 
6 16.4 .l 11.1 2.7 .T7 '1.0( 44 1.r, 	 23.[n1 11.31 1 72.84 126.36 13G.34 .957 .901 137.61 11Q.Sd 102.97 .957 .901 
7 16.G .77 In. 4 3.' . A, q.1 Cq-l C10.72 41.94 145.70 135.78 145.S9 1.0n73 1.003r 111.32 120.52 120.54 1.073 1.000 
8 16.7 . 7 10.5 7.4 .UQ 1 l. 475.81 	 12.4 4 .t I Sr.01 137.72 147.24 1.133 1.060 113.55 121.4J 128.64 1.133 1.060 
q 1;.3 . 79 11.6 3.1 .43 "1.1 u67.34 2,.F8 3 c.47 142.33 131.9 140.10 1.079 1.018f 109.56 116.32 119.18 1.079 1.016 

in 15.9 .R7 11.8 '.4 .40 7r .r 470.45 70.20 27. 4; 1 30.77 125.52 1 32.70 1.042 .99t5 105.67 111.71 110.07 1.042 .985 
11 16.n . q: In.9 '.5 .40 '3.f 432.13 lq.96 28.6"1 123.80 125.27 133.79 .964 .93 105.44 112.61 101.66 .964 .903 
17 16.5 .RI 11.0 7.7 .61 17.0 431.G7 ?4 .25 39.71 135.73 129.59 143.80 1.047 .944 108.62 120.53 113.7r 1.047 .944 
STATION 67 AVERAGES
 

16.4 .on 1n.9 .s .U*4 2n.0 4554 .3l 25.4 3 "S.05 135.95 133.67 140.44 1.040 .968 109.07 117.22 113.44 1.040 .968 

1 20.6 .72 12.8 r .1 .58 16.0 425.01 74.12 78.50 157.27 159.E4 17'.39 .978 .912 137.29 139.53 127.36 .928 .912 
2 21.1 .7n 1?.8 5.6 .57 14.0 408.57 77.r1 76.2, 154.69 171.75 170.94 .9v1 .905 138.17 137.52 124.45 .901 .905 

,3 21.2 .7? 1".1 6,.3 .57 1A.- u77.qg 	 Al.85 75.7 171.91 173.89 170.61 .989 1.0n)8 140.69 138.03 139.09 .989 1.008 
4 20.9 .77 13.R 4.3 .307 7.0l 070.14 F0.57 33.38 143.98 150.23 154.86 .899 .930 131.67 127.27 118.33 .899 .930 
5 2r.8 .7R 14.0 4.1 .4S 7!.3 477.9r 54.76 54.97 151.20 158.88 155.99 .952 .969 131.02 124.*3 124.67 .952 .969 
6 20.8 .78 14.0 4.1 .,;1 2 n., 4S 4.79 	 56.'1, 50.57 151.98 157.48 159.43 .965 .95: 129.86 131.47 125.32 .965 .953 
7 20.q . 17 13.8 4.3 , l1.n 473.67 	 62.%9 Sq.60 173.33 161.65 166.52 1.054 !.023 132.86 136.86 139.98 1.054 1.023 
8 21.0 .73 13.3 r.3 .,1 10.0 483.-34 	 75.56 77.4'] 182.57 170.48 171.68 1.071 1.063 138.38 139.35 148.20 1.071 1.063 
9 20.5 .7; 13.S 4.3 ., 1 7 0.r) u, 8.01 59.P2 ; 1.1 I cq.07 159.F6 160.61 .996 .q90 130.88 131.67 130.40 .996 .990 

In 19.9 .R1 13.7 1.5 .42 24.n 44r,3.21 4r.1R 46.51 137.85 149.19 149.48 .924 .92 123.99 12.23 114.55 .92c" .922 
11 20.1 .Q 13.9 3.5 .13 22.0 41q.41 46.08 47.81 1 2F."6 149.11 150.50 .845 .838 123.89 126.05 104.72 .845 .837 
17 2n.3 .7sJ 13.7 3.9 .48 1q.0 415.84 54 .';4 58.26 133.68 155.74 158.51 .858 .843 128.52 130.81 110.31 .858 .843 
STAT1ON 68 AVERAGES 

23.7 .79 13.5 4.4 .r1 1q.8 453.22 62.79 63.25 153.38 151.46 161.79 .950 .948 132.27 132.54 125.62 .950 .9%8 

w 
00 
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TAPLE 14-5 DATA ANO COMPA-r Ot,, OF PIN FVtPOQATIUN Af.0 EVAPOTRANSPIRATION AS EST1M"6ED BY STUTLER AND CHRITIANSEt4 FORMULAS 

qO Tm HMA VP VPD K up Pm vVrmp EvFMr EVPR EVPKP EVPKG EVR/EKP EVR/EKG ETKP ETAG ETC ETC/ETP ETCIETG 

1 21.0 c4 1'.9 r.7 .f ,n e-.1 U3-r2 1'?.Cr5 17. c 1 k4 .92 157.11 193.15 .877 .863 149.11 15L.S2 121.83 .877 .863 
7 21.6 .F 12.9 . .rn q.0 t1s.as 95.11 17.19 15.22 182.s9 183.0F .as$ .950 145.17 1a,.18 124.20 .85b .85t 
3 21.6 . 117.S 6.6 .rn . 48qn.Q3 1ns. I Inq.14 11 .37 188.60 190.90 .96 t .Qt8 149 .94 1EI 77 143.16 .96 .949 
4 21.7 . 71 14.1 t;.' .,-r

n 
1-4.(1r '-: 97~ 17.10 s. 69 1 r9.R 7 17 7. P4 1 76 .93 .15 C .9F, 14 3 . ', 1 L.' . 2 1 3F.94 .955 . 96L.a5 21.6 .7 14.1 5. .P 472.aQ C r 1(9.44 176.85 175.43 .958 .R9 142.391 8.j 5 .54 .2 

n " 141 .85 137.01 .958 .96b 
6 21.G .4' 13.P S. rr 17.1q P.7 - 0?.3O q ,.9 1 9 4.,9 190.96 177.72 .911 .0" 14P .'". 1 -7.4 7 132.19 .911 .92b 
7 21.4 .F4 13.r F. - .1r I U.0 4(. 7. cl 1-8.S4 1l 1.44 1 77.8!3 190.1 I q6.40 .933 -Q54 1[1.7 0 1-7.,b 1!£U.r- .933 .954 
9 21.7 .;7 13. 0 .. .r '.1 4(.i I I n3.34 3r'.74 IP3.f02 1P7.52 1 qO.02 .CE0 1.0-' 149.47 11 . 43 143.49 . 61j I.0ou 
9 21.4 . (7 11.2 r. 3 .- r 17.1 4F .2-3 9 .)0 P .92 1 74. 4 1.3.12 1 7A.89 .954 .976 146.03 1 EZ' .G5 139.27 .954 .976

10 21.2 .73 14.0 r. 1 Or) 11.0 4S9.14 77.76 7 7.d? 165.19 171.91 171.95 .961 .961 139.51 131.53 134.05 .961 .961 
.O r' 11 21.7 .73 14., c. 1 I P.0 421.23 75.25 7,.67 150.80 170.28 171.17 .886 .891 13S.18 1I3r .J3 122.37 .886 .881 

12 21.n .71 IT.9 r .4 . r' 17-0 426. 28 P1. 8 Pq.63 1 52.29 174.35 179.33 .873 .849 1#C.69 144.71 122.S9 .874 .849 
STATION S" AVFqAGFS 

21.4 .G9 13.5 r.0 .- fl 14.6 455.16 92.53 91.27 1F7.19 180.96 1 q.23 .924 .Q28 144.14 144.35 133.91 .924 .928 

