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IRRIGATION: REQUIREMENTS IN
LATIN AMERICAN COUNTRIES

Jerald P. Christiansen
-
and

George H, Hargreaves #

INTRODUCTION

¥ith increasing needs for the
developments of their natural resources,
 many Latin American countries are plac-
ing increased emphasis upon irrigation
and the evaluation of the availability
of moisture requirements for agricul-
tural production, This is especially
true of the northern South American
and Central American countries such as
Venezuela, Colombia, Ecuador, El
Salvador, Honduras end Nicaragua,
where studies have been initiated,
In some instances, project development
has been undertoken where more careful
studies may have indicated that the
benefits to be derived from irrigation
could not Justify the expenditures
involved., The need for irrigation in
many places was not clearly established
before the projects were constructed.
This is unfortunate in that development
capital might be more profitably used
for other purposes such as fertilizers,
flood control, transportation, etc.
There appears to be a need for an
overall study to more precisely deter-
mine the irrigation requirements. There
is also a real need to define and use
procedures that cen be applied to all
of the countries involved.

* Professor Emeritus and Research
Engineer, respectively.

Note: The development of formulas, data
gathering and computer analysis
required for this paper were
financed by Utah State University,
the Agency for International
Development (Contract AID/csd-2167),
the Inter-American Geodetic Burvey,
and by OAS~CIDIAT Centro Inter-
americano de Desarrollo Integral
de Aguas y Tierras) under a

. contract with Utah State University,
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Development of Formulas & Equations

The development of formulas and
other relationships used in this study
has been accomplished primarily by the
senior author over a period of years
vorking with graduate students at Utah
State University., To date, some 14
Master of Science theses and some special
reports have been completed on various
prhases of this problem. Cencurrently,
the Junior author worked on the problems
under the auspices of the Bureau of
Reclamation, Agency for International
Development and the Inter-American
Geodetic Survey, and published several
papers. These papers and theses are
listed in the Bibliography. Space does
not permit references to the vast biblio-
graphy now available on this subject,

Geographical & Climatological
Characteristics

The countries in which studies have
begun have many geographical and clima-
tological characteristies in common, but
they also have some very distinet dif-
ferences. They all lie in the tropical
zone, and have a twelve-month growing
season when soil moisture is available.
At any given location, mean monthly
temperatures are fairly censtent,
generally verying less than 3°C during
the yeer. The temperature, however,
varies greatly from place to place,
depending primarily on the elevation
above sea level, and agriculture is
carried on to elevations well above
3,000 meters in some of the Andean
valleys of Ecuador, Colombia and Vene-
zuela, The mounteins are generally
lower in Central America but rise to
fairly high elevations in Guatemala.

The precipitation patterns are
generally similar, but the mean annual
amounts vary widely from less than 400mm
per year in the more arid regions to
more than 6,000mm per year in the wetter
areas. In some places, the meun annual
precipitation varies more than two to
one in distances of only a few kilo-
meters, This is particularly roticeable
in the states of Lura and Meridm in
Venezuela, where there are very arid
and very humid ureas in close proximity,
In general, the dry period beginsg in
November or December and ends in April
or May. There are, however, differing
seasonal lags. The rainy season extends
to February from Curarao to Trinidad,



vhile it terminates in early Octobver in
the Yucatan. In some places precipi‘a-
tion is insufficient for optimum crop
growth during every month of the year,
and in other locations, precipitaution
is adequate during every month,

Although for any given location
there is 1ittle variation in mean
temperature from month to month, there
is usually a relatively large variation
in relative humidity, precipitation,
sunshine percentage and wind velocity,
and this is reflected in evaporation
measurenents. Evaporation is somctimes
more than twice as much during the
months of March and April as for the
months of May to October., The daytime
period from sunrise to sunset is fairly
constant from month to month, generally
varying less than one hour from January
to July. Methods ‘of estimating evapo-
transpiraticn based primarily on day
length and mean monthly temperature,
c¢onsequently, do not yleld satisfactory
results,

Terninclogy

The terminology used in the paper
is that generally employed by American
Engineers and Agriculturalists, but

some terms huve not been well standardized

and may need defining. The following
definitions and explanations are given
to avoid misunderstanding.

