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ABSTRACT
Estimation of Irrigation Requirement for Venezuela
by
Freddy F. Rondon, Master of Science

Utah State University, 1972

Major Professor: Professor Emeritus J. E. Christiansen
Department: Agricultural and Irrigation Engineering

Christiansen's formula was used to compute evaporation and poten-
tial evapotranspiration using 1013 months of data from 19 stations in
Venezuela.

Thirteen probability levels of precipitation were determined for
each station-_'

Potentia;'l irrigation requirements for 16 stations were computed
based on gamina distribution of 5 probability levels subtracted from
the potential evapotranspiration.

A formula for computing precipitation at any level of probability

'eveloped based on gamma distribution and average monthly value

~s of record available.

(113 pages)



INTRODUCTION

During the last decade the Venezﬁelan Government has given much
attention to problems related to irrigation water requirements in order
to provide better planning and effective management of its irrigation
projects. The irrigation requirements of crops to be grown on new
projects must be estimated in advance in order to know the amount af
water that will be neeéed for irrigation of the new area to be developed.

The irrigation water requirement is defined as the amount of water
required to maintain the desired soil moisture and salinity level during
the crop growing season, in addition to precipitation. This is basic-
ally a function of two basic parameters:

1. Effective precipitation

2. Evapotranspiration

Other factors that may affect the irrigation water requirement
are: topography, soil characteristics, carry-over soil moisture, .
_economical and social environment, groun'd’water contribution, and
water application efficiency.

Effective precipitation supplies a portion of the water needed by
the crop; the remaining part must be supplied by irrigation in order to
maintain an adequate soil moisture level,

The amount of water required for leaching is directly proportional
to the evapotranspiration, ET, and the concentration of the salt in the
irrigation water, and inversely proportional to salinity tolerance of the
crop., The water application efficiency has to be considered when plan-
ning irrigation projects because the estimated overall water require-
ment is inversely proportional to “his estimated parameter.

. All factors concerned with the soil and crops to be grown can best
be considered on a specific project basis. Part of the overall irriga-

tion requirement is dependent upon the climate and, more specifically,



the precipitation. The potential irrigation requirement is defined as
the difference between potential evapotranspiration and this precipita-
tion at some previously assumed dependable level, called the depend-
able precipitation. The terminology uscd in this study is defined in the
next section,

The objectives of this study then are to:

1. Analyze avai}able climatic data to enable computation of the
potential evapotranspiration

2, To analyze available precipitation to determine the depend-
able precipitation

3. To combine the dependable precipitation and potential evapo-

transpiration, to determine potential irrigation water requirement.

Definition of Terms

Evaporation

Evaporation is water lost to the atmosphere due to vaporization

* from adjac‘ent soil, water surface, or front surface of ieaves of the
plant. The main factors which affect evaporation are: incoming radi-
ation, relative humidity, wind velocity, temperature and advective

conditions,

Transpiration

Transpiration is the amount of water entering the plant through
the roots and passed through the leaves of the plant into the atmos-
phere;also including the small amounts of water used in building plant

tissue.

Evapotranspiration

Evapotranspiration, or consumptive use, is the amount of water
transpired by the plants of an area during vegetative growth, and re-
tained in plant tissue, plus the water evaporated from the adjacent

surface of the soil and vegectation.



Potential Evapotranspiration

Potential evapotranspiration, ETP, is defined as the consumptive
use, or the cvapotranspiration loss, from a short, green, vigorously
growing crop that completely shades tfxe ground 2nd provides full crop
cover ﬁndcr conditions where the moisture supply does not limit the

moisture use,

Dependable Precipitation

The term dependable precipitation is used to denote the precipita-
tion that occurs on a specified probability basis,

Christiansen and Hargreaves (1971) define dependable precipita-
tion as the mean monthly precipitation that occurs on a probability
basis of three years out of four, or 75 percent of the time. This 75
percent probability level i.s arbitrary but has been selected by them as
being practical and realisti.c for use in connectionwithirrigation require-
ments for agricultural conditions. Dependable precipitation data can be
estirnated from anaanalysis of the available precipitation data and is

v
independent of tne crop and soil factors.

Moisture Available Index (MAI)

Moisture available index (MAI) is defined by Christiansen and
Hargrecaves (1971) as an index of the adequacy of precipitation in sup-
plying moisture requirements. It is computed by dividing the depend-

able precipitation by the potential evapotranspiration.

Net Irripgation Requirement

Net irrigation requirement is the quantity of water, exclusive of
precipitation, required to maintain the desired soil moisture and

salinity level during the crop scason.

Irripation Watler Requircment

Irrigation water requirement is defined by the Soil Conservation



Service as the net irrigation requirement divided by the stimated irri-

gation efficiency.

Effective Precipitation

Effective precipitation is that part of the dependable precipitation:
that enters the soil and can be effectively stored and utilized by the crops
grown. It excludes the surface runoff and deep percolation. Effective
precipitation can best be estimated on a specific project basis where

soil conditions and crops grown are known. It cannot be estimated

from climatic data alone.

Crop Coefficients

Crop coefficient is the ratio of actual evapotranspiration to poten-
tial evapotranspiration, or the ratio of evapotranspiration to Class A
pan evaporation. These 'g rop coeff.itients can, therefore, be used with
either potential evapotranspiration or with pan evaporation to esti-
mate actual evapotranspiration. One must, therefore, be specific when
using a crop coefficient and designate whetl}er it refers to estimated

- potential evapotranspiration or to pan evapcration.

Moving Average

A moving average for a specified length of period is the average
value for that period as the period advances over the full length of
record. For example, a five-year moving average applied to a twenty-
year record of precipitation first computes the average for the first
five years, then drops the first year record and adds the sixth year
record to obtain the second average value. Thus, there are sixteen
averages of five consecutive: years in a twenty-ycar period. The moving
average is a useful concept in determining the prob;able reliability of
short precipitation records when thcre are some longer records with
which comparisons can be made.

A moving average can be computed on relative values such as the

actual precipitation divided by the mean for the entire period.



REVIEW OF LITERATURE

Evapotranspiration is an important factor in water resource devel-
opment and manageinent. It is a primary factor in the estimation of
water requirements for new projects, For effective management of
irrigation systems it is also neccssary to know the approximate evapo-
transpiration requiréments of the crops grown, Precipitation must‘
also be considered.

To understand the dynamic phenomenon of evaporation and evapo-
transpiration we have to know the factors affecting evaporation,

| Taylor and Wiegand (1961) listed the most important factors affect-
ing evaporation as: '

1. Atmosphéric fa.ctors: wind speed, humidity, radiation (day-
time hours, sunshine, sky‘condition, temperature)

2. Soil factors: comﬁaction and layering, water table depth, soil
mulches and crop residues, vapor concentration in soil, moisture dis~
tribution ’

3. Plant factors: plant cover, leaf su’rface,, type of plaﬁt and plant

species, plant height, rooting depth, stage of growth.

Evapotranspiration Measurements

Soil Moisture Depletion

The moisture in the soil is measured using some direct measur-
ing device such as a resistance block, neutron meter, gravimetric
sample, ctc. This method is usually suitable for areas where soil is
fairly uniform and the depth to groundwater is such that it will not in-
fluence soil moisture fluctuation within the root zone.

Soil moisture in the major root ~one must be determined before
and after cach irrigation. When rate of use is plotted against time, a
curve can be drawn from which the monthly and seasonal use can be

obtained.



Although this method has been widely and successfully used in
arid areas, it is difficult to obtain satisfactory results in humid areas.
With frequent and/or heavy precipitation, errors due to drainage usually
result. Thesec errors may be of significant magnitude. Errors also
result from high water-table conditions that affect the moisture within

the root zone.

Lysimetry

Lysimeters or e_vapotranspirometers are devices used to measure
the amount of water used by crops. A lysimeter consists of a tank
buried in the ground and filled with soil in such a way that it is repre-
sentative of the surrounding conditions. The reliability of the evapo-
transpiration measurement depends on the degree to which natural con-
ditions are approximateél and the aécuracy with which the moisture loss
can be determined.

Lysimeters can be grouped as follows:

1. Nonweighing, drainage type. The difference between water
applied to the lysimeter and that which draifis is measured to deter-
mine the evapotranspiration. The principal advantage is the low cost,

2. Weighing. Weighing lysimeters provide the most direct and
accurate means for the determination of evapotranspiration. This type

is very expensive in comparison with nonweighing types.

Other Methods of Evapotranspiration Measurements

Other methods successfully applied for measuring evapotranspira-
tion are: integration method, inflow-outflow for large areas, and field
experimental plots where the water applied and the runoff, if any, are

mecasured.

Evaporation and Evapotranspiration Formulas

Evapotranspiration is the combined evaporation from all surfaces

and the transpiration by the plants. The potential evapotranspiration



depends on the evaporative power of the air as determined by tempera-
ture, wind, humidity and radiation. Several formulas have been pro-
posed for computing evaporation and potential evapotranspiration. Most
evapotranspiration formulas now in use are suitable for the climatic
regions within which they have been derived. Few, however, have wide
or general applicatiop to all the regions of the world where irrigation
is practiced. |

In general the dew;clopment of the formulas proposed can be classi-
fied as:

1. Aerodynamic approach

2. Energy budget approach

3. Empirical approach.

Ae roaynamic Approach |

Dalton Equation

.

The Dalton equation, probably the oldest equation used to esti~
mate evaporation from a water surface, cap be written:

Eo = (es - ¢) f(u)

where
Eo = rate of evaporation
¢ = the vapor pressure at some height above the surface
e = the vapor pressure of the evaporating surface

f(u)= a function of the horizontal wind velocity.

Rohwer's Formula

Rohwer (1931) developed a general formula for pan evaporation
based on Dalton's law. It can be written:

Ev = (1.465 - 0.0186 B) (0.44 + 0.118 W) (Eo - ea)

in which

Ev

evaporation in inches per day



B = barometric pressure in inches of mercury at 32°F
W = wind velocity near the ground, in miles per hour

(co - ea) = vapor pressure deficit in inches of Hg.

Although the Rohwer formula has a theoretical base, the baro-

metric and wind functions wecre empirically determined.

Thornthwaite-Holzman Equation

Thornthwaite anﬂ Holzman, as cited by Chang (1968), de-

rived the first aerod};namic equation for evapotranspiration over short
vegetation, This equation is dependent for its validity on the proposi-
tions that (1) the principle of similarity is valid, and (2) the wind pro-
file near the ground can be described by a logarithmic equation. (These
two conditions are valid only under stable atmospheric conditions.)
Pruitt {1964) showed that this equation holds when the wind speeds
exce d three to four meters per second. The equation as written by
Chang is (He does not specify the units.): ‘

E=p kz (q1 - qz) (u2 - ul)/(ln (zz7z 1))2
where

E = evaporation

p = air density

k = Von Karman's constant = 0. 40

up, v

are wind speeds at heights of z, and Z,s respectively

2 1
q,, 9, are specific humidities at the same heights.

Energy Budget Approach

The energy budget approach assumes that evaporation is a process
- dependent upon the available energy from both radiation and advection .
which is dependent on turbulent air transfer.

The energy budget equation may be written as follows:

Rl(l—r)+Rd-Ru-E-Q—S=0



where
R. = short-wave radiation income on a horizontal surface

I

»

R Ru are downward and upward fluxes of long-wave radi-

a’
ation

r = reflection coefficient of the surface

E = energy available for evaporation

Q = scnsible heat transfer to the atmosphere

S = sensible heat transfer to the soil.

The measurements required for the energy budget method are
simpler to make than those involved in the aerodynamic method. A

consistant set of units must be used.

Penman Method

Penman (1948) has presented another theoretical approach showing

that consumptive use is more highly correlated with incoming solar

energy than was previously assumed.

His formula for potential evapotranspiration is as follows:

_b0H+0.27 Ea
t~ A +0,27

E

where

Et = evapotranspiration in mm of water /day
A = slope of saturated vapor pressure curve of the air at
absolute tempecrature Ta in °F (mm Hg/°F)

H=R_(1-r1)(18+.55 n/N) - oTa® (.56 - .092 o)
(.10 + .90 n/N) |

Ea = ,35 (ea - ed) (1 +.0098 uz)

in which
Ea

H = daily heat budget at surface in mm of water/day

evaporation in mm of water per day

Ra = mean monthly extraterrestrial radiation expressed as

evaporation in mm of water /day
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r = reflection coefficient of surface
n = actual duration of bright sunshine
N = maximum possible duration of bright sunshine

? mm/day/°K4, therefore

g = Botzmann constant - 2,01 x 107

g Ta4 = mm of water /day

ey = saturation vapor pressure at mean dew point (i.e., actual
vapor pressure in the air) in mm Hg -

ea = saturatic;n vapor pressure at mean air temperature in
mm Hg -

u, = wind speed in miles per day at 2 meters above ground

level.

The principal limitation of the Penman approach is the lack of suf-
ficient weather me_asureipents in most localities. This equation was
developed from data from humid areas covered with growing vegetation
and may ngt give reliable res_glts for arid areas without modification.
Another limitation is the complexity of *he computations involved which

" discourages its use.

Empirical Approaches

Tho rn‘thwait_eﬂ' s Method

Thornthwaite (1948) presented a formula for estimating potential
evapotranspiration based on lysimeter.and watershed observations of
water loss in the central and eastern United States.

The Thornthwaite formula is:

E =1,6 (10 T/1)*
where
Es unad_justcd potential evapotranspiration which is corrected
by actual day length in hours and days in the month to give
the aljusted potential evapotranspira tion (expressed in

centimeters per month)
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o
T = mean monthly temperature in C

I = annual heat index or the summation of i

c
i= (T/5)l' JM, the monthly heat index

a = a constant that also depends on temperature and which can
be computed by the equation:

a = 0.000000675 13 - 0.0000771 12 +0.01792 1 + 0,4924.

The Thornthwaite formula depends only on mean monthly tempera-
ture and day length and neglects other important parameters such as

saturation, humidity and wind.

Blaney and Morin

Blaney and Morin (1942) derived am empirical formula to relate
evaporation to temperature, relative humidity and daytime hours.

The equation can be written:

u=kap (114 - h)

in which
u = monthly consumptive use in inches
k = crop coefficient, dimensionless’

Tf = mean monthly air temperature in °F
p = monthly percentage of daytime hours in the year

h = mean monthly relative humidity.

Blaney-Criddle

Blaney and Criddle (1962) modified the Blaney and Morin formula
(1942) by dropping the humidity term. Expressed mathematically the
formula is: .

u=ki
U=KF
where

u = monthly consumptive use in weeks
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U = consumptive use of crop in inches for the growing season

k
K

monthly crop coefficient, dimensionless

empirical crop cocfficient (for ! rowing season)

f = Tl' p/100, the consumptive use factor

p = percentage of daytime hours of the year occurring during
the month; these values have been tabulated for all months
and latitudes -

F = sum of t!';e consumptive use factors, f, for the season,

L f.

The Blaney-Criddle formula has been extensively used to estimate
actual evapotranspiration in many places in the world. It depends on
only the day length and mean mont'hly temperature and an artibrarily
assumed coefficient, k. '. The computed u value depends primarily on
the judgment of the user in selecting the proper k value whic varies
widely from place to place and month to month. Values of k have been
determine.d for many crops for western United States conditions, but
they do not apply to tropical conditions whc;, ve both day length and temp-
erature are fairly constant throughout the year, but where the relative

humidity, sunshine and wind may vary greatly from month to month.

Lowry-Johnson Method

The method used by Lowry and Johnson (1942) was developed for
western United States conditions to estimate water requirements for
irrigation projects. This method was applied to a valley, not to an
individual farm,

The method uses values of "effective heat' which can be defined
as accumulated degree-days of maximum temperature above 32°F
during the growing scason.

The seasonal consumptive use, U in feet, can be approximated

by the equation:
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U=0.8+0.156°Q

in which
U = seasonal consumptive use‘in feet {acre-feet per acre)
Q = effective hecat in thousands of degree-days.
Hargreaves

Hargreaves (1956) proposed the use of Class A pan evaporation
data as the climatic iﬁdex and gives a formula to estimate pan evapo;'-
ation and evapotranspiration, The formula is based on mean temper-
atures, mean relative humidity at noon and a monthly daytime coeffi-
cient.

Hargreaves' formula can be written:

Ep=10.384d (l..O - Hn) (T.£ - 32)
where
Lp = Class A pan evaporation in inches
d = a monthly daytime coefficient dependennt upon the day
length and number of days in.the month; these values
had been tabulated for all months and latitudes

Hn = mean monthly relative humidity at noon expressed in

decimal form (Hn = 60% = , 60).

The formula expressed in metric units becomes:
Ep=17.4d Tc (1.0 - Hn)
where

Ep

1

Class A pan evaporation in mm per month

. ©
Tc = average mean monthly temperature in C.

The formula for computing evapotranspiration is:
ET = K Ep
where
ET = evapotranspiration in the same units as Ep

K = a crop coefficient or crop factor, dimensionless,
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Recently Hargreaves* suggested a modification of this equation
based on an analysis of 529 months of data for Ecuador. The modified
equation can be written:

Etp = 7.20d Tc CH CW CE
in which
Etp = the potential evapotranspiration in mm per month
CH = .05 4 1.58 (1.00 - M) /2, a humidity coefficient
HM = mean relative humidity expressed decimally
CW = .64 + 0.45 W10, a wind coefficient
W10 = mean wind speed at an instrument height of 10 meters
measured at 7:00 am, 10:00 pm and 7:00 pm
CE = 1.00 + .23 EL/1000; an elevation coefficient

EL = elevation in meters.

For the 529 months of data, the above equation predicted the mea-

sured monthly evaporation with a standard deviation of 15.6 mm,

Norero's Formula for Actual Evapotranspiration

Norero (1969) developed an equation wh’ich takes both the soil water
status and the climatic factors into account. This equation can be
written: |

ETA = ETP/(1 + (8'/6)™)
where
ETA = actual evapotranspiration in mm
ETP = potential evapotranspiration in mm
6 = actual average water content in the root zone
g', m are variables depending on the soil and plant as well

as ETP, in mm
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in which, for corn, Hanks (1971) gives:
0 = (20.4 + 1.1 ETP)/100
27.3 - 2,06 ETP,

1

1l

m

Formulas Developed at Utah State University

Christiansen (1968) and graduate studentis at Utah State Uriversity
developed several formulas for calculating evaporation and evapotrans-
piration. The primary objective of this research was to develop prac-
tical formulas for es'timating potential evapotranspiration from radia-
tion and climatic data, especially in foreign countries where actual
data on evapotranspiration are very limited. The objective was to de-
velop formulas that were diniensionally sound and could be applied in
either English or metric units. They should:

1. Take into conscideration most of the available climatic para-
meters that affect evaporation and evapotranspiration

2. Use only data of the kind that are available to the user, These
_ data should be the same as were used in the¢ development of the equa-
tions.

3. Be casy to apply using tabulated coefficients for the climatic
parameters., .

The basic formula can be written:

E=K Rt CT CH C¥ CS CE

in which

E = evaporation or evapotranspiration, expressed in the
desired units

K = dimensionless constant developed from an analysis of
many data

Rt = thcoretical solar radiation reaching the earth's outer at-
mospheirc, expressed in the same units of E. This ex-

terrestrial radiation is computed from the latitude and
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month of the year and is based on a solar constant of
2 c:al/c::m2 min.
CT, CH, CW, CS, CE are coe'fficicnts for temperature,

relative humidity, wind velocity, sunshine and elevation.

Each coefficient can be expressed by an empirical equation gener-

ally of the form:

CX=A +B (X/X0) + C (X/Xo)2
except in cases where the data suggested a different type of equation.
In this equation X represents parameters of climatic or other factors,
and Xo is a standard value, preferably an approximate mean value of
the parameter X. When expressed in this manner the equation shows
that the coefficients arc dimensionless. The coefficient(s) CX = 1‘. 0
_for the standard values 520; thus A+ B+ C=1.