1 25.9 .9S 21.5 4.0 .(0VO .0 14 9.'1 81.63 7U.42 133.25 174.38 169.73 .764 .785 145.65 141.77 111.23 .764 .785
2 26.2 .R9 ?,).S 3. .Cfn 27.0 424.89 S%.99 63.74 1 22.99 164.04 162.46 .750 .757 137.92 136.60 103.33 .749 .756 
3 27.1 OR9 21.9 .2 .2nr 73.0 486.6? 69.52 67.3? 138.89 165.78 164.96 .83R .842 140.22 139.53 117.36 .837 .841 
4 27.1 .qn 22.4 2.7 .P0 27.0 F 8.27 53.89 55.3S 129 )4 155.24 15r.38 .831 .825 132.28 13'.25 109.82 .83C .824
5 2G.7 .Rq 22.2 2.9 ."! 77.U !49Z7. 1 50.19 5P.514 1 30.30 159.19 158.72 .817 .819 135.22 134-82 110.30 .816 .818r6 24.r. Pa 22. f 2.q .! 27.0 44'.3 q s.SR 5G.35 1 ".3 '4 157.27 157.10 .779 .779 133.60 133.46 103.81 .777 .778 
7 26.5 .C7 2'.4 3.4 .Or 17.0 4401.37 C49.75%;2.7-, 1 31.98 166.62 1S1.78 .792 .816 140.54 136.46 111.23 .791 .815 
8 26.2 .3q 27.0 2.8 ." 2a.0 .77.43 r5.G7 :j4.69 131.53 156.59 155.85 .840 .8413 13 3.1" 132.47 111.67 .a39 .843 
9 26.3 .94 21.8 7.8 .S ' 27.0l 471.91 54.5U 55.44 130.27 155.74 156.42 .83F .833 132.36 13?.94 110.59 .836 .832 

inr 25.5 .01 21.3 2.2 .rn 27.0 t77.88 49.33 s0.19 125.15 144.33 152.32 .867 .822 123.71 130.56 107.13 .866" .82C
11 25.3 .00 21.4 7.4 .nn '5.n '41.>o 43.;f 4Q.18 117.25 146.95 151.60 .80O .773 125.27 12q .5 100.03 .799 .772
17 25.; . q 21.5 2.5 .0'r '.n 44 1.94 46.25 rI.7 118.13 140.25 153.56 .791 .769 177.4U 131.12 IO.74 .790 .76S 
STATIOr: 7n AVEPAGrS 

2G.2 .9 21.r 7.9 .rn '6.Z 'A o4. 57.95 58.30 127.57 157.92 153.41 .808 .8OS 133.94 13t.37 108.10 .807 .805 

11h 



TABLE 14-b DATA A%.-rCG 'okT5O' DFV POFf 'VAP0OATI3N -t.D EVAPOTRANSPIRATION AS ESTI'IATF' 3Y STUTLER 31,0 CHRISTIANSEN FOPMULAS 

mO TM 44 VP Vol0 Op PM EVF4D EVF!P.r EVPR EVPAP EVPKG EVq/EKP EVR/EKG ETKP ETKG ETC ETC/ETP ETC/fTG 

1 
2 
I 

5 

25.7 .R8 
25.6 .P7 
??.' .Q7 
27.6 .P S 
27.7 .OF 

2.4 c I. .lrr 
24.% 3.2 x'rl 
75.t 0. 6 *nr 

u.4 4.2 .rrN 
7t.A '.'' .*1 

1." 417.% 
1.9 4D.o 
1.' -'77.11 
T. 474.A7 
F.3 415.49 

7.7 
C6.4! 
R1.33 
q3.,1 
P7.2 

0 1.Un 
q2.Z1 

11?.3' 
117 .4S 

99.7 

115.44 
11.33 
1 4.1 5 
1 "3..Z 
I 4U.51 

158.16 
157.16 
174.73 
179.59 
177.8P 

178.35 
174.75 
186.q2 
187.12 
1 84.78 

.730 

.771 

.A05 

.719 6 

.812 

.(;I7 
-649 
.750 
.764 
.797 

134.C4 
132.72 
146.67 
lr5,.17 
149.26 

151.15 
147.58 
157.38 
1 5;.47 
1Sc. #S 

97.74 
95.G2 

117.-30 
119.53 
121.16 

.729 
.7zo 
.804 
.796 
.812 

.647 

.648 

.749 

.764 

.781 
A 26.2 .R7 
7 76.2 . ql 
R 76.3 .9" 

24. 
2. 
24.4 

t.3 .,C 
.t-

1.1 .1f 

f.a 
.( 

7. 1 

4,-3.-2 
o .. 
4Q n. '7 

PS5.09 
F4 .4 G. 
62 .'2 

02.64 
n.l91 

E.7r 

131.58 
1 4 .1;6 
1I!.94 

163.41 
160.84 
151.38 

175.02 
173.93 
175.72 

.805 

.837 

.R49 

.752 

.77U 

.779 

' 7.8" 
136.21 
136.95 

147.6a 
147.3U 
149.73 

110.93 
113.84 
115.84 

.804 

.836 

.848 

.751 
.773 
.779 

q 25.0 .p a 
IQ ?5.( .Rq 
11 25.7 . aq 
12 2i.R . 87 

24.' 
7tien 
23.q 

21.9 

!.V .n0 
7.- r' 
7.7 .60 

3.2 rn," 

-3.0 u;-O.?7 
Q. L £6n.14 
r.1 41 3.11 
4.0 4r.7.'3 

50.-4 
cl. Er 
5'1. 3 

r4.oa 

7q.Sq 
7S.1[1 
7r.3? 

0 9.30 

I 1.52 
I 7u.79 
1 12.26 

114.87 

158.3c 
153.E3 
152.73 

162.6P 

1 72.45 
170.18 
170.98 

1 78 .9 

.824 

.813 

.735 

.716 

.757 

.737 

.157 

.S43 

1 4. 14 
130.61 
179.91 

137.34 

141.8 
144.77 
14S.43 

150.78 

110.46 
10G.EJ4 
q5.38 

96.89 

.823 
.812 
.734 

.705 

.756 

.732 

.65b 

.643 
STATION 71 AVF AGEC 

2A.3 .87 24.4 3.3 .AV 5.2 4 1.71 A5.50 R9.63 128.50 163.13 177.40 .787 .724 137.97 140.87 10A.44 .786 o72% 

1 
2 

12.5 
12.8 

.77 

.73 
8.3 
R. G 

3.n .nl 
3.1 .91r 

0.0 439.3? 
17.0 417.r5 

14.51 
13.77 

17.3n 
?q.07 

145.01 
136 .6 

119.55 
118.74 

137.23 
134.24 

1.213 
1.153 

1.057 
1.02n 

98.02 
97.G'l 

112.52 
110.34 

118.95 
112.62 

1.214 
1.154 

1.057 
1.021 

3 13.5 .76 8.7 ?. .0- 1 3.0 479.S3 16.16 34.63 15G.37 122.16 139.35 1.280 1.172 100.91 115.11 129.21 1.280 1.123 
4 13.R .7G 9.3 7.n .n0 '.0 Q4r3.48 16.83 n.6q 153.39 122.13 135.75 1.231 1.198 101.15 112.44 124.59 1.232 1.108 
5 
A 
7 
8 

13.q 
13.1 
12.4 
12.4 

.7S 

.71P 

.71 

.71 

8. 3 .q .-n 
8.9 ;.2 .0 
8.2 7.9 .0r 
g.1 1 .or 

21.9 
??.0 
1.11 

13.0 

4G4.14 
439.13 
57.70 

47. ?. 