Potential Irrigation Requirement,
on & monthly basis, as used here is the
estimated potential evepotranspiration
less the dependable precipitation, as
hereinafter defined, This potential
irrigetion requirement may be less
tlan the actual irrigation requirement
because it does not consider the irriga-
tion efficiency, conveyance losses and
drainage cheracteristics. For some
months, where annual crops are grown,
it may be more than the actual require-
ment because it assumes a full (100%)
crop cover, Therefore, in project
develomment, allowance must be made
for storege and transmission losses
in the system, for the irrigation
application efficlency and kind of crop
to be grown. These factors can be best
estimated on a local Lasis so that
proper wllowaz:es carn be made in the
project design.

Potentinl Evapotrenspiration, ETP,
18 defined as the evapotranspiration
loss from a short, vigorously growing,
green orop that completely shades the
ground {crop cover 100%) and where
80il moisture is not a limiting factor.

41

This corresponds to definitions given
by Penman, Thornthwaite, Fruitt and
others. This potential evapotranspira-
tion may be less than that consumed by
some taller crops, having e much greater
total leaf surface, such as alfalfa,
sugar cane, and bananas, It is greater
than the consumptive use of annual crops
during certain stages of growth. Totael
consumptive use requirements, on a
project basis, must consider the crops
to be grown and their monthly crop
coefficients.

- Actual Evapotranspiration or
Consumptive Use depends not only on
the potential evapotranspiration but
on many other factors that reflect
local conditions, including primarily,
the percentage of crop cover, the
availability of sc’'l moisture, and
depth and distribution of rooting of
the crop. Much research hes been done
to determine relations between the soil
moisture potential and evapotranspira-
tion. Space does not permit a thorough
discussion of this subject. The crop
cover percentages, and the effect of
maturity of the crop on evapotranspira-
tion varies widely with different crops
and is quite different for annual crops
than for perennial crops.

The timing for planting, cultiva-
tion, and harvesting of annual crops in
the tropics is very different than in
the temperature zone and depends prime
arily on the precipitation patterns
rather then upon the temperature, It
has been found in' Venezuela, for example,
that little field work such as planting
or cultivating, can be done in any month
when the precipitation exceeds about
80mm. Some fairly dry periods during
the year are, therefore, essential for
the production of such crops. Harvesting
can also be accomplished more effectively
during the drier periods. A fully
adequate moisture supply every month
of the yeer is not necessarily the most
desirable for annual crops, but is
generally most desirable for perennial
crops, including pastures and orchards,

Pan Evaporation is that evaporation
measured with a Class A eveporation pan
under standard conditions. Many Class A
pen installations do not meet these
standards, and the effect is generally
to increase the evaporation. For example,
in comparing the evaporation from a
standard pan in o large grassed area,
vith & nearby pan on bare soil, Pruitt?
found that-the evaporation from the pan
on bare soil was more than 20% higher
during the summer months than that from
the pan on the grassed area.
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Discoloration inside the pan, or on the
outside increases the absorption of
radiant energy and increases the evapora-
tion. Shading, reduced air movement
over the pan resulting from nearby
obstructions, screens over the pan, ete.,
may' reduce the evaporation below that of
a standard pan.

Class A pans provide a convenient
drinking fountain for birds and some-
times for animals in many arid places,
and measurements may be unreliable un-
less the pans are screened. The effect
of screens is to reduce evaporation, but
the relative eamount is not well under-
stood. For these reasons, pan evapora-
tion measurements are not always
reliable and are usually somevhat
higher than for a standard pen properly
cared for,

Dependable Precipitation, PD, is
herein defined as the mean monthly
precipitation that occurs on a probabil-
ity basis three years out of four, or
seventy~five percent of the time. Tuis
75% probebility basis is arbitrary but
has been selected by the authors as
being a practical and realistic value
to use for general conditions.

