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ABSTRACT
 

Estimation of Irrigation Requirement for Venezuela
 

by
 

Freddy F. Rondon, Mastcr 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. 

Thirtevxn probability leve]h of precipitation were determined for 

each station. 

Potential irrigation requirements for 16 stations were computed 

based on gamma ditribution of 5 probability levels subtracted from 

the potential evapotranspiration. 

A formula for computing precipitation at any level of probability 

leveloped based on gamma distribution and average monthly value 

-s of record available. 

(113 pages) 



INTRODUCTION 

During the last decade the Venezuelan 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 Qf 

water that will be needed 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, groundl 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 'ihis 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, 
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the precipitation. The potential irrigation requirement is defined as 

the difference 'between potential evapotranspiration and this precipita­

tion at some previously assumed depenidable level, called the depend­

able precipitation. The terminology used in this study is defined in the 

next section. 

The objectives of this study then are to: 

1. Analyze available 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 iost to the atmosphere due to vaporization 

from adjacent soil, water surface, or fronmsurface of leaves 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. 

Evapotranspi ration 

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 vegetation. 



Potential Evapotranspiration 

Potential evapotranspiration, ETP, is defined as the consumptive 

use, or the evapotranspiration loss, fiom a short, green, vigorously 

growing crop that completely shades the ground and provides full crop 

cover under conditions where the moisture supply does not limit the 

moisture use. 

Dependable Precipitaiion 

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 is arbitrary but has been selected by them as 

being practical and realistic for use in connectionwith irrigation require­

ments for agricultural conditions. Dependable precipitation data can be 

estimated from anaanalysis of the available precipitation data and is 

independent of the crop and soil factors. 

Moisture Available Index (MAI) 

Moisture available index (MAI) is defined by Christiansen and 

Hargreaves (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 Irrigation 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 season. 

Irrigation Water Requirement 

Irrigation water recquirement is defined by the Soil Conservation 
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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 crop coefficients 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 whether it refers to estimated 

-potential evapotranspiration or to pan evapot'ation. 

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-year period. The moving 

average is a useful concept in determining the probable reliability of 

short precipitation records when there 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 management. It is a primary factor in the estimation of 

water requirements for new projects. For effective management of 

irrigation systems it is also necessary to know the approximate evapo­

transpiration requirements 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. Atmospheric factors: wind speed, humidity, radiation (day­

time hours, sunshine, sky condition, temperature) 

2. Soil factors: compaction and layering, water table depth, soil 

mulches and crop residues, vapor concentration in soil, moisture dis­

tribution 

3. Plant factors: plant cover, leaf surface, type of plant 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, etc. 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 each irrigation. When rate of use is plotted against time, a 

curve can be drawn from which the monthly and seasonal use can be 

obtained. 
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Although this method has been widely and successfully used in 

arid areas, it is difficult to obtain satisfactory results in humid areas. 

With frequent an-I/or heavy precipitation, errors due to drainage usually 

result. These 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 evapotranspirometers 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 approximated and the accuracy 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 

measured. 

Evaporation and Evapotranspi ration Formulas 

Evapotranspiration is the combined evaporation from all surfaces 

and the transpiration by the plants. The potential evapotranspiration 
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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 

in use are suitable for the climaticevapotranspiration formulas now 

regions within which they have been derived. Few, however, have wide 

or general application to all the regions of the world where irrigation 

is practiced. 
can be classi-In general the development of the formulas proposed 

fied as: 

1. Aerodynamic approach 

2. Energy budget approach 

3. Empirical approach. 

Aerodynamic Approach 

Dalton Equation
 

The Dalton equation, probably the oldest equation used to esti­

mate evaporation from a water surface, cap be written: 

Eo = (e -e) f(u) 

where
 

Eo = rate of evaporation
 

e = the vapor pressure at some height above the surface
 

= the vapor pressure of the evaporating surface
e 


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

Rohwer's Formula
 

(1931) developed a general formula for pan evaporation
Rohwer 


based on Dalton's law. It can be written:
 

Ev= (1.465 -0.0186 B) (0.44+ 0.118 W) (E -e a )
 

in which
 

Ev = evaporation in inches per day
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B = barometric pressure in inches of mercury at 32 F 

W = wind velocity near the ground, in miles per hour 

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

Although the Rohwer formula has a theoretical base, the baro­

metric and wind functions were empirically determined. 

Thornthwaite-Holzmana Equation 

Thornthwaite and Holzman, as cited by Chang (1968), de­

rived the first aerodynamic 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 (Z) 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 

excfed three to four meters per second. The equation as written by 

Chang is (He does not specify the units.): 

E =P k2 (ql - q2 ) (u2 - uI)/(ln (z /z 1 ))Z 

where 

E evaporation 

P air density 

k Von Karman's constant = 0.40 

U1, u. are wind speeds at heights of z 1 and z , respectively 

qla qZ 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: 

R (1 - r) + Rd - Ru - E - Q - S = 0 
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where 

R short-wave radiation income on a horizontal surface 

Rd, Ru are downward and upward fluxes of long-wave radi­

ation 

r = reflection coefficient of the surface 

E = energy available for evaporation 

Q = sensible heat transfer to the atmosphere 

S sensible heat transfer to the soil. 

The measurements required for the energy budget method are 

simple:r 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: 

E AH + 0.27 Ea 

t A +0.27 

where 

Et = evapotranspiration in mm of water/day 

A = slope of saturated vapor pressure curve of the air at 

absolute temperature Ta in oF (mm Hg/ F) 

H R a (1 - r) (.18 + .55 n/N)- OTa 4 (.5 6 - .092 ed)d 

(.10 + .90 n/N)
 

Ea = . 3 5 (ea - ed) (1 + .0098 uZ)
 

in which 

Ea = evaporation in mm of water per day 

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

R = mean monthly extraterrestrial radiation expressed as 
a 

evaporation in mnm 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 

x 	 thereforea = Botzmann constant - 2. 01 10 mm/day/ K 

= 
a Ta 4 mm of water/day 

actualed = saturation vapor pressure at mean dew point (i.e., 

vapor pressure in the air) in mm Hg 

air temperature ine a=a saturation vapor pressure at mean 

*mm Hg 

.- wind speed in miles per day at 2 meters above groundu 

.level. 

the lack of suf-The pr.inc-ipal limitation of the Penman approach is 

This equation wasficient weather -neasureinents in 	 most localities. 

areas covered with growing vegetationdeveloped from. data from humid 

and may not give reliable results for arid areas without modification. 

Another limitation is the complexity of "'ie computations involved which 

discourages its use. 

Empirical Approaches 

Thornthwaite' s Method 

a formula for estimating potentialThornthwaite (1948) presented 

on lysimeter and watershed observations ofevapotranspiration based 

water loss in the central and eastern United States. 

The Thornthwaite formula is: 

E r- 1,6 (10 T/I)a 

where 

E v unadjusted potential evapotranspiration which is corrected 

by actual day length in hours and days in the month to give 

the aIjusted potential evapotranspira tion (expressed in 

tpfentimeters per month) 



T mean monthly temperature in °C
 

I = annual heat index or the summation of i
 

i 
 (T/5) 1 5 14 , the monthly heat index 

can a = a constant that also depends on temperature and which 

be computed by the equation: 

13 - 12 + 0.4924. a = 0. 000000675 0.0000771 + 0.01792 I 

mean monthly tempera-The Thornthwaite formula depends only on 

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 = k Tf p (114- h) 

in which 

u = monthly consumptive use in inches 

k = crop coefficient, dimensionless 
Tf = mean monthly air temperature in 0 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 

Expressed mathematically the
(1942) by dropping the humidity term. 

formula is:
 

u kf
 

U=KF
 

whe re
 

u = monthly consumptive use in weeks
 



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

k monthly crop coefficient, dimensionless 

K empirical crop coefficient' (for C rowing season) 

f = T I 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 the consumptive use factors, f, for the season, 

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 monthly 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 

determined for many crops for western United States conditions, but 

they do not apply to tropical conditions wheve 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 season. 

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 heat in thousands of degree-days. 

Hargreaves 

Hargreaves (1956) proposed the use of Class A pan evaporation 

data as the climatic bidex and gives a formula to estimate pan evapor­

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: 

3 2 )Ep = 0.38 d (1.0- Hn) (Tf ­

where 


Ep = Class A pan evaporation in inches 

d a monthly daytime coefficient dependent upon the day 

length and number of days in.the mon.h; these values 

had been tabulated for all months and latitudes 

I-In = mean monthly relative humidity at noon expressed in 

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

The 	formula expressed in metric units becomes:
 

Ep = 17.4 d Tc (1.0 - Hn)
 

whe re 

Ep = Class A pan evaporation in mm per month 

Tc = average mean monthly temperature in 0 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 

The modifiedbased on an analysis of 529 months of data for Ecuador. 

equation can be written: 

Etp= 7.20d Tc CH CW CE 

in which 

Etp = the potential evapotranspiration in mm per month 
1/ Z 

CH 05 + 1. 58 (1. 00 - HM) , a humidity coefficient 

HM -mean rhlative humidity expressed decimally 

cW .64 + 0.45 WO, a wind coefficient 

W10 = mean wind speed at an instrument height of 10 meters 

measured at 7:00 am, 10:00pr 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

mm.sured monthly evaporation with a standard deviation of 15. 6 

Norero's Formula for Actual Evapotranspi'ration 

Norero (1969) developed an equation which takes both the soil water 

status and the climatic factors into account. This equation can be 

written:
 

ETA ETP/(l + (8' /0)m)
 

where 

ETA = actual evapotranspiration in mm 

ETP = potential evapotranspiration in mm 

actual average water content in the root zoneo = 

on the soil and plant as wellm are variables depending 


as ETP, in mm
 

0 
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in which, for corn, Hanks (1971) gives: 

01 = (20.4 + 1.1 ETP)/100 

m = 27. 3 - 2. 06 ETP. 

Formulas Developed at Utah State University 

Christiansen (1968) and graduate students at Utah State University 

developed several formulas for calculating evaporation and evapotrans­

piration. The primary objective of this research was to develop prac­

tical formulas for estimating potential evapotranspiration from radia­

tion and climatic data, especially in foreign countries where actual 

data on evapotranspiration are vry 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 consideration 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 easy to apply using tabulated coefficients for the climatic 

parameters. 

The basic formula can be written: 

E = K Rt CT CH CI." CS CE 

in which 

E = evaporation or evapotranspiration, expressed in the 

desired units 

K = dimensionless constant developed from an analysis of 

many data 

Rt = theoretical solar radiation reaching the earth's outer at­

mosphei, expressed in the same units of E. This ex­

terrestrial radiation is computed from the latitude and 



month of the year and is based on a solar constant of 
2. 

2 cal/cm min. 

CT, 	 CH, CW, CS, CE are coefficients 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/Xo) + 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 are dimensionless. The coefficient(s) CX = 1. 0 

.for the standard values Xo, thus A + B + C= 

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.so 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 Venezuela, 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 CR CT CW C T Ccos CS CM CE 

where 

CR -0.20 Rt + 0.015 Rt 

CT = -0.26 + 0. 02425 Tf - 0. 000075 Tf , or 

http:tabulated.so


17 

+ 0, 0350 Tc - 0. 000243 Tc 2 
CT 0.440 


OW = 0. 8 + 0. 0035 W - 0. 0000027 W2
 

CAT = 0.45 + 0. 00096 ATf 2 - 0.000000276 ATf4 , or 

CAT = 0.45 + 0. 00311 ATc 2 - 0.00000290 ATc 4 

Ccos = 1. 16 + 0.42 cos (L - D) - 0.7 [cos (L - D)] 2 

SZ 
CS= 0.622 + 0.005875 S - 0.000011 

CM = 1.0 + 0.00155 (L - D) cos [Tr/6) (N + 1)] 

CE = .967 + 0.035 E - 0.00156 E2 

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 dimensionless 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) 2 , 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 Equation 

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 ciop evapotranspiration based on 

extraterrestrial radiation, incoming measured radiation, and pan evap­

oration, respectively. 

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

written: 

Et = XRG CR CClc CT CTd CCrc F 

where 

XRG is a ccnstant equal to 0. 215 inches per day or 5.46 mrm/ 

day 

F = crop factor. 

The equation for the dirnensionless coefficients are: 

CR = 0.18 + 1.46 Rt 

CClc = 1. 15 - 0.05 .Clc 
2


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

CT = . 630 + . 020Z Tc - . 000336 Tc"2
 

CTd = 0. 936 + 0. 00426 Tdf, or
 

CTd = 0. 936 + 0. 00767 Tdc
 
2
 

CCrc = 0. 111 + 0. 0141 Crc - 0.0000521 Crc 

Et = evapotranspiration in inches per day 

Rt = 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 =. 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. 
2
 

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

The second formula, using measured or estimated Rs values 

instead of theoretical radiation, Rt , and temperature and crop covex, 

Crc, can be written: 

Et = XSG R9 CT CCrc F 

where 

KSG = 0.513 inches per day, or 13.0 mm per day 

CCrc = 0. 099 + 0. 1347 C c - 0. 0000446 Crc2 . 

The third formula, *usingmeasured or computed pan evaporation, 

EV, instead of R or Rs, can be written: 

ET 0. 968 EV CT CCrc 

where 

CT 1.754 - 0.0111 Tf, or 

CT 1.40 - 0.200 Tc, and 

CCrc = 0. 121 + 0. 0148 Crc - 0. 0000592 Crc 

Guillen' s Formula 

Guillen (1967), another graduate student from Venezuela, devel­

oped a formula for estimating evaporation as measured with the Fuess 

.vaporimeter in a shelter from Venezuelan and Colombian data. His 

formula can be written: 

EV = KG CT CH CW CS CM CDP 

in which 

EV = evaporation in a shelter in mm per day 

K = 2. 957 

CH = 2.12 - 1.75 Hm 

CT = -0. 490 + 0. 0621 Tc 
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CS = 0. 53 + 0. 784 X 

CW = 0. 728 + 0. 0494 WZ 

CDP = 1. 15 - 0. 015 DP 

CM = EV (Fuess)/KCT CH CW CS CDP 

whe re 

DP days in month with 1 mm or more precipitation 

CM = monthly coefficient, the average value of which varies 

from 0. 9Z5 for November and 1. 065 for April. 