17.95 
16.74 
13.50 
14.64 

31.68 
?R.Su 
25.45 
';n.3' 

150.88 
I4F.34 
149.09 
1c7.10 

123.19 
121.93 
118.U5 
119.68 

136.67 
133.73 
130.77 
135.43 

1.225 
1.198 
1.259 
1.313 

1.134 
1.092 
1.140 
1.160 

102.01 
99.88 
97.42 
97.86 

113.18 
10q.55 
107.56 
110.74 

124.98 
119.67 
122.68 
128.S1 

1.225 
1.198 
1.259 
1.313 

1.109 
1.092 
1.141 
1.160 

9 
11 
11 

12.3 
13.? 
13.2 

.77 

.7R 

.7R 

8.1 
q.1 
8.0D 

3.1 .'IP 
z. 2 .0 
2.5 .nil 

15.0 45S.r6 
l 18.0 4710J.34 
71.I 432.71 

I I.1 "' 
13.50 
13.n6 

27.2S 
27.59 
2 F.24 

152.98 
147.62 
1 15.84 

118.11 
118.45 
117.?7 

132.50 
132.83 
131.53 

1.295 
1.24A, 
1.151 

1.155 
1.111 
10v3 

96.87 
98.82 
98.43 

108.68 
110.82 
109.73 

125.53 
123.19 
113.35 

1.296 
1.24 7 
1.152 

1.155 
1.112 
1.033 

12 13.7 .7r 8.7 7.7 . r0 14. 1 i3 2.%- 14.Q3 31.51 138.80 115.99 136. 1 1.157 1.017 99.48 113.17 115.11 1.157 1.017 
STATrOI 7' AVE"AGrS 

13.0 .74 9.7 7 .-. n .15.64' ."! 14.97 29.61 147.26 120.03 134.71 1.227 1.093 9 .04 111.15 121.53 1.227 1.093 

L1 
00 



TABLE 14-7 DATA AND COMPADISON OF PAN FVAPOPATION AND EVAPOTPANSPIRATION AS ESTIMATED BY STUTLER AND CMRISTIANSEN FORMULAS
 

NO TH MR VP VPD S OP RN EVFMP EVFMG EVPR EVPKP EVPKG EVRIEKP EVR/EKG ETKP ETKG ETC ETC/ETP ETC/ETG
 

1 14.2 .7 9.2 3.6 .on 4.0 437.13 24.82 49.43 151.97 130.15 251.79 1.168 1.001 105.81 123.40 123.59 1.168 1.002
 

2 l4.6 .7 q.5 3.7 .rD 6.0 4.15. 3 24.61 4S.17 145.57 129'. 149.18 1.120 .976 105.58 121.21 118.31 1.121 .976
 

3 15.4 .6q 9.4 4.1 f" q.0 079.54 33.65 55.33 171.94 138.47 156.71 1.242 1.097 117.n4 126.81 139.16 1.242 1.097
 

4 15.0 .71 9.5 3.7 .C!r 11.0 464. R3 ?7.78 47.75 162.61 133.01 150.46 1.223 1.(81 108.31 122.52 132.45 1.223 1.081 

5 14.9 .71 9.9 3.7 .01 10.0 466.75 28.1J8 49.3€ 162.97 133.29 151.76 1.223 1.074 108.56 123.61 132.77 1.223 1.074
 
6 14.5 .7? 9.5 3.5 .fin 8.0 441.35 23.87 45.48 151.58 12 9.72 148.63 1.173 1.C20 10S.61 121.48 123.93 1.173 1.020
 

7 14.11 .73 9.4 3.2 .nl 6.0 460.53 21.n2 43.77 155.23 126.36 147.22 1.228 1.054 133.67 120.78 127.39 1.229 1.055
 
8 14.2 .71 q.3 3.r .nr S.0 475.28 73.9n 47.79 163.RO 129.24 150.49 1.267 1.098 105.38 122.7J 133.60 1.268 1.089
 

9 14.2 .69 9.2 T.R .O 7.0 466.37 24.91 4A. 74 163.51 130.23 149.64 1.256 1.093 19S .58 121.32 132.60 1.256 1.093 
10 144. 71 q.4 3. .t!'.14.0 069. -5 25.36 4 3.12 162.25 130.38 146.67 1.24 1.106 196.27 119.55 132.Z9 1.245 1.107 

114.5 .71 9.5 3.6 .r'0 13..] 430.33 24.82 43.04 149.13 130.15 146.61 1.14r 1.017 106.07 119.48 121.57 1.16 1.017 
12 14.5 6q 9.2 3.8 .('n C.G 429.18 27.61 51.32 151.38 132.85 153.27 1.139 .988 137.65 124.20 122.71 1.140 .98 
STATION 73 AVEPAGFS 

14.S .71 9.4 3.7.00 R.2 45 3.01 25.85 47.4q 157.66 131.11 150.20 1.203 1.050 116.71 122.25 128.36 1.203 1.050
 

1 27.n .85 23.3 3.7 .mg)'4.0 43.65 80.40 7n.96 130.80 173.60 167.44 .753 .781 145.80 140.62 109.77 .753 .781
 
2 27.3 .R%. 23.6 3. A .00 73.0 421.37 75.22 66.33 124.q9 170.26 164.28 .734 .761 142.94 137.92 104.85 .73% .760
 

3 27.4 .RR 24.4 3.3 .Cv '1.0 485.29 70.qq 7 9.97 139.64 167.46 167.41 .834 .834 141.58 141.54 117.94 .833 .833
 

4 27.t .9; 24.0 3.R .n 24.0 u7n.03 tl.r4 7n.11 1 39.70 174.33 166.86 .801 .837 146.33 140.07 117.17 .801 .837
 
5 27.5 .A 2'. 3.3 .nl 2S.0 471.%4 71.33 64 .8 1 '5.95 168.02 163.27 .809 .831 142.04 138.G,2 114.82 .808 .832
 
6 27.0 .Ra 24.1 3.2 .rr 75.(l 445. N2 65.2 6?.43 127.19 163.71 1G1.51 .777 .787 138.49 136.63 107.49 .776 .787 
7 27.2 .qG 23.5 3.8 .n0 26.0 465.35 R2.31 6R.9F 137.76 174.82 16.10 '.788 .829 146.78 139.46 115.58 .787 .829
 
8 27.4 .J5 23.n 4.1 .r0 '>r.0 480.7a 90.90 72.22 145.08 180.12 168.28 .805 .86? 150.66 14r..76 121.27 .805 .862
 
9 27.3 .RG 23.6 3. A .o 2S. L) 472.20 80.60 6q.4? 140.07 173.73 165.72 .80G .845 145.85 139.12 117.50 .806 .845 

10 27.2 .R5 23.3 4.1 .1n ?q.0 475.39 P8.80 71.48 142.90 179.84 167.78 .799 .852 149.63 14C.38 119.48 .799 .851 
11 26.8 .S8 23.1 3.2 .n ?9.0 436.39 63.97 60.SC 124.05 162.63 160.18 .763 .774 137.61 135.54 104.87 .762 .774 
12 26.7 .Rq 23.2 3.2 .r'l 2%.0 435.66 65.31 63.46 123.60 163.57 162.27 .756 .762 138.43 137.33 104.49 .755 .761 

STATION 74 AVEPAGES 
27.2 P97 73.6 3.6 .n 14.7 4S3.60 76.45 67.56 134.31 170.92 165.09 .786 .814 143.85 138.95 112.94 .785 .813
 