In most agricultural areas pre-
cipitation varies widely from year to
year, both in annual amcunts and with
respect to monthly values. These
variations are particularly notable
during transition months, For example,
in the tropical areas of Central
America, the Carribean, and northern
South America, April is a transition
month, Rainfall in April of one year
may be as much as one~hundred-times
the rainfall during April for the pre-
ceeding year, Under these conditions
average precipitation is not a reliable
measure of the amount of moisture
that can be depended on for agricul-
tural production,

In defining dependable precipitation
it is necessary to consider the crops
to be grown. BRBananas and tobacco are
much more sensitive to drought than are
general crops. In the planning for the
production of bananas on a commercial
gcale, it scems desirable to select
conditions where the probability of
having adequate moisture in any one
month is in the order of 85% to 90%
of the time, Since there will be some
moisture carryover from previous months,
some deficliency one year in ten or one
in seven is not considered critical to
economic production,

This study considers general
agricultural production. For a divers-
ified ogriculture including most tree
and field crops it is belleved that some
deficiency can be tolerated in a given
month during one year out of four, The
serlousness of economic loss is decreased
because of the precbability that one
deficient month will not follow or be
folloved by a deficient month and also

Jbecanse many solls are capable of carry-

ing forward 100 to 200mm of available
moisture in the crop root zone,

For the precipitation data from
Latin America that have been analyzed,
the dependable precipitetion has been
found to vary from zero for the driest
months, to from 20% to 40% of the mean
monthly precipitation in the more arid
locations and for the transitional
months, to more than B0Z of the mean
monthly precipitation for the wettest
months.

Effective Precipitation, PE, is the
amount of the precipitation that enters
the soil and is held within the root
zone for utilization by the crops grown.
This effective precipitation is dependent
upon many factors, including rainfall
intensities, vegetative cover ard soil
infiltration rates, land slopes, root
zone depths, soll drainege conditions,
the coil moisture and ctorage caspecity
and the evapotranspiration rates., It
does not nppear feasible to include
estimates of the effective precipitation
in country-wide or regional studies, It
seems preferable to leave consideration
of this subject to those engaged in
local project studies. In areas where
precipitation intensities are high and
infiltration rates relatively low, run-
off may account for an appreciable
percentage of the precipitation, and
the effective precipitation may be
appreciably less than the dependable
precipitation as used herein,

Climatic Parameters., The climatic
parameters that have greatest influence
on the evapotranspiration are: tempera=-
ture, humidity, in min, soler radiation,
and wind velocity. In most countries,
radiation is measured at relatively few
locations, Sunshine hours, or sunshine
percentage, is generally ~ew:urrl and
reported for many more stations. Pre-
cipitation is meacured {n many locations
vhere no other mea:urenents are nade,

In Venezuela there are rieny locations
where precipitation and pan evaporation
are measured, and some places where
temperature, or temperature and relative




hunidity, are also measured. Where
Class A pan evaporation is measured,
wind velocities at a height of 60 cm
above ground level are usually measured
and reported but not a.says. Wind
velocities are also sometimes measured
at two, six or ten meters above ground
level. Sometimes, wind velocities are
measured and reported but no mention

{8 made of the height of annemometer,
or method of measuring the wind velocity.

Since ithe availeble data range from
a large amount of precipitation data to
relatively few data from stations that
measure and report complete data, much
time and effort has been spent in
developing relationships from which
missing data can be reliably estimated
from that reported, Wind velocities
vary with height above ground. A study
of available date by Gutierrez!® indicated
that none of the published formulas cen
be used to obtain reliable estimates of
the wind velocity at a standard height
when measured at another height. Several
formulas for adjusting wind velocities
that give satisfactory results have been
developed for this purpose.

Many of the climatic parameters are
interrelated. For example, a correlation
has been found between sunshine percentage
and the mean relative humidity and also
temperature differences. In the countries
involved in these studies, there are
fairly satisfactory relationships between
mean temperature and elevation, when
considered on a monthly basis, All of
these relationshiys have been used to
i1l in and expand the available data
8o that they can be anclyzed with a
digital computer, The development of .
the meny relationships involved in
these studies has consumed much time
and effort.