Guillen's formula, 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 
Feb 
Mar 
Apr 

1.68 May 1.78 Sept 1.80 

1.56 June 1.97 Oct 1.81 

1.48 July 1.98 Nov 1.79 
.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, Rt, as a base. 

The basic formula can be written: 

Ev XK Rt CT CW CH CS CE CM 

in which 

XK = .459, a dimensionless constant 

Rt = extraterrestrial radiation reaching the earth's atmos­

phere, computed from a solar constant of two calories 
a 

per cm per minute, expressed as equivalent evaporation 

in the same units as Ev. 



and To = 680,
For mean temperature in 0 F, 

CT = -0. 070 + 0. 898 (Tf/To) + 0. 172 (Tf/To)2 . 

° 
For mean temperature in 0 C, and To = i0 , 

CT = 0. 393 + 0. 559 (Tc/To) + 0. 048 (Tc/To). 

For mean wind velocity, W, above the evaporation pan, or at 2 feet 

or 96.56 kilometersabove the ground, and for Wo = 60 miles per day, 

per day, 
.
 

CW = 0.708 ± 0.328 (W/Wo) - 0.036 (W /Wo) 


For mean humidity at noon, Hn, and Ho - 0.40 (407c), 
. 

CH = 1.250 - 0.348 (Hn/Ho) + + 0. 1Z0 (Hn/Ho) - 0.022 (Hn/Ho)4 

For mean sunshine percentage, S, and So = .80, 
2 3 

CS = 0.542 + 0.'640 (S/So)- 0.499 (S/So) 2 + 0.317 (S/So) 

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. 

Ilargreaves' Formula for Potential EvapotranspirationChristiansen and 

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 CI CS 

where 

Ev = measured Class A pan evaporation 

CT = 0.670 + 0.476 (Tf/68) - 0. 146 (Tf/68)2 p 

or in metric units,
 

CT = 0.862 + 0. 179 (Tc/Z0) - 0.041 (Tc/20)
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CW = 1. 189 - 0.240 (W2/Wo) - 0.051 (WZ/Wo) 2, where 

WZ - 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 Kn per hour 

CH = 0.499 + 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 (Sf80)
2 

, where 

S = percentage of possible cunshine, expressed decimally. 

Their second formula, using extraterrestrial radiation, Rt, as a 

base, can be written: 

Etp =. 324 R CTT CWT CHT CST CE 
t 

whe re 

CTT = 0.174 + 0.428 (Tf/ 6 8) + 0. 398 (Tf/68)7., or 

CTT = 0.463 + 0.425 (Tc/20) + 0. 122 (Tcj2O)2 

0.672 + 0.406 (WZ/Wo) - 0.078 (WZ/Wo)2 
CWT = 

CHT = 1.035 + 0. 240 (Hm/60)2 - 0.275 (Hm/60)3 

2 
CST = 0.340 + 0.856 (S/80) - 0.19,(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 i3 expressed as equivalent depth of evaporation. 

The coefficients, CTT, CWT, CHT, are the same as defined for 

the second formula. 

Hargreaves' Formula 

Hargreaves (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: 
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EV= .43 Rt CT CH CW CE CTD 

in which 

EV Class A pan evaporation 

CT .40 	 + .024 Tc 
5 

1.58 (1.00 - 1-m)'
CH = .05 + 


CW .68 + ,04 WIO, where WIO is wind at an elevation of 10
 

meters in Km/Hr 

CE = 1.00 + .07 EL/t00, where EL is elevation in meters 

CTD = . 76 f". 0375 Td, where Td is the difference in mean 

maximum and mean minimum temperatures. 

The coefficient . 43 can vary if temperature, humidity and wind 

mean values, or if pan exposure is notmeasurement are not 24-hour 

typical of a vegetated area. 

The potcntial evapotranspiration, Etp, equivalent to that from 

a short, green, rapidly growing grass vegetation with a continuously 

adequate 	moisture supply, is given by the equation: 

Etp .82 CHTV CWTV CETV 

in which 

CHTV .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; 

var­the net irrigation requirement has wide variations caused by the 

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 estimate dependable rainfall 

and irrigation water requirements 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 fro"h 

which the data were drawn. Another equation basic by analysis of data 

with a frequency 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 frequency or probability 

T = return period in years, or recurrence interval 

m order number assigned to data, ranked in descending 

order, m = 1, 2, 3, ... ,n 

n number of years of record. 

Monthly values seldom 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 fit 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, F, 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 - 3F2
 
f-. 5 ­fsf) 

where 

S = the standard deviation of the distribution 

7 = a constant, approximately 3. 1416 

e = the number for which the natural logarithm = 1. 0, approxi­

mately 2. 7183 

F= 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 p.re coincident. The total area be­

tween this curve and the x axis is one square unit, thus the area under 

the curve between the point x = a and 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 positive value however larg6 

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 

Thon (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 Thorn (1958) have 

shown that the incomplete gamma distribution gives good fit to clima­

tological series of precipitation. 
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The incomplete gamma frequency distribution as presented by Thorn 

(1958) for random variable x is given by 
f(x) =ie- X/BxM-1Mamr() 

in which 

x = precipitation amount 

a and m are parameters. 

The gamma function, *r(rn), is given by 

r(m) =sX e. x - dx 

0 < x , m >0. 

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

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

f (x) ;:SO e _0x M1/0( r (m)) 

where 

x is the amount of precipitation (dally, 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, 
and 95 percent probability levels. Rather than utilizing a desk calcu­

lator and the Thorn monogram of Pearson's tables of the incomplete 

gamma distribution function (which are related to probability [abcissa] 

and the ratio x/f3 [ordinate]. [In Thorn's graphs, the value of precipi­

tation associated with a given probability and gamma parameter is the 

x term in the ratio x/a3. ]). 

Weaver and Miller (1967) wrote a computer program for the pur­

pose of computing precipitation associated with selected probabilities. 

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

x.- -P r (m) ex.J/ (x m "1x.= . - L (s) 

1 jm .
 

where 

j~i-l 
2 3 

xxx 
3 )m +- (m + ) Im + Z) + (m + 1) (m + 2) (m + 

m = the gamma parameter. 

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

ratic equation: 2 
=1Z (ln x - 1/N E ln x) m . m - 1 0. 

If rn is less than 36, .the gamma function, r (m), is calculated by 

using an algorithm develo'ped 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
 

as to time of the year when growth is made,
Plant species differ 


rooting depth, plant density and spacing. Because of this, different
 

plant species have different crop coefficients. 

are short, dense, and uniformly vege-Different plant species that 

tated, actively growing and transpiring under unlimited soil water 

have virtually identical evapotranspiration. Penman has stated two 

basic principles supporting this statement. They are: 

1. 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, corresponding changes in actual evapotranspiration 

may be anticipated. 
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PROCEDURE
 

Data Collection 

The first step in the present studywas 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 - Lat. Long. Elev. Months 
tior Name State Lat. Log. v of 
IDdeg. deg. m Data 

25 Cua-Tovar Miranda 10.15 66.88 240 95 
26 Jusepin UDO' Monagas 9.75 63.4 146 74 
27 Mayalito Guarico 9.5Z 66. 20 270 80 
28 San Juan de los 

Morros Guarico 9.90 67.35 430 51 
29 Zona Arida. MAC 2 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 fo.07 69. 12 374 33 
34 Punta de Piedra Nueva Esparta 10.90 64.07 10 54 
35 Barcelona MOP Z 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 (Eastern University)
 

2 MAC = Ministry of Agriculture and Livestock
 
3 Private station 
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9200 

Computer Prorrams Used 

The Univac 1108 in Salt Lake City, Utah, operated with a Univac 

remote terminal located at Utah State Univcrsity (Engineering 

Building) , was utilized to process the dlata and make this study. 

Program 660.5, Appendix D, developed by Professor J. E. 

Christiansen, was used to read the basic climatological data and to 

compute sunshine, solar radiation, evaporation and evapotranspiration.-j 

Program 691-GV, Appendix D, developed by Hardee (1971) and-

Ramirez (1971), with modification by Richard Conn, was used to read 

the basic precipitatidn data and calculate the gamma distribution of pre­

cipitation data on a 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 used to calculate potential evapotranspiration 

using a modified Christiansen formula. Potential irrigatia require­

ments at five probability levels was also calculated. 

Program 645, Appendix D, written by'Professor Christiansen 

was used to make an analysis of the influence of the length of record 

on the reliability of the mean values of precipitation. The methods 

used in computing the reliability of the mean values of precipitation 

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 iz discussed later. 
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RESULTS AND DISCUSSION 

Evapotranspi ration 

The basic equations developed by Professor Christiansen for 

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 radiation, in mm per month 

.40 + . 50 (TM/25) + . 10 (TM/25)2 
CT = 


CWV = .58 + .47 (W10/8) - .05 (WJ0/8)Z
 

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

CH = 1. 15 + .44 (HM/75) - .59 (HM/75) 2 if (HM. LT. 0.28) 

CHV = 1. 23"2
 

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

CE= .94 +.06 (EL/1000)
 
35
 

CDP = 1. 15 - .15 (DP/10)"
 

When sunshine is missing, it can be computed 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) 
- . Z0 (HM/. 75)2

= .50 + . 70 (HM/. 75)CSHM 

IF (HM . GT . 0. 75)
 

CSHM = 1.0 - .40 [(HM - .75)/. 75] Z
 

= .79 + .15 (TD/10) + .06 (TD/10)Z
 

CSTD 


- . 20 (DP/10)"5 6
 
CSDP = 1.20 

The coefficient for sunshine using the computed sunshine is then: 
2 

CS = .48 + .66 (sc/.5) - .14 (SC/. 5) 
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The values of all of these coefficients 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 Foundation 

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 6). 

The computed radiati'on 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 overall mean error of 6. 2 percent. 

This indicates that pan evaporation and evapotranspiration can be 

computed, using computed radiation and computed 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 stallions 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 per­

cent level for 7 stations in millimeters, and Table 9, Appendix C, 

gives the percent of possible deviation of the mean 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, mearsured evapotranspiration data are not availabre 

for Venezuela. Formulas for computing potential evapotranspiration 

have been derived for conditions where tie climate is significantly dif­

ferent-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 gamma distribution analysis was used to compute precipita­

tion probability values for 16 stations. The r,,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 years. 

Monthly and annual probabilities of receiving equal to or greater 

than a certain amount for 13 given probability levels were calculated. 

Arithmetic 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 theannual value were co.mputed. 

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

uary precipitation total is expected to be equal to or greater than 23. 0 
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millimeters, or alternatively, that in 4 years 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 each 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 pre­

cipitation. 

Also in Appendix B, values of the maximum and minimum precipi­

tation are given for each month as 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 Precipitation from Mcan Values 

To calculate the gamma distribution, the Univac 1108 computer and 

a very complex program were used. It seemed desirable that a simpler 

method be developed to estimate precipitationeat any level of probability 

based 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 each 

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 

- 5CPI = 79. 566 e . 38 P -15 
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CPR = 1.43 - 0.876 P. 

The coefficients of correlation for the 13 equations ranged from 

0. 	924 for P = 95% to 0. 997 for P = 30%. ' 

The coefficients of correlation for CPI was 0. 991 and for CPR was 

0. 993, indicating that this equation explains nearly 98 percent of the 

variance of the gamma distribution function. 

Reliability of Short Tinc( Mean Values of Precipitation 

A study of the influence of the length of record on the -meanprecipi­

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 10, 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-year moving average ratio for 10 years (40 percent of the length of 

record) for June (a 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 to 112.3 percent of the 25-year 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. 



38 

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 precipitation and potential irrigation water require­

ment. These objectives 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 loctited at latitude 80 57'N, longitude 

690 14'W at an elevation of 117 meters. It is in the state of Portuguesa 

in the plains just southeast of the Andes. 

Dependable P, ecipitation 

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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assumed evapotranspiration for a short, vigorously growing crop 

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

Potential Irrigation Requirement 

Combining the dependable precipitation at different probability 

levels from 60 to 90 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 defic- . occurs during 8 of the 

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 perennial crops, irrigition should start in November and be con­

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

Actual Irrigation Requirement 

As explained in the introduction, the actu .lV 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 area and the approxi­

mate planting and harvesting dates and rooting depths. 

Effective Precipitation 

In order to apply the dependable precipitation values 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 aveiage rainfall intensities 



Table 4. Crops Grown in the Guanare Area 

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
 
50- 80
Sorghum Nov Mar 

Soybeans Nov-Dec Feb-Mar 30- 60 

Pastures Peirenial 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 important if one is to reliably estimate the 

on these factorseffective precipitation. Since detailed information 

ais not available, some assumptions will be made based on general 

knowledge of the Varea and soils. These assumptions are: 

1. The soils are generally fine textured and 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 one percent. Because of microrelief, land grading is neces 

sary to prepare fields for surface irrigation. Sprinkling could 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: 

SMinisterio de Obras Publicas, Direccion de Obras Ilidraulicas, 

Lluvias Extremas para 1, 3, 6, 9, 12 y 24 horas de 84 estaciones 

escogidas. Publicacion Tecnica 3, Dec. 1968 - Caracas, Venezuela. 