CD
 
0% 



TABLE 14-8 DATA AND COMPADSON 07 PAN FVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER AND CHRISTIANSEN FORMULAS
 

PO TM 14" VP VPO S OP oM FVFMO EVFHG EVPR EVPKP EVPKG EVR/EKP EVP/EKG ETKP ETKG ETC ETCIETP ETCIETG 

1 26.q .7'4 20.5 ;.- .On q.qr23.42 1 94.74 127.6" 14.4.74 218.57 201.66 .662 .71P 176.47 162.82 116.85 .662 .718
2 27.3 .75 2'".9 . nR. n q .7179.o 418.Z4 14"1.41 115.03 139.27 239.39 19..3z .665 .717 I9.49 157.28 112.72 .665 
3 28.1 . 7r 21.4 8A.1 ."r,I 7-1 U7-.82 20o5 .97 140.88 174.37 260.57 20!.68 .669 .832 207.57 167.03 13R.91 .669 .832 
4 29.n .75 27.4 7. S Vn 13.0 474.59 181.84 12F.12 167.56 738.54 200.79 .702 .34 192.6 162-15 135.31 .702 .835 
5 29.1 .7% 23.2 7.6 .' 13.0 u83.91 1 89.95 130.94 171.20 245.42 203.65 .698 .841 198.16 164.43 138.24 .698 .8#1 
6 2R.7 .77 77.2 P.O MP 15.0 UF1.Irl 1 0.76 12 S.91 15.33 246.14 200.67 .67n .822 197.64 161.14 132.52 .671 .822 
7 28.4 .72 21.6 R.1 . ]I E.fl 47.5-3 19q.12 133.1' 177.26 252.97 204.94 .681 .841 202.53 164.14 137.97 .681 .841 
8 78.6 .7' 21.7 0.2 . nr 17.1) -R 9.79 202.53 177.96 176.27 257,.13 201.88 .686 .873 20r.88 161.65 141.15 .686 .873 
9 28.5 .7;p 22. 8.; ."nn 14.0 471.0 1 93.R5 179.43 1F9.55 248.91 202.75 .681 .836 199.33 162.37 135.78 .681 .836

10 27.8 .3 21.5 4.8 .n 1; .o 464.7?8 1 pq.36 31.2f2 145.33 190.85 180.30 .761 .806 158.45 149.69 120.60 .761 .806
 
11 2?.4 .8' 23.n 4.9 .Sr q . I U1,.r1 107.27 R9.22 131.77 189.78 179.09 
 .69 4 .736 157.11 148.26 119.D04 .694 .735 
12 26.6 .l1 21.8 5. ' .0on 1.0 413.P9 I os.gq q8.85 129.S9 189.615 184.87 .G85 .703 156.64 15?.69 107.25 .685 .702 
STATION 75 AVEPAGES
 

28.0 .75 22.0 7.0 .00n 13,7 455. 0 165.12 110.69 157.27 228.39 lq7.05 .687 .798 185.16 1 S.47 127.19 .687 .798 

1 28.1 .72 21.1 8.n .nn 4.U 433.77 IQI°64 152.0(I 155.78 246.92 216.81 .631 .718 197.84 173.72 124.82 .631 .719
2 28.3 .73 21.3 7.8 .00 R.0 415.12 170.37 128.34 148.28 229.51 202.11 .646 .734 184.45 162.37 119.14 .646 .7314
3 28.5 .73 21.9 7.9 .Cn q.nf 483.01 2 92.3 143.4Q 173.23 247.99 211.30 .699 .820 199.18 169.72 139.14 .699 .82U 
4 28.4 .77 22.4 6.7 .on 1.U 472. 7 155.92 116.7Q 16I2.3 21 S.37 195.35 .74 f .831 178.4'? 158.87 132.01 .740 .831
5 28.1 .76 22.3 F.A .nrf' 15.0 178.9F I 6Z."9 11R.04 14,.99 224.23 196.07 .73S .8t1 181.86 159.02 133.80 .736 .841
6 27.9 .77 22.1 6.5 .0n 1.0 453.79 147.45 138.58 154.29 213.81 190.57 .722 .81 174.00 155.09 125.55 .722 .81C 
7 27.9 .74 21.6 7.3 .i's 1'4.iI 472.q8 173.39 124.38 165.96 231.e86 199.77 .716 .831 1G.94 161.07 133.81 .716 .831 
8 28.4 .74 21.5 7.S .'n 15.0 485.29 1 A3.32 125.46 172.01 239.76 2006.0 .717 .858 193.18 161.47 138.60 .717 .856 
9 27.6 .75 21.5 r..4 .0no l6.O 471.7; 1 5.61 112.21 162.86 719.19 192.68 .743 .845 177.34 155.89 131.76 .743 .845

10 27.5 .77 21.8 A.3 .0or' lq.O 469.82 145.6 2 134.5? 158.45 212.65 188.21 .745 .842 173.15 153.25 129.01 .745" .842 
11 27.5 .7R 22.2 G.1 frl S .0 427.48 134.43 133.74 142.55 235.74 187.75 .693 .759 168.06 153.36 116.42 .693 .759 
12 2'?.9 .7r, 22.0 [.7 .on q.0 424.q7 157.rO 127.63 145.77 220.49 201.67 .661 .723 178.90 163.62 118.27 .661 .723 
STATION 76 AVEPAGF
 

28.0 .75 21.8 7.n .nnl 1-.7 457.39 194.27 127.10 I9.88 225.97 198.56 .703 .800 182.78 160.62 128.53 .703 .800 

-



TABLE 14-9 DATA ANO COMPAD1SON OF Pan FVADORATTON AND 
 EVAPOTRANSPIRATION AS 
ESTIMATED BY STUTLER AND CHRISTIANSEN FORMULAS 

MO THl HM VP VOO S OP am FVFMP EVFMG FVPR EVPKP 
 EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC ETC/ETP ETCIETG 

1 25.7 .97 17.2 7.q n40 4.r 35.32 1 62.98 143.37 163.82 2?3.q 211.20 .7"2 .776 177.61 167.5s 129.93 .732 .77a2 7i.6 .917 17.1 0.1 . n S.1 la1 . . I 4.o3 130.6? 157.75 218.14 203.46 .723 .779 172.91 161.28 125.04 .7233 25.1 .67 17.0 9. .PV Q.e 4R7.63 1 7b.80 140.9! 161.19 234.50 209.70 
.775 

.785 .S78 185.81 16S.15 145.94 .785 .8784 25.7 .71 18.0 ,.s .'In 1 3.a #470.71 1 77.381 138.1" 168.24 231.51I l13.31 .835 .884 162.61 153.55 13S.74 .635 .8811 
q 
2u.q .74 11.7 c.1 . cr 1r.0 475.nr 171.-nl 102.% 167.12 198.32 1 86.9 .8943 .8q4 180.58 151.35 135.30 .843r .894A 24.7 .7c lP.6 5.a Iqtt.ruaSrl. 42 1 1'3.! 5q.8 166.24 191.G2 184.88 .815 .Atl5 155.6 153.18 126.91 .815 .8457 24.3 . 7t IA.n A.1 .r, 1'.0 4iq.53 117.75 10 .-9- 164.30 19S.qD I P9.113 .841 .872 158.26 15".71 133.13 .841 .872 
R 24.9 .7n 17.7 7.1 .rn 1 l.u 1,87.65 1 1l..! 12P.41 176.20 210.26 197.45 .838 .892 168.23 157.98 140.98 .38 .892S 24.R . 7 17.A 6. 9 .fl 1.0 470.67 111.76 97.85 163.59 192.-12 IR4.2R .850 .888 156.29 149.67 132.86 .850 .R881n 24.7 .9 1qI9.E 1.7 .'Ir 1 1.C) U70.12 Pq .7 7 84.21 '51.09 179.43 178.00 .859 .P76 l P.1 145.27 127.15 .ass .87511 24.5 .7q I8.7 4.8 .r'P 19.0 4' .72 9Q.31 R6.99 141.68 179.15 177.73 .791 .797 lq7.42 146.25 116.56 .791 .79712 24.6 .75 17.P 5. .,-" 10.0 426.r3 11?.65 138.07 147.89 192.9t1 190.25 .765 .776 156.75 151.56 119.98 .765 .77b 