OBJECTIVES AND PROCEDURES

Potential Irrigation Requirenment

As has been indicated, the principal
obJective of the studies has been to
reliebly estimate the potential irriga-
tion requirement es previously defined.
8ince thig depends on the dependable
precipitution, as well as on the
potential evuapotranspiration, it was
necessary also to make the best possible
estimates of these parameters, end then
to combine the results in tebular form,
and where feasible to plot the results
on maps,

Dependable Precipitation, PD
Preciplitation for a large number
of stations (more than 100 in Venezuela,
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110 in Ecuador, 62 in Colombia, and 13
in El Salvador) have been tabulated,

key punched, and frequency analysis have
been made, Periods of record for these
etations have ranged from a minimum of

4 years to 75 years for one station in
Venezuela. The 75% probaebility values,
together with the minimum, mean and
maximum monthly values, were then key
punched and several rclationships have
been developed from which the dependable
monthly values could be estimated from
either the mean precipitation, where
only mean values are available, or from
the mean and minimum monthly values
where such data are available, For the
Venezuela data, the best fit was obtained
vhen separate ecuations were used for
each month, but a very satisfactory
general relationship was developed using
coefficients (A and B) based on the mean
annual precipitetion., In the following
equations, the notation is, PM, mean
monthly precipitation, PL, minimum
monthly precipitation for period

of record, and PMA, mean annual precip-
itation.

The monthly equetions were of the
form,

" 2
PDMaAM+1hPM+cMPM

pDM.sAM-'-%(PM-rPI)

(1]
(2]

in which the subscript M refers to
the month' and vhere the monthly values
of A, ranged from -5 to -20 (mm/mo ) ,

By from k12 to 797, and Gy from
0004 to .0005. ‘

The best general relationship
was of the form,

FPD = A+ B (M) (3)
vhere

A = -.02 PMA (v]
and )

B = .27/ PMA/100, with a (5]

maximum value of 0.91

Estimating Pan Fvaporation, EVP

and Potential Evapotranspiration,

ETP

Since Class A pan eveporation data
are numerous in comparison with potential
avapotranspiration data, and also because
most investigators reporting evapotranse
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spiration data have compared their results The coefficients are dimensionless and

with pan evaporation, the first attempts most of them are of the general form,

at developing a general equation were for

pan evevoration., This work was done in CP s A+ BX + CXN

connection with e study of Water Require-

ments of Marshlands {Christiansen end Low where

1969), and the studies of Patill5*25,

A later utudg by Patel (Patel and cP represents the coefficient for the

Christiansen®") showed that this type of specific parameter, P;

formula developed from data from semi-

arid locations gave better results than X represents the ratio, P/P, ,

geveral with which it was compared when vhere P is the parameter and Po

applied to data from more humid locations. is the standard value of the
parameter, approximately a mean
The general equations for pan ’ velue
evaporation, EVP, and potential evapo-
transpiration ETP, are N is an exponent of X , usually
(6] having a value of 2 .
EVP = Ch C Cq C
"o P O v v % O Note that A+ B+C = 1.00,

ETP = Kpo Ry Cp Cyp Oy Cg Cp {71 Tentative values of these constants
end coefficients for pan evaporation and
evapotranspiration are:

in which
Key = 35 [6a)

KEV is an appropriate dimensionless

constant for ?an evaporation; KET = .28 (7a)

KET is a similar constant for potential
evaporation; Cp = b0 + .50 (m/25) + {6v]
+ .10 (TM/25)2 ™)

RT i1s the extraterrestrial radiation,
computed for month and latitude, (™ is mean temperature in °C)
and expressed as equivalenut evapora-
tion by dividing the radiation
(cal/cm?/dey) by the heat of vapora= Cyp
tion at the mean temperature, T, ,
and converting to appropriate un¥ts,
usually inches or mm per day or per

= [(1.00 - 1M)/.30]°2S [7e]

(HM is mean relative humidity
expressed decimally)

month (Table 1);
Cyy = -.60 + 1.60 Cpr, {6c]

CT is a dimensionless coefficient

dependent on the mesn temperature Gy = .60 + .46 (W 10/8) - [64]

(the same value can be used for - .06 (W 10/8)2

estimating pan evaporation and *

for evapotranspiration); (W 10 is wind at an instrument

height of 10m in Km/Hr.)