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

Dep. P Est. Infiltrated MoistureETP Crop ETA Cary- DefcisI Excess 
Month (80%) Runoff Prec. mmCarry- Deficit IR Moisture 

mm mm mm over 

Sesame 

Oct 101 20 81 137 .70 27 120 - 24 

Nov 34 - 34 135 .50 63 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 14Z Z8 114 '129 .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 Z4 99 127 .20 25 1z0 - - 74 

Total 1340 1641 231 330 Z39
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Month 1-hr 3-hr 6-hr 12-hr 24-hr 

May 
June 
July 
Aug 

30 
35 
38 
36 

48 
53 
58 
50 

52 
56 
58 
49 

56 
50 
57 
48 

73 
57 
60 
61 

Although these 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

runoff would be desirable.cise determinations of mean 

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 

to 20:-30 for deep rooted crops such as10-15 cm for pasture grasses 

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 passes through the root zone 

may leave the area through natural soil drainage, and some may con­

rise in the water table and create a drainage problem andtribute to a 

may necessitate the construction of a sub-surface drainage system. 

con-Comparing the dependable precipitation with the ETP values, and 

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 will 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 specificmore detailed data, this range could be narrowed and 

values could be given for different soil types and crops. 

Irrigation 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 often 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 that for the two crops, sesame followed by 

maise, irrigation would be needed only during the four months, Decem­

or irrigation requirement,ber through March. Although the deficit, 

water could be applied because thefor De, ember was only 37 mm, more V 

soil 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 maise 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: 

available climatic data to enable computation of the1. Analyze 

potential evapotranspiration 

2. Analyze available precipitation to determine the dependable 

precipitation. 

3. Combine the dependabie precipitation and potential evapotrans­

piration to determine p9tential irrigatior water requirements. 

used to compute evaporation and poten­Christiansen's formula was 

stations intial evapotranspiration using 1013 months of data from 19 

Venezuela. 

The factors considered were mean monthly temperature, humidity, 

wind, sunshine, elevation, days of precipitation and extraterrestrial 

radiation.
 

so com-
Evapotranspiration data is'not available in Venezuela, 

parisons with potential evapotranspiration coinuted from Christiansens 

formula could not be made. However, the results of computation with 

the formula gave reasonable values. Christiansen's formula which 

to betakes into consideration more of the climatic factors is believed 

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. 

Thirteen 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 years of record available. The formula was tested and appears 

to be fairly reliable for estimating precipitation probability for 

Venezuelan data. 
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APPEND C ES
 



.APPENDIX .A 

Data used to compute sunshine., :radiatioa, pan evap.rza.tion 

iand potc ntial evapotranspiration 



TARLr 6.1 nat4 AN') COMPUTED SUNSHINE. RAOATION. PAR fVAPORATION AND POTENTIAL EVAPOTRANSPIRATION FOR VENEZUELA 

SEQIAL %R?. If) N". 7S. NAME AND STATE. CUA-TOVAR MIRANDA LAT. 10.15. LONG. 66.8S, ELEVATION 240. 

KO "p Tm TO wlO PREC OP HM S SC VPO RMIM RSH RSC fVH VC ETC RSS RAR REV RCT LRS ERR CRV 

I 4 73.Z 11.3; 10.9 45.6 7.6 .71 .S7 .6% 9.15 413. 1e8. 102. 165. 175. 142. .892 1.022 .945 .811 12.6 5.3 9.1 

a 23.9 12.6 13.0 16.9 3.6 .71 .64 ".71 10.04 404. 201. 19R. 18. 205. 162. .q01 1.078 .924 .789 11.0 7.3 10.6 

' 7% ,.3 13.4 15.0 12.1 2.6 .rq .66 .74 11.89 475. 24?. 22?. 252. 780. 215. .894 1.094 .902 .769 12.5 6.6 11.4 

• 7 7.? 11.9 14.2 34.3 4.6 .98 .S4 .69 12.07 474. 218. 205. 229. 2S7. 145. .789 1.062 .892 .776 26.7. S.9 1S.4 

3 7 ?C.7 11.S 1l.; 110.3 10.6 .68 .S3 .62 12.26 41". 219. 1%6l4. 211. 727. 1A2. .853 1.052 .931 .804 19.7 . 8.5 

A a ?5.3 9.f. 9.0 706.7 20.5 .77 .52 .54 6.57 461. 712. 197. ISO. l6S. 138. .Sr3 1.079 .?10 .837 9.0 7.3 11.5 

7 s ,.oq 9.S a. 7 19.? 20.0 .79 5G .S% 7.45 479. 276. 210. 153. If.7. 140. 1.029 1.074 .916 .8%0 r.3 6.9 9.7 

A4 7C.2 10.5 8.7 127.6 15.4 .7q As .53 7.93 #-8A. 731. 21. 162. 174. 150. 1.010 1.0s9 .qoa .8 1 4.5 S.S 11.3 

I 9 75.% 11.5 8.5 95.9 17.8 .7r *.S7 .62 9.2 468. 221. 704. 169. 179. 16S1 . 2s 1.069 .448 .6%3 8.% 6.5 9.3 

10 a 2..% 11.9 8.6 19.9 10.6 .74 -59 .64 9.73 451. 21G. 2nr.. 178. IA2. 153. .929 1.049 .80 .8%2 10.1 4.7 4.1 

11 q 24.8 11.6 9.3 S9a3 0 .' .75 .60 .G5 9.24 409. 188. 181. 164. I ;7. 139. .912 1.031 .481 .831 10.0 3.4 9.3 

17 8 74.0 10.9 9.7 76.5 8.6 .7% .57 .64 8.73 403. 184. 178. 157. 160. 132. .891 1.037 .983 .827 12.3 3.9 4.8 

I1S952%.0 11.4 1O.s 90.3 l.G .74 .58 . 3 9.61 450. 212. 210. 180. 193. IS. .914 IOSJ .933 .81S 11.5 S.9 S.8 

N 



COMPUTED SUNSHINE- PAOTATION. PAN EVAPORATION AND POTENTIAL EVAOTRANSPIRATION FOR VENEZUELA
TADLE 6.Z OA&TA ANn 


SEOZAL 78ftl 10 NO. 2G N&MAN AND STATE. JUSEPIN MON&GAS LAT. 9.75. LONG. 63.4S ELEVATION 16. 

NO TR In Tr wl 0 PREC OP HM S SC VPO RMM RSM RSC EVM EvC ETC RSS RAR REV RET [PS ERR CRV 

1 6 7S.7 8.3 l'.S 4S.P 11-3 .74 .63 .56 9.20 a1. 723. IRq. q0o. 196. 151. 1.121 1.121 .973 .772 12.9 11.4 16.9 

' S z%.9 8.8 l*.S 32.6 6.0 .1 .69 .61 10.60 4[5. 711. 191. 193. 718. 6q. 1.102 1.076 .f85 .77S 9.3 7.1 13.% 

' S 77.1 9.7 1. q 9.4 3.4 . 8 .71 .66 13.2A 417. 244. 226. 276. 309. 233. 1.083 1.033 .A93 .7nS 14.S 3.2 13.2 

8.3 1.2 IS.# 

is 1; 78.0 R.3 i4.7 nio 10o 06 .'G0 .57 13.41 4184. 757. 217. 232. 269. 207. 1.061 1.18G .AS3 .772 10.7 15.7 18.3 

i; 's 7G.4 7.0 12.0 698.0 71.2 .8t .50 .4 S A 60. 233. 197. 153. 174. 140. 1.040 1.191 980 .8c1 12.1 1.1 13.6 

"r. 76.S 7.0 11.0 196.8 22.5 .as .54 .47 8.116 "47q.241. 206. 1rU. 171. 145. 1.160 1.168 .840 .813 13.8 1%.1 19.1 

6 78.1 8.9 15.1 13.3 3.8 .KS .f7 .6z ir.1 3 74. 24." 2zi. 259. 299. 230. 1.o03 1.102 .isG .769 

.ti 8.26 %Ri. 249. 214. iss. 174. 145. 1.238 1.158 .893 .832 19.2 13.6 13.2 

1 7 77.5 8.4 9.6 98.0 13.9 .77 .63 .SS 10.67 470. 241. 

* G 7-.S 7.7 9.4 19%.3 24.U .83 s7 

214. 181. 200. IGG. 1.144 1.137 .04 .R29 13.7 12.1 11.1 

in 7 2?.% R.1; 9.8 101.7 13.4 .7R . GS 55 10.35 4GO. 239. 217. IAD. 198. I63. 1.170 1.118 .909 . ,.26 14.6 10.6 I.6 

11 7 24.7 a.3 10.0. 9G.b 14.1 .80 .61 .54 9.31 414. 209. 187. 1S%. I-9. 139. 1.129 1.103 .911 .824 11.6 9.3 9.7 

17 7 2-;.1 8.3 10.8 A2.7 13.1 .8I? .66 .54 8.41 406. 217. 18.P 160. 169. 138. 1.239 1.137 .qqi .814 19.3 12.1 S.7 

77 76.8 8.3 12.1 95.3 13.4 .77 .A2 oS5 10.33 452. 233. 204. 188. 210. 167. 1.131 1.133 .896 796 13.4 11.7 13.7 



TARt'L 6.3 DATA AND COMPUTEO SUNSHINEP RAOATION9 PAN EVAPORATION A11O POTENTIAL EVAPOTRAN4SPIRATION FOR VENEZUELA 

SrPIAL. 25?. 10 NO. 27. NAME AND STATE. MATALTTO-CUJIALOTE G'jIRrCO LAT. 9.SZ. LONqG. 66.Z3. fLrVATION 270. 

o TR Tm TO wI 0 PREC DP Nm S SC VPO RMM 9SM RSC VM EvC ETC RSS RAP REV RET RS ERR EgRY 

I 8 25. 17.0 9.3 19.4 3.1 .71 .70 .71 10.39 417. 188. 149. 20G. 199. 15G. .q94 .95 1.034 .133 4.7 S.9 6.7 

7 6 25-.? I1.S 10.5 S.7 .3 .68 .76 .7% 12.18 4D8. 197. 199. 727. 232. 190. 1.033 . 7 .7? .818 ?.) 2.8 9. 

1 7 ?7.1 17.9 11.3 1.8 .4 .66 .74 .7S 13.55 88. 214. 23?. 27?2. 21 8. 233. .987 1.08 qls .809 3.8 2.1 6.2 

8 7 77.7 11.8 10.8 z2.S 3.1 .64 .60 .69 1%.29 478. 2Or. 218. 251. 26. 209. P. 9 .%s .QpO .818 15.0 .S. 7.1 

S ? 77.3 1.c.q 8.2 115.7 11. .69 .59 .61 12.53 %A3. 210. 216. 230. 20f. 17;. .9G' .9s 1.105 if8s 9.8 3.3 9.3 

1; 7 75.3 8.9 6.? 233.7 20.7 .78 .SS .53 7.70 IAS. 201. 21. 19. 18%. 127. 1.03 1.003 1.100 .677 3.5 1.6 S.% 

7 7 74.q 8.7 S.6 21%.1 20.7 .83 .GZ SI G.31 178. 219. 219. 15%. 143. 126. 1.230 I.UDO100 l8% .886 18.7 1.4 6.6 

3 7 70.9 9.7 5.1 711.0 19.3 .83 .62 .52 6.77 487. 220. 723. 1,5?.-1Z. 17% 1.103 °985 1.075 .56 15.5 2.6 7.0 

7 25.7 S.* %.g 127.3 IS.1 .83 .64 .55 6.56 86,19. 219. 217. 1SO. 140o 126. 1.158 .996 1.101 .898 13. 7 2.0 9.1 

w 7 2,.S 10.A S.9 98.7 10.7 .79 .67 .6z 7.72 ;O. 712. 217. 168. 150- 1811. 1.098 .977 1.049 .882 1.7 2.7 7.0 

it S 25,.7 11.0 6.6; 6%.q 7.S .77 .70 .65 8.6 413. 186. 196. 167. IS9. 13A. 1.069 -s% 8 1.09 .869 9.0 S.S 7.3 

1t a 7q.4 11.6 8.1 30.% 8.2 .79 .76 .69 9.40 808. 19. i ?- 185. 180. 153. 1.103 .9%9 1.027 .881 11.1 5.3 1.5 

88 PS.9 10.5 7.7 95.6 9.5 .75 .67 .63 S.6S %51. 706. 210. lq. 188. 159. I.OS2 .977 1.032 .8419 10.3 3.3 7.6 



T 9LE 6.4 fPATA ANn COMPUTrO SUttSHNC, RADIATION. PAN EVAPORATION AND POTENTIAL EVAPOTRANSPIR4TION VOR VENr?7ULA 

sr*IAL 2817. TO NO. 28. NA"lE AND STA SAN JUAR LOS MORPC" GitJ&ACO LAT. 9 .10.# LONG. 67.35. rLEVATIO4 430. 

W)TR T Tn WIG PqrC up .- mm S SC YPO RMH RIS RSC EVM tYC ETC RSS RAl RtV RET ERS ERR .RV 

7 .70 189. 1%?. .947 .877 S.A 


7 9 78.6 18.8 7.1 5.7 1.3 .4 .7% .?G 12.51 40c. 1*. 1 . 206. 19O. 16%. .966 .9.9 1.053 .86Z 5.5 2.S 8.9
 

? 23.? 13.7 6.2 16.1 1.7 .71 .76 10.82 81. 19q. 180. 17. .930 1.079 8.0 7.3 

8 75.7 18.8 7.S 2.2 .3 .ro .73 .77 1%.S% 476 24. 23 . 2SG. 28. 209. .95 .968 1.00 .858 7.6 8.0 7.0 

8 28.8 12.1 l.3 55.1 7.6 .62 .5q .6 14.19 47. 1958. 213. 225. 193. 16%. .921 .92S I.GS .875 13.3 8.1 18.2 

5 7 2G.0 9.% 5.3 162.1 13.7 .70 .53 .58 11.2% 4883. lq3. *210- 191. 183. 15. . SIG .936 1.173 .891 13.1 10.% 18.? 