STATION 7v AVEPqGFS
24.9 .7V 17.9 G.4 .Gr 11.8 4S6.52 176.35 110.63 162.12 201.51 191.77 .805 .A45 182.52 151.70 130.79 .805 .845 

1 25.8 .71 21.8 7.7 .t r )  
.0 422.09 152.58 145.13 141.57 217.14 212.33 .666 .681 174.02 170.17 115.86 .666 (681


2 25.9 . rs 20.3 0.5 .nn 1.0 417.1-, 1 r .75 112.6q 145.51 225.48 210.81 .645 .690 178.17 166.58 114.98 .645 .69G
3 26.8 . 8 21.1 8.5 .'I 1.0 478.04 1 go.19 16I0.15 171.67 245.63 222.25 .699 .772 194.92 176.36 136.23 .699 .7724 25.8 .74 23.1 S.5 .0(0 S.0 473.28 131.51. 123.21 157.60 234.r41 199.09 
 .772 .792 164.9R 160.98 127.43 .772 .792
S 25.4 .7q 23.9 5.1 .nn 9. 187.r8 103.18 103.98 190.97 187.42 187.89 .905 .803 154.04 154.42 12 .05 .805 .8036 25.4 .04 23.9 3.9 . '1 7.0 460.16 74.30 R9.23 131.76 169.66 179.10 .791 .752 141.81 149.70 112.57 .794 .7527 25.4 .41 23.6 1. .0n 9.0 478.78 92.62 9R.32 146.08 181.16 134.56 .806 .791 49.87 152.69 120.81 .8t06 .791R 28.3 .q 23.41 .q .or 11.0 48.01 103.25 100.37 151.61 187.47 185.74 .809 .816 154.90 153.47 125.23 .808 .8169 25.2 .Rn 23.1 40.8 .0r, 11.0 4r9.51 q2.41 4 3.93 144.49 181.05 191.94 .798 .794 149.33 150.07 119.14 .798 .794I0 25.7 .77 71.9 '.7 .rO F.0 462.R4 117.95 116.32 149.34 196.02 195.07 .760 .764 160.01 159.23 121.64 .76w11 26.1 .7 22.11 . n f' 4.U 41 
.764 

417.39 lnR.65 112.8 137.37 190.62 1q2.79 .694 .r87 156.51 158.29 108.66 .694 .68612 25.7 .7 21.q . . r 4 .0 u1 2.S9 I T.36 12A.37 137.11 205.70 202.12 .b67 .678 156.35 163.46 110.88 .667 .678 
STATION 7S AVE'PAGFS
 

25.8 .7r, 22.5 P.n .01q c.7 454.44 122.16 117.8 147.15 199.28 196.14 .73P .750 162.07 159.62 119.7t .739 .7SO 

00 
00 



TABLE 14-10DATA AND COP4PA'ISON OF PAN EVAPORATION AND EVAPOTRASPIR&TIO0N AS ESTIMATED BY-STUTLER AND CHRISTIANSEN FORMULAS
 

HO TM Hit VP VPD S OP RM rVFP EVFMG EVPR EVPKO EVPKG EVR/EKP EVR/EKG E7KP ETKG ETC ETC/ETP ETC/rTG
 

1 9.6 .87 8.5 1.2 .42 f;.0 440.41 1.40 7.0' 112.59 134.50 111.24 1.077 - 1.012 90.43 96.27 97.39 1.077 1.012 

2 9.8 .RZ 8.4 1.A .56 S.0 417.03 2.29 9.62 127.63 135.56 114.15 1.209 1.118, 89.75 97.03 108.50 1.209 1.118 

3 I0.4 .85 8.8 1.4 .31 1).0 '78.56 2.92 9.61 115.88 D6.31 114.12 1.090 1.015 91.24 97.93 99.41 1.090 1.015 

4 In.? .Rf 8.5 1.3 .20 lP.0 461.46 2.79 S.34 02.81 135.58 110.38 .879 .841 90.95 95.09 79.92 .879 .841 

S 10.1 AR7 8.6 1.2 .25 70.0 461.33 2.01 6.15 q7.61 105.24 110.16 .927 .886 90.39 95.25 84.36 .927 .886 

8 9.4 .8; 0.3 1.2 .24 '?.0 .435.1F; 1.26 4.03 91.26 104.3S 107.67 .875 .848 89.99 92.87 78.70 .874 .847 
93.12 70.31 .774 .7557 9.2 .91 8.4 .8 .18 75.0 454.58 .53 2.60 S0.08 103.43 105.96 .774 .756 90.90 

8 9.0 .90 A.3 .9 .73 24.0 97rl.72 .49 2.49 gn.86 103.39 105.82 .879 .859 90.55 92.68 79.51 .878 .858 

9 9.7 .AS R.2 1.3 .27 1?.3 464.36 1.13 4.O8 1'2.ri0 134.17 107.73 .984 .951 89.56 92.62 88.11 .984 .951 

10 9.7 .Rf8 8.4 1.3 .71 ]a.f 469.75 1.68 5.11 95.31 104.85 108.95 9as'r .875 90.39 93.93 S2.14 .909 .875 

11 10.1 .R4 8.4 1.5 .31 I6.0 433.11 2.58 7.61 104.41 1)59.43 111.85 .986 .933 90.62 95.69 89.32 .986 .933 

12 10.2 ,45 8.6 1.4 .4n R.0 433.24 2.6O 9.77 112.87 135.9S 114.32 1.065 *987 90.95 98.13 96.86 1.065 .987 

STATION 79 AVERAGES 
6.21 101.99 134.94 110.20 972 .925 90.53 95.05 87.88 .971 .925
9.7 .RA 9.4 1.3 .3n 15.8 451.6l 1.76 


1 25.5 Pl; 22.9 3.7 rnn 14.0 439.79 72.39 80.62 177.53 168.39 173.75 .757 .734 141.22 145.71-106.88 .757 .733
 

2 25.5 .8S 23.0 3.4 .0n 17.0 418.1;3 O.5G 66.91 119.54 160.19 164.68 .746 .726 134.82 138.59 100.53 .746 .725 

3 25.5 .86 22.8 3.4 .Or 19.3 483.59 67.04 72.84 138.10 164.77 168.69 .838 .819 138.67 141.97 116.14 .837 .818 

4 25.4 .8 23.3 3.6 0l IR.0 469.eCS 69.19 72.63 135.97 166.24 168.55 .818 .807 139.43 141.37 113.97 .817 .806 

5 25.8 .8; 23.5 3.5 Vf0 27.0 472.81 69.67 69.03 135.84 166.50 166.13 .816 .818 140.07 139.76 114.19 .815 .817 

92.02 76.17 137.12 180.83 170.89 .758 .802 149.93 141.72 113.67 .758 .8026 26.1 .82 22.4 4.6 .0i 23.0 447.75 

7 25.4 ,83 21.9 4.1 ra0 25.0 466.92 82.36 70.G4 139.08 174.65 167.22 .796 .832 145.48 139.28 115.79 .796 .831 

8 25.6. R3 22.3 4.2 .n9lf27.0 t81.24 84.10 68.63 1243.93 175.94 165.89 .818 .868 146.50 138.14 119-79 .818 .867 
.815 .836 141.80 138.11 115.43 .814 .836 