CHV is a similar coefficiint dependent

on the mean humidity (the humidity -

coefficient for evapotranspiration, CWT = .70 + .36 (W 20/8) (7a)

Cyp » is somewhat different, since - .06 (W 10/8)2

potential evapotranspiration varies

less with humidity than does pan Cg = A8 + .66 (8/.5) - (6e]

evaporation); - .1k (8/.5)2 (7e]
va is a dimensionless coefficient for (6£]

wind velocity, likewise slightly Cg = 1.00+ .06 (EL/1000) (7o]

different from the coefficient for

wind, CWT , used for estimating (EL 15 elevation in meters)

evapotranspiration; ' ETP is defined as that equivalent to

. evapotranspiration for rye grass mcasured

Cg isa coefficient for sunshine with a 20-foot (6.1 mz diameter veighing

percentage; lysimeter (Pruitt8°971€),

CB is a coefficient for elevation.



Pan evaporation and potential
evapotranspiration can likewvise be
estimated from measured solar radiation -
Rs , and climatic data.

The general equations aret
EVP = Kgy Rg Cp Cyy Cuy (8]
ETP = KST Rs CT ch cHT (9]

in vhich KSV and Ks are appropriate
constents and R is She neasured in-
coming radiation expressed in terms of
equivalent eveporation. When using
pessrured radiation, coefficients for
suaghine and elevation can be omitted.

Our studies have shown that reliable
estimates of incoming radiation can be
made from en equation originally developed
by Pizerro?®,

R
8 = KpRpCgCp [10]

in which the coefficients CS and
Cg are the seme as given in 6e, 6f,

values of KSV ’ KST and Kh

that give fairly guod resulis for
both Davis, Californin,and Venezuels
and Ecuador are:

KSV L -69 [11]
Kgp = 55 {12]
Ky = .51 (23]

It can be seen that for consistant
relationships,

Kgy = KpKgy» ond (4],
Kep = Xg Xgr [25]

ETP Using Vapor Pressure Deficit

Bince according to Dalton's law,
evaporation is & function of the vapor
pressure deficit, an attempt was made
to develop a satisfectory formula using
the vapor pressure deficit, or a co-
efficient for vepor pressure deficit,
in lieu of the scparate coefficients
for temperature and humidity. The best
fit was obtained with the latter, and
the equation for the coefficients for
vopor pressure deficit in millibars,
VPDIMB , were

Cuppy = .25 +1.00 (VPDMB/10) = [16]

- .25 (VPDMB/10)

L — 32 + 0.86 (vPDMB/10) - [17)
- .18 (VPDMB/10)

These coefficients, however, did
not give as good & fit as did the
separate coefficients, CT and CH.

The vapor pressure is seldom reported
in meteorological records, and therefore
must be computed from the tcmperature
and humidity using certain assumptions
that at best are only approximations.
The principal difficulty is that the
evaporation from the pan is actually

a function of the difference in vapor
pressure of the water in the pan and
the vapor pressure in the atmosphere
above the water surface. The water
temperature is not the sumé as the air
temperature., The water temperature
lags behind the air temperature, and
the mean daily value of the difference
depends on the cooling effeci of the
evaporation, which in turn depends on
parameters causing the evaporation, such
as humidity and wind, From a practical
point of view there appears to be no
advantage in using vapor pressure
deficit, or u more theoreticel approach,
because it greatly complicates the
problem if one is to obtain an equally
good fit.