For ease in applying the formulas where computer facilities are
not readily available, these climatic factors and the corresponding
coefficients can be computed and tabulated.tic that only a minimum
amount of work is involved in making the calculations with a slide rule

or desk calculator.

Mathison's Formula

Mathison (1963), a graduate student from Venezuecla, developed a
formula for pan evaporation which he believed would apply to the tropi-
cal zone, although it was developed from western United States data.
Because relative humidity was not always available, he found a corre-
lation between humidity and the difference in maximum and minimum
temperature, AT, and used a coefficient for the temperature differ- -
ence as an index of humidity. Mathison wrote his formula:

Ev=CRCTCWC T Ccos CSCM CE
where
CR = 0.20 Rt + 0.015 th

CT = -0,26 + 0.02425 Tf - 0,000075 sz, or


http:tabulated.so

CT = 0,440 + 0. 0350 Tc - 0.000243 Tc2

CW=20.8 +0,0035 W - 0,0000027 W2

CAT = 0.45 + 0.00096 ATE - 0.000000276 ATf®, or

C BT = 0,45 + 0,00311 ATc? - 0,00000290 ATc"

Ccos = 1,16 + 0,42 cos (L - D) - 0.7 [cos (L - D)]2

CS = 0.622 + 0.005875 S - 0. 000011 S%

CM = 1.0 + 0. 00155 (L - D) cos [1/6) (N + 1)]

CE =,967 + 0.035 E - 0.00156 EZ

in which

L = latitude, in degrees N

D = mean declination of sun for the month, degrees

E = units of 1000 feet

W = wind velocity in miles per day at height of 60 cm

CR, Ccos, and CM are functions of the same factors; they
can be combined into one coefficient, Cc, where

Cc = CR Ccos CM, °

The final equation is:

Ev = Cc CT CW C AT CS CE.

Mathison's formula could also be written in the dimensioniess form
with the proper units in the constant

Ev = XKM Ccc CT CW CAT CS CE

where XKM = 6. 39 inches for month, or 162.2 mm per month, and
CR = .47 (R/15) + .53 (R/15), and
Ccc = Cc/6.39, or Cc/162.2.

It was found later that the substitution of his coefficient C AT for the

humidity coefficient, CH, did not give good results with Venezuelan data.

Grassi Ilquation

Grassi (1964) developed several formulas from which actual evapo-
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transpiration of crops can be estimated for hydrologic studies by using
available climatic and crop data.

He developed three equations for ctop evapotranspiration based on
extraterrestrial radiation, incoming measured radiation, and pan evap-
oration, respectively.

The first formula, using extraterrestrial radiation, R, can be

t
written: ,
Et = XRG CR CClc CT CTd CCrc F
where
XRG is a constant equal to 0,215 inches per day or 5.46 mm/
day

F = crop factor.

The equation for the dirri’erisionlesé'coefﬁcients are:

CR = 0.18 + 1,46 Rt

CClc = 1.15 ~ 0,05 Clc

CT = 0,036 + 0.0219 Tf - 0. 0001136 sz, or

CT = .630 +.0202 Tc - .000336 T2

CTd = 0,936 + 0.00426 Tdf, or

CTd = 0.936 + 0.00767 Tdc

CCrc = 0.111 + 0.0141 Crc - 0,0000521 Crcz.

Et = evapotranspiration in inches per day

¢ = theoretical radiation, expressed as evaporation in inches

per day or mm per day

Clc = cloud cover scale from 0 to 10

Td = difference between the mean maximum daily tempera-
ture and the mean temperature for the period

Crc = percentage of time from planting to 100 percent crop

cover.

Some values of the crop factors, F, were:
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Alfalfa = 1,088 Cotton = 1,082 Potatoes = 1,162
Beans = 0,983 Oats = 0,890 Sorghum = 1,004
Corn = 1,003 Sugar beets = 1,017 Winter wheat = 1,100

Grassi's equation for the vegetative cycle coefficient is Cvc.

Cvc = 0,0895 + 0,02738 vc - 0,0002058 vcz.

The second formula, using mcasured or estimated Rs values
‘instead of theoretical ..radiation, Rt’ and temperature and crop cover,
Crc, can be written:
Et = XSG Rg CT CCrc F

where
KSG = 0.513 inches per day, or 13.0 mm per day
CCre = 0.099 + 0,1347 Crc - 0,0000446 Crc2.

The third formula, 'gsing measured or computed pan evaporation,
XV, instead of R or Rs, can be written:
ET = 0,968 EV CT CCrc
where | |
CT =1.754 - 0.0111 T{, or
CT =1.40 - 0.200 Tc, and
CCrc = 0,121 4+ 0,0148 Crc ~ 0,0000592 Crcz.

Guillen's Formula

Guillen (1907), another graduate student from Venezuela, devel-
oped a formula for estimating evaporation as measured with the Fuess
evaporimeter in a shelter from Venezuelan and Colombian data. His
formula can be written; ,

EV = KG CT CHCW CS CM CDP
in which
EV = evaporation in a shelter in mm per day
K = 2,957
CH=2.12 - 1,75 Hm2
CT = -0.490 + 0.0621 Tc
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CS=0.53+0.784 X
CW = 0,728 + 0.0494 W2
CDP =1.15 - 0.015 DP
CM = EV (Fuess)/KCT CH CW CS CDP
where '
DP = days in month with 1 mm or more precipitation
CM = monthiy coefficient, the average value of which varies

from 0, §25 for November and 1. 065 for April.

Guillen's formufa, without his monthly coefficient, but multiplied
by the following monthly factor, MF, should yield a fair approximation

of pan evaporation for Venezuelan conditions.,

Month MF Month  MF Month MF
Jan - 1.68 } May 178 Sept 1.80
Feb 1.56 June 1.97 Oct 1.81
Mar 1.48 July 1.98 Nov 1.79
Apr . 1,55 ‘Aug 1.90 Dec 1.78

Fuess evaporation is measured at several stations where pan
’
evaporation is not measured operated by the Venezuelan Meteorological

Service of the Ministry of Defense.

Christiansen's Formulas

Christiansen (1968) published a formula for estimating Class A

pan evaporation using extraterrestrial radiation, R, as a base.

The basic formula can be written: t
Ev = XK Rt CTCWCHCSCE M
in which '
XK = ,459, a dimensionless constant
Rt = extraterrestrial radiation reaching the earth's atmos-
phere, computed from a solar constant of two calories
per cm2 per minute, expressed as equivalent evaporation

in the same units as Ev.
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For mean temperature in OF, and To = 680,

CT = -0.070 + 0.898 (Tf/To) + 0.172 (Tf/To)z.

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

CT = 0.393 + 0.559 (Tc/To) + 0.048 (Tc/To).

For mecan wind velocity, W, above the evaporation pan, or at 2 feet
above the ground, and for Wo = 60 miles per day, or 96.56 kilometers

per day,
CW = 0,708 # 0.328 (W/Wo) - 0.036 (W /Wo)z.

For mean humidity at noon, Hn, and Ho - 0.40 (40%),
CH = 1.250 - 0,348 (Hn/Ho) + + 0. 120 (Hn/Ho)2 - 0.022 (Hn/HO)4.

¢

For mean sunshine percentage, S, and So = . 80,

CS = 0.542 + 0,640 (S/So) - 0.499 (S/So) + 0.317 (S/S0)°.

For elevation, E, and Eo = 1000 feet or 305 meters,
CE = 0,970 + 0.030 {E/Eo)
CM = monthly coefficient with a mean value of 1. 0; usually

’
CM is omitted, especially in the tropics.

Christiansen and Hargreaves' Formula for Potential Evapotranspiration

Christiansen and Hargreaves (1969) presented three formulas for
computing potential evapotranspiration developed using data from
Pruitt (1966) for rye grass in a 6,1 meter diameter weighing lysimeter.
Their first formula using measured pan evaporation, Ev, as a base
can be written:
Etp = 0.755 Ev CT CW CH CS
where
Ev = measured Class A pan evaporation
CT = 0,670 + 0,476 (T£/68) - 0.146 (Tf/68)2~,
or in metric units, ’

CT = 0.862 + 0.179 (Tc/20) - 0.041 (Tc/20)
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CW = 1.189 - 0.240 (W2/Wo) - 0.051 (W2/Wo)>, where
W2 - mean wind velocity 2 meters above the ground level
in miles per day, or Km per hour, and Wo = 100 miles
per day, or 6.7 Km per hour

CH = 0,499 4+ 0,620 (Hm/60) - 0.119 (Hm/60)2, where
Hm = the mean daily relative humidity

CS = 0,904 +0 008 (S/80) + 0,088 (S/BO)Z, where -

S= percéntage of possible sunshine, expressed decimally.

Their second for'mula, using extraterrestrial radiation, Rt’ as a

base, can be written:

Etp = .324 R_ CTT CWT CHT CST CE
where

CTT = 0,174 +0.428 (T, /68) + 0.398 (Tf/68)7", or

CTT = 0.463 + 0.425 (Tc/20) + 0. 122 (Tc /20)°

CWT = 0,672 + 0,406 (W2/Wo) - 0.078 (W2 /Wo)®

CHT = 1,035 + 0,240 (Hm/60)% - 0.275 (Hm/60)>

CST = 0.340 + 0.856 (S/80) - 0. 196, (S/80)°

CE = 0.970 + 0. 030 (E/Eo).

Their third formula, using measured incoming radiation, Rs, as
a base, can be written:
Etp = 0.492 Rs CTT CWT CHT
in which '
Rs is expressed as equivalent depth of evaporation.
The coefficients, CTT, CWT, CHT, are the same as defined for

the second formula.

Hargreaves' Formula

HYargreaves (1972) has proposed an equation for computing evapor-
ation from a Class A pan located in an irrigated grass area. The equa~-

tion can be written:



EV

.43 Rt CT CH CW CE CTD
in which
EV
CT = .40 + .024 Tc
CH = .05 + 1.58 (1.00 - Hm)" >

Class A pan evaporation ]
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CW = .68 +,04 W10, where W10 is wind at an elevation of 10

meters in Km/Hr -
CE = 1.00 4 .07 EL /1000, where EL is elevation in meters
CTD = .76 +.0375 Td, where Td is the difference in mean

maximum and mean minimum temperatures.

The coefficient .43 can vary if tenﬂperature, humidity and wind
measurement are not 24-hour mean vaiues, or if pan exposure is not
typical of a vegetated area. 1

The potcential cvapotranspiration, Etp, equivalent to that from
a short, green, rapidly growing grass vegetation with a continuously
adequate moisture supply, is given Ly the equation:

Etp = .82 CHTV CWTV CETV .
in which
CHTYV = .55 + . 75 Hm, but with maximum value of 1. 03
CWTV =1.08=.01 W10
CETV = 1.0 - .04 EL/1000,

Methods Used for Computing Precipitation Probabilities

According to the Soil Conservation Service (1967) monthly and
seasonal rainfall can be expected to vary widely from year to year;

the net irrigation requirement has wide variations caused by the var-

iation of the climatic factors. The dependable water supply cannot be

based on average requirements since this would provide an adequate

supply less than approximately half the time.
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It is better practice, therefore, to estimatc dependable rainfall
and irrigation water requirecments on a probability basis, the percent

chance of occurrence, this being an economical consideration.

.

Frequency Plot or Ranking Distribution

Kimball (1946) developed a procedure to solve the problem of
forecasting by extrapolation from a fitted curve, provided that the form
of the function fitted expressed the true behavior of the universe from
which the data were d.rawn. Another equation basic by analysis of data
with a irequency plot has been proposed. According to Linsley, Kohler,
and Paulhus (1958), the Kimball equation can be written:

F=m/n+1), or '

T=(n+1)/m=1/F
where
F = percent fre'quency or probability
T = return period in years, or recurrence interval

m = order number assigned to data, ranked in descending
order, m=1, 2, 3, .e.., n ,

n = number of years of record.

Monthly values geldom approach a normal distribution. Arithme-
tic and log probability paper can be used to plot the precipitation data.
When the data approaches a normal distribution a straight line gives
a good {it when the data are plotted on arithmetic probability paper.

If a straight line results when the data are plotted on log probability

paner, the data are said to have log-normal distribution,

Normal Distribution

The normal distribution curve is completely determined by two
parameters: the mean value, X, and the standard deviation. When the
data does not fit a normal distribution, log probability transformation
(by Hazen and Chow) permits a normal curve to be assumed. The equa-

tion of the normal curve is:
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£(x) = | e-.S (x ; x)z
Sy2n
where
S = the standard deviation of the distribution
T = a constant, approximately 3, 1416
e = the nurnber for which the natural logarithm = 1,0, approxi-

mately 2. 7183

x = the mean value of the distribution.

The normal distribution curve is symmetrical about the mean,
tails out at the extreme values, and has a shape resembling a bell.

The mean, median, and the mode are coincident. The total area be-
tween this curve and the x axis is one square unit, thus the area under
the curve between the pdini Xx=a a.nd x = b is equal to the expected
probability.

In theory a normal frequency distribution extends from negative
infinity to positive infinity along the x axis, This means that a nor-
mally distributed variable can assume any pobsitive value however large
or small, although values farther from the mean plus or minus three
standard deviations are quite improbable because their relative expec-.

ted frequency of occurrence is rare.

Incomplete Gamma Distribution Function

Thoin (1958) considers precipitation and zero precipitation as
being produced by different physical systems. The precipitation dis-
tribution is then found to be a mixed distribution instead of a simple
distribution. The first (discrete population occurrence) is fitted by a
binomial and the second (non-occurrence) by the incomplete gamma
distribution forced through zero. It can be used for weekly, monthly,
or seasonal rainfall. Barger and Thom (1949) and Thom (1958) have
shown that the incomplete gamma distribution gives good fit to clima-

tological scries of precipitation.
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The incomplete gamma frequency distribution as presented by Thom
(1958) for random variable x is given by

-x/8 m-1
e X

m »
)/(B T(m))
in which

x = precipitation amount

Band m are parameters.

The gamma function, ‘T(m), is given by

The probability that precipitation will not exceed x amount, as well

as the precipitation associated with any probability, can be found from:

f(x) = 5" e x/8 ™1 (8™ T'im))
0 4

where

x is the amount of precipitation (datly, weekly, monthly,

annually, etc.)

Miller and Weaver (1968), using the incomplete gamma distribu-
tion for a climatic division in Ohio, determined the monthly and annual
precipitation amounts for the 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, A
and 95 percent probability levels. Rather than utilizing a desk calcu-
lator and the Thom monogram of Pearson's tables of the incomplete
gamma distribution function (which are related to prcbability [abcissal
and the ratio x/B [ordinate]. [In Thom's graphs, the value of precipi-
tation associated with a given probability and gamma parameter is the
x term in the ratio x/B.]).

Weaver and Miller (1967) wrote a computer program for the pur-
pose of computing precipitation associated with sclected probabilities.

This program calculated gamma and beta parametere., Precipitation,
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xi, for a given probability, P, is estimated from:

fj_ xj m-1

xi=xj-m(S)-PI‘(m)e /(xj_ )
where
j=1i-1
2 3

S=14——+ X + =

m+1. (m+1){m+2) (m + 1) (m + 2) (m + 3)
B = X/m

m = the gamma parameter.

The gamma parameter, m, is found by solving for m in the quad-

ratic equation:

12 (lnx - 1/N Zlnx)mz-,m-1=0.

If m is less than 36, .thg gamma function, T (m), is calculated by
using an algorithin developed by Collinge (1961). If the m value is
greater than 36, the gamma functions were found by linear interpola-

tion of Pearson's gamma function table.

"Crop Coefficients

Plant species differ as to time of the year when growth is made,
rooting depth, plant density and spacing. Because of this, different
plant species have different crop coefficients.

Different plant species that are short, dense, and uniformly vege-
tated, actively growing and transpiring under unlimited soil water
have virtually identical cvapotranspiration. Penman has stated two
basic principles supporting this statement. They are:

i, For complete crop covers of different plants having about the
same color, i.e., the same reflection coefficient, the potential rate
is the same irrespective of plant or soil type.

2. This potential transpiration rate is determined by the pre-

vailing weather.
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Crop coefficients can be used with potential evapotranspiration to
evaluate actual evapotranspiration. Those given in Appendix C, Table
14, are ratios of evapotranspiration to Class A pan evaporation. Crop
evapotranspiration is not a fixed value. 'Evapotranspiration from high
soil moisture levels for some crops may average as much as twice the
evapotranspiration from conditions of low average soil moisture avail-
ability, sometimes without great difference in crop yields. With in-
creased annual rainfall, there is also an increased opportunity for more
soil moisture carry-over into the dry season. Therefore, with changes
inannual rainfall, corr'esponding changes in actual evapotranspiration

may be anticipated,
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PROCEDURE

Data Collection

The first step in the present study was the collection of data from
20 climatological stations in Venezuela. The data were tabulated and
keypunched. One of the stations was eliminated due to insufficient data,

leaving 19 for this study., The stations used are given in Table 1,

Table 1. Climatological Stations Used in this Study

Sta - . Months
tior Name State c];:é ) léc;r;g ) Elniw of
IL ’ ) Data
25 Cua-Tovar Miranda 10.15 66.88 240 95
26  Jusepin UDO! Monagas 9.75 63.4 146 74
27 Mayalito . Guarico 9.52 066,20 270 80
28 San Juan de los .

Morros Guarico 9.90 67.35 430 51
29  Zona Arida, MAC® Lara 10,15 69.30 630 51
30 Santa Cruz ~ Aragua 10.18 67.50 438 80
31 Shell Foundation3 Aragua 10.30 67.75 432 60
32 Uranon Apure ' 6.93 67.12 90 70
33 Yaritagua Yaracuy f0.07 69.12 374 33
34 Punta de Piedra Nueva Esparta 10,90 64.07 10 54
35 Barcelona MOP 2  Anzoategui 10. 18 64.78 5 49
36  Guanapito Guarico 9.93 66,40 600 50
37 Hotel Santo

Domingo Merida 8.87 70.67 2035 13
38 Las Piedras Merida 8.90 70.63 1644 13
40 Rio Verde Guarico 9.53 67.67 250 50
41 Merida ' Merida 8.60 71.15 1870 28
42 Santa Barbara Zulia 9.00 71.92 5 41
43 Guanare Portuguesa 8.95 69.23 117 46
44 Majaguas Portuguesa 9.60 69.03 146 23

All stations were of Ministry of Public Works (MOP) except as indicated:

1 UDO = Universidad de Oriente (fastern University)
2 MAC = Ministry of Agriculture and Livestock
3 Private station
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Computer Programs Used

The Univac 1108 in Salt Lake City, Utah, operated with a Univac
9200 remote terminal located at Utah State University (Enginecering
Building) , was utilized to process the data and make this study.

Program 660.5, Appendix D, dcveloped by Professor J. E.
Christiansen, was used to read the basic climatological data and to
compute sunshine, solar radiation, e¢vaporation and evapotranspiration.

Program 691-GV, Appendix D, developed by Harde; (1971) and «
Ramirez (1971), with -modification by Richard Conn, was used to read
the basic precipitation data and calculate the gamma distribution of pre-
cipitation data on 2 monthly and annual basis. The same program com-
putes precipitation for different probability levels according to the nor-
mal distribution and ranking distribution. The gamma distribution is
computed for 13 different probability levels.

A subroutine was _us'ed to calculate potential evapotranspiration
using 2 modified Christiansen formula. Potential irrigatian require-
ments at five probability _1gvéls was also calculated.