6 8 24.7 8.T 5.0 7 r 3.S 27.6 .s0 .51 ..5 7.11. 859. 18. 197. 145. 128. 111. 1.00a .S35 1.169 .897 5.7 7.S 18.5 

8S 73.6 8.? 8.6 715.9 19.2 .79 .58 .52 7.07 878. 201. 21%. ISI. I-,?. 119. 1.103 .938 1.141 .90% 9.8 f,.6 1Z.8 

73.8 8.2 718. .943 .911 6.0aS cf.1 195.7 18.9 .79 .Sl .S% 7.32 487. 201. ?;1. 134. 122. 1.103 1.176r, 10.1 16.2 

* 8 24.0 9.? 8.3 168.2 17.5 .an .5 .55 7.25 818. 702. 217. 158. 129. 118. 1.073 .S5 1.191 .911 7.5 %.9 16.1 

10 828.8 10.k; 8.0 135.6 13.? .78 .60 .b'0 7.81 458 200. 20q. 16 . 132. 121. 1.011 .957 1.244 .916 8.6 5.0 19.6 

11 9 71.1 12.0 8.8 6 t.9 7.8 .76 .65 .66 8.78 812. 179. 194. 150. 133. 121. .991 .9Z 1.126 .908 6.9 8.2 11.6 

17 8 23.9 13.0 5.2 31.4 8.8 .73 .69 .72 9.30 405. 181. 19. I2. 1q6. 130. . 96s .931 1.115 .893 6.9 7.8 10.3 

S, 95 74.S 11.3 5.3 110.1 10.8 .73 .63 .63 9.7? 451. 196. 208. 178. 17. 139. .989 .9%3 1.135 .s88 8.8 6.3 12.S 



TARLI 6.5 nATA AND COMPUTIr) SUNSHINE. RADIATION. PAN EVAPORATION AND POTENTIAL EVAPOTRANSPIRATION FOR VENEZVELA 

SERIAL 12al8. I) Jft. 29. RAME ANT) STATE* ZONAS ALTOAS MAC LARA LAT. 10.15. LONG. 64.30. rLEVATION 630. 

'ml w TM Tn wl a PREC OP Hm S SC VPO RMl RSII RSC F.VM [VC ETC RS; RAn nrv RrT CR$ ERR RV 

1 4 22.6 13.4 9.3 G.? 3.2 .80 .66 .73 S.71 013. 0. 107. 190. 163. 136. .891 .000 1.1C6 .833 11.2 .0 1.6 

4 23.0 10.? 10.0 2.7 2.0 .77 .72 .7T 6.41 404. " . 19q. iqS." t1. 149. .9j4 .coc 1.C78 .8'0 S. a .0 10.2 

0 23.9 14.1 11.7 2-5 2-2 .70 .96 .76 8.70 075. 0. 727. 2e. 38. 191. .872 .030 1.071 .04 10.7 .0 .6 

I 0 2.5" 31.? 10.0 66.? 0.. .77 o 7 .65 6.72 73. 0. 198. 204. 17?0. 146. 720 .000 1.139 .817 3.0 .0 12.2 

40 74.7 10.0 11.8 87.S 11.2 .84 .50 .57 4.67 01S. "0" 213. 17. 181. 145. .871 .030 .41z .SCo 13.8 .0 8.? 

4 7.5 91.3 17.1 119.7 19.0 .88 .5% .48 3..S 460. 0. 20%. I1,3. 1,;G. 125. 1.108 .00a 1.010 .801 1.7 .0 7.0 

7 0 73.3 1.F 10.1 1%0.0 22.0 .87 .7 .08 3.34 079. 0. 217. 163.. 1;4. ls. 1.177 .000 1.0oS .822 15.0 .0 10.3 

a 4 Z3.7 10.5 10.5 7Z.7 IS.0 .81 .65 .56 4.23 48RA 0. 237. 189. 181. 108. 1.170 .000 1.0%3 .817 14.3 .0 5.1 

0 4 720.% loq 11. k; 30.S 0.0 .F? .63 .63 S.32 %68. 0. 219. 141. 142. ISS. .993 .000 .992 .805 6.2 .0 6.4 

1 5 2%.# 1?.1 0.3 28.6 9.4 .78 .63 X5 6.7S 457. 0. 215. 107. 180. 150. .963 .000 1.099 .833 4.2 .0 5. 

11 S 73.9 12.1 7.q 62.2 1n.0 .80 .60 .63 6.06 0 . 0. 181. 162. 103. 121. .95. .030 1.138 .851 6.7 .0 12.1 

1' S 72. 12.? 7.8 29.0 8.2 .81 .63 .GS S.29 403. 0. 189. 151. 137. 117. .977 .UO0 1.104 .85% 5.5 .0 5.4 

9 51 3.7 11.8 1n.1 53.6 10.0 .81 .61 .63 r.58 450. 0. 208. 185. 172. 142. .960 .000 I.073 .821 11.3 .0 5.0 

C% 



TAqLC 6.6 DATA AND COMPUTED SUNSHINE* RADIATION. PAN EVAPORATION ANO POTENTIAL EVAPOTRANSPIRATION FOR VENEZUELA 

SANTA CRUZ MOP AR4GUA L.AT. 10.18. LONG. 67.03. ELEVATION 408.
 
SERIAL I?. TO No. 3n. NAME AND STATE* 

"n VR T" TO VI PREC D0 1M S SC vPD RMM RSM RSC rVm CvC ETC oSS RAR REV QVT CRS ERR ERV 

.941 1.0%2 .910 .820 2.1 5.6 12.1
.74 10.6S 413. 210. 201. 115. 215. 176.
1 7 74.9 12.? 10.3 7.1 1-1 .70 .73 


7 7 2 .3 12,8 11.5 1.9 .9 .I5 .79 .73 11.8% 403. ?1. 2n1. 218. 736. IN'. 1.071 1.089 .qZS .802 5.9 8.? 8.1 

1 6 261;.0r12.8 12.2 11i. 1.5 .S2 .77 .72 13.35 476. ZS. 236. ?GS. 292. 233. 1 1.080 .qoa .793 6.5 7.4 10.1 

.65 13.23 474. 224. 21. 712. 242. 15 .498 1.028 .qs .818 7.3 ftS 5.2* 6 2C.4 11.9 10.4 0.7 4.3 .61 .62 

.59 10.99 484. 2-15: 213. 185. 193. 16%. .q3G 1.08 .q60 .849 15.0 2.7 4.1 

9; f. 2S.1 9.7 6.6 185.8 17.? .7c .53 °SS 8.q4 4l. 208. 201. 141. 150. 130. .948 1.C116 .9i5 .870 11.0 3.5 8.1 

G?,2.5 9.7 8.0 126.0 11.z .70 .53 


7.97 a79. 215. 213. 150. 153. 133. 1.023 1.007 .q8 .872 5.) 2.2 8.0 

4 7 24.q 10.1 6.2 186.3 15.9 .79 .61 .57 A.1 9 488. 223. 273. IS?. 191o1. 11. 1.067 1.000 *q 5 .875 6.3 2.5 11.7 

1 1 74.8 6.4 191.9 18.4 .79 .56 .55 


8.4 6.4 o 7 2t.9 10.7 S.8 13S.4 13.1 .77 .60 .60 8.34 4691. 702. 213. 1 45. 153. 135. .qS .946 .142 .883 4.8 

ItD 7 25.1 11.4 5.9 14S.7 11.9 .78 .&S %62 .Sq 4S58. 218. 21. 157. 15%6. 138. 1.0" 1.018 1.001 .881 4.7 4.0 S.2 

11 7 ? . 11.7 6.6 83.0 c.7 .76 ,q .6? 9.12 409. 198. 195. 145. 155. 135. 1.02% 1.015 .135 .669 6.2 3.6 8.8 

17 7 7m.4 12.1 8.3 30.7 3.6 .75 .72 .71 9-11 403. 200. 196. 164. 176. 1%8. 1.01? 1.020 .932 .8%5 4.0 3.5 9.1 

450. 215. 210. 178. 189. 155. 1.ol 1.0Z3 .4Z .8%3 6,7 4.? 8.2
,Kw an 25.3 11.? 8.2 96.0 8.8 .!3 .65 .6 5.91 



rARL 6.7 nats A'4O COMPUTED SUNSHIN. PAfflATON, PAN EVAPORATIOH AND POTENTIAL EVAPOTRANSPIRATION FOR VENrzUCLA 

SrDIAL 1%6?. 10 NO. 31. NAME AND) STATE@ SHELL FOUNrIATTON ARAGUA LAT. 10.30. LONG. 67.7S'. .LCVATION 432. 

PO TR 18 10 Wl a PRVC OP NX S SC VPD RH RSH RSC EVM ECC C s R AR aEv RIE CRS CRQ RYr 

1 S 71.6 uI.S 11.9 3.0 1.0 .68 .70 .72 8,g9 413. 0. 203. 21. 228. 1P3. 1.029 .030 .931 .802 2.8 .0 1S.1 

5 7%.S 17.91 14.0 .2 .2 .. .79 .76 10.82 407. 0. 204. 23S. 261. 203. 1.073 .000 .9C1 .760 8.7 .0 11.0 

I S 7q.? 13.0 14.% .6 .2 .59 .67 .73 12.4S .7S. Do 774s 278. 704. 236. .Sr7 .000 913 w776 10.9 .0 11.2 

a S ?.9 12. IN. 3q-? 3.6 .61 .54 .66 12.;3 47.. 0. 207. 7113. ?O. 148. .621 .CO ,973 .792 21.9 .0 9.1 

i S 2t. 10.0 10.? 110.6 10.2 .67 .S6 .60 10-26 bP0*. 1. 215. 201. 716. 177. .927 .00 .931 .119 8.6 .0 9.7 

c 5 70.7 9.% 7.3 181.8 16.z .73 .S3 .56 7.57 4s. 0. 201. 66. 1. 135. .qs3 .00 1.058 .860 7.3 .0 9.2 

7 S 7.l q.6 7.4 183.8 IS.8 .76 .60 ss6 .7. %79. 0. 218. 179. 16q. 1li%. 1.066 .000 1oSG .853 S. 4 .0 8.5 

9 720.3 9.9 7.3 138.2 13.2 ,75 .63 .58 7.23 .38. C. 2?7. 172. 177. Is?. 1.081 .000 .972 .959 7.S .0 10.1 

" 20.? 10.6 6.% 147.6 14.% .78 .S ,S9 6.37 '68. 0. 204. 163. 147. 128. .917 .OO 1.108 .87'1 IS.8 .0 9.7 

5 74 1oq . 8 17.2 11.8.01 .67 N.i1 7.23 1-57. 0. 217. 1. IF?. 15. 1.09'. .CDC 1.103 .867 9.5 .0 13.1 

it S 20.3 11.1 7.' °8.6 5.8 .73 .68 .6S 7.70 400. 0. 19. IS. 163. 10. 1.043 X00 .97S .858 12.8 .0 8.0 

1' v 23.8 11. 9.0 1.6 2.2 .71 .76 .?1 8.31 403. 0. 19q. 11. 188. 157. 1.08o2 .0:30 .,G% .835 7.6 .0 S.0 

q 60 2%.S 11.1 9.6 8.6 7.8 .70 .6 .6 8.8S 051. 0. 209. 198. 202. 167. 1.0o .000 q979 .823 1.9 .0 10.1 

00 



SUNSHINE. RADIATION* PAN EVAPORATION AND POtNTIAL EVAPOTRANSPZRATION 
FOR VENtU(LA
 

DATA AND CO"PUTC
TARLE 62 


S.93. LONG. 67.12. ELEVATION 100
APUPr LAT.
NANC AND STATE* UQANON
SEIAL 808. TO NO. 32. 

REV REI CS ERR CRV

PM14 RSM RSC CYM EVC EIC RSS PAR 


"0 ,R in 10 V10 PRrc OP H4M S SC VPO 

1.050 .957 .qq2 .7 7.9 S.9 2.3
 
2.0 .S .73 .74 .?0 10.80 %35. 200- 20-. 2R5. 788. 218. 

I 27.0 q.% 16.3 

273. 1.047 1.039 1.02F .7414 23.S 7.5 
7 6 ?.? 10. 17.5 4.2 .s .67 .75 .72 13.05 611. 159- 197. 308. 300. 7.1 

333. 2S5. 1.068 .S55 1.010 .7b7 7.S 6.1 8g
.Gs .73 .GS 11.90 814. 221. 237. 363. 

• 6 28.7 11.7 15.2 10.? 2.0 

190. .A93 .92S 1.156 .803 15.8 .4 13.S 
.14 .'54 .60 12.93 %75. 188. 203. 274. 237. 

S 7A*3 q-- 11.7 0.4q . 

.839 .906 1.19q .83? 19.2 10.3 16.1
9.38 M75. 173.' 191. 207. 172. 1161-

s 5 27.7 8.1 8.44 192.0 17.4 .77 .4S .51 

131. 117. .862 .S30 1.162 .355 17.2 8.1 13.s 
.93 .41 .48 7.0-S 449. 162. 174. 15. 

A A 7A.1 7.s 7.? 84.0 24.0 

.884 .934 1.071, .851 14.7 8.0 7.7 
.%A 7.17 469. 171. 183. 149. 138. Ia. 

7 6 26.U 7. 7. 14S4.7 23.7 .83 .42 

128. .941 .917 1.081 .8414 8.6 4.1 8.4 
.fS .148 7.37 4183. 178. 194. 1E2. ID. 