Where Sunshine Percentage and
Radiation are not available

A problem that has presented itself
in connection with the Latin American
study is how to obtain equally satis-
factory results when neither sunshine
percentage nor radiation date are
availsble, In Ecuador, for example,
only 18 of 11h climatological stations
report the sunshine percentage, and for
those that do, the mean value was about
30%, much lower than for any other
country that has been studied. Only
5 stations report measured radiation.
In Venezuela, 9 of 13 stuations operated
by the Ministry of Public Works, MOP,
or Ministvy of Agriculture, MAC, report
sunshine, and only 8 report radiation,
Because of the interrelationships
between sunshine percentage, humidity
and the difference between ithe mean
mehthly values of maximum and mininum
temperature, ihree possible approaches
were investigated:

(1) Determine the mean monthly value of
sunshine percentage for the stations for



vhich it is available, and use these
values for all stations for which it
is not available,

(2) Determine the best relationship
between sunshine percentage and other
parameters, temperature, temperature
difference, hunidity, elevation, ctc.,
and use such relationship to estimate
sunshine percentage.

(3) Develop equations and coefficients
for computing evaporation and evapotrans-
piration that do not include coefficilents
for sunshine percentage. This approach
has given the best fit for the Davis,
California, Venezuela, and Ecuador data,
The equations that have been developed
axre;

ETP = Kppp Rp Cpp Opp Oy Cpp (28]

EVP = 1,35 ETP (19]
in vhich

KET2 = 264 [18a]
CT2 a /TM/25 [18b]

c = ,50 + ,50 (1.00-HM)/.30 [18¢c]
= .70 + ,30 W 10/8 [18a]
Cpop = 90+ .10 D/10 [18e]

(7D is mean maximum minus
mean minimm temperature in °C)

RT = as previously defined.

Potential Irrigation Requirements

Computer programs were developed
for computing the monthly evapotrans—
piration deficit, or difference between
the computed potential evapotrenspiration
ang the dependable precipitation. Since
for most locations, only precipitation
data, or precipitation and pan evapora-
tion data are available, potential
evapotranspiration must be estimated
from the relationships developed from
the data for the limited number of
stations for which climatic and/or
evaporation data are available. For
example, in Venezuela, the mean monthly
ratios of the computed potential evapo-
transpiration to the measured pan evapo-
ration were used to estimate potential
evaporation for the 53 stations for
which pan evaporation was available,

For the other stations for which only
precipitation was available, monthly
estimates of pan evaporation or evapo-
transpiration vere made from relation-
ships that depended on location,
elevation of the station, and monthly
precipitation., Since the computed
evapotranspiration does not vary nearly
as much from place to place as does
precipitation, the probable accuracy

in the final result is more dependent
on the reliability of the precipitation
data than on estimated evapotranspiration.

Examples of computer print-out for
two stations in Venezuela are given in
Tables 2 and 3,

Table 2 represents a humid location
where the mean unnual precipitation is
2,616 mm, and vhere there is only a very
small deficit during four months of the
year. Irrigation would not be econom-
ically Justirfied under such conditions.
The precipitation pattern for this
station is also not typical of most
locations in Venezuela,

Table 3 is for an arid location
vwhere the mean annual precipitation is
only 628 mm per year, and where the ET
deficit, or potential irrigation require-
ment has a positive value every month of
the year, ranging from e T8 mm in
November to 266 in July. This monthly
distribution is not typical of most
places in Venezuela where the maximum
ET deficit is for March,

Print~outs of this kind have been
made for the 53 stations for which only
precipitation and pan evaporation data
are available, +The evapotranspiration
deficit (potential evapotranspiration
minus depeniable precipitation) provides
an index of potential irrigation require-
ments,

CONCLUSION

Class A pan evaporation data have
been widely used as a measure of irriga-
tion requirements. Since, however,
reliasble and well-standardized evapora-
tion data are not generally aveoilable,
the authors recomsend the use of equations
for estimating potential evapotranspira-
tion. These equations are evaluated in
each area of use by -compuring their
results with measured pan evaporation
data. Potential cvapotranspiration can
be calculated with a good degree of
accuracy provided data are available
for temperature, sunshine percentage,
wind and humidity,
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Table 1. Mean Monthly Values of Extraterrestrial Radiation