Program 645, Appendix D, written by'lfrofcssor Christiansen
was used to make an analysis of the influence of the lengin of record
on the reliability of the mean values of precipitation. The methods
used in computing the reliability of the mean values of preéipitation
were based on moving averages. The intervals considered in the analy-
sis were 5, 10, 15, and 20 years.

Two other programs were written in order to study the relation-
ship between the precipitation probability at different levels and the mean
monthly precipitation., The first one was a least square program to
find the relationship between the precipitation probability at 13 differ-
ent probability levels and the mean monthly precipitation. The second
program was developed to evaluate the intercept and slope as a func-

tion of probability, The formula developed ic discussed later.
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RESULTS AND DISCUSSION

Evapotranspiration

The basic equations developed by Professor Christiansen f'or

evaporation and evapotranspiration from Venezuelan data can be written:

EVPC = .356 RMM CT CWV CH CS CE CDP

ETPC = .302 RMM CT CWT CH CS CE CDP
in which |

RMM = extraterrestrial rédiation, in mm per month

CT = .40 + .50 (TM/25) + .10 (TM/25)

CWV = .58+ .47 (W10/8) - .05 (W10/8)2

CWT = .70 + .36 (W10/8) - .06 (W10/8)2

CH = 1.15 + .44 (HM/75) - .59 (HM/?S)2 if (HM « LT. 0.28)

CHV = 1.232 .

CS = .48 +.66 (S/.5) - .14 (s/.s)2

CE = .94 + .06 (EL/1000)

CDP = 1.15 - .15 (DP/10) >,

When sunshine is missing, it can be computdd by the following formula:

SC=,612 CSTD CSHM CSDP.

The coefficients for computed sunshine were modified by the writer to
fit the Venezuelan data. The new coefficients can be written:

IF (HM . LE . 0.75)

CSHM = .50 + .70 (HM/. 75) - .20 (HM/. 75)°

IF (HM « GT « 0.75)

CSHM = 1,0 - .40 [(HM - .75)/. 75]2

CSTD = .79 + .15 (TD/10) + .06 (TD /10)*

CSDP = 1.20 - .20 (DP/10)- 36

The cocfficient for sunshine using the computed sunshine is then:

CS=.48 +.66 (SC/.5) - .14 (SC/.S)Z.
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The values of all of these cocfficients have been computed and are
given in Table 2. The values of extraterrestrial radiation are
given in Table 3. ‘

The sunshine data for the Shell Foundation station were obtained
by multiplying the measured sunshine by 1. 18 to make the sunshine values
the same as at the nearby Santa Cruz. This was done because it is
believed that the Santa Cruz sunshine data were more consistent with
the data for other stations than those reported for the Shell Foundatioh
station,

The computed sunshine correlates very well with the measured
sunshine. The average absolute errors for the computed sunshine for
19 stations ranged between 5.7 and 19.5 percent with an overall error
of 10.3 percent (Appendix A, Table'é). |

The computed radiati'pn'is also in good agreement with the mea-
sured radiation. The absolute errors for 19 stations range between
4.7 and 11,7 percent with an gverall mean error of 6.2 percent.

This indicates that pan evaporation and evapotranspiration can be
computed, using computed radiation and cor:;'lputed sunshine, to a very
close approximation. Some climatological stations in Venezuela do not ‘
have devices for measuring either radiation or sunshine. ETP can then
be obtained using the calculated values of S.

A statistical analysis for evaporation, both measured and com-
puted was made in order to show how well the Christiansen formula
computes evaporation. Only 7 stations were used in this analysis.
These were chosen because they have records for more than five years.

The F-test for these 7 stalions shows that the formula fits the
Venezuelan data quite well at the 95 percent confidence level.

Appendix C, Table 8, shows the confidence interval at the 95 pex:-
cent level for 7 stations in millimeters,and Table 9, Appendix C,
gives the percent of possible deviation of the mecan of measured evapo-

ration at the 95 percent probability level. For example, at Cua-Tover
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the confidence interval for March is EVC = EVM + 19,4 and the percent
of deviation from the true mean (measured evaporation) is within the
limits of 7.7 percent of the record mean’values. In brief, EVC is an
accurate approximation of EVM,

The absolute error of the computer evaporation (Appendix A, Table
6), for 19 stations range between 13,1 percent and 4.9 percent with an
overall mean error of 9.7 percent,

Unfortunately, measured evapotranspiration data are not available
for Venczuela, Formglas for computing potential evapotranspiration
have been derived for conditions where the climate is significantly dif-
ferenﬁ from that of Venezuela. These data are used together with known
relationships between pan evaporatipn and potential evapotranspiration
to evaluate methods of estimating potential evapotranspiration for

Venezuela,

Potential Irrigation Requirements

The gafnma distribution a;xalysis was used to compute precipita-
tion probability values for 16 stations. 'I‘he‘x;esults are given in Appen-
dix B. Three other stations were not included in this study because
the precipitation data available were for less than three yéa.rs.

Monthly and annual probabilities of receiving equal to or greater
than a certain amount for 13 given probabilily levels were calculated.
Arithmetlic mean, the gamma distribution parameter (LAMBA and R),
and the natural logarithm of the evaluation of the complete gamma dis-
tribution (LNGAM) for each month and theannnal value were computed.
The annual values do not correspond with the sum of the monthly values
at a given probability, since they represent the distribution of the annual
totals for each year of record. As an example, in Appendix B, Table
7, for Cua-Tovar, we found under the 60 percentile column and across
from January, 23.0. This indicates that in 6 years out of 10, the Jan-

vary precipitation total is expected to be equal to or greater than 23.0
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milliineters, or alternatively, that in 4 ycars out of 10, the January pre-
cipitation total is expected to be less than 23,0 millimeters.

The potential irrigation requirements at 5 precipitation probability
levels also appear in Appendix B, Table 7. The computed values of
potential evapotranspiration (ETP) for cach month and the annual values
are given. Potential irrigation requirements are calculated by subtract-
ing from the precipitation values at the 5 probability levels ETCH values.
Positive values indicate a deficit of and negative values a surplus of I;re-
cipitation,

Also in Appendix i3, values of the maximum and minimum precipi-
tation are given for each month us well as the annual value, depend-

able precipitation, evapotranspiration deficit (ETDF') and moisture

available index (MAI) at the 75 percent level of probability.

Formula for Estimating Dependable Precipitationfrom Mcan Values

To calculate the garmnma distribution, the Univac 1108 computer and
a very complex program wereﬂused. It seemed desirable that a simpler
method be déveIOped to estimate precipitatio‘n;at any level of probability
l.)ased on precipitation means,
Sixteen stations with records varying from 4 to 27 years were used
for development of this method. The monthly values of precipitation
for 13 probability levels (gamma distribution) were plotted against the
monthly mean values and analyzed by the method of least squares.
Thirteen equations giving the best straight line relationships'for ecach
probability were found.,
A general equation for all probability levels was developed. This
. general equation can be written: '
PD(P) = CPI + CPR(PM)

in which
PD(P) = dependable precipitation at any probability level, P
CPI = 79.566 ¢=5-38 P _15 |
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CPR = 1,43 - 0,876 P.

The coefficients of corrclation for the 13 equations ranged from
0.924 for P = 95% to 0.997 for P = 30%. *

The coefficients of corrclation for CPI was 0.991 and for CPR was
0.993, indicating that this equation cxplains nearly 98 percent of the

variance of the gamma distribution function.

Reliability of Short Time Mean Values of Precipitation

A study of the influence of the length of record on the mean precipi-
tation values was made. A moving average program, Appendix D, was
used to study the reliability of mean values from short records using
4 stations with data ranging from 19.to 27 years. The moving average
periods considered in the analysis were 5, 10, 15, and 20 years.

Appendix C, Tables lb, 11, 12 and 13, shows the ratios of moving
average precipitation for various percentages of the total length of
record to the mean precipitation for the total length of record. The
maximum and minimum values are given, indicating that for short
records the mean precipitation was between the values given. For
example, using Cua-Tovar, Table 10, with 25 years of record, the
10~ycar moving average ratio for 10 years (40 percent of the length of
record) for June (a2 wet month) varied from 0.925 to 1. 123, This indi-
cates that the mean precipitation for a consecutive 10-year period ranged
from 92.4 io 112.3 percent of the 25-yeér mean,

Figure 4, Appendix C, shows that the variation for March, a dry
month, was much greater. A 10-year mean ranged from 59.8 to 122, 2
percent of the 25-year mean. in general, this indicates that the short
term means for a wet month, such as June, are much more reliable

than a short term mean for a dry month such as March.
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APPLICATION OF THE STUDY TO

WATER RESOURCE DEVELOPMENT

Example

As stated in the introduction, the objectives of this study were to
analyze the available data to compute the potential evapotranspiration,
the dependable precipifation and potential irrigation water require-
ment, These objective::: have been accomplished. The purpose of this
section is to show how.the information developed can be used in a prac-
tical way in a feasibility study of a proposed irrigation project. For
this purpose the analysis of the data for the Guanare Station (Ser. No.
3208) was used. This station is located at latitude 8057'N, longitude
69014'W at an elevation of 117 meters. It is in the state of Portuguesa

in the plains just southeast of the Andes.,

Dependable Precipitation

.

The dependable monthly precipitation for different probability
levels is given in Appendix B, Table 7. Coldmn 2 of this table gives
the mean values of the monthly precipitation and the mean annual pre-
cipitation. As will be noted, most of the precipitation occurs during
the months April through October, leaving five months with relatively
low precipitation, less than 100 mm,

The probable precipitation at 13 probability levels is also given.
Assuming a probability of 80 percent, it is shown that 6 months have
less than 100 mm, and that the maximum dependable precipitation

occurs in July.

Computer Potential Evapotranspiration

The computed potential evapotranspiration is given in the column
under the heading ETP. The month values vary from 104 mm for June,
the wettest month on the basis of the mean precipitation, to 193 mm

for March, which has the lowest mean precipitation. This is the
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assumecd evapotranspiration for a short, vigorously growing crop

such as grass. It could be applied directly to an irrigated pasture,

Potentia) Irrigation Requirement

Combining the dependable precipitation at different probability
levels from 60 to 20 percent with the ETP values, the potential irriga-
tion requirement is obtained and given in the table., Using the 80 per-
cent probability value, it,is shown that a deficit occurs during 8 of the h
12 months, beginning with September. However, the deficits for Sep-
tember and October are‘very small and would be supplied by the carry-~
over soil moisture. Irrigation would not be required for any crop
before November 1. For annual crops that are planted after the rainy
season, irrigation might not be required before December of January.
For pcrennial crops, irrigation should start in November and be con-

tinued through March and into April until the first rains occur,

5

Actual Irrigation Requirement

~ As explained in the introduction, the actu'al’ irrigation water require-
ment depends on soil and crop factors, and the irrigation efficiency as
well as the climate,
For the Guanare station one would need to consider the crops to be
grown under irrigation.
Table 4 gives some of the crops grown in that arca and the approxi-

mate planting and harvesting dates and rooting depths.

{fective Precipitafion

In order to apply the depex;dable precipitation valueé intelligently
one must know some of the soil factors and the precipitation intensities.
The important soil factors are:

1. Soil texture and moisture holding capacities

2. Topography and slopes

3. The infiltration rates under the average rainfall intensities



Table 4. Crops Grown in the Guanare Areca '

Dates Rooting
Crop Planting Harvesting Depth
cm

Cotton Sept-Oct Feb-Mar 120-160
Bananas Perrenial All year 50- 80
Black beans Dec Feb 30- 50
Sesame Oct-Nov Jan-Mar 40- 80
Sorghum Nov Mar 50- 80
Soybeans Nov-Dec Feb-Mar 30- 60
Pastures Perrenial All year 40- 60
Maise Apr-May Sept-Oct 100-150

4. The probable osoting depths for the crops to be grown

5. Drainage conditions.

These factors are all imp.ortant if one is to reliably estimate the
effective precipitation. Since detailed information on these factors
is not available, some assumptions will be made based on a general
knowledge of the area and soils. These assumptions are:

1. The soils are generally fine textured afnd classified as heavy
loam to heavy clay loam.

2. The topography of most of the area that might be irrigated
is relatively flat with slopes less than three or four percent, mostly
less than onec percent. Because of microrelief, land grading is neces
sary to prepare fields for surface irrigation. Sprinklingcould be prac
ticed with a minimum of land grading.

3, From the MOP study of maximum precipitation intensities, *
at five stations in the vicinity of Guanare, it can be assumed that the
mean annual extreme precipitation amounts in mm are approximately

as follows:

*Ministerio de Obras Publicas, Direccion de Obras Hidraulicas,
Lluvias Extremas para 1, 3, 6, 9, 12 y 24 horas de 84 estaciones
cscogidas. Publicacion Tecnica 3, Dec. 1968 - Caracas, Venezucla,



Table 5. Analysis of Actual Irrigation Requirements for Sesame and Corn

Dep. P st. nfiltrated Moisture
Month (8:(2:;/2) R\zn;ff I Fi};c. ZTHI: gg:flz‘, i;I‘nix C:')avz;:;y- Deficit IR I\fl::i:(:tsxie
Sesame
Oct 101 20 81 137 .70 27 120 - - 24
Nov 34 - 34 135 .50 68 86 - - -
Dec 10 - 10 136 .90 122 - 26 37 -
Jan 0 - - 151 .70 105 - 105 150 -
Feb 0 - - 154 ..40 61 - 61 87 -
Mar 1 - 1 193 .20 39 - 39 56 -
Corn
Apr 33 - 33 143 .20 28 5 - - -
May 142 28 114 N29 .40 56 63 - - -
Jun 182 36 146 104 .90 94 115 - - -
Jul 196 39 157 111 .80 89 120 - - 63
Aug 135 27 108 120 .50 60 120 - - 48
Sep 123 24 99 127 .20 25 120 - - 74
Total 1340 1641 231 330 239

§4
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Month 1-hr 3-hr 6-hr 12-hr 24-hr
May 30 48 52 56 73
June 35 53 56 50 57
July 38 58 58 . 57 60
Aug 36 50 49 48 61

Although thesc are mean maximum values that occurred over a period
of about ten years, it is obvious that some runoff will occur and that
the effective precipitation will be somewhat less than the tabulated
dependable precipitation: For the purpose of this example, it is
assumed that the runoff-will be approximately 20 percent. More pre-
cise determinations of mean runoff would be desirable.

4, The available soil moisture storage capacities within the root
zone of the crops to be grown are estimated to be within the range of
10-15 cm for pasture grasses to 20-30 for deep rooted crops such as
cotton. When monthly precipitation amounts are appreciably in excess
of crop requirements, some of the precipitation that enters the soil
will pass beyond the root zone and will not be available to supply the
crop requirements, '

5. Some of the precipitation which passe’s through the root zone
may leave the area through natural soil drainage, and some may ccn-
tribute to a rise in the water table and create a drainage problem and
may necessitate the construction of a sub-surface drainage system.
Comparing the dependable precipitation with the ETP values, and con-
sidering the possible runoff, it appears that on vegetated areas there
may not be much deep percolation loss, but on fallow ground where
the actual ET may be much less than the computed ETP values, consid -
erable excess moisture wiil be available during the rainy season. This
may necessitate attention to both surface and sub-surface drainage.

In summary, it might be assumed that for the 7 wettest months,
October through March, the effective precipitation may be in the range

of 26 to 52 percent of the tabulated dependable precipitation, With
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more detailed data, this range could be narrowed and more specific

values could be given for different soil types and crops.

Irripation Efficiency

For the purpose of this study, and considering the soils, topo-
graphy, drainage conditions, and methods of irrigation (borders and
furrows), an irrigation efficiency of 70 percent is assumed. This is
somewhat higher than of'ten assumed for surface irrigation, but it is

believed to be a realistic value for the conditions mentioned above.

Estimated Irrigation Requirement

An analysis of actual irrigation requirements for sesame followed
by maise, two important crops for the area, has been made and is pre-
sented in Table 5. . '

This example shows thai: for the two crops, sesame followed by
maise, irrigation would be needed only during the four months, Decem-
ber through March. Although the deficit, or irrigation requirement,
for De..ember was only 37 mm, more water could be applied because the
8011 is assumed to have a maximum carryover capacity of 120 mm.
Thus it would be possible to apply as much as 157 mm in December
without waste. The total irrigation for the four months was 330 mm,
which could be applied in three or four irrigations of 83 to 110 cm each
during the four-month period.

From this analysis it appears that rr)aise would not benefit from
irrigation except during years of low precipitation.

A similar analysis could be made for the other crops grown in the

- area.
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SUMMARY AND CONCLUSION

The objectives of this study were to: |

1. Analyze available climatic data to enablev computation of the
potential evapotranspiration

2. Analyze available precipitation to determine the dependable
precipitation. ‘

3. Combine the dependabie precipitation and potential evapotrans-

piration to determine potential irrigatior water requirements.

Christiansen's formula was used to compute evaporation and poten-
tiai evapotranspiration using 1013 months of data from 19 stations in .
Venezuela. ‘

The factors considered were mean monthly temperature, humidity,
wind, sunshine, elevation, days of precipitation and extraterrestrial
radiation.

'Evapotr'anspiration data. is not available in Venezuela, so com-
parisons with potential evapotranspiration coi‘n/puted from Christiansen's
formula could not be made. However, the results of computation with
the formula gave reasonable values. Christiansen's formula which
takes into consideration more of the climatic factors is believed to be
the most reliable.

A check on the Christiansen formula indicated that it fits the
Venezuela data, and only adjustment for computed sunshine was made.
The value for computed evaporation and potential evapotranspiration
is given in Table 6, Appendix A,

Thirtcen probability levels of precipitation were determined for
each station. Each precipitation amount is that which is expected to be
equaled or exceeded at the given probability level (Table 7, Appendix B).

Potential irrigation requirements for sixteen stations were com-

puted based on gamma distribution of five probability levels subtracted
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from the potential evapotranspiration. The irrigation requirements
presented provide a useful index of actual irrigation requirements.
Obviously each location must be evaluated to modify this index.

A formula for computing precipitation at any level of probability
was developed based on gamma distribution and average monthly value
of the yecars of record available. The formula was tested and appears
to be fairly reliable for estimating precipitation probability for

Venezuelan data.
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APPENDIX A

Data used to compute sunshine, radiation, pan evapcration

and potential evapotranspiration
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127 2 13¢8 7.0 3.5 38.5 6.0 <78 <00 <59 4,39 507. O 203. 9l. B7. 8ie o000 <000 1.086 .92 o0 .0 8.8

St 13 1e,1 6.h 3.2 1061 11.9 «T7 «00 «SS5 3.98 saS. Ds 216. 92. 92. A8s. 000 .000 1.008 .918 eD «0 10.%

¥9



TAPLE 6.14 NATA AND COMPUTFO SUNSHINEe RACIATION

SEOTAL 3IN99.

")

in

11

1

w

1t

™

1.3

l.-s

1%.2

15.8

l‘.g

15.6

1S.0

15.2

15.95

15.5

16.0

15.8

1S.3

1D 0. 38

m™m w10
11.2 %S
10.% 6.5
9.5 6.8
6.5 3-6
7.2 - TR ]
6e7 Se.7
7.3 L P'S 3
Te6 6.3
.0 6.3
8.5 8.8
10.0 86
9.7 Se5S
S.8

a.’

NAME AND STATE.

PRFC

7.0

-0

8.0

20C.0

122.0

?68.0

2h 1.0

212.0

?02.0

990

25.0

37.0

113.8

oe

1.0

2?2.0

16.0

25.0

?..0

22.0

22.0

13.0

12.6

HM

B2

.?8
-85
«a5
«83
o83
«82
«82

«82

LAS PIEDRAS

b3

«00¢

«00

.oo

<00

«00

.no

.oo

«00

.oo

«00

scC

70

“eT72

051

«53

LR

LA

-89

«50

“S5S

63

51

«57

MERTOA

YPD RMM RSN

3.75 817. 0.
3.7* an2. O.
3.86 678. 0.
3.73 s68. O.
v.29 a76., 0.
3.28 853, D.
3.0% 871. 0.
3.50 a82. 0.
3.56 865. O.
3.78 a58. 0.
%.03 013, 0.
3.85 208, 0.
3.71 sa6.  O.