0; 76.5 ?.% S.l 44.2 73.3 .R3 

.935 .921 1.086 .853'10-S 8.1 8.2
.53 P.00 472. 10. 199. 171. 157* 131. 

n 1.S 8.Oq 471. 191. 211. 206. 1RS. 1 S. 1.067 .937 1.114 .839 7.1 10.3 10.2 

A 2a°8 8.0 7.8 236.5 17.S .81 .%9 


I 6 77.2 8.4 1.7 142.2 12.8 .so .60 

11.14 6.1212. 204. IS. 1.153 .898 1.040 .81 16-
.79 .70 .61 8.57 42S. 181. 202. 

11 6 27.3 8.5 11.1 64.7 7.0 

9.0 3.?259. 202. 1.099 .917 .80 .779 9.0
.76 .77 .70 10.00 127. 190. 207. 2S4.

1' 6 27.4 9.4 14.0 10.2 1.2 

4S7. 18-. 2r 00. 228. 713. 170. 1.001 .S32 1.071 .800 12.9 8. 8.% 
.59 .59 9.7%470 27.2 8.8 11.3 161.8 11.6 .76 



TlILE 6.9 flATA AN?) COMPUT[r) SUNS'41mNe RAIATION'h 1Pil 1CVAPORATVW %)0 "POT'CNTIAL 'VAPCTRANSPIQATION kFOR VENEZUELA 

SrQTAL 17.In "fO. 33. NANC ARP0 STATE. T1QITAGU OP vXRACUy LAr. 10'.07. LONG. &1.12. ELEVATION 3.1. 

,r TPl 7f Wt 0 PRFC "p INA SC v*P*0 "flM P k 'RSC VN V1C ETC .RSS AR REV RET ERS FR t CRy 

1 3 72.5 11.0 15.8 a.? 2.7 .?4 .66 .69 1.9?1 . 208. S5. 2'01. 21S. 'I1.. .963 1.079 .q18 .772 6.3 7.3 8., 

7 2 11.1 2.?74.8 1?.8 1.7 .'7 .73 .? '11.15 5t2. 719. 195. 722. 2?. 19O. 1.022 1.137 .850 .7%3 6.3 12.0 '17.1 

N ?S.5 12.9 19.1 1.3 1.7 .6I .?I -?Z 12.6 6. 240. ?"9. 2S. 3-17. 231. .986 I.0l .899 
3 

.731 4.8 5.? 11.3 

3 2-,
?; 9.9 16.7 91.3 10.0 .7 .A I .s? 8.5,6 47. 179. 198. 220. 229. 17?. .j89 .969 .963 .750 2 .7 3.2 6.S 

-Z 13.,I . f.? 90.3 16.0 .A? .43 .5 6.53 1481. 2O. 194. 163. 183. 143. .807 .984 .92 .785 23.9 1.7 12.1 

% 2 2.4 7.f lo.n 706.5 21.5 . ,4 .4% .%9 Al'o8 4t04 0. 186. I2o. 143. kiA. .90b .000 .s .820 11.6 .0 is.4 

? 5 25.2 7.5 9.5 ;706.0 22.0 .8 .53 .48 S.28 479. 147. enS. I138. 17. 130. 1.107 .993 .As% .830 9.7 .7 13.1 

S 5 2.S R.k q.0 11S.7 18.S .83 .57 .52 5.52 4R8. 20z;. 218. 16. 131. 1.105 .9-i$ .9SO. .837 9.S 5.8 9.8.91 

4 1 ?r;.o 10.7 n.s q11.o 1;.0 .P3 .57 .55 6.43 468. 196. 20%. 159. 161. 135. 1.039 .9%7 q84 .339 5.2 S.6 SS 

in 1 ?S. 9.A q.2 131.0 11.0 .81 .58 .59 7.17 558. 0. 2n6. 156. 171. 1%3. .983 .000 .911 .83, 1.7 .0 5.7 

11 ? ?.? 9.7 8.9 73.0 12.s .8, .53 .57 6.09 410. 166. 178. 128. 140. 117. .942 .%G .qlG .837 12.3 3.S 9.1 

1: 2 25.7 IU.? 11.3 39.0 5.S .7? .60 .62 7.91 404. 175. 185. IS. 168. 136. .969 .983 .933 .809 8.1 1.7 7.2 

9 33 25.8 9.5 12.6 88.3 12.3 .78 .57 .59 7.51 %SS. 20%. 202. 178. 19r.. 154. .975 1.015 .q07 .787 10.1 5.8 10.8 



TARLE 6.10 I)&TA AND COMPUTEO SUNSHINE. RADIATION. PAN EVAPORATTON AND POTENTIAL EVAPOTRANSPIRATION FOR YCNrZUCLA 

SFRIA. 177. TO NO. 3%. NAME ANn STST(. PUNTA DE PIEDRAS NUEVA ESPARTA LAT. 10.90. LONG. G-Cl. rLrVATION 10. 

PC q T" Tn vi a PREC Ep HM S SC VP6 RNM RSM RSC EVM EVC ETC RSS RAR REV PET ERS [RR CRV 

I 0 75.8 6.7 10.6 31.7 5.7 .77 .72 .73 7.78 400. 713. 194. 207. 189. 153. .59S 1.G99 1.094 .807 6.9 '9.0 12.9 

7 S 75.q 7.0 12.S 25.0 4.8 .73 .73 .73 9.03 401- 207. 191. 712. 208. 165. 1.002 i.CSO 1.017 .792 S.s 5.7 9.0 

S 7A.6 7-7 1 1.1 16.6 3.2 .71 .74 .77 10.31 07. 21?. 27S. 246. 256. 207. .9g66 1.069 .q6O .80 3.6 6.5 13.0 

It 27.. 7.6 17.5 20.0 3.0 .73 .71 .78 10.53 475. 234. 223. .248. 267.211. .912 1.0%9 .121 .792 9.7 6.1 16.5 

4 77.9 7.r 14. 1-3 .3 .70 .80 .81 11.01 4PG, 7%4. 238. 7,8. 375. 252. .9BI 1.067 .825 .7 .2 6.3 21.2 

0 27.7 6.q 1n.9 18.? 3.2 .73 .73 .76 10.17 06-. 237. 270- 237. 73. 206. .963 1.078 .936 .813 S.1 7.3 7.3 

7 S ?7.a 6.6 9.5 17.G 0.4 .7S .74 .73 S.10 QAZ. 211. 231. 22%. 736. 196. 1.016 .S13 .47 .831 2.0 2U.S 5.9 

I s 77.S 6.7 P.0 55.6 6G .74 .73 .72 908 P90. 202o 233. 720. 76. IZ. 1.017 1.03G .973 .8%9 S.0 5.0 10.6 

9 S 78.0 G.0 7.3 13.6 2.2 .70 .?6 .76 9.93 0269. 738. 22S. 220. 220. IRq. .998 1.058 1.001 .;6 3." S.S S. 

In 5 28.3 ,.S 8.S 21.2 3.8 .75 .75% .75 9.61 k 6. z2. 21q. 740. 723. I88. 1.007 1.0O0 1.076 .802 8.3 0.8 7.1 

11 4 ?7.S G., s.4 75.2 8.5 .7S .T .70 9.07 COG. 7U1. 193. 20. 190. 141. 1.051 1.0%1 1.275 .881 10.5 3.3 21.6 

1; 77.0 G.q 7.9 00.7 13.7 .78 .73 .70 8.73 399. 197. 190. 165. 170. 144. 1.038 1.039 1.093 .851 3.7 %a% 11.0 

I' 5% 77.3 7.0 10.0 27.6 0.4 .70 .7- .7S 9.63 4S. 226. 216. 227. 230. 189. .V93 1.03 .989 .821 5.7 7.1 11.1 



£3'6.11 'DATA 1 40 COPPIUTf SUNSHIfNC* 'RA6IAT'ION. P'AW '"fVAPO*&AT'TOkTAL 7ibDO tdT't. WV*POT P~iNPiTION *CR V! N[ZUCLA 

*SEP!AL '170r. Jo '. 35v *NA AND '~oSTAir. "dAltLO'A,*MP 2 kNidOAlted I LiT. 'iOC.i(. LONG . G%.79 9 ELEVATION S. 

-*y T To vioaP rc DO 44" S tc v0o 'MN RSM RSC EvM ivC 'ETC RSS RAR REV RET ERs ERR CIv 

*1 5 70.7 '13.2 . 9.4 16. f 2.4 G8 -.16 -. 73-11.03* %'3.'216. 200. 112. 206. 171. 1.069 1.077 q~3% .832 6.9 7.1 9.1 

7 S ?'.8R 114 a; 5.2 7.6 '.tf -.1 .118 .21.19.;o.1. 1 1.'0-91 1.092 1.034 .641 IC. 3 8.5 10.9 

• S P..S" 13.7 10.8 .6 .4 .6* .80 .76 12.061 ?6%. 239. 233. 260. 779. 227. 1.052 I.CO .932 .81 5.0 3.8 7.3 

17.0 10.6 13.0 A.8 .97 •26.6 223. 2-0. 756. 21M. .9.99 1.031 .938 .818 5.0 3.0 a.? 

5 7.0 "11. 9.7 "%1.2 1.8 .1;7 . .le'i..7 2 3 2.?r. 227. 23r. 197. 1.077 1.01, .962 .834 11.2 1.8 11.8 

r -• 75.8 10.7 T.4 123.2 10.? .7% .5I .5? 9.37 it. 223. 203. 170. 177. 'eT. 1.025 1.05s .181 .857 5.7 5.S 6.1 

."a 7S.5 10.7 6.8 128.5 17.5 ".7. .91 .to -8.6s 480. 719. 215.. 161. 1G6. 145. 1.068 1.0S5 .953 .867 6.4 5.2 5.0 

-q 3 Mot 11.? 6.8 110.0 '15.? .­ s .4,0 .90 9.19.88.2.1. 217. 158-. 172. 1419. 1.002 1.oiQ .920 .867 1. 9 7. 8.? 

1 3 7r.? 12.- 6.9 13S.? 14.3 .75 .GS .63 9.91 %%9. 722. 21S. 166. 180. 156. 1.032 1.032 .923 .865 8.5 3.1 8.3 

1 2 26.1 13.2 7.G 20.0 10.5 .71 .68 .6 10.z0 58. 217. 217. 17. 191. 1f%,. 1.030 1.037 .,)20 .855 f.8 .7 8.7 

II % 7q;.8 12.1 7.7 57.7 10.? .71 .66 .63 10.47 410. 169. I88. 162. 168. 149. 1.0 6 .918 .9G2 .859 6.1 1.0 S.4 

1, • 2%.3 12.% 7. 37.7 4.7 .;9 .75 .70 10.97 %03. 202. 194. 169. 183. 155. 1.072 1.061 .92S .851 6.? 6.5 8.1 

%m aq 7%.7 12.3 8.5 52.0 T.S .70 .70 .67 10.9% %SO. 218. 210. 195. 205. 173. 1.051 1.040 .52 .801 7.1 .9 80. 



TAILE 6.12 DAT4 £N17 CMOUTEU SUNSHINE. PAIAATZON. PAN EVAPCRATZON &NO POTENTIAL EVAPOTRANSPIRATION FOR VENEZUELA 

sr$tAL 2415. 1o No. 3,. NAME AND STATE. GUANAPZTO GUARICO L&T. 9.4143t LONG. SG.43* tLEVATION 600. 

"0 To TM In via PQCC OP "M s SC VPO RKM RSM PSC EVM CVC ETC PSI PAR Prv RE? t S ERR CAY 

1 . 76.0 7.7 12.4 6.9 .8 .71 .69 .GG 9.00 417. 203. 202. 208. 721. 176. 1.048 1.0A .q4o .796 9.2 6.0 ?.1 

5 74.4 8.1 14.4 2.2 .7 .69 .76 .68 10.03 406. 213. 201. 275. 251. 194. 1.132 1.01 8 .898 .77S 15.1 5.S 11.4 

3 7 %5.1 P.S 15.5 S.7 .s .68 .7 .7 10.88 4?7. 248. 236. 272. 3n6. 234. 1.098 1.052 .88 .7s5 10.1 5.4 12.1 

44 75.8 R.4 14.0 39.2 1.7 .69 .5 .59 10.75 473. 212. 213. 239. 242- 189. .948 .992 .989 .780 G.% Q.S 3.1 

5 4 75.6 8. qs )I S .0 14.0 .71 .54 .55 10.29 482. 215. 214. 191. 198. 165. .982 I.CU I .q461 .829 80. 9.1 4. 

c % 24.7 7.5 7.r 177.2 1' 2 .7 A .53 .53 8.0.5 459. 1985. 202. 155. 155. 132. 1.006 .981 1.003 .855 7.4 4.2 5.1 

7 4 7f.3 7.? 7.7 165.2 17.7 .78 .57 .53 7.49 477. 210. 216. 1S1. 159. 137. 1.074 .974 .q5O .860 7.44.1 5.3 

9 4 24.4 7.9 7.0 187.0 19.5 .77 .5G .52 ?.%7 487. 710. "219. 151. 159. 137. I.0s .958 qs% .8664 6.2 5.1 4.9 

• a74.8 8.9 6.; 123. 15.2 .77 .57 .5s 7.95 469. 701. 211. 18. 1%6. 136. 1.025 .944 .R94 .869 "0.5 1.0 to. 

In 4 25.1 9.1 7.1 107.7 12.0 .76 .58 .59 -8.71 4-0. 195. 210. 17. 1f;. 141. .993 .930 .°S6 .862 3.9 7.6 4.1 

It 4 25.8 7.5 9.0 61.5 q.2 .74 .68 .58 9.26 413. 188. 199. 167. 179. 149. 1.180 .945 .937 .837 15.3 ?.2 5.5 

17 4 74.6 A.3 8.7 21.2 5-2 .72 048 .62 9.22 407. 186. 194. 181. 175. 147. 1.110 .949 1.03f .838 12.3 ?.S 3.4 

qw so 74.9 8.7 10.1 83.8 9.6 .73 .63 -59 9.12 51., 207. 210. 188. 199. GZ. 1.059 .SS4 .948 .318 9.% 6.0 1.8 

0%* 



TIAlt *61 0i&Y. Imnf COMPUTED~ S))NSH1NE- "Dk01TI0N *PMi tv6RIM0CY IWO *POIENVIA:L 'E0Po&R*i'h.Pl~TAu FOR VENCZILO 

$CIltL M0770 10 Wfl. 31. NA4E AND SYATC. *HOTC'l SkN'7 0OWkWGO ACRfbA 'LIT 887- 'LONG- 70.67. ELEVATION 203S. 