10 25.4 .87 22.9 3.? .o0 24.( 472.R3 • 60.93 62.63 137.63 160.46 161.6;8 .827 .820 135.55 136.58 111.94 .82& .820 

11 25.8 ,R 24.0 3.0 r00 17.0 433.11 56.67 67.53 120ft6 157.30 165.11 .766 .730 133.29 139.90 101.97 .765 .729 

12 25.4 .88 23.8 7.9 .10 14.0 431.64t 55.65 


9 25.9 A85 27.4 3.8 .nn 24.0 471.43 73.58 67.06 137.81 169.18 164.78 

65.94 119.09 156.58 164.00 a761 .726 132.75 139.05 100.86 .760 .725 

STATION 81 AVERAGES 

25.6 R85 22.9 3.6 .O0 ?0.7 45i7.46 70.31 70.06 132.26 166.75 166.78 .793- .793 139.96 140.02 110.93 .793 .792 

http:145.71-106.88


-TABLE 14-'l1 DATA ANi COMPARISON OF PAN EVAPORATION AND EVAPOTRANSPIRATION AS ESTIMATED BY STUTLER AND CHRISTIANSEN FORMULAS
 

MDO TI- 4M VP VPD S OP R' rVFP EVFMG EVPR EVPiP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC E'C'/ETP ETC/ET6
 

1 27.1 .77 21.3 6.2 .70 7.n1 411.r.7 13q.11 112.86 154.12 ?38.sS 210.91 .739 .731 169.93 171.83 125.55 .739 .731
 
? 27.4 .R1 23.4 9.2 .71 2.0 403.34a 105.07 118.82 244.65 189.11 196.52 .765 .736 156.0 162.14 119.31 - .765 .736
3 2q.1 .71 2n.7 F.2 .72 1.u0 475.76 196.6n'176.11 194.54 751.45 233.96 .774 .832 200.91 186.94 155.44 .774
4 28.R .7q 27.8 7.1 	

.832 
.FS 4.r 475.q3 170.43 144,.33 1R1.49 229.S3 211.83 .790 .857 	186.06 171.64 147.05 .793 -.851 

6 23.4 .A 23.3 S.4 .57 17.0 4P'3.t7 1.q.q2 1123.51 168.85 238.47 191.71 .810 .881 171.20 157.43 138.63 .610- .881
 
6 27.6 .RI 23.9 1.7 .51 1 l r8.0, 103.15 9.37 146.37 187.41 179.19 .781 .R17 155.63 148.80 121.49 .781 .816
7 28.0 .4' 23.6 4.1- .9 7.0 	446.37 11A.66 111.9% 164.36 196.43 192.54 .837 .854 162.48 159.26 135.90 .836 .853 

rA 2A.2 .Rn 27.G 4.7 .c3 7.1, 492.tV4 I IS.P5 114.6 1641.2 2 236.60 194.12 .8n .851 16q.7 159.45 135.68 .800 .851
9 24.4 .A3 23.4 4.9 .5, 13.V 463.6 117.1'; 94.6 153.47 193.12 182.37 .795 .812 160.20 151.28 127.25 .7911 .841


10 28.3 .AS 23.c; 4.3 .54 16.3 457.42 100r.78 86.54 144.70 186.01 177.45 .778 .815 155.49 148.25 120.81 .777 .815
11 27.7 .%; 23.8 4.2 .50 9. 0 40n.8 q1.37 93.47 130.75 180.22 181.67 .725 .72n 150.68 151.90 109.25 .725 .719

12 28.0 .A0 22.? 6.7 .77 1.0 431.79 
 137.83 143.07 149.93 234.78 211.05 .732 .710 168.25 173.40 123.16 .732 .71U 
STATION 81 AVERAGES
 

2R.0 .4R0 22.9 c;. .62 7.2 453."! 12?9.87 118.87 158.20 233.48 196.94 .777 .803 167.21 161.86 129.:36 .777 .803 

1 14.3 .4'' 10.3 7.4 .On In.0 434.96 lb.04 36.49 133.83 121.18 140.99 1.011 .9%19 101.58 118.19 112.20 1.104 .99
2 4.5 .RI 10.7 2.1 .0P 13.0 414.15 12.53 2q.68J 127.96 117.39 134.80 1.047 .912 99.37 114.12 104.07 1.047 .912 
3 14.6 .95 11.2 1.9 .on 1q.0 474.63 12.19 30.23 138.30 117.02 135.32 1.182 1.022 99.74 115.33 117.83 1.181 1.022 
4 14.5 .R5 11.4 1.9 .nn 11.0 465.12 11.52 26.95 134.16 116.28 132.21 1.154 1.015 99.12 112.70 114.32 1.153 1.0180
6 11. .4A 11.4 1.9 .ci, 2fn. r 467.99 12.19 27.78 135.23 117.02 133.01 1.156 1.017 99.74 113.36 115.22 1.155 1.0166, 15.n .47 1n.9 '.3 .n 17.0 443.27 16.12 33.07 134.66 121.27 137.93 1.110 .976 102.23 116.28 113.51 1.110 .976 
7 11.9 .7q 10.7 2.7 .rfn 14.0 462?.49 lQ.51 36.09 145.67 124.81 140.65 1.167 1.036 104.19 117.40 121.61 1.167 1.036 
8 15.7 .78 181.4 ..9 .nP 13.0 476.F5 71.q8 41.93 157.76 127.33 145.69 1.200 1.04 9 105.90 121.16 127.06 1.200 -1.09
9 14.8 .qn 10.7 2.5 . ) 20.0 466.52 17.44 32.35 144.88 122.66 137.28 1.181 1.055 102.75 114.99 121.36 1.181 1.055


10 14.7 . G 10.9 1.7 .09 73.0 467.75 13.15 23.97 132.13 114.75 129.22 1.151 1.023 98.21 110.59 113.03 1.151 1.022 
It 14.1 . RG 11.0 1.7 .10 72.0 42q.18 9.58 23.16 120.72 114.10 128.51 1.059 .939 97.67 110.00 103.30 1.058 .939
12 14.1 .84 lJ.6 1.9 .00 19.0 426.44 11.69 27.07 174.31 116.46 132.33 1.065 .937 98.99 112.48 105.39 1.065 .937
 
STATION 82 AVERAGES
 

14.6 .81 10.9 2.2 .GP 't.o 4452.71 11.25 30.72 134.54 119.19 135.66 1.132 .995 100.79 114.72 114.07 1.132 .994 

Q 

http:16q.7159.45
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TAiLE'14-1Z DATA AND COMPAOISON OF DAN EVAPOPATfION AND EVAPOTRANSPIRATION AS ESTIMATED sY.STUTLER AND CHRISTIANSEN FORMULAS
 

"0 TM "m VD VPO s UP RM EVFMP EVFM EVPR EVPKP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC ETCIETP ETC/ETG 

i 12.5 .n7 9.6 1.4 .24 1n.0 437.48 5.71 14.97 92.53 139.65 120.03 84 .771 94.44 103.38 79.66 .843 .770 
2 17.7 .6 9.5 1.5 .21 16.0 415.52 6.36 12.93 86.19 110.06 117.62 .783 .732 94.42 101.08 73.92 .783 .731 
3 13.2 .RG 10.1 1.6 .13 1'. 0 478.l 7.711 14.18 88.30 112.05 119.19 .788 .741 96.05 102.17 75.66 .788 .741 
4 12.9 .97 10.4 .9 .n7 'DA.0 4G3.67 3.07 13.49 118.35 13G.52 118.34 1.111 1.000 93.40 103.76 103.65 1.110 .999 