RSC

216.

211.

282,

212.

2’..

20n.

210.

~

219.

213.

218.

206.

202.

LAT

€vm

121.

129%.

188,

b LY

‘S.

lm.

Sl

0.

lm.

lm.

e R.90.
gve E€r1C
1¥0. 108,
118. 103.
"130. 113,
86, 79«
115. 100.
8. T8
88%. 7.
1N1. 88,
99« £fbe
97. 87.
98. 88.
97. 86e.
9.

213. 101« 103.

LONGe 70.63 ¢

-

RSS
«000
«000
-000
fODO
«000
«000
« (00
«000
<000
<000
«000
-000

«000

RAR
.020
.00-0
000
«020
«000
«C30
«000
-000
-000
<000
W00
-C20

«000

PAN CYAPORATIOM ANDO POTENTIAL EVAPOTRANSPIRATION FOR YEN[2UELA

CLEVATION 16Aan,

REY

-933

1.089

1.111

77

« T8N

958

1.0C9

=990

« 23

- R27

1.073

1.038

«982

RECT

-830

.‘72

.‘7.

«932S

o878

«885

«90n

«87%

«875

=902

«908

«889

«882

€RS

-0

«0

0

TRR

«0

0

o0

«d

Ry

7.2

..x

10.0

23

27.%

20.9

6.8

S9



TABLE 535 NAYA AND COMPUTED SUNSHINEe RADIATIONs PAN EVAPORATYON AND POYENTIAL EVAPOTRANSPIRATION FOR VENEZUELA

SERIAL 2031« ID N0, &0+ NAME AND STATE, RIO VEROE TUARICO LAT. 9.53¢ LONG. §T7.67», FLEVATION 2%50.
¥ w ™ 0 ¥10 PREC oP HA S st VPD RMEM RSM RSC EVM EVC ETC RSS RAR RCY REY (€RS €ERR (ERY
1 S 2.8 12.1 1l1.M 20 -8 «63 (3] 72 18,13 B19. 187, 319R. 2794 203, 201 o951 937 1.118 807 7.8 7T.S 10.%

k4 S ?27.7 12.% 11.9% 2.6 .2 %13 -3 -1 15.075 809 195. 199. 313. 27S. 221. 1.060 <983 1.157 .802 9.2 7.8 13.%
A W 2%S5 12.% 11.5 S 5 «53 «59 o5 11419 %79, 228 227 M13. 317. 256« 14002 1.C38 1.302 .807 7.8 $.0 23.2

A ] ' 29.0 q.9 9.9 112.7 12.5 59 «Sh »55 16497 370, 197, 20S. 303. 238. 193. .976 .93 1.3C% .825 8.9 S$.2 23.3

S % 28,7 T.8 7.9 1982 20.2 <72 56 253 11418 BB3. 208. 211e 221« 1954 1REe 14055 <963 1.132 850 20.9 8.8 11.7
€ 8 25,7 7.6 T.6 289.5 23.0 80 55 o83 T80 8%8. 190. 200. 161e 1S1e 129 1.103 <950 1.066 <856 9.3 S.3 6.2
7T % 2%.2 1.7 7.0 189.5 21.0 .2} «59 89§ E.TE ATT. 207+ 213. T60e 151 1T0e 10193 o976 1.058 o863 20.1 6.0 5.6
W W 25,3 8.1 a7 235.7 2.2 BT JSB  Gab €SB W8T, 2014 217. 156e 181« 131e 1.186 <929 1.035 o868 1S.7 7.6 3.8
® W P57 9.0 6.8 130.7 18.T .81 59 .55 T.T8 859. 197. 211. 158. 15f. 136e 1.076 <937 1.009 o867 7.1 6.7 3.9
I W 25.9 9.6 Te6 128.0 13.2 R0 46D .58 8.06 8K1% 195. 208 172 16Re 162+ 1.096 <933 1.038 <855 7.9 6.0 3.7
A Y
T ™ 26,3 11.%  8e3 67.0 2.5 «7S <72 GES 10.27 Wlu. 182. 199. 188. 18%. 1554 1.101 916 1.025 <885 10.5 9.2 6.0

12 ¥ 76.% 11e% 1062 29%2 3.5 <68 W73 .68 12432 409. 188. 197. 237. 216« 17T 1.065 .953 1.097 .821 6.1 7.8 8.9

W %0 2648 0.1 9.0 107.5 Y1.5 7Y 63 .60 11.59 @52, 197. 207. 233 208 171c 1059 <956 1132 832 10.6 6.6 12.1

99



TaBLE 6.16 DATA ANN COMPUTED SUNSHINE. RADJATIONs. PAN EVAPORATION ANO POTENTIAL EVAPOTRANSPIRATION FOR VENEJUELA

SEPTAL 0SO.

ey

11

12

™

28

™m

16.2

16.6

16.9

1R.9

17.1

17.0

16.F

16.3

17.0

1D NO, %16
™m vi o
8.9 6.3
10.x 6.8
11.6 7e?
9.0 f.3
S.1 5.9
8.8 5.6
9.1 6.0
9.5 6.0
.5 6.2
8.7 S. 8
R0 6.0
10.0 6.3
9.0 [ %4

NAME AND STATE.

PREC

87.5

82.5

75.5

?51.0

187.0

16 3.0

118,7

38 5

171.3

?88.0

?217.7

9S.N

152.0

oe

11.0

22.5

2045

1%.0

18.7

13%.5

19.3

28 .0

21.0

12.5

ls.s

HM

.sl

k0

61

LY ]

«hT

«h7

71

«71

«67

MERIOA

b
60
-h2
«67
o811
LY
1Y)
53
«51

53

.SG
.sa

<S5

S¢C

«57

«60

«59

«S0

«52

«53

«55

«57

53

«50

«51

«58

05‘

vPD

T.001

621

MR ICA

RMM
a21.
u0S.
876
46 9.
u76.
,}?.
aT1l.
282
466
860«
ai6.
812.

aS1l.

RSM  RSC
239. 209.
223, 208,
29a. 2a5.
229. 201.
25u._2148.
22l 1;9-
2868, 223,
P3a. 228,
239, 271.
2319, 207.
208. 201.
256. 21a.

238. 21%.

LAT.

(R 4,
113
112.
180
10S.
112.
102.
115.
109.
117,
109.
108.
119.

118,

R.EQe

£ve €ETC  RSS
178+ 112+ 1.060
131. 113. 1.035
1¢2. 140, 1122
119. 10v. -80S
12%. 109. .923
11 O9%. .832
128. 112. .959
1276, 109a -89S
125. 110. .996
109. ©6. .3U8
107. 9%. 1.100
118. 103« 1.17%
123. 108. .987

LONGa 71150

RAR

W85

1.1%36
1.133

1.139

1163 °

1.108

1.032

1.039

1.032

1.059

1.036

10199

le115

ELEVATION 1870,

RLY

<287

«PAR1

«8h7

«920

«90%

=219

+30%

«R83

«931

«999

1.007

1.011

926

RET

870

«867

«861

‘B"

-881

«8886

«880

«880

-877

«883

«880

875

«877

ERS  ERR

8.1 12.6

3.4 360

10.9 16.6

2%.2 13.0

8.3 1v.0

20.2 13.0

5«1 8.5

11.7 3.8

5«3 7.6

11.2 Se9

14,9 16.8

10. 6 10.8

ERY

lz..

16.2

15.3

8.7

10.6

10.6

13.2

T.8

Tel

%5

L9



TOLL 6.17 NATA AND COMPUTEN SUNSHINE. PADIATIONe PAN EVAPORATION AND POTENTIAL ZVAPOTRANSPIRATION FOR VENFZUELA

STOTAL 2099+ 1D NO. 82¢ NAME AND STATE. SANTA BARBARA . uLla LAT. 9.C0¢ LONG. 71.92¢ CELEVATION Se

L I - ™ 10 10 PREC DP . MM S s¢C YPD RMNM RS® RSC EVM EVC ETC RS™ RAR REYV RLT ERS ERR ERY
1 8 75,8 T8 R.1 33.2 5.2 -87 k3 58 S.88 421, 17%: 173 96. 110. 101e o837 1.001 .R7¢  .9I% 11.8 &.0 la.8

2 a  2S5.% f.5 4.5 87.5 10.D -85S 88 56 6.F% G10. 16Re 1672 934 112 102. .861 990 .833 .90 17.7 3.3 20.0

A 3 2F.3 T.R e 57,3 2.0 -85 &3 53 T.03 878. 171s 190. 111a 125« 113e o848 .839 .8948 .908 18.5 15«1 11.9

L} 3 ?2€.9 T.8 N8 225.0 18.3 «87 38 88 6£.38 873. 170« 170. 10%. 110. 9%« 710 1.001 .997 .901 0.8 8.2 16.6

S I ?7.7 2.9 8.5 106.7 18.0Q 82 «50 «S3 B8.13 ar2. 207. iﬂ?- 137 138+ 125« 2933 1.035 .984 .906 7,2 S.5 3.1
6 3 2?7 8. 8. 102.3 13.3 «83 58 «58 7.19 858. 199. 19S5. 129. 13ue 122 989 1.018 .953 .905 13.8 S.9 8.9%
? 3?71 9.1 8.7 127.0 15.7 -2 53 eS8 T.E9 84T7TT. 209. 203: 1381 180« 126s +997 1.030 .990 .903 1.8 «&.1 7.3
» 8 ?27.0 9.3 8.9 128,77 16.S 83 «55 «S3 T.88 687. 219. 217 181. 1432 2128. 1.031 1.022 .990 .899 .9 3.0 1,0

a 8 2F.9 9.2 8.6 111.7 18,2 - 88 «56 «54 6489 870. 2t4. 208. 137, 137. 128. 1.030 1.050 1.002 .90% ll:S 2.8 9.8

N
11 8 2R.7 8.7 8.8 120.2 17.2 « 80 52 oS58 8.01 462 197. 195. 119. 132. 120. «9R8 1.012 .901 .909 11.9 +&.3 11.0

11 3 2FR.s 8.0 8.5 167.3 13.7 86 «50 +52 617 816. 167+ 173. 105« 112e 102 <368 <990 (935 <927 6.0 8.8 9.6
1? 3 2?26.3 Te8 8.2 113.3 16.7 efQ «50 «86 516 811. 1674 173¢ 103. 10te 92¢ 1078 o977 1.023 <913 105 3.7 10.5

S¢ At 2R.? A.S 4.5 110.9 13.5 88 50 53 FRe%6 853, 189, 188. 118. 125« 113 988 1.005 945 .906 L1.9 S.0 10.5

89



TASLE 6.18 NATA AND COMPUTEN SUNSHINEs RADIATION. PAN EVAPORATION AN2 POTENTIAL EVAPOTRANSPIRATION FOR VENEZUTLA

SECRIAL 37n%,

oo}

n
1
s

oM

™

L1

™

25.5

2R.2

ra sy 4

27.0

269

?5.5

25.0

?25.3

?5.9

2643

?s.o

25.5

?25.1

19 N0, & 3
19 ¥10
11.6 T-h
12.5 8.1
12.7 8.8
9.1 7.9
8.8 7.6
8.5 7.0
8.7 6.7
8.9 6.7
3.6 6.6
9.6 6e 7
10.8 6.7
1liel Te2
10.1 1.2

NAME ANC STATE.

PREC

18.5

38.0

188.0
188.2
2986.2
?28.0
177.5
?01.0
129.2

$8.0

37.5

128.7

oP

2.5

3.2

12.7

18.0

18.8

. 17.0

18.0

10.5

10.1

HM

73

<82

.!0

«77

GUANAPE

s

«60

LY

-8 8
50
-53
«61
61

.St

nop

scC

vPD

«70 1017

a71 1132

«72 12.8%

«61 10.35

«56
«52
52
«53
-57‘
«60
«6S
6T

61

7.96"

»

6.95

G.80

T.08

9.07

9.51

9.96

9-1‘

PORTUCESA

RNMM

a23.

812.

A0 .

873.

880.

ASR.

u7S.

a86.

470.

uba.

8] 8.

818,

3.

RS M

182,

18%.

f12a

167

177,

166«

177.

18%.

186«

195.

177

180«

183,

RSC

194,

189.

215

188,

188.

167,

184.

19%.

195.

198.

188,

RS

19 o.

LAT.

EVm
187.
198«
239.
178,
159.
132.
38 .
162,
152.
151.
153.
163

168,

R.9%¢

Eve

176

188.

?22%.

169,

153.

123.

130.

180.

18k,

158.

156.

159.

15%.

£Ic

151.

159.

19Y.

lan,

131

106.

113.

122

129.

137

136

137.

137.

RSS

«912

-309

«A30

«688 °

«758

«678§

«795

«826

-873

-889

« 931

918

.a“z

LONG. 69-.23

RAR
«977
«97S
=938
o912
-n7
«998
«959
«98 6
«350
«BF
«93 3
«978

e

FLEVATION
REV RET
1.061 <856
1.05¢ 847
1.0647 L85
1.030 .853
1.041 .856
1.078 8595
1.0r8 .369
1.016 .863
1.029 .2371
«962 .869
+980 869
1.026 851
1.032 860

117.
LRSS

12.8

10. 8

20. 8

87.0

32.0

87.9

25.8

21. 1.

18,5

12.8

7.8

12.8

19.5

ERR

LRy

5.'

5.3

8.5

3.9

6.2

2.3

7.0

2.7

2.,

69



TRLE 6.19 OATZ anND COMPUTED SUNSHINEs RANIATION. PAN EVAPORATION AND

SPIAL 221,

s

1

R

23

L)

26.8

27.0

?26.9%

9.3

1D NO. &8s  NARE AND STATE,
10 Wb erEC bp L]
i0.3 6.8 6.5 1.5 .ES
10.7 7.3 Q6.5 2.0 .62
11,6 7.6 .0 .0 .64
9.8 7.1 72.5 6.5 .12
9.5 6.8 223.5 12.5 .81
7.7 6.3 198.5 20.0 .86
Te® 6.0 9.0 20.0 AR
ReS 6.0 711.5 21.0  .Ae
9.0 5.9 166.5 14.5 .86
9.7 R.0 895 10.0 .80
9.5  K.0 $8.0 S.5 .75
%.1 6.5 60.0 8.5 .70
6e5 123.7 10.6 .77

HAJAGU AL

s
6S
.79

=70

0

«50
58
«53

61

62

56

MoP

67 i2.86
PP
73 121
63 1.2

. e .

S7 6.86
A7 5.37

. e A 4
AR ST
A3 5.28
52 Sl

«S3N13.08
68 2.86

«60 11.09

«58 8.83

PORYUSESA

LR
as:
ars.
aTe.
as 2.
ass.
1.
ant.
a5 9.
851,
aln,

.u 9.

852,

1ar.

2t

182.
1%0.
192.
187,

1.

193.
.
193,
72¢.
198,
200.
174,
Ve
19F.
208,
202.
137.
18 7.
185.

196.

th.

218,
255.
293.
?2%.
187.

105.

128«

1a0e.

152.

180

lw.

1.

Y.604
§c  vPB kWM Rsm Rsc EvM Eve Etc

is2.
208.
259.
186,
185.
ns:
126.
135.
136.
150.
156.
163,

151

1s7.

[
179

132.
137.
143,

LoNG: E9.b3%

RSS RAR
.98 957
e e
1.196 1.051

«950 .986

' .80S. .826

«853  .a3§
.825 .000
1.002 .93
1.011  .938
1083 .96
o898 982
«950 1.007
1.036 1.010

.%. .952

POTENTIAL EVAPOTRANSPIRATION FOR VENF2UCLA

FLEVATION
REV  RET
1,128 887
1.228 850
i.l!l «856
i-237 «863
«953 .857
.19 .87s
-943 .879
.aug  .879
1.026 .881
1.019 .879
1.158 ,.879
.979 .872
1.07T0 .87}

fes.

tRs
1.0
18.2
5.2
.2
17.2
21.2
13.3
1.1

10.9

12.1

ERR

10.1

«?

2.2

10.3

0L



TOLE 6.20 NYERALL AVERAGES FO? YENEZUELA
‘" YRS TM  TD w10 PREC  DP MM S SC VPD RMM RSK RSC EVM EVC ETC RSS RAR REV RET CRS ERR CRY

oOM101Y 25.1 10.1 8.2 97.0 10.3 «7S «62 +62 9.17 852. 205. 206. 135« 18S. 1S58, 1.000 1.000 1.000 838 10.3 6.2 9.7
¢ XSR xXveC xTC ZNTY ZNS Z KR

613 Y -3 SR -303 1013. *«|?. .. 10

|72



APPENDIX B

Gamma Distribution.of Precipitation and

Potential Irrigation.Requirements
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TELE 7.1 PPECIPITATION AND POTERT JAL IRRIGATION REQUIREMENTS FOR GIVEN PROBABILITY LEVELS BASED ON GAMMA DISTRIBUTIION . IN MM,

STATION NAvE CUA-TOVAR MIRANDA SER. NO, s82 10 NO. 25
LaT. 10 9+ LONG. 66 53+ ELEV. 7a0. YEARS OF DATA 2D
PBARILITY ®s, 9p. 80. 7?5. 70. 60. S0. &«0. 30. 25. 20. 10. Se °0. B80. 75« N, ©0.
moNTY  wOAN PRECIPITATICN AT VARIOUS PROBABILITY LEVELS g1P IRGTGATION RLQUIREMENTS
Jan 3>, Se a. 18, 16. 19. 23. 28. 31, bt0. sa&a. &9, FR2. Th. 182, 132. 12R. 125. 123. 119,
FELB 15, Q. 1. 2. 3. G Be 9. 13. 18. 2l. 2S5. la. $%a 15 R. 157, 196, 15%. 154, 152,
- AR 1>, 0. c. 1. 1. 2. 1. s. 8. 12. 15. 19. 32. 4G, 213. 213, 212. 212. 211. 210.
A PR 34, O. 0. 2. 3. Se 9. 15. 2u. 36, 4S5, $56. 9. 13% - 12 7. 197. 19S5. 198, 192. 188,
way 11, 32. 83, fl. 68. 76 90. - 106. 123. 143 15Se. 17U0. 211« 25U 175. 132 115 107. 1C12. 8S5e
JUN 191, 98. 1t18. 135. 168, 153. 168. 1As., 200. 219. 230. 762. 27R. 309. . 136, 22. C. -9, =17. =32,
Ju 179.  99. 113. 131. 139. 136. 160. 173. 187. 20%. 212. ?23. 262. 278. 138., - 25« 7. “l. =8. =22.
LU0 125, 9, 69. BUY. 91. 97. 108, - 11 9. 131. lusS., 153. 16 2. 188, 212. 14 Re 79. 66U, 5% e 2. «J.
SEP 105. &0. SD. 6%, 7D. 75. B87. 98. 110. 124. 133. -192. 170. 195 151« 10l. A7« B8le 75« 69
act 92, a. 8. 18. 28. 30. &&. 61l. B82. 110. 127. 149. 216. 284. 15A, 150. 140. 13u. 128. 11w,
NOY 2. 12« 1A. 217. 31. 36. ag, 5 3. G4, 76 83. 92« 119« 484, 1% 7. 119. 110. 105. 101. 93.
nee €1, 11. 1fs 25 29+ 33. &l. 50 FODe. T2. 79 88. 113. 139, 118, 118. 109. 105. 10l. 93a
AN 3027. 719. 778. B85S. 88S. 913. 958. 10184. 1DRGe 1123. 7155. 1192. 1293. 1381. 1887. 1109. 1033, 1002. 975. 923.