04t0 , 'T0 vtl0 FC "OP "H S C VP'0 '"''c ASM *RC CVMly C RSS RAR REV RCT CRS ERR C[OQV 

-
I '1. . 7.MS. ; '1.'. *bo '."t 'a ;. k O. 17,. 0. .0oo .PutS .8S6 .0 8s.1. .7k .6% ,, t. 2. .000 .0 

7oq 3'1.1.63.S .0 .0 .70 .00 .68 11.7 4t)2. 0- 211. 119. 30-,. 97. .o00 .000 1.13C .92f. .0 .0 11.5 

6 1'.. 6.3 3.8 '13.0 2.0 .To .b0 .SA 4.41 0?3. b. 2z2. 11i. os. 100. .0o .co0 1.z17 .92z .0 .0 17.9 

1 14.1 S.1 1.7 167.0 119.0 .8,1 .00 .i 2.94 Sa. 0o 2k%. 7k. Ga. , 6S. .000 .030 1.037 .970 .0 .0 3.1 

1 14.6 6.0 3.5 99.0 13-0 .A' 4.00 t0 3.1 0476.- -0. 228. 92. A ;. 79. .000 .000 1.078 .926 .0 .0 ?.2 

C 1 14.2 S.C. 3.0 60.0 60% .4S k3 0. 2. 66. .000 .937 .0 13.7D ?i..0 no2 12b aS?. 204,- 7k. ADD0 1.159 .0 

11 1,.8 S.r 3.2 781.0 75.0 .81 .00 .4 G 1.30 %lI. 0- 21- 69. 77. 72. -COO .C00 .A96 .93% .0 .0 11.5 

i 1 14.1 5.2 It.6 172.0 20.0 .7? 1.0 a0 8.14 alai. 0. 225. 86. 9r- 87. .000 .000 .893 .90% .0 .0 12.0 

1 1.S 6.7 I.S 188.0 21.0 .79 600 .4q 3-Aibs . P. 21?. es. 9. 82. .bOU .U30 .145 .105 .0 .0 5.8 

1i 1 14.5 6.4; 3.3 10G.0 18.0 .16 .Doa .58 *.zt t8. C. 270. 79. 91. Si. .000 .C30 .877 .930 .0 .0 18.1 

I1 I 1IS.0 7.7 .2 22.0 8.0 .76 .00 .62 8.51% 12. 0. 209. 91. 38. 89. .000 .030 .q27 .912 .0 .0 7.8 

1? 2 13.8 7.0 3.S 3%.5 6.0 .794 .00 .S9 .39107 . 0. 203. ql. 87. 81. .000 .030 1.06 .92? .0 .0 8.8 

9- 13 1a. 1 6. 3. S 106.1 11.9 .7 .00 oSS 3.98 44S. 0. 21S6. '92. 92. Ai. .000 .000 1.008 .318 .0 .0 10.1 



TAPLr 6.14 fATA &Nn COXPUTro SUN$SINE9 RAEOATION, PAN EYAPORATION AND POTENTIAL EVAPOTRANSPIRATION fOR VENEZUELA 

S'DIAL Nfl298. 10 NO. 38. NAME ANtI STATE. LAS PIEDRAS MERIDA LAT. R.1 . LONG. 70.63. ELEVATION 16481 

sq R Tq T1) vIO PRrC OP H S SC VPO RHM RSM RSC VM EVC ETC PSS PAR REV RET ERS ERR RV 

I • lt.3 11.2 9.S 7.0 1.0 R7? .00 .70 3.75 437. 0. 216. 121. 1.n 108. .000 .030 .433 .830 .0 .0 7.2 

I 18.8 10.4 6.5 .0 .0 .82 .00 o?2 3.7 RD?. 0. 211. 129. 118. 103. .000 .000 1.n81 .872 .0 .0 8.1 

S1 1.2 9.8 6.4 8.0 1.0 op? .00 .67 3.86 t7. 0. 247. 144.130. 113. .000 .000 1.111 .874 .0 .0 10.0 

* 1 15.8 G.S 3.6 700.0 27.0 .8? .00 .88 3.73 488. 0. 212. A4. 8. 7S. .000 .000 .'?T .92S .0 .0 2.3 

S 1 1;-9 7.7 6.4 172.0 16.0 .78 .00 .53 8.29 76. * 0. 274. 90. 115. 10. .000 .000 .78 .870 .D .0 .7. 

F 1 15.6 6.7 5.7 76o.0 25.0 85 .00 .%5 3.28 53.* 0. 20 0. 31. s8. 78. .000 *C0 .85 g8s8 .0 .0 8.8 

* I15.0 7.3 8. 6 26 1.0 2.O .t .00 .46 3.03 871. 0. 210. 8S. 88. 76. .0oO .0:)0 100,9 .10n .0 .0 S1 

I I1t.2 7. 6.3 '12.0 27.0 .83 .00 .8q 3.50 82. 0. 219. 100. 101. 88. .000 .000 .990 .875 .0 .0 1.0 

* 1 I .S a.% 6.3 702.0 22.0 .A3 .00 .50 3.56 GS. 0. 213. 91. 19. F6. .000 .00 .q23 .87s .0 .0 8.3 

In I 1S.S 8.5 8.8 99.0 13.0 .82 .00 -. 55 3.78 450. 0. 218. A0. 97. 87. .00 .000 .pz7 .902 .0 .0 20.9 

it 1 15,.O 1O.0 8.6 25.0 5.0 .82 .00 .63 8.03 813. 0. 206. 1DS. 98. t8. .000 .9OO 1.073 .90% .0 .0 1.8 

1? 2 15. 9.7 5.5 37.0 15.S .82 .00 .61 3.85 408. 0. 207. 100. 97. 86. .000 .030 1.038 .889 .0 .0 3.? 

Sw I't 1.;.3 8.7 3.8 113.% 12.6 .82 .00 .5? 3.71 86. 0 . 213. 101. 103. 91. .000 .000 .q82 .882 .0 .0 8.0 



1B!LE 645 9ATA ANlP COINPUTTl SUNS4INE. RAIITZOM6 PAN EVAPORXT??N INO POTENTIAL yAPOTRTANSPIRATION FOR VENEZUELA 

SoQIkl, Z%31. 10 un. qo. NAMEc ANO 
STATIo RIO VERDE ,uARICO LA T. 9.S3* LONG. 97.F,7. rLEYATION 250. 

WO YQ TM To V| O PQrC OP PA S St VPI RMI RSM RPC EYM EVC ETC R$SS RAR RCY RET CRS CPR CV 

1 3 ?.8 12.1 11. 2.4 . .63 .%8 .72 1%.13 %15. 187. 1q9. 279. 219. 201. .9S1 .9%7 1.118 .80? 7.6 7.5 10.6 

v 5 27.7 12.0 11.9 2.7 .2 .S6% 05 .71 1it"? %Dq 195. 199. 313. ?7S. 221. 1.060 .983 1.157 .802 9.2 7.8 13.1 

1 %0.S1. 1 .s .3 .5 .3 SS M .1 18.19 179. 228. 27. 413. .17. 256. 1.002 t.c3 1.302 .807 ?.% S.0 23.2 

Z -4.o q.4 S., 127.7 12.s .sq .sf .SS 1.,.9? 47%. 197. ?05. 304. 234. 193. .qs .q I 1.3C% .825 8.9 5.2 23.3 

t 78.7 7. T.9 194.2 20.2 .?P .56 .S3 11.18 113. 204. 211. 221. lqs. IF1. 1.055 .963 1.132 .8s0 20.9 4.0 11.7 

it 75.7 7.; 7., 7%9.5 23.D .an .5S5 .9 7.80 058. 1 V. 200. 161. 151. 12q. 1.103 .950 1.o61 .SSS 4. 3 S.3 S.2 

7 U 2.? 7.7 7.0 189.5 21.0 .o .59 9 1f.78 0 1. 207. 213. ISO. 151. 111. 1.193 .97% 1.058 8f3 20.1 6.0 5.6 

"0% .3 8.'1 S. 7 23S.7 23.2 .- 8, .5sb ,, 1 98 F'. ?01.- 17. It156..151. 13 1. 1.18g .929 1.035 .868 15.7 7.6 3.0 

7r.77 9.0 6.8 I'10. ? '1.7 .8,1 *59 .S5 7.78 69. 1-97. 211. "1SR.1. 136. 1.076 .937 1.009 .8r?" 7.1 6.? 3.9 

,In f 25.9 9.1 7.1 128.0 13.Z .80 - b -sa . s'br 11. '196. 20R. '17?. 1. "11-2. 1.O s .94 3 1.038 .8ss 7.9 6.0 3.7 

'T N 7c.3 11., 8.3 67.0 9.5 .75 .72 .g S .182. '199. 18. '18,. "153. '.101 .1s '1.0 5 .8.5 10.*5 9.2 '6.010.?'1,,. 

1? 76.5 11.I 10.2 29-2 .S .SA .73 '9a. 197. 237. 2*1g. '177. 1.OGS .9S3 1.097 .21 g.1 7.8 6.­.g8 12.32 188. 


V4 30 7S.8 10.1 9.0 107.3 1.S .t .At .66 * 1;.*52i. '197. 207. 233. 201. '17"1. '1.OS; .956 1.132 .832 10.6 S.6 12., 



TABLE 6.16 DATA AN') ComPUTEO SUNSHINE. RADIATION. PAN EYAPORATION AND POTfNTIAL EVAPOTRANSPIRATION FOR YENEZUELA 

LAT. 8.1;0. LONG. 71.1S* ELEVATION 2870.
SEO!AL 10%O. It NO . %I. MAA AND STATE. ME9IOA MERIDA 

TR TM T0 Vl 0 PREC vp mm S SC VPO RMM RSM RSC fYN EVC ETC PSS R&R REV PET CERS ERR ERY
-0 

7.5 .61 .;0 .57 7.76 421. 239. 2011. 113. 1?'7. 112. 1.040 .11S .017 .874 8.1 12.6 12.8 
1 7 16.2 8.q G.3 47.5 

7.0 .FO . .0o 8.0 t.5. 214. no0. 112. 131. 113. 1.035 1.196 .Prl .567 3.4 IS., 16.Z
7 2 I1.G 10.4 6.8 92.5 

11.0 .61 .67 .59 8.RS 476. 294. 21.. 140. 1o7. 10. 1.122 1.199 .1567 .86 1 10.9 16.6 15.3
3 2 17.7 11.6 7.7 75.5 

4 z 17.5 9.U f.3 751.0 22.5 . . .1 .50 7.SZ 41,9. 22q. 201. 1091. 11J. 10. ..805 1.139 .120 .87, 24.2 13.0 8.7 

% 7 17.6 9.1 S.) 187.0 20.5 .67 .48 .52 7.05 947G. 2%4..21.- 112- 12 . 109. .923 1.1&3* .90'. .881 8.3 1%.0 10.6 

163.0 119.0 .*6 .4% .53 6.99 1%?. ??1. 199. 102. 111. 99. .832 1.108 .q19 .886 20.2 13.0 8.877 17.r, 8.8 5.6 

7 3 16.9 9.1 6.0 11%.? 1%.T . .-7 .53 .5S 7.El1 %71. 2.. 273. 115. 178. 112. 	 .959 1.092 .904, .880 5.1 8.$ 10.6 

.R95 1.039 .83 .880 11.7 3.a 13.2A 7 116.9 q.% 6.0 84 I 13.S .71 -51 .57 6.21 %82. 731.. 27%. 109. 171. 109. 


9 1 17.1 9.5 6.2 171.1 19.3 .1;7 
 .53 .53 7.P3 'GS. 2Q. 271. 117. 125. 110. .996 1.052 .931 .877 5.3 	7.A 7.. 

in 3 17.0 8.0 5.8 788.0 29.0 .71 .. 6 50 .35 060. 21q. 2n72. 	 109 109. -G. .908 1.059 .q99 .883 12.9 S5. 3.3 

I03. 107. 91. 1.100 1.036 1.007 .880 11.2 5.9 7.1
it 3 1%., 4.1 6.0 717.7 21.0 .7n .SG .51 G.11 416. 208. 201. 


17 2 16.3 lo.n 6.3 9S.n 17.5 
 .71 .68 .58 6.33 1?. 25.. 214. 119. 118. 103. 1.174 1.199 1.011 .875 14.9 16.6 3.3 

.67 ,5 .5% 7.04 451. 238. 214. 114. 123- 108. .987 1.115 .qZG .877 106 10.8 J.S 
so 28 17.0 9.1" 6.2 152. 4 IG.G 



74OLC 6.17 SATA ANI CDWPUTfn SUNSHINE. PAOIATION. PAN EVAPORATZON AND POTENTIAL r7iAPOTRANSPIRATION FOR VENEZUELA 

SfrOAL ?09q* 10 NO. •2. NAME ANO STATE. SANTA BARBARA . 7ULA LAT. 9.0 LONG. 71.q9 ELEVATION S. 