5 13.1 .91 10.4 1.0 .09 ?7.0 465.3, 4.08 9.80 72.22 137a72 114.3S .670 .632 94.07 9*.8S 63.00 .670 .631 
6 1.7 .q 10.0 1. .1" 23.0 439.RJ 4.G8 10.02 71.39 108.44 114.60 .658 .623 94.OS 99.40 61.87 .658 .623 
7 13.0 .88 9.9 1.3 .15 11.0 459.c3 5.99 12.53 84.80 109.97 117.39 .771 .722 94.99 IC1.33 73.20 .771 .722 
8 12.7 .98 9.7 1.3 .lr 17.0 474.17 5.46 12.35 88.48 109.36 117.19 .809 .755 94.50 101.27 76.41 .809 .755 
9 13.2 .19 10.2 1.1 .22 17.0 465.97 4.76 12.98 02.9q 108.53 117.89 .856 .788 94.41 102.54 80.77 .856 .788 

10 12.4 .92 1".0 .9 .1? 27.0 468.73 2.68 7.60 74.42 136.05 111.85 .702 .665 93.07 98.15 65.23 .701 .665 
11 12.& .9? 10.0 .9 .Ft 2cr.0 430.38 2.59 7.48 6t4.02 105.95 111.71 .604 .573 92.98 98.03 56.12 .604 .572 
12 12.7 .ql 1rJ.1 1.0 .11 17.0 429.78 3.59 10.14 69.06 107.15 114.74 .64S .602 93.63 100.26 60.28 .64% .601 
STATION R3 AVEPAGES 

12.8 .8 10.0 1.7 .14 19.3 452.41 4.70 11.53 83.56 103 .4S 116.26 .770 .719 94.17 100.94 72.48 .770 .718 

1 25.8 .8n 22.7 S.0 .96 .0 412.n8 102.78 150.36 157.82 18"f619 215.69 .893 .732 154.26 177.75 130.02 .843 .732 
2 26.3 .73 20.0 S.6 .85 .0 400.54 109.15 137.34 154.32 190.90 207.51 .808 .744 156.20 169.78 126.24 .808 .744 
3 25.5 .79 2.1.0 S.1 .76 .0 47o4.G 104.-%S 133.63 172.60 188.16 205.26 .917 .811 IS4.62 168.67 141.80 .917 .841 
4 26.4 .91 21.6 4.9 .7r 1.0 474.73 101.12 120.913 166.35. 18T.21 197.74 .893 .841 153.84 163.36 137.39 .893 .841 
5 27.4 .77 73.4 S. 3 *7o 6.0 488.49 143.97 145.22 189.87 211.g1 212.40 .897 .894 172.32 172.97 154.61 .897 .899 
6 27.5 .7q 23.0 c. 9 .6cV 1".0 4G7.45 127.94 102.39 152.35 2031,87 186.95 .755 .815 165.43 153.21 124.83 .755 .815 
7 26.9 .77 21.8 1;.1 .GS 9.0 485.35 1 35.92 123.93 176.47 20 & 6% 1899.51 .85S .885 168.39 162.58 143.79 .854 .884 
8 27.1 .7R 27.6 5.9 .1S S.0 491.29 1 32.58 128.81 176.84 234.69 202.38 .864 .874 167.29 165.41 £44.S1 .864 .878 
9 27.2 .7R 22.5 F.9 .61 13.0 468.97 129.89 108.41 165.89 203.02 190.47 .817 .871 165.91 155-65 135.54 .817 .871 

10 26.2 .77 22.3 5.9 .7R 14.0 457.07 125.21"121.23 173.71 20 E.26 197.93 .867 .878 163.35 161.45 141.68 .867 .878 
11 26.2 .R0 23.1 r.1 .7P 9.0 408.33 1t14.35 116.97 149.76 188.11 195.45 .796 .766 154.93 160.98 123.32 .796 .766 
12 2S.9 .?q 22.1 5.2 .r t.o 01 .94 108.31 137.46 148.96 190.42 207.58 .782 .718 156.41 170.51 122.33 .782 .717-
STATI'ON 84 AVERAFS 

26.5 .71 22.1 R°G .'4 5.7 452.F- 11B.81 127.22 165.41 196.59 201.57 .841 .821 161.08 165.19 135.51 .841 .820 

O 
9.2 

http:125.21"121.23


TABLE 14-i3"DA-A ANC COMPAOISON nF PAN FVAPORATION AND EVAPOTW-NSPIRATION AS ESTIMATED BY STUTLER AND-CHRISTIANSEN FORMULAS-

NO TM F M VP VPD S OP R4 EVFMP EVFMG EVPR EVF'KP EVPKG EVR/EKP EVR/EKG ETKP ETKG ETC ETCIETP ETC/ETG 

1 13.3 .61 9.2 q. k .4P 1.0 44 r1.77 30.75 46.07 159.18 135.81 149.10 1.172 1.068 107.85 118.41 126.Qq 1.172- -'1.068 
2 14.1 .C' 8.6 4.6 .45 17.0 417.79 29.35 39.47 146.95 133.,56 143.59 1.100 1.023 106.30 114.28 116.98 1.101 , 1.024 
314.8 .64 8.9 4.S .3R 15.0 4,30.2a 34.80 42.44 159.39 139.50 146.11 1.143 1.091 111.47 116.75 127.40 1.143 1.031 
4 14.q .6 11.0 4.3 .21 ?rn.C 4S3.82 31.65 30.68 123.80 136. 64 135.74 .906 .912 109.76 109.04 99.47 .906 .912 

5 14.6 .S7 9.1 4.1 .25 7n.0 464.23 3n.26 31.59 129.37 135d35 136.58 .956 .947 109.05 110.04 104.27 .956 .948 
6 14.0 .F4 8.7 4.3 .11 10.0 438.17 '7.96 31.31 131.06 133.18 136.33 .914 .961 106.55 109.07 104.89 .984 .962 
7 13.5 .6G R,.2 4.3 .33 1q.0 457.48 26.74 30.qS 144.49 131,53 135.99 1.068 1.033 105.05 108.61 112.24 1.068 1.033 
8 13.7 .61 8.0 4.6 .3n 14.0 473.42 79.75 38.05 157.38 134.43 14?.36 1.171 1.106 196.77 113.10 125.06 1.171 1.106 
9 13.7 ..6! 8.2 4.6 .37 1S.0 4F 6.28 28.31 33.27 143.79 133.51 138.12 1.077 l.nl 106.07 109.72 114.26 1.077 1.041 

r,

1 1q.0 .Gq 9.n 3.7 .2 71.0 470.89 24.52 27.1q 127.44 !29.85 132.45 .981 .962 105.30 107.41 103.38 .982 .963 
11 13.8 .68 9.2 3.8 3nl 71.0 t33.3E 23.39 ?7.1P 124.66 123d73 132.43 .968 .q41 104.14 107.13 100.88 .969 .942 
12 14.0 .64 9.7 4.3 .3? 4.fl 433.25 78.89 38.41 142.75 134.06 142.68 1.065 1.001 107.26 114.15 114.24 1.065 1.001 
STATION RS AVERAGFS
 

14.1 .94 8.8 4.3 .34 1r,.7 453.33 28.70 34.72 140.52 133.84 139.29 1.050 1.009 107.13 111.48 112.46 1.050 1.009 

1 27.3 .7, 17.21n.3 .72 1.0 4n4.53 24,.75 198.63 174.01 332.34 253.35 .576 .687 235.99 197.76 135.81 .576 .687 
2 27.1 .71 18.7 7.8 .72 .0 395.28 160.41 154.22 158.45 222.43 218.23 .712 .726 171.99 174.58 126.76 e712 *726 
3 28.1 . ,5 17.810. n .65 .0 473.15 241.78 189.27 195.40 303.80 244.83 .643 .798 238.71 192.37 153.54 .643 .798
 