PLOARETERS FOR Gamma DISTRIBUTION

L X B Y] JAN [ 24] AR " aom MAY JUN Jut AUG SEP ocrt NOV OEC ANN

Lav3a «0666 (S LLN ] « 08N 01451 «N250 « 4 5S4 «0S 8F «05 58 eNU 82 -0099 -0351 «0351 «0252

R ?.176 oFR 3 -8 179 «8A2 2.969 8.67% 10.4 748 fR.91] - 8. 7Sh «913 2.192 2.074 25.850
LrGan «0896 2820 -6149 «£088 « 665N 9.9172 13.8808 €.5435 - 2.8172 «05 70 «0924 «0329 $7.5196
RAY A\D MIN_PRECIP, XND & SUMMARY OF DEPENDABLE PRFC. EVAPOTRENSPIRATION DEFICIT AND MOISTURE AVAILABILITY AT THE 7S5 P.C.PROB.LEVEL

-

pusx 97. 57 38. 110. 324. 380. 27 R, FA I I 206. 22 2. 120. 190. 1307.
PHMIN 8. 0. -Oe 0. 22. 104. 100. SR 14, O. LIS 12. 647
PCTS 16, 3. le 3. 6 8. 19 4. 139. 91. 70« 24, 31. 29 885,
E TOF 125, 155. 212. 1. 1u7. =% ~1l. S3. 81. 136, , 1G5. 105. 1002.
nATY 2116 «017 -C0S «016 «38R 1.063 1.007 oh 12 «4 63 152 «230 0215 «469

CLIMATIC NATA USED 10 COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION DETERMINE ETCH

Trup ?3.2 2%.9  25.3 ?2h.2 26.% 25.3 7848 25.1 25.5 25 .8 24.R 24.0 25.0
HUM 71 71 .68 68 «69 .77 « 80 «79 -6 73 . 75 .78 73
viINg 11.1 13.3 15.3 18.8 11.7 9.1 8.8 8.7 f.6 8.7 9.3 9.9 10.7
PPEC.OAYS 10.° Se 1. 3. Ge 20. 19. 14, 12. 8. 10. 8. 10.
SWISHINE *58 -85 ° « 65 «S3 «86 88 «S1 .55 .57 - 60 «60 «58 56

1A



TS LE 7.2 PIFCIPITATION IND POTENTIAL IRRIGATION REQUIREMENTS FOR GIVEN PROSABILITY LEVELS BASED ON GAMMA NISTRIAUTION IN MM,

STATION NAME JUSEP IN . MONAGAS SFR. NO. 2mal 1D NO. 26
Lat, 9,845, LONG. 63.27. €LCV. 146, YEARS OF Datn 25
P TRARILITY g5, 90. 80. 7S. 70. 60. R0. "Qe N, 2S. 20. 10. Se 0. AD. 75. 70. §0.-
MONTH  xEAN PRECIPITATION AT ¥ARIOUS PROBABILITY LEVELS (41 IRRIGATION REQUIRCMENTS
JaN .y, A\ fe 12, 15. 18. 248, 2. g 1le 82. V. 68, 95, 122. 189, 183, 137. 138, 131. 12s,
LA 2¢. 1. 1. te Se T. 11a 1S. 22. 30. 3Re 2. 6ua 87. 16R8. 167. 165. 103. 162« 158.
raQ 1a, 0. 0. 1. 1. 2. 'R [ 10. 15. 19. 2s. e, 5%, 233. 233. 232. 231. 231. 229
P2 2c. o. 0. 1. 2. 3. 7. 11. 1Re 27. 34, w2, T0. 10U. 227. 227. 226. 22%. 22%v. 220.
vay 11e, ?9. ag. S7. (X 71. ®2&. 101. 11B. 138. 149. J1h4. 20S. 2u3. 199. 159. 142. 13%. 128. 113.
JUN 19n. 107. 121. 181. 289, (SA. 170. 1B4. 139 21S. ?225. 2%3h. 2f6. 29%. 13S. la, -« =13. =21e =35
Ju 180, AR, 1D2. 12a. 134, 1482. 159. 176. 193+ 218. ?2R. 239, 27R. 313,° 182, - 39. 17. 3. -1s =12,
LuUs 171, 79, 9a, 11S. 128. 132. 187, 1f3. 180 199. 21U. 723. 2%9. 292, 3. 8. 2r. 19. 11. -5
sgo °7, 26, 15, a9, %6, Ffle T3« BSe 99. 115« 125., 136« 169, 2UN. 166. 131. 117. 11l. 10Se. 9s.
ncY 9n. 39. "8, 549, f3. Hh8. THh. BS. 98, 104. 111. 11R. 13R. 156 168, 117. 1C6e. 1Cl1. 2?. 8k,
voy 8. 2a, 32. 3. &3, S8, 6H8, Ts. Aha 99. 1D7. 117. 11aS. 170. 138. 106. Qa, 89. au. 8.
ece m. 21. - 28. 38. 42. AaB. 5S¢ 63 73. | 8a. 91s 9%. 12%t. 182 1358. 110. 100. 96 . 9. 83,
TAN  10R, 927, 882. 951. 77%. 1N3. 1639, 1098, 1139, 1189, 1218, 1250. 1337. 1412, 2001. 1120. 1650. 1023. 9%98. 952,

PIYANETERS FOR GAmrA DISTRIBUTION

.~

nee T JAN FEs reR APR MAY JUN JuL AUG SeP ocCTt NOV otce ANN

Len2a «f1274 «U282 « 0352 «0184K « 01248 «0S T2 «NY 76 «0396 «0313 <06 A6 «0386 «0%8S « 0386
R 1.184 «T289 «Srg o777 2.819 11.008 6.926 © 6783 2.98% 6.149 3.195 3. 395 Ja.21n
Larav -+04an5 «2273 - 5727 LR «S3 20 15.1233 6.0%1S 61768 «&790 S.0% 30 -8800 1.0878 31001056

METLAND MINLPPECIP, AND A SUMMARY OF DEPENDABLE PREC. EVAPOTRANSPIRATION OEFICIT AND MOISTURE AVAILARILITY AT THE 7S P.C.PRCR.LEVIL
-

Pmax 131. 5. 0. 1R2a. 31 R. 32 4. Ja2. 3SR. 184, 15 3. 127, 139. 1822,
PYIN 2e Ge. 0. 0. 16. 82 T0. 90. Ge 2%, 19. 12. 183,
prrs 1Se Se | 98 2e 69. 12 9. 1ta, 128, S5 5 3. 49. L P2 974.
g InF 130, 163. 231. 225 135. ~13. 8. 19. 111, 101. R9. 96. 10:3.
Nal «09% «030 «NC6 «010 «322 1.099 <943 L «330 38 353 « 306 -483

CIINATIC DATA USEDN TO COMPUTE COEFFICIENTS WHICH TOGETNER VWITH ELEVATION AND SOLAR RADIATIOM ODETERNINE ETCH

trep ?5.7 2%.9 7.1 28.1 28.0 26 .6 26 .5 26 S 27.5 27 .8 267 2%.9 26.8
Hu~ «79 T8 «68 «65 «70 + A3 «83 «83 «77 «78 «80 «82 o717
viIND 13.3 18.5 16.48 15.1 18.7 12.0 11.0 9.5 9.6 9.8 10.0 10.8 12.2
porC,0AYS 13. Se 2e LY 1S. 28, 2S. 2S5 14, 13 16. 13. 1)«

SIPESHINE 63 «69 o7l «6S «55 o NS - 50 %1 «62 o 65 «6] «66 61

142



TIBLE 73 POFCIPITATION AND POTENTTAL [POIGSTION RCOUIREMENTS FOR GIVEN PROPABILITY LEVFLS BASED ON GAMMA DISTRIAUTION. IN WA,

PE BARILITY

PrYTH nEAN
JeN 1.
fea Se
AR 7.
(2] 2.
av 1149,
JUN 25Se.
Ju 20k,
tus rs.
sge 1%,
LA 9%,
Ny 62.
oCc 29,
ANN 1177,

STATION NAME

LA
85.

[ 28
O.
g.
0.
a2,
115.
122.
150.
Tl.
17.
13.
10.

960.

Te S

90.

g.
419
U.
Ne
% Se
134,
137.
16 1.
a3.
25.
19.
13

1n12.

31

8 0.

LONG.

7S5.

MAYAL TTO~-CUJIALOTE
6F 12«

ELEV.

70. 60.

ny

?70.

50.

ARICO

SER.

NC.

YEARS OF OATa 8

A0.

30.

25.

257S

PRECIPITATION AT VARIOUS PROBABILITY LEVELS

0.
0.
U.
0.
75.
16 9.
157.
17 S.
98.
33.
2 8.
17.

1078. 1

1.

108,

PIOANETERS FOR GAP™2 DISTRIBUTION

®PITH JAN
Lev3a «N187

e «321
LNGEn 1.021%9

PrY L AMD MIN.PRECTP,

pYL x Sle
PMIN O.
POTS le
EICF 162.
LED} -003

Ffe
U794
«335

«979%

AND

25.
0.
Q.

182.
«001

“aQ
<1716
«270
1e 2080

1. 2.
0. 1.
o. .
1. 2.

92. 1n9.

195. 21A.

173. 187,

185. 194,

1o. 122,

51. F€ua.

36. as.

21, 2a.

1127. 1170. 1

 $22°4 HAY
«0110 « 0202
«281 3.369
11635 1.05%0

fe
126.
?2492.
0 0.
20 3.
13%.
78.
Sa,.
27.

212

11.
185,
2F8.
215.
212.
14 5.
G,
Ga.
31.

1254,

JUN

« 1253

6.9 F9

S.6069

1S.
Q.
1.
21.
167
297.
231
?222.
15E.
113.
76
3S5.

1X00.

13
20.

20.
Se
2.

2R.

180,
X4,
24l.
227
1fQ.
125.

£3.

37.

1326.

Jub
0638
«117
2835

A SymmMARY OF DEPENDABLE PREC. EVAPOTRANSP IRATION

6o
O.
0.
227.
-000

S6. XQu.
C. 49.
O« 3a,
?0R. 93.
M2 LRL)

CLIMATIC NATA USED TO COMPUTE COEFFICIENTS WHICH

T[ve 25.08
Hipe o7}
wiup 2.3
POEC.DAYS LT3
SINSHINE «70

26. 2
.68
10.5

|
«76

27.1
- RB
11.3

l.
«78

27.7 271.%
.68 -69
1N.4 8e2
le 8e
.sa .Ss

N 425,
16 S,
18 2.
-58.

1.470

25.3
-8
6.2
20.
S0

327.
12 3.
IfS.

-8 2.

1

«337

2%.9
03
Se.6
21.
-1

£1P

16 2.
1% 2.
22 7.
20a.
176,
12a.
123.
|
12 6.
181,
18,
152,

1882,

oce
«02 19
2.035
«01 50

S0 . 80.

IRRTIGATION

162. 1£2.
1R2. 1R2.
221 227,
208. 2C8.
121. 102,
~lu. =-uS,
-1, ~-33.
+~3S. =49,
3. 2h.
116. 102.
11S. 106.
138, 13ue.
87G. ROs,.
NOV
«0376
2.33%9
«i701

AND MOISTURE AVATILABILITY AT THE

1D NO. 27
20. 10 Se
27. S0. 7.
Te 1?2. 19.
2. Se T.
39. 76 119.
196« 281. 2?83,
IJu. 389. 4&aQ.
251. 2R1. 307.
234as 251e ?6fFe
175. 20'e 222
‘139. 180. 219.
91e 117« 141,
8 0. §9. She
1356. 1836. 1504,
-
AUG sgP
«16u8 « 016 00
33 .58 Ba836
A3,.85 32 10.256n0
DEFICIT
268. 213.
158, 8u.
180. 10Se.
-S54, 27
1.828 « 029

20 .9
83
5.1
17.

TOGETHER WIYH ELEVATION AND SOLAR RANJIATION

25.7
83
L% ]
l1u,
o8

71 3%
15.
4S.
9F.

.3 ’9

160,
13.
32.

102.

o241

DETERMINE FTCH

25 <8
.n
5.7

9.
.“

25.7
77
645
10,
70

5. 70. 60.

REQUIPCMFINTS

162. 161. 160.
1%2. i82. 182,
22r. 227. 227.
208. 20!, 2C6.
93. 85. 68,
-53. -71a -94 e
~42. =»>49%. =63
-S4. =-59. -6,
22. 16. ..
95 e SO0 7.
1C2. 98. &9.
133. 131. 128,
779. 755« 17T1i2.
0EC ANN
1437 «Onua
8,222 8,181
2.0775 160.8910

75 P.CoPROBLLEVEL

1851,

s’.

12. 888,
19. 1108,
133, T19.
«125%5 «536
25.% 25.9
75 75
8.1 7.7

LY %o
«76 65

SL



t& LE 14 sotcipttartan ann boveEnt il tertcattoN REJUIRERENTS FOR GIVEN PRORIAILLItY LEVELS BASEO ON GAMMA DISTRIBUTION . IN MM

STATION NAME

L
ppisritte 95,
oo bt ht Al
Jiy TR H.
Fta % f.
-‘p ‘I U.
5O s
JUuM ;\ : l:i!
RETY PP, $1i.
1ys o8, 10,
cee fzr. ae.
rer fie,  ws,
Nov ks, S.
nge 3T s,
ANy 13120 10D%6.

T.

90.

[
0.
Qe
S.
e,
131,
124,
f1a.
£ 2.
10.
«.

iiis.

- 80

9 S58. LONG.

7S

67 2t ELEV.

TU.

fU.

sav Juav Los HorrOs GUARIEO &FK. NDa

asth YEARS

S5t 804

PRECIPITATION AT vARiolls PROBABLILITY LEVELS

0.
.

c.
ia.
Wi
184,
102,
134,
80.
i8.
18,

1184,

0.
tte

PANAMETERS FOR Gamva DISTPIBUTION

R il L
ta=al .n202

e, . =285
Lhsam 1.1a88s

1

Fea
.0350
o179
6817

MATLAND MTIN.POECIP. AND

[N 4.
PPIN O
PO1S .. 0.
€IoF 1as
“al <U0?2

0.
0.
. 0.
I
.000

L L]
- 1335
«287

11421

APR
«0193
.56
0273

16S.
nz.
36,
73.

1217. 12un. 1293, 1}

MaY
BRI
Be11d
87555

i, &
do ‘i
0. i
AR 1Y .ai
A -
ITH] LA
225. 264,
191. 20R.
iso. lak.
t2t.  14s.
L se,
28, 3,
39, 1387,

JuUN
_sDaz8
Sin.
1311687

384t iD NO.28

oF bATA s
3t HLTY 20. io. 5,
13, {&, 214 43, (179
LT 4 Ee ts. 2t
25 20 3. | Y Qe
tes bes g tise %14
iRde inay anly  pee, 3T
2 ELES kd B 28 294, 36, te
P60, 2AY. WU. Sel. %49,
227 23R. 2?51. 20F. SIA,
?2{3. 724. 2%%. 2f0. 297.
f6a. 1rs. {9n. 2729. 2?6k,
ts. RS, 97. 133 164,
4. 845. sSO0. 6S. RO.
issp. 10889, Is0i. 1593. 1R70.

-

JUL
318
J1.7RR
7.0829

A SUMMARY OF CFPENDABLE PREC. EVAPOTRANSPIRATION

Te
Ce
0.
20h.
i U

175.

1.
_lh.
10,
«078

275.
aua.
120.

1a.
.36%

s

12},
.89,
RAVS
,=53%
12659

ale sEp

28 s =B5008
h-ﬁé“ N ﬁ,?hs
1n.s927 Yl.3sox

3717, ?243.
13%. 108,
is1. 143.
. -29. =24,
1.23%7 1.206

£

ia b,
TE Y
706
181
i
09.
11 .
1?2 2.
11 A,
«l22.
i1 9.
12 2.

fesa.

oct
+D3b0
4.1 69
f.99 7

291.
na,
na,
33,

727

90. 10.

tanrica t1oN

fae, {an,
161+ 151,
206he 2C6a
1€ g l&!-
"y Ky
~1%9¢e =68,
alae -8l
2« =2U.
Q. -~16.
£EC. u2.
J09. 10i.
120. 115.
SaS5. &71.
NOV
«02C7
Yoo
-a1034

DEFICIT aND MOISTURE AVAILABILITY at THE

183,
15.
27 .
97.

+185

CLIMATIC NaTa USED 10O COMPUTE COEFFICIFNTS WHICH TOGETHER WITH ELEVATION ANO SOLAR RANIATION OETFAMINE ETCH

tee s -
Jemep 23.7
HIM w10
WINC e 6e2
PLEC.DAYS | 2.
SUHSHINE

«71

28, €
«59
T.1

le
o708

25.7
« R0
7.5

0.
-73

2FR.8
.62
6.3
3.
«56

25.0
« 71
5.2
3.
97

2.2
.80
5‘.~0
20.
Ry

23.6
.79
et
15
«53

23.8 24,0
79 «80
sez 3.3
lS- xs-
.56 «58

2v
.8
‘. ‘.0
11.
- 80

28.2
76
4.6
a.
65

75. ’0. ‘0.
REQUI RTMENT S
l1an. lab. fu3,
16} . 161, 161a
20be 205s 2C6o

0. 1% te
|EQ| ‘t: '1:
78, =A%, =102,
-53,. -6%. LY LIRS
«2%. =357. -53.
-24. =32. =uT.

33. 26a 1.

97. 23. 83.
113. 111. 106,
882, 828, 3¢6 .

cEC ANN

-0588 « L3385

1.963 51.836
=-+0153 151.T7688

7S P.C.PROB.LEVEL

.

87. 1670.
10. 1066,
15. 1217.
113. a2,
«123 e 130
239 8.9
73 73
S.2 Se3
4. 9.
69 61

9



T:PLE 7.5 PPCCIPITATION AND POTENTIAL INRIGATION REJUIREMENTS FOR CIVEN PROSABILITY LEVELS PASED ON GAMNMA DISTRIAUTIONS IN MM.

STLATION NAME ZOMAS APICAS MAC LARA SER. NO. 12RF 1D NO.29
LAT, i Q. LONG. 69 18 ELEv. 630+ YEARS OF DATA L)
PT RABILITY 9S. 20. 80. 75. 10. 60. S 0. R0. 30. 25. 20. 100a Se °D. 8C. 15. 70. 60
Ty ®EAN PRECIPITATION AT VARIOUS PROBABILITY LEVELS ETIP INOIGATION REQUIRENENTS
J AN Te Q. o. 0. Ne 1. 1. 2. LIS e Re 11e 19. 29. 13% 133. 133. 133. 133. 132.
FEB Ve C. C. J. n. U. 1. 1. 2e 3. Se LD fe 11. 18S. 1S, 1a5. 1uS. 185, 185,
“a 3. C. 0. Ce. Q. O. Ne 1. le. 2« 3. 8. Te 11. 1AA. 188. 188. 188. 188. 188,
1 p0 7. 3. 6. 13. 1R. 22. 37. LI fOe 80N. 93, 10B. 157. 2UfR. 19%. 137. 13Ce 125« 121. 1ll.
"ay Aa, 2%, 32. 8 5. S0. S6. 67T 7 8. 9t. 10%. 1lu. 125. 155. 184, 139. 106k, Qu, 8s. 8J. 12,
tud 120, 52. 6 3. D - 90. 101. 11% 12%. 3ian. JaR. 158. 185. 210. 122« €% AL, 33 . 32. 20.
JUL 180, Sle 5. a83. 92. 99, 114, 1t0. I86. 166. 177. 191. 229. 263. 12 8. 5% uQ. 32. 29, %.
A UG LADS 39. & 5. S 3. Shae 59. 65. 7U. 76. 83. 87. 91. 10G. 115. 16 fe 101, o3 90. al. 6le
cep 3, 10. 1%, 1% 21, 23. 27. 31. 36, Sle 95. * &8, FO. 70. 1S4, 1ul. 136« 138, 132. 127,
oC?e 3. 1l. 13. 17. 19. 20. 23. 27. 30. 35, 36 39. a7, Se. 150. 136« 133« 131. 129, 126.
NOY 7. 10. 15. ?Se ?29. 33. a2, 52. f 3. T6. A%, 98, 123« 151. 172. 106« 97. 93. 89 80«
cec 3a, e 12. 16. 18. 19. 23. ?7. 31 ,3S5. 3s. L I Sl. 60« 117. 105. 10l. 93. 98. Se.
NN €f9, &3%. 4?79, S3f. 558. S77. 619 657. GIG. Tel. TRG. T9S. B873. ul. 16R2. 12C3. 1187. 112%. 11U3. 10€8.