T R TM To. ul Pa[rEC OP 9M S SC VPD RKP P1 RSC EV EVC ETC RS1. RAP Rrv R[T PS ERR CRY 

! 7%S.8 7%" 4.1 33.2 5.2 .87 .01 .Sft S.8 871. 173. 173. 96. 110. 101. .8? l.oOl .t7e .914 11.0 4.0 14.4 

0 7S.9 8.3 *.S a?.s 10.0 .85 .8 .SG G.60 0Ia. 16S, 167. 93. I?1. 102. .861 .990 .833 .9US'17. 7 3.3 20.0 

1 3 2r.3 7.m 0.% $7.3 9.0 .8. .05 .53 7.03 478. 171. 190. 111. 12S. 113. .844 .899 .090 .908 18.S 1S.1 I1.s 

3 ?f .9 7.8 .. 8 725.0 18.3 .87 .34 .48 6.38 073. 170. 170. 100. 11n. s9. b710 1.001 .497 .901 10.S 4.2 16.6 

S 1 7.?7 .q •.s 10G.7 110.0 .82 .SO .53 8.13 08?. 20?. 2?f0. 137. 138. 125. .933 1.03.5 .980 .906 7.2 S.S 3.1 

6 3 7?7. 8. 4.c 102.3 13.3 .83 .Sf .S% 7.19 oS. 199- 19S. 129. 134. 122. .989 I.o a .q93 .90 13.0, S. 8.S 

7 i 77.1 9.1 0.7 127.0 15.7 .82 .S .s5 7.S9 77. 2U9. 203. 138. 140. 126. .o997 1.030 .990 .903 1.0 %.1 7.3 

P ??.0 9.3 b.9 124.7 1G.S .83 .55 .S3 7.0 48?. 214. 21n. 141. 143. 128. 1.031 2.022 .990 .899 1.9 3.0 7.0 

q a 2C.9 q.2 0.6 I11.7 10.2 . .A% .S4 6.89 470. 214. 204. 137. 137. 120. 1.030 1.050 1.002 .904 11.S .8 9.8 

Ii f Pr.7 8..? . 120.? 17.2 .80 .52 .54 8.01 062. 197. 1os. 119. 132. 120. .968 1.012 .901 .909 11.9 0.3 11.0 

11 3 ?,.q 8.0 0.5 107.3 13.7 .86 .so .52 6.17 416. 161. 173. 105. 112. 107. .968 .990 93S .93l7 6.0 4.0 9.6 

17 1 26.3 7.8 4.2 113.3 16.7 .80 .S0 .06 3.16 111. 1G?. 171. 103. 101. 92. 1.078 .977 1.023 .9;,3 10.5 3.? 10.6 

%1 41 2r.. 8.3 0.S 110.9 13.5 .8% .50 .S3 A .86 4;3. 189. 188. 118. 125. 113. .911 1.005 .91S .906 11.9 S.0 10.5 



TARLE 6.18 fvATA A&n COMPUTtfn SUNSMINE RADIATION, PAN EVAPORATION AM7 POTE TIAL EVAPOTRANSPIRATZON FOR VFftZUELA 

SEQIAL 378.4 D N. 3. NAME ANC SrATE. GUANAPE HOP PORTUVZSA LAT. R.9%# LONG. 69.23. FLEVATION It?. 

", TV TOR To WI0 PPEC UP "M S SC VPO RMM RSM RSC EVM EVC ETC PSS RAPR EV PET ERS E QR ERY 

I % 7,.S 11.6 7. 1 lA.5 2.5 .73 .G .70 1n.17 1.23. 182. lq8. 187. 176. 151. .912 .S77 1.061 .856 12.8 2.3 5.8 

% 7A.7 12.5 8.1 38.0 3.7 .70 .65 .71 11.32 412. 184. 1Rq. 18. 188. 159. .q09 .97S 1.056 °8%7 10.1 4.1 5.3 

3 77.Z 17.7 8. S.7 1.3 .97 .60 .72 12.8% 480. 712. 21S. ?39. 729. 1q.3 .R30 .988 1.047 .845 20.1 3.8 A. S 

3 77.0 9.1 T.9 114.0 8.? .73 .141 .61 10.35 473. 167. 184. 1748. 16q. i4. .68e " .912 1.030 .853 %?..0 9.6 3.9 

5 i 26.8 8.1 7.6 18f.? 12.7 .80 °. .56 7.9680 178. 188. 159. 153. 131. .758 .987 1.0141 .856 32.0 S.6 8.5 

6 7.r 
-

A.S 7.0 Z96.2 18.0 .87 .35 .52 6.95 "g,6. 196. 167. 132. 123. 106. .676 .98q1 1.078 .865 47.9 2.9 8.3 

7 4 75.0 8.7 6.7 72a. 0 18.8 .83 .1 .52 6.80 1475. 177. 184. 1.18. 130. 113. .79S .959 1.O6% .869 25.8 4.3 6.2 

4 775.3 t.q 6.7 177.5. 17.0 .RZ .44 .5-3 7.88 886. 183. 194. 1%2. 10. 12?. .826 .946 1.01; .868 21.1 5.7 2.5 

41 7S.9 9.6 6.6 701.0 18.0 .E0 .50 .5 7 8 .18 170. 186. 195. 1Z. 188. 129. .873 .95O 1.02J .871 14.S S.3 7.0 

In A 76.3 9.6 6.7 12q. 2 10.5 .79 .53 .60 9.07 "61.. 195. 198. 151. 158. 137. .889 .986 .q6z .869 12.. 4.4 5.0 

11 A 76.0 10.4 6.7 58.0 5.7 .77 .61 .65 9.51 118. 177. 188. 153. 156. 136. .931 .939 .qSO .869 7.1 6.S 2.7 

17 1. 75.S 11.1 7.2 37.5 5.7 .75. 61 .67 9.96 4lA. 180. I1 5. 163. 15q. 137. .911. .7% 1.026 81 12.8 3.2 2.9 

sp" 16 75t.q 10.1 7.7 178.7 10.1 .77 .St .61 9.14 %53. 183. 190. 161 155. 137. .842 .96: 1.032 .860 19.5 A.7 4.-9 

0
%Q 



T Ate 6.19 0AT:. ANO COPOPUTrD SUNSHII. RADIATION. PA4 EVAPORATION AND POTENTIAL EVAPOTRANSPIRATION FOR vCNrZUEL& 

SMIAL ?21qI 

t' TO t4 

1 NO. 

To 

4%. NAnt ANfI 

III U PcC 

.tkt 

bp Rn 
MAJAhUl% 

S 
mOo PoollUsttA 

V0 Ihk" hSM OSC 

Lit. O.di 

eln tvC 
LONG. 49.b3i 

EtC OSS PAR 

rLCVATION 

REV RET 
kS. 

CPS ERR CRY 

' a. i .0. s. i.s .6s .is .6? 12.86 *9 187..S. iiz. Y 193.9;i9 167. 7 i.12% .SS7 ,I., i.1 11.0 

27 6 .~.6. . i..6M.192S. 70a. 179. 1.14 1.0s1 1.229 .a 16.2 *.a . 

7; 3 1". 7. *G .0 .0 . . 73 1%.21 G78. 273. 72. l13. 251. 22?. .150 .986 1.131 .856 3.2 1.8 11.6 

S ?8.2 l.8 7.1 72.5 i.5 .i2 .0 .0i '6111.24 . 16%. 198. M. 18. 161. .8U5 .826 1.237 .863 24.2 21.1 13.2 

n ?G.7 9.5 6 . 723. 12.3 .81 .%a .57 66 482. 1 3. 200. 180. 15S. 1 3. .53 .935 .953 .867 1Y.2 6.9 e. 

' t~ 7.4 6.0 19020.0 .8 me %-S?*. 7- 189. 196.;- 1 .J- 176. 111- 1.002 .919 .443 .879 13.3 8.8 8.1 

- 4 .5 6.0 71 1.% 21.0 .9 .50 .* 9 -.2* 487.- 88. 204. 128.' 135. 110. 1.011 * 936 .q48 .879 1.1 6.8 3.5 

9 5. .0 5.1 1S66.5e 1%*.S .8a6 .5% .%2 5.R% 469. 1 83 ­ 20?. 14*0. 13G. 120. 1. is3 -Sr.% 1-026 .851 10.91 3.8 2.5 

in 2 76.5 9.7 G.0 a q.S 10.0 .80 .53 .s9% R.0 8 461- 1 SO. 197. 152. 130. 132. .894 fig82 1.019 .679 11.9 1.8 1.9 

a : 726.8 9.5 6;.0 58.0a 5.S .73 .61 .6% 8.86 414- 197.- 187 180.aO 136. 137. .950 1.007 1.154 .879 5.3 .7 13.3 

1" 2 27.0 9.1 G.S 60.0 8.5 .70 .62 .60 11.09 409 11?.. 185. 160. 163. 143. 1.036 1.010 .979 .87Z 7.6 2.2 3.S 

' 23 ? S 9.3 6.5 123.7 10.6 .7? .56 .58 8.83 *S2. 190. 196. 172. 191. 140. .9*G .962 1.070 .871 12.1 6.8 10.3 



TA'LE 6.ZOnVE[ALL AvERaGts rote'VEWEZUELA 

. f. TRS T T vio PRtC OP M4 S SC VPO RNM RSK RSC CVY CVC ETC RSS RAR REV RET ERS ERR CRV 

O-IM1013 2S.1 

IsC 

.613 

10.1 

IsP 

ite2 

8.8 97.0 

I vc 

.3s. 

10.3 .75 

ITC 

.303 

.fz 

ZNT 

1013. 

.62 9.l. 

ZNS 

S7. 

%52. 20S. 206. 

ZNR 

. fO. 

1 S.. l8S. 1S. 1.000 1.000 1.000 .83% 10.3 6.Z 9.7 
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.APPENDIX B 

:Gamma' Distribution .of. Precipitation and 

Potential Ilr.rigation Requirements 



T-LE 7.1 PoECIPITATTON AND POTENTIAL IRRIGATION RiOuIREPMENTS FOR GIVEN PRORABILITY LEVELS BASEO ON GAMMA OISTRIBUTION. IN MM. 

STATION NAVE CUA-TOVAR MIRANDA SCR. NO. r882 ID NO. 25
 
LAT. 10 9, LONG. 66 5 780o YEARS OF DATA "D
53. ELV. 

P r-91ILITT 95. 90. 80. 7S. 70. go. S0. e1. 30. 25. 2D. 10. S. S0. 8D. ?S. 7. to. 

p)1jT4 MEIN PRECIPITATION AT VARIOUS PROBABIITY LEVELS C P IRRIGA TION R(0 U RE NT S 

JANf 31. c. q 1. 1S. 19. 23. 2R. 31. hO. 44. %9. S?. 7g. 1?. 132. 12A. 12S. 123. 119. 

FEB 1.. 0. . 2. 3. 4. 6. 9. 1 3. 18. 21. 25. -. Si. isA. 157. 156. 155. 1514. 152. 
-AR I'. 0. 0. 1. 1. 2. 1. S. 8. 12. IS. 19. 32. #Ago 713. 213. 212. 212. 211. 210. 
APR 34. 0. 0. 2. 3. S. q. 1s. 24. 3G. 45. $6. q3. 133. • l7. 197. 1qS. 194. 19Z. 188. 
"AT li1. 3z. 4$. gI. GB. 76. 90. 10 A. 123. 143. 155- 17U. 211. 25U. 175. 132. 115. 107. IC3. 65. 

JUN 191. 98. 114. 135. 14 . 153. is8. 18. pop. 219. 230. 7Q2. 278. 309. 136. 2?. 0. -9. -1?. -3Z. 
JUl. 17q. 99. 113. 111. 139. 146. 1SO. 173. 187. 203. 212. 723. 2;2. 278. 138.. 25. 7. -1. -8. -22. 
AuG 125. V. 59. 84. si. 97. 108.- 111. 131. 14 S. 153. I12. Itq*- 1?. 24 A. 73. 64. SS. 52. '43. 

6EP 10s. 80. So. 60. 70. 7S. 87. 98. 110. 124. 133. -1W. 170. 195. 151. 10l. p7. 81. 75. 611. 

ACT 97. 8. 8. 18. 24. 30. 88. I. 82. 110. 127. lq. 216. 284. IS . 150. 180. 134. 128. 111. 
4OV 9?. 12. 1A. 27. 31. 3;. 88. 53. g8. 76. 83. 92. 119. 134. 137. 119. 110. 105. 101. S3. 

5
.


DEC . !1. 16. 25. 29. 33. 81. 50. go. 72. 79. 88. 114. 139. 138. 118. 10q. 105. 101. 93.
 

Af, 102-/. 778. 86S. 01. 1123. 1887. 1109. 1033. 1002. 923.719. ass. 913. 101. 13;6. 115S. 1197. 1293. 1381. 975. 


P-O&AqETERS FOR GI'NA t'I*RIBUTIO.N 

"r T, JIN F( MAR &OR MAY JUN JUL. AUG SEP OCT NOV DEC ANN 
LA'-A .OSGG .044 4 .oft39 .0141 .n2Sa .041o S.4as .a58 . 0,2 o .0351 .0252.099 .0351 

a p.lar .fz3 .179 .%A? 2.969 8.679 10.874 A .9 Al 4.75S .913 2.192 2.074. 25.850 

Ll'"AM .096 .2820 .G619 .9088 .Sssn 9.9172 13.880 r.54 35 2.8172 .0570 .0924 .0329 S7.5196 

MAY.A'O "If.t.CIP. iNO a SUMMARY OF DEPENOABLE PRFC. EVAPOTJRANSPIRATION DEFICIT ANCI MOISTURE AVAILA ILITY AT THE 75 P.C.PROB.LCVCL 

P-A X 97. 5?. 38. 1 10. 324. 380. 27 R. 241. 206. 222- 120. 190. 130?. 

PMTN 8. 0. -0. 0. 22. 104. 100. 88. 14. O. 4. 12. 647. 
PC?5 1 S. 3. 1. 3. 68. 14 4. 139. 91. 70. 72. 31. 29. 885. 