Expressed as equivalent evaporation in millimeters per day

Latitude
degrees i -
Jan. Feb. Mar, Apr. May June July Aug. | Sept. | Oct. Nov. ch.
North )
60 1.41 338 6.38 11.31 15.14 17.06 16.25 13.03 8.67 458 1.92 0.96
55 2.55 462 808 12,18 15.55 12.18 16 50 13.71 9.77 5.85 3.11 202
50 3.77 5.89 9.23 1298 15.93 17.30 16.73 14.34 10.79 7.09 4.35 3.21
45 504 714 10.30 13.69 16.23 17,18 16.91 14.87 11.74 8.30 5.63 4.46
40 6.32 836" 11.30 14.31 16.45 17,38 17.01 15.32 12.59 9.45 6950 5.75
35 7.59 953 1221 14.82 16.5 17.30 } -17.01 15.66 13.35 10.54 8.15 7.04.
30 8.84 10.64 13.03 15.23 16.60 17.13 16 92 1590 -] 14.01 11.55 936 8.32
25 10.05 1168 1375 15.52 16.51 16.85 16.72 16.02 14.56 12 48 10.53 9.56
20 11.20 12.64 14.37 15.70 16.32 16.48 16.42 16.04 15.00 13.33 11.63 10.76
15 12.29 13.51 14.88 15.17 1602 16.00 16 02 15.93 1533 14 07 12.66 11.91
10 13.30° 14.28 15.27 15.72 15.61 15.42 15.5¢ 15.72 15.54 1471 13.61 1298
5 14.23 14 9§ 15.55 15.55 15.09 14.74 14.90 .15.39 1563 15.24 14.47 13.98
0 15.07 15.53 1574 1527 14.47 13.97 14,19 14.95 _ 15.61 15.66 15.23 1490
South-
-5 15.81 1598 15.75 1488 13.76 13.12 13.39 14.41 15.46 15.96 15.89 15.72
10 16.45 16.33 15.67 14.37 1295 12.18 .| 12.51 13.76 15.20 16.15 16.45 16.44
—15 - 16 98 16.55 15.43 13.76 12.06 11.17 11.54 13.01 14.82 16.21 16.89 17.06
20 17.40 16.66 15.16 13.05 11.09 10.10 10.51 12.17 14.33 16.16 17.22 17.57
—25 1.7 16.65 14.73 12.24 10.05 3.97 9.42 11,25 13.73 15.99 17.43 17.97
—30 1791 16.52 14.19 11.34 895 7.80 8.28 10.25 13.03 15.70 17 54 18.27
—35 17.99 16.27 13.54 10.36 7.80 6.61 7.10 9.13 1223 15.29 17.52 18.46
—40 17.98 1592 12.79 9.31 6 61 5.40 5.89 8.06 11.33 14.78 17.40 18.54
—45 17.86 15.46 1194 8.19 541 4.19 4.69 6.89 10.35 14.16 17.18 | 18.54
-50 17.46 14.90 1100 7.02 4$.20 3.02 3.49 5.68 9.29 13.45 16.87 18.46
—55 17 40 14.25 9.98 5.81 3.01 1.90 2.34 4 46 8.16 12.64 16.49 18.33
-00 17.12 1354 8.88 45 1.88 0.91 1.28 3.24 6.97 11.76 |- 16.07 18.20

Ly
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" Table 2, Analysis of Pan Evaporation and Precipitation Data at La Fria, Venezuela.- Elavation 120 m

T
VALUES IN MILLIMETERS
fvennoe‘nau EVAPORATION  136.
AVERAGE EV~TRANS, POT, 93.
AVERAGE PRECIPITAYION 184,

DEPENDABLE 'PRECIPTITATION 129,

AVERAGE ET DEFICIY * -37.
AVERAGE HONTHLY' PER CENTAGES

PAN EVAPORATION 75
evnéorannswznnrrbn POT. 6.9
PRECIPITATION ' 7.0
DEPENDABLE PRECIPITATION  §.6

EVAPOTRANSPIRATION DEF, «0

FEB

126+

83.
163.
112.

-28.