PIOAMETERS FOR GAmva DISTRIBUTION

-

MIHTH JaN FCR MAR [1:42] MAY JUN Jut AUG SEP ocCT NOV s144 ANN

Lamn2a <0580 e1855 1519 «0138 «N3at +08 96 <0319 «1334 +0992 «1578 «03C0 1152 «02717
o e IRS <800 «3R0 .92 1 3.004 5.9 34 aN.af3 9.613 3.02? 8,518 1-FRS 3. 336 18.%28
Lunan «"318 7907 « 85(0 +NSY? «RI KRR 4, 56751 2.%028 12.0714 11182 2.84729 -.0%09 1.0778 3%.0256

it AN) MIN.POFCIP. ANO A SUMMARY OF NEPENNABLE PREC. EVAPOTRANSPIRATION DEFICIY AND MOISTURE AVATLARILITY AT THE 7S P.C.PRCO.LEVEL

~
prLx 11. LY Se 139 18u. T 199 257. 97. €0. S 2. 118. 57. 870.
PrIN Q. Je. 0. Xe 4J. 73. 73. 3a. 13. 1a, 20. 16« L 1.1
PN S . 0. . 1R, S0. ga. 92. 56. 21. 19. 29« © 19, $%8.
ET1DF 133. 185. 1a8. 176 B8. 3 8. 32. 90. 134. 131. 93. 99%. 1128,
“ey «002 «001 «0n «123 «368 «690 «7a1 =383 «135 «1 75 «236 «151 «332

CLIPATIC DATA USEN TO0 COMPUTE COEFFICIFNTS WHICH TOGETHER H!Tl"l ELEVATION ANO SOLAR RADIATION DZITERMINL €TCH

TeE P 22.6 23.0 23.9 24.5 29.7 23.5 23 .3 23.7 29 .8 23 .2 23.9 22.8 23.7
HUe «50 17 «T0 a17 -84 « 88 87 -84 «82 «78 «80 +.81 .81
vIiv0 9.3 10.% 11.7 1 0.9 . 118 12,1 10.1 10.5 11.5 9.3 7.9 T.8 10.2
P’!'C.DIYS !o 2. 2e 9- llo lQ- ZZ- 15. 9- 9. IO. 3- lOO
SI%SHINE «66 «72 « 66 a5 L1 « 49 52 o562 «62 P «60 «63 59

LL
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Ta L 75 °°FCIPIYIYION IND PNTENT JAL !PRIGIYION QEOU!HKH[NYS FOR GIVFN PRO’AB!L!IY LCVfLS BASED ON GAMMA DTSTRIAUTIION . IN MK,

-

. e. .

14 '(‘B IBYLI Ty

HOI?H
«J AN
L3
a3
-4 0Q
Y]
SJuy
JuL
[T
.SEP
-nCt
NOVY
CEC

ANy

ﬂle
e
P
- 0,
v 89,
1127
198,
184,
18%.
136,
13S5.
T8
?%.

112S.

BT e

PARAMETERS FOQ GAMMA OISTRIBUTION

MOITH
Ll
k-4
LNman

JAN
«N3a9
«237
130583

MLt AND WIN.PRECIP.

Pvay
purn
prTS
€ InfF
il

1S5.
D.
C.
17%.
«0U0

L oareves

e

svnrxon NAME - SANTA CRUZ - 1MOO. 'H;IRAGUI‘ SFR. NO. - 17 lD No.3c
LAT. 10 11« LONG. &7 0Oe ELEV. NO0Ae YEARS OF DATA [
ss. 90. 80. 7S. 70. 60. SO0. 0. 30. 2?5  20. 10.  Sa
PRECIPITATION AT VARIOUS PROBABILITY LEVELS
" 1. » . . ‘. 1. . . . ‘.
‘0. N v. 0. 0. 0. kY 2. ‘S 7. 0. ?0. 3%
Ve Qe 0. Ve ‘O "Oe ‘1. 1e ‘2. 2. 3., 'Se , T
n. 0. * 0. * 0. "B« “Ne “"le "3 " 6. "B 12. [ 26a | 2.
a. T, 13. 16. 70. '27T. *"3&s " wR. '‘se. ‘'ma. ?77. 10®%. 1%8.
f8. - 78. " 87T7. " 23. 9R. ‘108. "11A, 128. 140. 146. IS¥. 17R. 19%.
179, 181. 157. ‘1f3. ‘169. '180. ‘191 2N2. 218. 221. 227. 251« 270.
“70. 8R8. 113. ‘126. ‘138, °158. ‘178 19h. 272. 237. 25a. 130a. 350,
£S. ®2. 107. ‘11%. -128. '187. ‘(6R. ‘190. 'ZV5. '?%0. 8. 29K, 1w,
8a. 47. 109. 113. 118. 'I26. '133. 18'2. '15Te 156.+ 162. 178+ 192.
70. 81. 96. 102. i03. 119. 130. 1uia. 150. '162. 170. 17 715,
9. _15. 26. 31. 37. 8B, 60 TS. 93. 108.s 3117. 157. 96.
g. 0. 1. 2. 3. 6. 11. 18. , 29. 36. 46. 78. 113.
89S, 941. 1N00. 102% 1N8%. 1U82. 1118+ 1156, 1197 1220. 1246. 1316« 1376
-
Fra maR spR MAY Jun Jut AUG <EP
2618 -0273 .0262 0750 1N 38 ~07187 -0238 «1la0
.%3F .232°  1.1£3 9.15%8 20.017 4.527 R.324 1r.322
-7083 13662 -.0%03 10.934%  33.%5681 2.R322 2.2129 3% .3u99
SND A SUMMARY OF DNFOENDABLE PREC. EVAPOTRANSPIRATION CTEFICIT
A Y
LY 3. 107 155. 213 a0 7. 3S1. 191.
0. n. 2. 2. 115. %0. £9. 8R.
0. C. 16. 93. 16 X. 178, 118. 113.
186. 232. 179. £ 9. -3f. fe 21. 22.
001 <000 .088 573 1.287 -951 -2 49 838

CLIPATIC DATA USED 0 COMPUTE COEFFJICIENTS VHXCH'

TC=p
HUM
vINvD

PIEC.00YS
SUWISKRINEG

2,9

«70
10.3
1.
.73

253 26.0
«65 - 52
11.3 17.2

l. : l.
«79 17

F Y]
«63
10.8
Se
-60

26.5
70
8.0
10.
51

.1
.76
F.s
18.
<88

2%.8
«79
6.0
17«
«5?

9.9 28.9
.72 .77
6.2 S.t
1%. 13.
«57 59

TOGETHER WITH ELEYATION AND SOLAR RADIATION

€mwP
v

1.
‘188,
230,
1e S,
AR2.
12 7.
130,
1Yo,
13 Se
13 5.
1v5.
14 Ta

1899,

oct

«06 11
9.042
10.6354

207.
S A,
102.
35.
-7 43

90. 80.
IRIIGATION
173, 173,
ARGR. 186,
212. 232.
1aa. 182,
88. T5.
-14. =-3C.
“2. 17.
S6. 32.
. 38. 26.
6. 2.
120. 1cA.
147. 188,
958, A99.
WOV
-0200
1a%u4A
-.1180

AND MOISTURE AVAILARILITY AT THE

219.
25.
31.

1Cu.

«232

DETERMINE FTCH

25.1
78
5.9
11.
.6

25.0
76
6.6
5.
68

7S P.C.PROB.LEVEL

67.
0.
2.

185,
-0la

2%, 8
75
8.3

3.
72

75. 10. 60.
REQUIREMENT S
173 17,- 172.
165« .1Rba 186.
232. 232. 231
173. 175. 168,

6%. 6u. Se.
-36. =82, =53.

6. -, =28,

21 . 1le -9

22. 18, 10.

35. , 30. 19.
10v. 99. 87.
185, 148, 180.
876. 855. AM17.

cee ANN

<0155 «0%23

culn 58,181

«P132 179.5675

1822,
868«
1023.
876.
«539

25.3
«72
8.2

a.
63

8L



TF LE 7.7 OPCCIPITATION AND POTENTIAL IRRIGATION REOUIREMENTS FOR GIVEN PROPARILITY LEVELS RASED ON GAmMa OISTRIRUIION In nM,

P T3ABILITY

MONTH  mEAN
J AN Ye
‘L3 Oe
L -4 la
LFR 3a.
vAY 1.
June 182,
JW 1%e,
1uG 13,
sep 103,
ocr 1a7,
uny ag.
Cec 15.
tNNe 101S.

STATION NimME

LAY. 10
9S. 90.
0. 0.
0. O.
C. 0.
LIS f.
72. A Q.
1t58. 163.
S7. 75.
S8. 70.
g9%. 99.
103. 112.
10. 15.
Q. ‘0.
Al9. 8672.

67 a S

70.

SHELL FOUNDATION
CLEv.

60,

AR AGUA
YEARS OF DATA 5

43 2.

sn.

. 0.

SER.

X0.

NO.

25.

1882

20.

PRECIPITATION AT V.ARIOUS PROBABILITY LEVELS

PROAMETERS FOR GAMMA DiS?ﬂISUTIbN

HeNTH JAN
LevBa «0SS0

o «1RS
LV=aw 17265

MAY . AND MIN.PPECIP.

FaAR 15.
PuelN %.
PDTS e
€CF 166.
T omal «0u0

CLI~ATIC DATA USED

TP ?3.6
Hy 68
¥I%0 11.9
PILC.OLYS 1.
SINSHINE 63

Fen

18096

AND

1.
0.
0.
186.
«N00

12 LONG.

2 0. 75.
0. U.
(218 0.
0. 0.

12. la.

A 9. 3.

t70. 172.

100. 1tl12.

8. af.

113. 119.

123. 127.

7 2. 2S5.
0. Na

91 S. 93S.
®ag

« 3231
<194

1.55T -

Q.
U.
U
17.
96.
178,
123.
N3,
128 .
131.
78,
l.

a52.

apR
«D33%
1.3N08
«1038

Oe
Q.
0.
?3.
1n2.
178,
Wk,
11 fe
134a.
138.
36,
2.

98S. 1

MAY
«1721
19.036
J6.5015

0. le
Ne O.
1% O.
3. 3R.
109. 11S6.
182. 18S.
t67. 191.
130. 14 5.
lua, 1%u4.
18 5. 133,
u2. 0.
LTS 8.
01 5. 10tFR.
JUN

1.0107
183.773

77 2.RTHRY

le 2.
Ne Q.
O« le
us. Su.
122, 126 .
190. 192«
?2?0. 237.
162. 172.
166 172,
161. 1RfS.
59« 6Se
13. 17
1079. 1096,
JuL
<017
3.510
1.2117

A SUMMARY OF DEPENDADBLE PREC. tVlPQYRlNSFIRlTION

3.
O«
Ue
219,
<000

e
8.
18,
170.
«CT78

183,
TR.
93.
T0.

«570

10 COMPUTE COEFFICIFNTS WHICH

2%9.5
«54
18.0
O.
.51

25.2
«59
1s .0
O.
.55

25.9
«61
12.8
LY
-8 8

25.6
67
1N.?
"10.
XL}

TOGETHER WITH ELEVATION AND SOLAR RANIATION

Nos.
15 7.
172.
-u 8.
1.388

2.2
13
T3
16.
81

373.
T7a
112.
21.
«813

24,1
« 15
T8
18.
o7

9.
0.
le
£E2.
131.
194.
257,
118,
1R
171.
. T2
23.

1116,

10 NO.31
10 Se
9. 16.
le le
7. 3.
8S. 107.
lus.  18S.
20Ne. 206G
315« 3R9.
?1R. 2uf.
201 219,
18S. 3187.
1. 110.
83, 65.

1169. 1212.

AUG. SEP

« U4 08 «D32%

S.577 13.FRu3

a.0817 21.6276
DEFICIT

196 182.

[ 83.

96h. 119.

LB 2e

<580 «987

28 .3 28 .2
«75 «78
T3 (71}
13. ) I PN
«50 -85

ETP

16 Fe
17 6.
21 9.
1%u.
1R X.
124,

<133
18 1%

121.
13 7.
132.
18 7.

1R52.

(X §
.l’%
2€.u 8
58.4249

208.
12 1.
12 7.
t 0.
«930

90. 80.

IRRIGATION

lec. 166,
186. 1RR,
219. 219,
17 173
Al. Ta,
-39. ~4h,
58e 32.
70. 52
21. Ta
2S. 18,
-117. 110C.
197 147.
990. 937.
NOV
«0u7TH
2.311
.1609

AND MOISTURE AVAILABILITY AT THE

126.
21,
2S.

107.

-190

DETERMINE ETCH

2% .6
Ld 75
6.8
l l..
IS’

2'03
«73
TaN
6o
-58

5.

10.

0.

REQUIREMENT S

1664 °
196
213.
170.
1Ca
-83.
21 .
L3
2.
10.
107.
1a47.

917.

] 2
-0226
. 329
«9938.1

75 PoCePROS.LEVIL

57
0.
O.

187,

166.
13
219%.
167.
67,
-S0.
10.
18,
-l g

6o
103.
186,

900.

3c

«003

23.‘
«71

9.0

2.

-85

166,
€6«
219.
161.

6C.

-S58 .
~-12.

2% .
-18,
~2e
St.
185.

867,

ANN
<0826
s8R, 942
3.9051

1157.
886.
935.
917.
.505

28.5
«70
9.6

.-
53

6L



T*RLE 7.8 POFCIPITATION AND POTENTIAL IRPIGATION REOQUIREMENTS FOR GIVEN PROPABILITY LEVFLS BASED OM GAMMA DISTRIRUTIION. IN MN.

STATICN NAME UPANON APURE SFR, NO. Saph 10 NO.32
Lar, 6 %56« LONG. &7 7+ ELEV. G0+ YEARS OF DAty S
P BABILITY 95, 90. 80. 78. TV . 60. $0. % 0. I0. 2S5, 20, 10. Se 90. RO, 7S5« 10. 60.
MONTH wpaw PRECIPITATION AT VARIOUS PROBABILITY LEVELS €1P IRPICRATION RCOUIRCMENTS
JAN ?e O. O. O. Ce Oe O. Ue le le 2e 3. fe 10. 7% 222. 222. 222. 222. 22.
FEB Se e Ue Q. Ne Oa 0. ) Y l. 3. L XY Ge 13. 2l 2%1e 231. J:1. 231. 230. 230.
AR 11, O. 0. 0. 0. 0. 1. 2. Q. . t1. 15« 3n. 4R, 251e 2491. 251. 2%1. 251. 2%V.
PR an, 10. 17. 2a. 35. a2. $Se 70. 88. 11f. 124¢. 191. 1°0. 21%9. 1R?2. 186. 1S53, 1sr, 1u0,. 127.
uar 197. 119. 13% 1S0. 157, 164, 7K. 18R. 20N, 2l4. 222. 231. 257T. 279. 119, e =11 =1%. =28, =36
JUN yre, 215. 2uS., 285. 3Jle 316, 3Jva. 37?2. GLU?, 43S5. &S5S5. 4T?. SrA. €93, 1C%. ~1368. ~17%5. =191 =206. =235
J %77, 26%. 299. 384, 362. 379. 4ll. &4%2. 4?75. S1x. S38, 558. 626« FBRa , 11 7e =182. =227. =245, =262, =29,
Aus 333. 2?79, 2972. 309. 31S. 32t. 332. w2, 353, 36S. 371. 3I79. 1198, «41S. 128. =168, =181, =188, =19, =20n,
<gP 25T 128. 187, 172. 18%. 192. 211. 229« 288 269. 2B2. 79C. 3%b. 377. 137. =10. =35%5. =-8b. =%5. =178,
oct 163, 18, lo. 5S0. 60 T0. 91, 114. al. 178. 198, ° 219, 292. 3h3. 157 121. 1C?. 37. al, 66 o
uov 7. Se. 9. 17. 21. 26. 36. . 7. fle 8. 89. 103 1%8. 18S. 16he 158. 150. 185, 1al. 131,
cee .. g.  C. g. D 1. 2. 3. fe 10. 12. 15. 29 aq,. 193. 193. 193. 192. 192, 1381.
LNMe 1999, 1809. 1851. 1902. 1921. 1937. 19 9. 1999. 202R. 7060. 2UTR. 209%. 2146, 2189, 2033. 182. 13%. 1l12. 96« 3.

PLoANETERS FOR GAMWA DISTOIAUTION

MONTH JAN Fin van bR MaAY JUN JuL ©aut SEP ‘oct NOV nee ANN
LaveA 1187 0518 «021s -0159 «0305 20285 2712 «i998 N3 22 .0} 12 <0177 «03%7 1832

Q o229 210 280 1.835  15.8R2 10 .91 12,380 68.758 9.97% 1.5n8 1.101 352 366,226
LYEAM  1.%79n0 1.8S515 1.1692 -.1211 26,8832 14,9895 1a.ut?9 220.933% 12.7410 -.ilu] ~<0r62 «9273 1793.6628

®AY JAND WINLPOECIP, AND A SUNMARY OF DEPENDABLE PREC. EVAPOTRANSPIAAYION DEFICET AND HOJSTURE AviiLASILITY AT THE 79 P.C.PROB.LEVEL

pwiy 10. 20. 25 1 99. 2. N 8s5], &R Te 370. 3914, 250. 189, 33. 2110.
PYIn 0. 0. 0. 0. 134, 227, 273. 28u. 2u%. 2. 9. 0. 1816.
PD1S 0. 0. 0. 35. ist. 301. R2. 315. 18 %. 60. 21. . D. 1921.
|14 222. 23, 251. 1a7, -is: -i91. -235. -188, L L 47, 14S. 192, 112.
HAt +L00 vl .001 o198 1:128 2.749 .08 2.070 1.313 «3 80 .127 002 294S

CLIMATEE DAaTA USED TO COMPUTE cobFFlcients MHIcd toorther GWEtH ELevatton AND SOLAR RADIATION DETERMINE ETCH

tewp 27.0 21.7 8.7 28:3 2t.2 .4 256.0 2645 26.83 1.2 27.3 27.4 27,2
HW .73 .67 .65 +69 o 77 aR3 - 83 .r3 a8l « 80 .73 <76 .76
vIvD 16.3 i1.5 15.2 fi.7 8.9 1.7 7.9 8.1 7.8 8.7 11.1 1%.0 11.2
pogc.bdrs q. 0. 2. 3. 24, 21 2i. 20. ii. 9. 6. 2. 3.
SINSHINE  .7a .78 .73 52 a3 s 39 «40 ~08 o89 +FO «70 17 58

08



TISLE 7,9 PRECIPITATION AND POTENTIAL IRRIGATION REQUIREMCNTS FOR GIVEN PROPABILITY LEVFLS RASED ON GAMMA OTSTRIRUTION. IN MM,

PICBARTLITY

na Ty

JAN
FES
» a0
1P
“rY
Jun
JUL
S U3
SLe
oC?Y
NOv
DEC

ANY

HEAN

fe
12.