4 2R." .r-3 18.9 9.0 .c1 .0 476.3 213.21 155.99 176.49 268.18 219-41 .658 .R04 212.95 174.22 140.15 .658 .804
 
S 29.4 .A7 -20.710.1 .57 ?.0 493.nl5 262.05 179.3q 197.48 335-39 236.56 .589 .835 264 .49 186.55 155.74 .589 .835
 
6 29.8 .67 20.31r.4 .4S 3.0 473.32 264.63 176.88 193.21 339.84 234.57 .569 .824 267.86 184.88 152.30 .569 .824 
7 30.4 .4q lq.313.r .71 .L 491.42 355.15 237.79 226.34 573.41 298.24 .395 .759 443.56 230.70 175.08 .335 .759 
8 29.9 .71 21.2 q.2 .73 3.0 494.64 ?41.6 189.57 210.94 393.65 245.09 .695 .861 242.01 195.33 168.13 .695 .861 
9 28.8 .7R 22.8 6.5 .%6 3.0 468.26 155.49 119.92 165.80 219.07 197.16 .757 .841 178.64 160.77 135.19 .757 .841 
1V 27.1 .q4 23.5 4.3 .U4 IS. 452.43 Q4.18 78.57 133.76 182.10 172.43 .718 .758 151.84 143.79 108.98 .718 .758 
11 27.1 .7q 21.' S.F .59 q.0 401.31 172.19 138.37 136.79 198&49 190.45 .689 .718 162.75 156.16 112.13 .689 .718 
12 26.5 .7% 20.0 5.7 .r9 R.0 393.53 123.72 128.60 142.85 199.39 202.26 .716 .796 163.09 165.44 116.83 .716 -. 706 
STATION R6 AVFRAG S 

23.3 .71 20.1 P.% .a7 3.9 1*51.43 2P6.27 153.77 175.71 287.34 226.05 .612 .777 228.32 180.21 140.05 .613 .777 

-%0 



DATA ANf% COMPAPTSON OF PAN FVAPORATTON AND EVAPOThANSPIRATION AS ESTIMATED BY S7UTLER AND CHIRISTIANSEN 
FORMULAS
 

TABLE-,15 


ETKP ETKG ETC ETC/ETP ETC/ETG 
ST TH HM - VP VPD S OP RM EVFMP EVFMG EVPR EVOKP EVPKG tVR/EKP EVR/EKG 


.877 .8s
 
61 24.0 .79 16.9 4.8 .GO .909 135.05 135.55 123.12 .912 .90
90.13 155.32 177.03 179.50 .877 .855 11.5.63 147.69 127.74 


17.2 4.59.46 L5.30 


62 21.1 .76 13.9 4.6 .4R 
.912 

158.81 147.13 127.15 .801 .864
1A.1 456.q7 A8.01 69.03 150.57 165.11 165.71 

183.67 .801 .864 


in.9 456.13 121.64. 97.0c; 158.75 19 8.2 

63 23.8 *7n 150.;6 5 .4 .635 .790
.790 21t.76 172.68 136.41218.18 .635
7.1 459.13 212.50 153.43 177.34 271.516ti 27.8 .r lq.9 9.1 .,0 

121.45 131.19 118.8. .979 . o ,156.93 .979 .906 
65 20.0 .21 13.7 3.7 . UP 13.4 455.91 41.66 56G.36 142.21 14528 

1.008 .63 
64.13 1 S6.37 155S.O 162.37 1.(08 .963 126.59 132.57 127.66 

66 19.2 .77u 12.9 U.3 .nn Ic., 45S.G6 54.24. 
.968 109.07 117.22 113.441 1.01.0 .968 

.44 '0.0 454-m3 25.4.3 3 6. nr- 135.95 130.67 14.0.4. 1.010 

67 16.4 .qfl 10.9 '. A 

.948 132.27 137.54 125.62 .95U -94.8
161.79 .950 

68 20.7 .7r, 13.5 4.4 -c lq.R 453.22 Q2.79 63.25 153.38 161.46 

133.91 .924 .928 
91.77 167.19 18 0.98 180.23 .92. .q28 144.91. 14.35 


f9 21.4 .69 13.5 F.0l .805
.'rl 14,6 455.16 02.53 
.80R .805 133.94 134.37 108.10 .807158.1
.90 ' A. 7 451.04 57.5 58.3n' 127.57 15 7o92 7,1 26,.2 .A 71.R ?.q 137.97 14q.97 108.441 .786 .72 

17P.rO 163.33 177.40 .787 .724 
3.3 .0 5.2 453.76 95.50 A A. 6371 26.3 .R7 74.. 1.093
111.15 121.53 1.227 


9.7 2.' .t01'1,.6 452.81 14.97 ?8.61 117.26 120.03 134.71 1.227 1.093 9q.04
72 13.n .74 1.05U1.203 1.050 106.71 122.25 128.36 1.203

157.66 13 1111 150.20
73 14.5 .71 9.1 '.7 .no Q.2 4r3.0(1 25.85 4 7.4q 

143.85 135.95 112.9. .785 .813.786 .814134.31 170.92 165.09 

"4 27.2 .R7 23.C 3.G .C ?4.7 458.63 76.145 67.56 .687 .79e.798 185.16 159.47 127.19 

13.7 455.63 14r5.12 119.69 157.27 228.99 197.05 .rq7
75 28.0 .75 22.0 7.0 .tn 

.800 lp.78 160.62 128.53 .703 .800.703

12.7 457.39 16G4.27 122.11 158.88 225.97 198.56
76 28.0 .75 21.R 7.0 .r 130.79 .805 .815.R%5 162.52 154.70
110.63 162.12 231.51 191.77 .805
11.R 456.52 126.3577 24.9 .71 17.9 A.1 .nn .739 .750.738 .75n 16.07 159.62 119.79 

78 25.8 .7r, 22.5 F.0 .0n S.7 154.41. 177.16 117.8 147.15 199.28 196.1 
.971 .925.972 .925 90.53 95.Ul 87.88

1.76 A.21 101.99 104.91 110.20
8.4 1.3 .3n I1S.8 451.r479 9.7 .6 110.93 .793 .792.793 .793 139.96 140.02 

3.6 .Gon '.7 457.46 70.31 70.0r 132.26 166.75 166.78 
8n 25.r .qr, 22.1 .777 .803.777 .803 167.21 161.86 129.96


118.87 158.20 203.-48 196.9.
4-6 .62 7.2 453.131 128.87 

1n.8 7.2 .0n 17.9 452.71 14.25 


81 28.0 .9r) 2?.9 .995 100.79 114.72 114.07 1.132 .9941 
30.72 ! 34.94 11S.19 135.66 1.132 

82 14.6 . 3 .770 .71894.17 100.9 72.48

11.53 81.56 1038.45 116.26 .770 .719


lq.3 452.4.1 .7083 12-9 .R 10.0 1.? .14 
165.41 196.59 201.57 .81 .821 161.08 165.19 135.51 .81 .320­

.74 S.7 452.63 11q.81 127.2284 26.5 .7q 22.1 6.6 
1.009 107.13 111.48 112.46 1.050 1.909139.29 1.050 

8 14.! .64. 8.8 4.3 .34 1S.7 453.30 28.70 34.7? 140.52 133.1. 
140.05 .613 .777.612 .777 228.32 180.2 1 


86 28.3 .71 20.1 

226.05


8.5 .r2 3.9 CI51.43 206.27 159.77 175.71 287.3. 

OVERALL AVERAGES 

.863 141.99 139.28 120.11 .846 .862
 
78.4S 146.36 173.27 163.65 .845


.18 14.2155.11 82.98
21.9 .78 18.5 1.6 

%0 
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