740
Be2
6.2
N.8

0

Pan Evaporation for 1962 to 1967
Procipitation for 1950 to 1967

HAR

140,

89,

143.
‘95,
-6

7.8
6.5
5.5
5.1

«0

APR

15 2.
100.
278.
209,
=109,

8.9
7.5
10.6
9.0
N

HAY JUNE JuLYy

15 8.
107.
300.
228.
=-120.

8.2
8.0
11.4
9.8
«0

153.
123.
44,
96.
26.

8.5
9.1
5.5
8.2
23.7

172,
140.
185,
.IOS.
3s.

8.5
"10.8
5.9
4.5
3.2

AUG

181.
150.
163.
112,

39.

10.0
11.2
6.2
4.8
38.5

SEP

182,
163,
188,
131.
12,

10.1
10.6
Te2
5.6
10.5

ocry

183.
138,
320.
285,
~107.

10.2
10.3
12.2
10.5

«0

NOY

121.

922.
28 3.
214G,
=121,

Be7

5.9

- 10.8

9.2
«0

DEC  ANN

115. l808.

8S. 1S,
300. 2616,
228. 2320,
-183. 112.

B4 100.0
6.3 100.0
11.5 100.0
9.8 82.1

«0 100.0

Table 3. Analysis of Pan Evaporation and Precipitation Data at Carora La Granja, Venezuela - Elovation 420 m

JAN
VALUES IN WILLIHEFERS
AVERAGE PAN EVAPORATION 256,
AVERAGE EV-TRANS. POY.  175.
AVERAGE PRECIPITATION 26.
DEPENDARLE PRECIPITATION O,
AVERAGE €Y DEFICLY 175.
AVERAGE MONTHLY PERCENTAGES
PAN EVAPORATION 8.1
EVAPOTRANSPIRATION POT. 7.5
PRECIPITATION P N
OEPENDABLE PRECIPITATION - <O
. EVAPOTRANSPIRATION OEF. = 8.5

Pan Evaporation for 1958 to 1967
Precipitation for 1950 to 1967

FEB

2786,
182.
11.
0.
182.

8,8
Te9

9%}

HAR

306.
194.
27.
0.
194,

98
8.8
Q.3

0.

9.8

APR

244,
162.
S
21.
1406

7.8
T.0
Be8
LEY )
$.3

HAY JUNE JULY

231.
168,
86,
87,
12%.

7.8
7.2
13.7
9.7
5.9

295,
237«
27.
0.
237.

2.8
10.2
L1y}
«0
11.8

328.
266
21,
0.
266,

1048
11.5
33
.0
12.9

AUG

320.
266.
39.
Te
259.

10.2

11.5.
6.2
1.8

12.%

114

264 .
207.
80.
N2,
166,

8.0’
8.9
12.7
8.7
8.0

ocy

218,
164,
19,
15,
89.

6.9
Tel
1%.0
15.6

9.3 .

Nov

182,
130,
108,
62,
78.

5.8

6.0
1646
12.9

38

OEC  ANN

218, 3139.
162+ 2328,
33. 628,
2. 48l.
160. 2064,

7.0 100.0
7.0.100.0
5,2 100.0

o "53.1
7.7 100.0



When sunshine data are not available,
modified equations provide usable results.

The equations presented provide a
measure of the effect of climatic zone
differences upon plant or crop evapo-
transpiration. The principal other
factors that determine the amounts of
evapotranspiration are those relating
to cultural practices and retes and
steges of growth. Actual evapotrans-
piration can be made to vary over a
considerable range by modifying cultural
and irrigation practices,

Computations of potential evapo-
transpiration and of potential irriga-
tion requirements prove a valueble
starting point in the evaluation of
climate as a development resource
determination of the needs and require-
ments for irrigation and in the estima-
tion of actuel irrigation requirements.
Methods described may be combined with
crop coefficients given by Christiansen
and Hargreaves® and used for the computer
scheduling of irrigation epplications or
irrigation system operations. Dependable
precipitation as herein defined is an
important determining factor in the
evaluation of climate or in the estima-
tion of irrigation requirements. .

The study reported here is still
in progress and much remains to be done,
The problem being studied at the moment
is how to obtain the best estimate of
pdential irrigetion requirement where
only precipitation data are avallable.
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