<.
[
12,
1°0.
1F %,
127%v.
re,
66
S6e
1.

nas,

STATION NamE

9S5.

2.
Q.
0.
Q.
3S.
az.
91.
85.
31.
2’..
.
.

65D

90.

0.
Oe
O.
0.
aE.
10U,
10 3.
57.
X7.
29
13.
O.

?07.

2 0.

YAQITAGUA m:p
LAT. 10 & LONG. 9 7+ ELEV. 374, YEARS CF DATZ 27

75. 7Q0.

50.

YA

5Q.

Racuy

40.

SER.

XQ.

NO. 128n

?5.

20.

PRECIPITATION AT VARIOUS PROBABILITY LEVELS

g.
Q.
C.
2e
6u.
12 3.
120.
7a.
.S,
3e.
?1.
le

76 6.

PADR“LTERS FOR GA®MA DISTRIBUTION

MNTH
Lir3 4
]

Laman

MAY JAKX) mMTH.PRECI P,

[ B 4
PHMIN
PRYS
EINF
LER}

Jay
oNtia
«174
R L T)

7.
0.
N.

1Ro.,
«oun

1

FFR
LR LA
«176
=656 8

AS.
0.
O.

191.
-Q0U

»
-0t
ol
l‘s:‘

]

23
-0

n. o.

n. 0.

0. 0.

8, 6.

72.  79.

13u. fug,

127. 13u.

£1. 8B,

"3, s2.

2. a5,

25. 29.

1. 2.

790. 811.
A app
a7 «00hs
o8 «809
sa «7735

6e 214,
0‘ o.
. Q.
1. 1hu.
uo o2 Y

0.
D.
O.
13.
96.
16 1.
136,
101.
S 8.
53.
37.
Se

851.

MAY
« 0254
3.120
- BD6S

295.
JU.
72.
6 9.

«510

CLI™RTIC DATZ USED T0 COMPUTE COLFFICIFNTS WHICH

Tews
Hus
WIND

8.8
.78
In.n

POEC.OMYS -

SIWNSHINE

«66 .

24.8
«67
17.A
24
«T73

25

19

.5 25.5
67 .76
«1 _ 1B.7
2. 10.
n - 47

25.7
«82
13.5
16.
_«80

C.
1.
1.
24,
11 n.
1R N.
15 8.
11 a6.
6 5.
bU.
LIPS
Re

A8 9.

tle
3.
1.
40.
127.
192,
171.
129.
T1.
68,
Sfe
13.

Q78.

JUN
«N%13
5 .349

8, 7011

4.
N7l
13a.
-18.
1.156

4.0
- 88
10.0
21.
« 80

3.
6e
3.
65.
1u48.
222

10
18.

1

Se.
10.
Se
£2.
16C.
215.
193.
1£6.
88,
o,
77
27.

Ta
1S.
Te
1cu.
176,
251.
203.
168.
8%.
9U.
*86.

3k,

1D NO.

10.

17-
7.
18.
181.
218 .
2%u .
229,
2N2.
106,
110.
113,
59.

33

30.
£Se
26,
fFfe
oSu,
3xa.
2S2.
232.
117.
127.
140.
fRe

996+ 1079, 1100+ 1166.

“dL
06 R0
<761
sauy

300.
85S.
127.
-1l.
-008

25 .2
- 88
9.5
23.

AUG sep
“»03R3" 0949
u .8 R] 6.459

5.5901

2.8268

237.
32.
81l
5S5.

«595

zq '5 -
+R3
9.0
l18.
.5“

132.
14a
89.
86.

-361

TOGETHER MWITH ELEVATION ANO SOLAR RADIATION

zslo
«83
8.8
16.
«S7

EtP

16 9.
191.
1.
15 8.
140,
11 S.
12 7.
136.

13 .-

Ie s,
11 3.
180.

1815.

ocT
-U5 10
3.999
1.78 939

11 &
18.
R 2.

102.

«290

9C.

°C.

IRATGATION REQUIREMENTS

16 9.
191.
231.
167,
9u,
in.
23.
79.
9In.
115.
10R.
18 0.

1103.

1

169,
191.
231 .
1£5.
Tha
-8

6
62.
90.
106.
Q8.
139.

108 9.

NOVY
03Ge
-726
0201

151.
3.
25,
94,
=209

DETERMINE ETCH

25 %
.Bl
9.2
xn.
‘m

24.7
«R3
8.9
9.
«53

AND & SUNMARY OF DFPENDABLE PREC. EVAPOTRANSPIRATION DEFICTT AND MOISTURE AVATLABILITY A1 THE 75 P.C.

75. 70. 60.
169. 169. 169.
191+ 191. 191.
23le 231e 231.
lhwe 161. 155a

[ I 6la ‘6.
“18e =JRa =GB,

“le =-Te =19.

55 «8. 3%.

86 . 83. 76,
102. 9. 9.

9. 0. 82.
139. 138. 136.

1026. 10C8. 96e.
Q€EC ANN
«0200 «0377
«822 33.878
eT021 88,6246
PROB.LEVEL

80. 1215.
0. Gls,

le 790
139. 1026.
«010 «835
24,7 28,9
79 79
11.3 12.8
L XY Se
«60 «56

[8



Y IBLE 2.10PPECIPITAYION AND POTENTTAL IPRIGAYYON REOUIREMENTS ¥YOR GIVEN PROPARILITY LEVFLS BASED 'ON GAMMA DISTRIRUTION. IN PR,

STATION MAME PUNTA DE PICDRAS NUCUA €S SER. Nba Y1787 1o WNO.33
LAY. 10 %as LONG. 68 &% ELEY. YO+ YEARS OF DaTh &
propapILYYY 9s, ’0. 8 0. 15, Y0. ©60. S0 %0 sn. ?S. 20. 10 Se 90. a0. 7%. 70. (118
AMTH mEAN PRECIPITATION AT VARIOUS PROBABILITY LEVELS EYP-  IRRIGATION RCOUIRENENTS
" s . - . o« . e '-.'. Lo ‘., v . N LR € . Ol e e . .o LR
JAn 7. 3. S. 10. 12. 18. 19. 2a. 3. 3o, (1IN S0. 6R. 8S. 158, 189, lua, 142, 180. 135.
24:] »?. 7. 9. 12. 14 €. 19. 22. ?fe 30 33. 3FR. ae, S3. 1R%. 15%. 151. 1a%. 1&m/,. 145,
vig 15. le ?e .. 5. Te 9. 12. 16 TU. 23. 2R, X7. arT. 20%. 20'. 19°. 13B. 197. 198,
PR AT 0. 0. n. 0. 1e 3. 7. 1s.  20. 28. FO. 99. 205. 20S. 20S5. 205. 20%. 2us,
“ar 1. 0. 0. 0. C. O n. 6. ,0. 1. 1. 2. u. fa 258, 2%u. 258, 254, 29%. 25w,
Jun 1R, 0. 0. u. De . %. s 4. 8. 15. 20. 28. Sw. _£S, 197. 197. 196. 136. 196. 195.
s 27 0. C. U. 1. . e B 0. 7. 22. 28. <n. 5. l92. 192. 192. 191. 191. 189.
Aus 6. 0. 1. .. T 1~ 17. 27. Ale Hle 5. 92. 1uBe 207 1872. 1ml. 17e. 175, 173. 165.
e 1S. 1. ?. . . S. . 7- . 10 13. J?e 19 21. .29  37. 188, 186. 1lRa. 1383. 182. 1BU.
Locr FLIN 1. . 2. Se 6. .7« i%. 15 19. 2S5 29. ,3u. 29,  fa. 18S. 183. 1%1. 179. 17%. 175
NOv 7%, 19. 26. 37. 82. &6. SER. Bfe. 78. 91. 99, 109« 137. 1F3. 182. 116&. 18S. 1CO. 96 . 86.
LLtc  .as. .38, 18, 2s. 27. 30. .35. MW0. .86. _,58. _f8. .63. _77. 90. 18S. , 127. 120. 113. 11%5.  110.
.. ANN 355, 232.. 2v9. 271. 280. 288. 303. T17. 332. 38B. 357. 36A. 396. 621. 2211. 1962. 1940. 1931. 1923. 19Ua.
PARAMETERS FOP GAPMA OISTRTBUTION . "
MONTH JAIN Fra aq aPQ MaY JUN Jut AUG™ SEP ocT NOY nee ANN
Lanya .Na 30 «1130 . 0591 -N116 « 2001 -N157 0218 .D098 «0957 .08 £3 0358 .0773 0959
Q 1.350 2.%4 8 1.1086 =231 «250 .2 87 377 tu3 1.301 .9 81 - 2.%95% 3.u51 30.732
LNCAR -.1168 «557T8  =-.06R0 - 13715 12875 11033 -85 86 »4918 ~e10R9 «01 10 4307 1.i075% 7347425
MAY AND MIN.PRECIF. AMD A SUMMARY OF DEPENDABLE PREC. EVAPOTRANSPIRATION DEFICIT AND MOISTURE AVATULABILITY &T THE 75 P.CePRCB.LEVEL
pPwAx wf. 8. 7. Sl .. ‘sﬁ. 3. 1R 9. 2s. (X' 159, 73. a3,
PuIN 3. 6. 3. Ne 0. 0. fe 1. 1. 1. 29. 18. 2¢3.
PNTS 12. 1. s. Ce O. n. 1. 7. Se Se 8 2. 27. 280.
grof 182, 189, 19 8. 205. 25%. 19F. 191. 17S. 181%. 179. 1CU. 118. 1931.
nay .078 .08 6 <027 .C0N <000 -002 «005 <037 025 032 «293 .187 127
CLIMATIC DATA USED TO COMPUTE COEFFICIFENTS WHICH TOGETHER WITH ELEVATION AND SOLAR PADIATION OETERMINE ETCH
TEuP 25.8 2%.9 26.6 27.% 27.9 1.7 27 .0 27.% 22.0 28.3 27.5 27.0 271.3
MU .77 .73 .71 .73 TN 73 75 78 a8 75 .75 .78 78
W IND 10.1 11.4 10.8 11.9 19.1 10.9 9.5 8.1 7.8 8.5 6.3 8.0 9.8
PREC.DAYS 6. Se 3. 3. O. 3. 3. 9. 2. N, 11. 7. 26,
SLNSMINE 12 « 73 « 78 «68 P o 66 « 6B 69 75 - 75 oTh 73 72

28



THLE 7.]] PRECIPITATION AND POTENTTAL JPRIGATION REQUIREMENTS FOR GIVEN PROPARILITY LEVILS BRASED ON GARMA DISTQRIBUTIONe IN MN,
STYATION NAFME RADCELONA MOP 2 ANZOATEG SER. NO. 1706 1D NO.35
LAT,. 10 11+ UONG. 6% 87y ELEV. 5. YEARS OF DATA 5
PwsaARILITY 95, 9n. 80. 75. T0. f0. 5 0. s0. 30. ?S. 20. 10. Se 93. RO. 79. 70. 60.
nONTH HEAN PRECIPITATION AT VARIOUS PRCBABILITY LEVELS (14 IFSIGATION REQUIREMENTS
Jan 1f, O. 0. O. la 1. 2. Se 9. 1S. 20. 26. 48. T8 170. 170. 169, 169. 169. 167,
FEs fa | 1. 2. 2. 3. L, . % Se 6o Te 8. 10 13. 16% 162. 161. 161 160. 160.
. e Q. U. [+2% V. 0. O. [+ 23 0. 0. la l. 2. 3. 223. 223. 223. 223. 223. 223.
A DR 1%, N. N. O. . 1. 2. 3. 6. 11, 1S. 20C. 39. S9. ?0F. 20f. 2C5. 205. 2CS5. 2G4,
st un. t. Ge 12. 1S. 17. 24, 31. 33. SO. 57 65Se 90. 1lGe. 19%. 186. 181. 178. 175. 163,
J UN 12%. 0. 8%, 93, 103. 107. 118%8. 121. 128. 137. :°9l. 1u?. 16l. 174. 1846, SR as. Wl 3r. 32.
KAV E 128. 52. 68. Ble g8. 9. 107. 1?21. 13S5. iS1. 161e 172. 20%. 232. 18 3. 79. 62. 5Se a8, J6a
L UG 110. 36 “7. 6 2. 69. 7S gm, 101. 115. 131. 1al. 153. 185. 216. 18 3.- 100. ESe 7%. 12. $S.
SEP 13c, §3. She 7S. 83. 91. 107. 123. 181 162. 175« 18%. 231. 270. 15S. 9%. 80. 72. 6s, LY.
ocCT 20. 1S. 16. 17. 18. 18. 19. 20. 21. 21. 22+ ‘22. ?8. 25. 172. 156. 15S. 154, 158, 153.
Nny S8. 19. 2s, 32. 316. 39. §6. 5 3. a0, 69 T8. 80. 3%. 119. ja &, 120. 112. 108. 1CSe. 98 .
ofc X9. Se Re 13. 16. 18. 2%. 30 37. abe 52. ~58. 78. 98. 155. 1u8. 142. 14«0. 137. 32.
INYe £9%. 621. 6Gas8, HKRT72. 682. 691. T09. 728, Tula’ 7§a. ThTe 777. AR0Se. 827, 201 Re 1372. 13sa8. 1333. 1325. 1307,
PAQAMETERS FOR GAMMA OISTPIBUTION
"N T JAN. Fce nae APR "IN JUN Jut aus’ SFP oct NOV oee ANN
Lev34 «0199 «3633 s 4027 «0237 +0308 18 88 allo 12 « Q03 4s 0267 22057 040 «0uC7? 3650
2 «3%0 1.789 292 «MN9 1.251 13.29% S.712 3.R03 3.616 83,113 3.696 1. 538 268.733
L°sAan .27} -, 0828 13240 1.0£63 - «U3 386 T4.34RS 3.626S 1.5%501 11313 121.9593 1.8232 -+1187 1210.2685
MAY,AND MIN.PRECIP, AND & SUMMARY OF DEPENDABLE PREC. EVAPOTRANSPIRATION DEFICIT AND MOISTURE AVAILAAIULITY AT THE 75 P.CePROB.LEVEL
puax af. 12. 2. L3 9S. 47 5. 223. 177. 233. 23. TA. 84 . 769 .
P»IN 0. 3. 0. le 3. 9S. 75 87, €2. 17. 18« 10. $563.
PnTS 1. 2. O. Ne 15. 103. 8R. 69. 83. 18. 3Re 16 . 682,
€ ICF 169. 1R1. 22 3. 205. 17 8. LD Y €S. T8. T72- 1Su. 108. 1u0. 1333.
IR «0U3 «015 «000 «002 «07S «T18 «6 18 «8 67 «5137 «104 e2u8 «100 «338
CLIMATIC NATA YSED TD COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION OETERMINE ETCH
TE=p - 8.7 26.8 25.5 26.5 27.0 25 .8 25.5 25.1 26.7 2h.l 25.8 25.3 25.7
nuU* «68 6 h 68 67 «67 «Th « 76 75 75 P43 «71 «69 «70
vIvO 9.8 8.8 10.8 10.6 9.7 78 68 6e8 6.9 7.6 7.7 7.9 8.3
PPEC.OLYS 2o 3. Ce 2. 7. 15. 17. 16, 18, 3. 10. LIS Te
SWNSHINE «78 78 - 80 68 BB 53 «56 «57 «6S o f8 «66 «75 67
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TELE 7.12°PFCIPITATION AND POTENTIAL 10RIGATION REQUIREMENTS FOR GIVEN PROPABILITY LEVELS BASED ON GAMMA DISTRIBUTION» IN nn,

STATION Nav( GUINAPTITO ‘GUARICO SER. ND. 241% 1D NO.36
LiT. 8 SRy LONGe 6k 24s ELEY. 600. YEARS OF DATA &
PT BABRTLITY 9s. 90. 80. 75« 0. 60e S0. N0e 30. 25. 20 in. S. 90. AD. 75. 0. 60.
MR MTAN PRECIPITATION AT VARIOUS PROBABILITY LEVELS Erp IRRTIGATION REQUIREMFNTS
J AN LY 3. 3. LIS Se Se Ge LYY 1. 8s Re Q. 10. 12. 1712, i68. 16a, 167. 1674 166
FEs <. n. 0. R O. O. 0. N. 1 2. 2. 3. 7. 10. 195, 195. 195, 195. 19%. 19%.
=aQ fe 0. O. 0. L. o. e 2. 3. S, 7. 9. 17. 2S. 225 225. 22%. 225« 225e 22%.
LPR 39, 21, 2. 29. 30 32. 35. 38, a1, BS. a7, 49, %6, 62 187. 1R3. 15%. 157. 155. 1%52.
MAY 1as, \Re 27.. ag, e, &8. 90. 1N, 18}, )78. 2D0. 22t. 307. 38S. 158, 131. 11D0. 100. 99. 68,
Jus 177, 103. 116. 138, 181. 10?. 1RO. 172, 1AS5, 2n0. 208. 21B. 2u4S. ?R8. 12 9. 13. -5. =12. -19. =31l.
Jw 16S. 6, 62 8 S.. 96. 106. 1264 128, 173. 1%4a. 216. 23S. 292. 3cS. . i3s3, 71. €7, 37, 27, 6e
AUS 187. 102, 117. 137, tas, 182. 167t. imi. 198, 2183. 223. 234, 2685. 293, {2a, t1a. 2. =10. =18. =32,
sgp 17t. 8% E0. TT. 3. 90. 103« 11S. 129. 1aS. 155. 166. 197. 276. f1s. Tve  S58. Sl. AS. 32,
nct 168, 63 ?1. 81l. 86, 90. 97. 10Ss 113. 12i. 127.° 132. 1a3. 1F3. 18 0. 69. $8. Sa, Sfe “2.
Nov fle  2S. 31. 39. a2, &5. Sl. 5A. 69, 72. T7. 82. 97. 111. 188, 118. 110. 10T7T. 10w, 9.
tec ?1. 9. 11. 1Se. 16 17 19« 22. 2%. 27. 29. 31. 37. 82, 1€8. 137. 135. 132. 131. {29
ANN  1De?, 678. 783, 34, 870, 9WN, 966. 1027. 191. {162. 1202. JPus. 21375, tesc. 1908, 1161. )070. 103%. 1000. 938.
PIDAMETERS FOR GAMYA DISTRIAUTION
M TH Jaw Fea win 1ok MY JUN Jui iys %P oct NOv ofc Ann
Liwya 48905 el2ns « 0506 «2519 s00 - b6 84 anj 8s -Usea} «Cau9 BN -0fE1 «2220 _«Cib69
2 §.a77 .273 Y %.A865 t.454 f2.118 $.065 {0.12i .5.082 {2.3572 $.296 5.161 tr.122
LAran 8.5795% o193 «Q335 12.5836 =.1214 f2.7920 47536 13.0150 3.2571 18.3799 3.6338 3.0235 32.7115
Rit AH} MINL.ORECIP. AND A SUMnARY OF neegnNDABLE PREC. EviroiriNSPialrion DEFiCiT abD MolSTURE AVAILABILITY At THE 75 P.C.PROR.LEVEL
buat i1. 1. ts. She 3it. N aws, 364 285, 223, its. 103. 3. isss.
PutM Se D. o. ?S. 3s. i08a: 8k iz, 68, 5S. 30. 3. T6S.
pnts s. n. f. in. 58, fai. 6. 185. 83. S 6. 42, is. 810,
g€ 10oF, 167, 19s. 275. is7. ioo. -12. $7. -10. 5. sa, 107. 132. 103,
At .027 .0no 001 162 365 f.095 722 i.078 «620 o618 282 107 257
CLIMATIC DATA USEN TO COMPUTE COEFFICIENTS WHICH tOGETHER wITH ELEVATION AND SOLAR RADIATION ODETERNINE ETCH
Tgmep 2a.0 28,8 25.1 25.8 25.6 24.7 23.3 25 o8 23.8 25.1 25.8 24,6 20,9
i .71 .69 .68 «69 4 - 76 .78 .77 .17 - TH .78 72 .73
¥1%D 12.8 18,8 15.5 18.0 - 9.5 Teh 7.2 7.0 6.6 7.1 9.0 8.7 9.9
peCC.OaYS 1. 0. 1. 7. 18. 20. 19. 21. 16. 18, Q. ., 2.
SN SHINE «69 «77? .78 S8 «51 Y 52 .53 »57 -58 .68 -58 61
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TeALE 7.3POECIPITATION anD POTENTIAL IPRIGATION REQUIREMENTS
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RIN VEPDE GUAPICO SFR. NO. 28X} 10 NO.40
32« LONG. 67 80+ ELEY. 250+ YEARS OF CATA n
¢ 0. 75. 7TU0. 60 $0. 80. 30. 7S 20. 10. Se
PRECIPITATION AT VARIOUS PROBAEILITY LEVELS
(1S Ce. Oe 1. le 2s 3. LY fe 10. 1S.
0. 0. o. M. 1. 1. 2. t. Se 10. 16e
0. D. 0. 0. O. 0. D. C. le 1. 2.
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60. 89. 97, 10l. . 185. 1rz. i18. 425. 133. }37. ta2. 156. 163.
63. ?0.. 79. 82. A6. 92. 98 10S. i{i2. 116. i21. 13a. 135S
1en. 138, 153. 1fF2. 166. 172: 1i79. 18S. }93. 197. 201. 21u. 227S.
1R?. 186, 212. 222. 232. 250. 2?58T. 28R. 307. 318. 332. 369. aD2.
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1.9LC 7.15POECIPEITATICN END DOTENTTAL IPRIGATION REGUIREMENTS FOR GIVEN PROPABILITY LEVELS BASED ON GAMMA DISTRIBUTION ., IN XK.

STATION NAME SANTA PARTARR zuLlIs SER. NO. 2099 10 NO.42
JLaT. Qa QOs LONG. 71 55 ELEV. 5. YEARS OF DATA [
pPerBiSTLITT  95. en. AO. 7S. - 7U. 60. S50. 8D. 30. ?5. 20. 10.  Se s0. 0. 5. 0. 60.
mOMTI REAN PRECIPITATION AT VARIOUS PROBABILITY LEVELS ETP  IRQIGATION RTQUIRFMENTS
J A% Fle 0. 1. 3. Ne 6. 12. 22. 35. 5%. Rfa 8S. 1luc. 20Ra 111. 110. 108. 197. 104, °8.
fga  ?7. 0. 0. 2. &. 6. 13. 24. &n. 66. ° &Y. 1UT. 187. 275. 113. 112. 111. 1C3. 107. 1C3.
w0 It. Ue 0. 1. le kXS Se Q. 17. 29%. 3R. S0. 9i. 137. 150. 130. 129. 123. 128. 125.
LR 171. 19. 32. S7e 6% 82. 1N9. 1}X9. 1764. 219. 2&the 279. 3AN. Aa78. 11 S. &3. Sa. 4“6 . 3s. Te
var 130, “Q. 5 3. T1. 79. 87. 102. 118. 13f. 1S56. 116R. 1A3. 27u. 2h2. LT 92. 73. 65. 58. N2.
Jun 118, 31, al. S 6. f2. 69. 82. 95. 110. 127. 138. 150. 18S. 7?18. 13 8, 9R. 83. 76, 10« $Te
JuL 7. Ju. 8 J. She 67 68. 7R, 90. 107. 116. 124. 133. 1RZ2. 188. 16 5. 102. L I 83. 78. 67.
LUs 127. 32. 4 3. 6 Qe 68 75. 9p. 1NS. 122. 1u2. 155. 169. 211. 243, 17 7. 84. 67. 60. S2. 38.
<ge A, 33. 32, s1. 57 62. 13. 8a. 96. 110« 118. 128. 156. 1R2. 128 ° 86. 73. 67 . 62. Sle
ACT  12%. 37. &% 64, 70. 77. 90. 103.- 118. 135. 18S. 157. 190. 222. 121, 73. Se. S51. a8, 1.
0oV 119, 3l. %5. 67. T8 8R. 109. 132. 15%. 189. 207. 230. 295. 358, 99. She 32. 21. 11 =10.
cce  113.  12. 20. 35 &2, 9. 65. B3. 108, 130. 186. 166. 22%. 282. 93. 73. SA. Sl. 43, 28.
aNxe 127%. 1003. 1U27. 1056. 1067 1076+ 1034. 1111. 1125. 1196, 1155« 1166+ 11954 1219. 1861e a38. 40S. 398, 385. 367.
PLIAMLTIERS FOQ GAMMA DISTRIBUTION
row Ty JAN Fea nan 1o nay JUN Jut - AUG SEP oct NOV o£c ANN
Li™54 «Npar «00RO - 0110 «0N78 «0269 « 0303 -0520 « C2 43 RYeL3eL «03 37 .04l .0135 - Jugu
e 452 -394 .3u6  1.u01  3.501 3.203 v.0n3 2.941 3.708 3.802 2.179 1,842 378.135
LNGAM L6735 L8017 .96 -.1197  1.2021 .8882  1.8975 .6393  1.a371 1.5 89 .085¢  ~.1213 1864.4337
Wir.2%0 MIN.PPECIP. AND A SUMMARY OF NFPENDABLE PREC. EVAPOTRANSPIRATION DFFICIT INC HOISTURE AVATLABILITY T THE 75 P.C.PRO3-LEVEL
PuAY 112, 238, a2, 8 05% 258. 3. 170. 162, 165. 221. 169, 229. 1843,
Puiy 28. 1a. 0. 7., s1. 32, a9, 20. 10. 56. 17. 9. 10¢1.
pr7s a. a. 1. Rl 79, 62. 62. 68. 7. 70, 8. a2, 1067,
£ mF 107, 10°. 128. Uy 6S. 16. 83. 60. 67. S1. 21. 51. 39%.
nat 018 .03 009 <599 5148 -4 51 en2? 510 .uss -5 81 -787 851 .730
CLIMATIC DATA USED TO COMPYTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION DETERMINE ETCH
TFup 75.8 25.4 26.3 26.9 21.7 2.8 27.1 27.0 76.9 267 26.0 26.3 26.7
HUM A7 .85 -85 3 .82 .83 .82 -83 .88 - 80 .86 .89 .88
wIvQ 8.1 8.5 8.8 8.8 9.5 8.6 8.7 8.9 4.8 8.4 0.5 .2 8.5
PCrC.DAYS 0. Ce [+ 1% O - 0. Ce 0. 1S« 13. 15. 18. ls, 27.
SWNSHINE 49 "8 S 33 Y o &9 «49 «52 56 R «50 «50 N8

L8



TR.LE T.6PRECIPITATION AND POTENTTAL 1PRIGATION REQUIRCMENTS FOR GIVEN PROARLILITY LEVFLS BASED ON GAMMA DISTRIBUTIONs IN NN,

STATION NAME GUANARE MOoP  PORTUGESA SER. KO. 3208 1D NO.43
LAT. 8 ST« LONG. 69 1ae ELEV. 11 ?» YEARS OF DATA 19
P TBaARtLYITY 95. 90. AB. 75. 0. 6&O0. 50. 80. 30. 2S. 2U. in. Se 90. 8D0. ?5. 0. 60,
Xl REAN PRECIPITATION AT.VARIOUS PROBABILITY LEVELS 1 31d IPRIGLTION REQUIREHMENTS
ARY | 1<, 0. 0. 0. le 1. 3. Se 4. 1S. 20. 26. &Rs 12. {51. 151. 150. 150. 150. 1a8.
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Table 8. Confidence Interval at 95% LEV'el for 7 Stations: (Calcillated evaporation = measured
evaporation + value shown i mm: ) :

Sta. Station . ' ' . .

No. Name Jan. Feb. Mar. Apr:. May Jude July Aug: Sept. Oct. Nov. Dec.

25 Cua-Tovar 19.1 21.4 19.4 1i9.3 24.6 15.9 10.5 7.5 13.4 7.5 10.0 10.9

26 tusepin i2.5 8.7 20.9 22.6 -16.7 {9.4 i7.0 9.3 i7.9 9.7 2.5 z2.2

27  Mavyalito i3.5 23.4 15.4 35.% 34.9 22.0 10.0 8.09 7.85 13.2 12.5 10.8

28  San Juan de ig.3 21.9 22.6 36.2 30.9 io.i-1i2.7 ii.5 - 3.76 17.0 12.8 i2.6
los Morros

30 Santa Cruz 14,1 18:2 24:7 32.8 26:1 i2.1 13.s 119 9.65 12.7 147 i7.i

31 SHell Founda- 17.5 ik:4 3i.1 28.1 246 27:5 17:8 14.5 5.5 1.6 20.3 20.9
tion

32 Uranon is.8 28.4 i6.1 57.7 25.5 11.5 1b.4 4.34 9.6 20.9 11.9 20.9

06



Table 9. Percent of Possible Deviation of Mean of Measured Evaporation at 95% Level. (95% of values
fall within 9% shown of the true mean)

Sta. Station

No. Narne Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Lec.

25 Cua-Tovar 11.6 11.35 7.7 8.4 11.7 .10.55 6.8 4.6 7.9 4.2 6.1 6.95
26  Jusepin . 22.4 4.5 7.25 8.85 5.6 83 11.3 6.0 9.9 5.4 8.0 13.9

27 Mayalito 6.58 10.3 5.6 10.2 14.8 13.8 6.5 5.3 5.1 8.85% 7.5 5.86

28 San Jaun de 10.2 10.6 8.85 13.4 16.2 6.97 8.45 7.29 2.44 10.4 8.5 7.78
los Morros ’ ‘ .

30 Santa Cruz

~J

.25 8.35 9.35 '44..1 14.1 8.6 9.0 7.8 6.65 8.1 10.1 10.4

31 Shell Founda- 8.2 6.95 11.2 11.5 12.2 16.6 9.95 8.1 3.4 6.3 12. 8 11.5
tion

32 Ufanon 6.0 9.22 4.44 21.1 12.3 7.58 11.0 2.68 5.61 10.1 5.61 8.23
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Table 10. Ratio of Moving Average Precipitation to Mean Precipitation for Cua-Tovar, Aragua, Venezuela.
Precip. data with. 20 years.

Percent of Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual

years of

moving Mean 35.1 15.9 11.7 34,1 118.8 191.1 178.8 125.0 105.2 91.9 126.3 59.1 1091.2

average :

5 Max. 1.864 1.673 1.333 1.798 1.232 1.165 1.265 1.299 1.178 1.528 2.633 1.475 1,307
25% Min. 446 ,403 .137 .305 .786 .741 .804 .733 .794 .664 .361 .680 . 887
10 Max. 1.195 1.044 1.222 1.139 1.137 1.123 1.086 1.138 1.094 1.159 1.547 1.108 1.097
50% Min. .618 .761 .598 .395 .939 .924 .869 .962 .870 .847 .503 .772 . 889

A Y
15 Max, 1.038 1.069 1.014 .880 1,071 1.026 1.010 1.087 1.032 1.074 1.243 1.069 1.033
75% Min, .750 .872 .826 .697 1.002 .995 .921 .972 .921 .923 .476 .843 . 907
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Table 11. Ratio of Moving Averages Precipitation to Mean Precipitation for Jusepin, Managas, Venezuela.
Precip. data with. 25 years. :

Percent of Month  Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual

years of
moving Mean  43.2 25.8 14,2 25.6 113.8 190.0 184.4 171.2 97.2 90.0 82.4 70.0 1107.8
averages 4
5 Max. 1.528 1.440 2.380 2.172 1.634 1.256 1.200 1.299 1,357 1.234 1.367 1.292 1.165
20% Min. .296 .279 .352 .289 .624 .746 .765 .764 .630 .676 .668 .702 . 884
10 Max. 1.326 1.258 1.782 1.416 1.316 1.218 1.108 1.088 1.015 1.175 i.251 1.116 1.068
40% Min. .643 .786 .711 .527 .721 .798 .824 .769 .880 .784 .7%9 .848 . 921
15 Max. .991 1.269 1.362 1.36‘2 1.201 1.115 1.023 1.012 1.093 1.103 1.089 1.021 1.037
60% Min. .770 .906 1.023 ,974 .834 .913 .879 .817 .828 .909 .881 .904 . 929
20 Max. .988 1.078 1.137 1.102 1.118 1.044 .995 1,007 .989 1.036 1.025 1.024 1.003
80% Min. .872 1.022 1.095 .947 .905 .958 .915 .922 .928 .942 .953 .926 . 267
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Table 12. Ratid of Moving Averages Precipitation to Mean Precipitation for Yaritagna, Ya racuy, Venezuela.

Precip. data with 27 years.

Jure

'Percent of Month Jan., TFeb. Mar. Apr. May Jdiy Aug‘. Sept.  Oct. Nov. Dec. Annual
‘vyears of o . Coe e oy Co ' '
moving Mean 5.7 12.2 5.1 '64.4 122.6 190.2 163.0 123.5 68.1 65.6 56.3 21.1 897.8
averages . .
. . . . . N o . M ’ oY i MR ! M ' : '
5 Max. 3.424 2.675 2,191 1.652 1.237 1.321 1.20) 1.344 1.213 1.461 1.328 1.904 1.118
18.5%  Min.  .000 .000 .000 .224 .737 .733 .747 .774 .664 .613 .763 .284 .B857
10 Max. 1.853 1.9i2 1.76! 1.154 1:033 1.221 1.038 1.189 1.153 1.278 1.173 1.369 1.078
37.0%  Min.  .053 .057 .253 .67l .867 .784 .867 .950 .909 .767 .898 .521 .892
. RS . - ’ Ny vt 1 e . P ' P 1 [
15 Max .588 1.702 1.435 1.681 1:053 1.094 1:061 1.110 1.105 1.184 1.097 1.118 1.035
55.5%  Min .141 .345 .887 .8l16 :891 .853 .885 .936 .928 .854 .942 .669 .948
20 Max. 1.191 1.276 1.193 1.026 1.015 1.007 .994 1.069 1.103 1.095 1.076 1.040 1.007
74.0%  Min. .918 .743 .851 .804 .941 .920 .935 1.003 .962 .925 .974 .872 .963
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Table 13. Ratio of Moving Average Pre<:1p1tat10n to Mean Precipitation for Guanare, Portugesa, Venezucla.

Precip. data with 19 years.

vu

Percent of Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual
years of
moving Mean 15.4 15.3 6.8 104.1 208.1 257.9 252.4 202.3 160.3 156.4 83.5 24.5 1493.1
averages )
5 Max. 1.718 1.907 1.549 1.428 1.177 1:233 1.181 1.254 1.195 1.212 1.367 1.476 1.030
26, 3% Min, .586 .078 .438 .434 .797 .755 .869 .782 - .780 .759 .611 .530 . 025
19 Max. 1.327 1.149 1.228 .997 1.127 1.157-1.104 1,087 1.026 1.185 1,148 1.040 1.013
52.6% Min. .794  .248 ,760 .629 .899 .839 .955 .993 .847 .938 .936 .718 .974
-
15 Max. 1.080 .853 1.033 .923 1.031 1,061 1.066 1.033 .996 1.075 1.081 1.033 1.005
79% Min. 1,020 .470 .809 .819 .967 .960 1.012 .966 .944 .923 .969 .840 . 981
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Table i4d. Crop Coefficients; K: +

Crop consumptwe use coefflcxents by percent of growmg season, Et/Ev ratxos (to be mul-
tiplied by actual or estimated Class A pan evaporation).

Annual A i . . , ‘ -

Crops 0 10 20 30 40 50 60 70 80 90 100
Beans 0.20 0.30 0.40 0.65 0.85 0.90 0.90 0.80 0.60 0.35 0.20
Corn 0.20 0.30 0.50 0.65 0.80 0.90 0.90 0.85 0.75 0.60 0.50
Cotton 0.16 0:20 0.40 0:50 0.75 0.90 0.90 0.85 0.75 0.55 0.35
Gfain sorghush  0.20 0.35 0:55 0:75 0.85 0.90 0.85 0.70 0.60 0.35 0.15
Peanuts 0.15 0:25 0.35 0.45 0.55 0.60 0.65 0.65 0.60 0.45 0.30
Potatoes 0.20 0.35 0.45 0.65 0.80- 0:90 0.95 0.95 0.95 0.90 0.90
Rice 0.80 0.95 1.05 1. 15 1.20 1.30 1.30 1.20 1.10 0.90 0.50
Soybeans 0.15 0.20 0.25 0:30 0.45 0.55 0.70 0.80 0.70 0.60 0.50
Tomatoes 0.20 0.25 0.40 0.60 0.70 0.75 0.75 0.65 0.55 0.30 0.20

Crop consumptive use coeffxcxents, Et/Ev ratio (to be multxphed by actual or estimated Class
A pan evaporation)* (Full developed)

!

Perénnial érops  Range in K “These values mule
Avocado 0.50 - 0.60 tiplied by 1.25 may
Citrus 0.50 - 0,60 by used with computed
Grapes 0.45 - 0. 60 potential evapotrans-
Pasture grass 0.55 - 0. 70 piration to estimate
Bermuda grass 0.70 - 0. 80 actual crop evapotrans-
Pangola grass 0.80 - 1.15 piration.

Platano 0.80 - 1.10 + Taken from Chris-
Sugar cane 0.65 - .90 tianscn and Hargreaves,

1969.



Ratio of moving average precipitation to mean

precipitation,

ANNUAL VALUES
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Figure l. Iercent of year of moving average.



Ratio of rmoving averagé proecipitation to mean

precipitatiost.

MARCH (dry month)

© Cua-Tovar
X Jusepin
2.5 : ¢ Yaritagua
] X
’ A Guanare
v
'2. o
1.5]]
f’
1.0 re—
: //
{
. 501
®
0.060° é- . . : )
0 10 0 30 40 50 70 80 90 132
Figure 2. Percent of vear of moving averages.
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Tigure 2. Parcant of vear of moving averages.

66



100

APPENDIX D

Computer program used

First program












104

APPENDIX D

Lomputer program used

_Seéond program





















APPENDIX D

Computer program used

Last program






VITA
Freddy F. Rondon
Candidate for the Degree of .

Master of Science

Thesis: Estimation of Irrigation Requirement for Venezuela

+

Major Field: Irrigation Science
Biographical Information:

Personal Data: Born at Quiriquire, Managas State, Venezuela,
December 29, 1943, son czf Fernando Rondon and Lina
Corcegas; married Migdalia Perez, December 26, 1971.

Education: Attended elementary school in Jusepin and secondary
school at Liceo Mipuel Jose Sanz, Maturin, Managas,
Venczucla., Reccived Agronomic Engineering degree from
Universidad de Oriente, Jusepin, Managas, in 1968; re-
ceived diploma in Irrigation and Drainage, Escuela de Agron-
omia, U.C.V., Maracay, Venezuela, in 1968; completed
requirement for the Master of Sciemte Degree, majoring in
Irrigation, at Utah State University in March 1972,

Professional Experience: Professor of Irrigation and Drainage
at the Universidad de Oriente, Managas, Venezuela, 1968-1970.