ETDF 125. 155. 212. 19. IU7. -9. -1. 58. 81. 134. 105. 105. 10,2. 
"4A .116 .017 .005 .016 .38R 1.063 1.007 . 12 .868 .152 .230 .21 S .869 

CLIMATIC r3ITA USED T0 COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION DETERMINE ETCH 

TPMP 73.2 23.9 25.3 7 G.2 76.5 25.3 78.8 25.1 25.5 2S.. 24. A 2.0 25.0 

14UM .71 .71 .68 .G8 *.G9 .77 .80 .79 .6 .73 • .75 .7 .73 

114011.1 13.3 15.3 18. 11.2 9.1 8.8 8.7 A.6 8.7 9.3 9.9 10.7 

PIEC.DATS 10. S. 1. 3. 6. 20. 19. 14. 12. 8. 10. 8. 10. 
S Of SI4INE .$8 .65 " .S .53 .86 .%a .51 .55 .5? .60 .60 .58 S6 



T I LC 7. PoC1PITATION .40 PoTruT I PQIGSTrION PC0OUIREMENT S FOR GIVEN PROOARILITY LEVELS RASE, ON GAMMA nIfSTAIflUIION. IN M". 

STATION NAME JUSEP IN MONA GAS SrR. No. 2A4I lo NO. 26
 
L'T. 9.95. LONG. 63.27. CLEV. 146. vARS OF D*AT 21
 

P'BARILTT, 1S. qo. R0. 75. 70. 60. F U. 90. 3. 2S. 20. 10. S. 90. RO. 75. 70. 10. 

M WTH OtAN PRECIPITATION AT 'PARIOUS PROBABILITY LEVELS ETP IRRIGATION REQU.IREMENTS 

JA . 1. . 18. 2.. 3?. 1 . 52. 9U. 68. qS. 2??. 139. 1%3. 137. 134. 131. 124. 
rF- 2r. 1. 1. . .. 7. 11. Is. 22. 30. 36. 42. 64. 87. 18- 167. 165. 13. 162. 158. 
rpAQ IN. 0. n. 1. 1. 2. s. S. in. Is. 1q. 23. TP. %S. 733. 233. 232. 231 . 231. 229. 
aP:t 7r¢. 0. . 1 . 1. 7. 1 1. 1A. 27. 3'. 12. 70. |fOU. 2??. 227. 22G. 225. 22%. 220. 
-AlT 114. 711. 4'0. 5 7. 1; is. 71. Aqr.. lot. lip. 138. l~q- If; 4 o US, . 7113- 199. 15 . 142?. 135. 126. 113. 
JUN Igq. 107. 121. 1,1. 139. ISA. 170. 184. 1q9. 715. 725. 231A. 2f6. ?q3. 11S. 1. -5. -13. -21. -35. 
Jt. IN. Ar6. 102. 124. 134 . 142. ISq. 17T. 193. 71%. ??A. 239. 27R. 313. IN?. 39. 17. 8. -1. -17.
lus 171. 74r. 94. 115. 1711. 132. IN 7. it;3. 1 An. 15q. 71U. 7"23. 2%,q. ;p-?. 1% j. 48. 2P. 19. 11. -So 

SEP 17. 26. 35. 49. 55. ,1. 73. 85. 9q. 115. 125.. 136. 1A6. 2U0. 166. 131. 117. 111. 105. 93. 
fCT 9n. 39. 88. 5q. 63. &8. 7G. as. 94. 10'.. 111. 11. 13A. 156. 16'. 117. ICG. 11. '?. 88. 
ol'V Np. 71. 3?. "3. 49. 5. 66. 7'". AA. 99. 107- 117. ItS 17I. 13 A. 106. q9. 89. 84.. "%. 

VCC 7n. 21. • 28. 38. 92. 96. 55. 63. 73. 8q. 91. 9A. 171. 192. 138. 110. 100. 96. 91. 63. 

ANd4 110n. ??. 882. q51. 178. Inl3. 1Oct9. 1091. 113q. 1189. 1718. 1750. 1337. 1317. ?01. 1120. 1050. 1023. 598. S52. 

PI'AE[TCPS FOq GAMMA DISTRIBUTION 

" TU JAN FES FAR APR .AY JUN JUL AUG SEP OCT NOV DCC ANN 

Le PA .LaA .0U282 .0352 .0 18 .1 2%8 O057 .n3 71; .0396 .V313 .0J sr. .0386 .Oas .039$ 
1.189 .729 .S a .077 2.819 I1.v0R 6.92f 6.783 ?.O8 G.19 3.1qS 3.395 38.21% 

L%-r" -. rno, .2273 ST?27 .6-IP7 .32 15.1233 G.9315 G.1? 6C79% S.U30 .N800 1.047% 100.1056 

' 
U!!.A O PIN.PPECIP. ANn A SUMMARY OF TIFPENOABL PREC. EVPOTRANSPIRATION DEFICIT AND MOISTURE AVAILARILITY AT THE 75 P.C.PPCR.LVr. 

P"AR 131. ?So 7n. 1 2 318. 329. 342. 35A. 183. 153. lq?. 139. 1422. 
PWtN 2. 0. 0. 0. 1G. 8?. 70. qO. . 5. 19. 12. 783. 

Pr-S 25. 5. 1. 2. 69. 149. 114. 129. 55. 6 3. '9. 42. 174. 
ETrF 134. 163. 211. 725. 135. -1 3. 8. 19. 111. 101. A8. 96. 103. 
HAT .095 .030 .nos .010 ,327 1.099 .9% .Ar6 .330 .3 K .353 . 306 .%8 

ClIMATIC DATA USEnl TO COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION OCIERTINE ETCH 

Tr-p 75.7 2%.q 27.1 28.1 78.0 26 .f 26.S 2G.5 ??.S 27.4 2A.7 25.9 21.8 
HU4 .79 .73 .68 .GS .70 .83 .83 .83 .77 .78 .80 .82 .77 
w11D 13.3 14.5 16. 15.1 19.7 12.0 11.0 9.4 9.6 9.8 10.0 10.8 12.2 
P*rCoAT5 13. S. 2. 4. 15. 29. 25. 25. 1'. 13. 16. 13. 13. 
St1f1S1NC .S3 .69 .71 .65 .Ss ."5 .50 .5% *62 .65 .61 .66 .61 



T fBLE 7.3 PotC 
0
PNTT TOR AND POTENT!AL IPOZGIT ")N RroUIQEMENTS FOR GIVEN PROq0AILITY LEVLS eASED ON GAII?'. nSTRIUTION. 114 MR. 

STATION NAME MATAL rUAR SEP. 2S75 NO. 27T0--CUJIALOTE uea NO. I 

L.. 9 319 LONG. GF 12. ELEV. 770. YEARS OF 0AT R
 

PB AI9LTTY 95. 90. 80. 75. 70. so. so. 4U. 30. 75. 20. 10. S. 90. SO. 75. 70. 60. 

fvt MA 4N PRECIPITATION AT VARIOUS PROBABILITY LEVELS riP IRPTGAtION bcoulPmrNTs 

Ja' IM. 0. 0. o. 1. 1. 2. 5. e. IS: 20. ?7. 0. 77. 162. 12. 162. .162161. 160.rER S. 0. r. 0. 0. 0. 1. 1. 7: 0. 5. 7. 17. 19. 1q?. 182. 1A. 12. 152. 182. 
.. a 7. 0. D. a. 0. 0. 11. a. 1. 1. 2. 2. 5. 7. 22 ?. 227. 22?. 22?. 2Z?. 2Z?. 
aP1 2r.. 0. n. 0. 0. 1. 2. r. It. 21. 2. 39. 76. 319. ?0. 208. ZCq. 208. 20?. 206.
 
"V 1A 47. 75. Pa. 92. 19. 126. 1%5. 167. 180. 19A. 241. 783. 174. 121. 102. 93. 85. 65.
sq. %S. 

JU4 ?S.. 11%. 138. I1q. IS?. 195. 21A. 74 2. 2fS. ?q7. 31. 13 . 3A9. a0O. 124. -14. -45. -58. -71. -9%.
 
J U. 216. 122. 137. 157. IS. 173. 187. 7io. 215. 231. 2?e. 251. 201. 307. 123. -14. -33. -o2. -(49. -63.
 
aJs 7r.. 15n. 161. 175. ISU. 105. 19a. 2U 3. 21?. 772. 227. 734. 211. 26G. 17. -3S. -4q. -so. -59. -sq.
'I- T 83. IDS. 177. . 158. ITS° 722. ZZ. %0
 
"CT 9N. 17. 25. 39. 45. Si. 6is. 7q. q4. 113. 127. * 13q. 180. 219. 1% 1. 116. 102. 96. 90. ??.
 
N¥v 67. 13. 19. 28. 32. 36. aS. sq. r0. 76. 83. 91. 117. 141. 135. 115. 106. IZ. 901. 89.
 
DEC 7q. IU. 13. 17. 19. 21. 28. 77. 31- 35. 37. 40. fl. 5,. 157. 138 134. 133. 131. 1281.
 

%;[P I q . . 90. 1!O° 1T3 14 So jfEE. 20'1° 17 A. 43. Zoo 11,.. 

AN4 117'. 960. 112. 1078. 1104. 1127. 1170. 1712. 1254. 1-00. 1376. 1356. 143r. 1C04. Iat7. 870, 904. 779. 755. 712. 

P:'DAETCED FnR GAP'NA O1STfIBUTION 

P rPfTH JAN FtB "AR £Pa MAY JUN JUL AUG SEP OCT NOV DEC ANN 
L¢ - .lm? .U790 .1716 .011 .027 r12 53 .nr. .16 4GqO0 . .0?19 .0376 .1437 .04%5 

.371 .135 .270 .281 3.36q 6.4r9 13.117 33.6 SR 8.83,, 2.035 2.339 %.2ZZ 5.1%1 
LwNLM 1.0019 .97q$ 1.20RO 1.1635 1.O59 5. f0 69 20.2835 P3.85 3e 10.7SGn .niSo .1781 2.0775 160.8910 

Pr.atO P'I .P-'ECIP. A11O A SU'D4ART OF DEPENDABLE PREC. EVAPOTRANSPIRATION DEFICIT ANn MOISTURE AVAILABILITY AT THE 75 P.C.PRO.LrvEL 

pwix SI. ?S. 6. 96. '04.. 'k 45. 327. 268. 213. 71 9. 1O. 53. 1451. 
P"IN 0. 0. 0. 0. 49. lU. 123. IS. 84. 1 5. 13. 12. 88%. 
Po05 1. 0. 0. 0. 8. 18?. 1's.* 180. 10S aS. 32. 19. 1108. 
E TCF 16?. 18?. '277. 70A. 93. -58. -47. -S4. 27. 9 F. 102. 133. 779. 
Mi! .(103 .001 .000 .007 .074 1. 70 1.337 1.428 R079 .319 .241 .125 .586 

CLIMATIC I)ITA USED TO COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION DETERMINE fTCH 

TEwo 75.% 21. 2 27.1 27.7 27.1 25.3 21.9 24.9 25.7 25.8 25.7 25.8 25.9 
H1?" .71 .68 . AG .6 6 .7 .83 .83 R3 .79 .77 .?s .75 
v 1-10 9.3 10.S 11-3 11.'. 8.2 6.2 5.6 5.1 4.9 5.7 6.6 8.1 7.7 
POEC.DAYS 4. 1. 1. 1. G. 20. z1. 17. 10. 9. 10. #. . 
S I1 SHINE .70 .76 .7 .58 5s .50 .S7 .59 .6% .68 .70 .76 .65 

-JULn
 



ttVft Lt 7A 4 t'tptt.ItTlaw hr' boTnrt L Q1tGATt N ItjitfIiri.tNtik t Wyr Ps&tttLitv LtvrL% bASrj ON GAMMA OfSTR?8UIION. UN 1,M. 

StiTION N4AME SAN JUA.Y Los 1ORnos UARt.O rk NO& I i1f ID NO. 29
 
-La. q S%. LONG. ST 2t. ELIV. 4Jfib YEARS Of tAA a
 

i-r ArLtt$f s. 90o.s0. 75. 7U. so. I 404 3faa S 20. to. s. I0. 80. 75. i. SO* 

k c W lt A4 PRECIPITATION AT- VAMIOUS PROilA13iLt LVELS 	 ttP 1n1t1GAllON RfQI RriPENT S 

JA14 ic I. . a. tb. i.i ia A. ki t1i t 4 216 404 tk& %bhi 14.. 14%. lilt . 1444 	 luIC 
IL I. 1rj d. D.0. 0 , . . i ". . & 1. 1 4 zt& tr . 20. 1 1 . 61. 1 61. 

JL.. Pt?, Ila. 13. aSp. U I 2, S. 727. lI,3. PSA. 2711. .11. 4.? .*..q. ;3 ?. -106. -". -S$. -13. 	 -A*. 
AUG I*q'- 10'. I2i. 14,2. 1 1. 1 75]. 141. 707. 277. 737. 751. 317. 1 . -Pr.2. -20. -21. -?. -31. 

C 1 iCE,. . S12. 80. 89. 96. 112. i2t. 14.S. itia. 17. isf. 279. 7r6r. 112. 90. 4?2. 33. 26. in. 

.4ov 10. 27. . Ir, .ki. s. Ia. 2G. 3;. i to. .s. h 5 97. 13-. h 11 9. o g7.101. 1 . !5 . as.
1 is. 	 0bit i . rA. 'R. to. ir.. I Fk. 2 3- 7 A. 34. ii ., 4 5. So. r,.S. Pa0-I;, g. |20. I 1I. 11 1 lO.. 

AQiRtTtRS io GA&- OISTVIBUTtON 

APR 4iY -uL LUG OCT NOV C Ahm1 

bf~lis35 1a 35 .tisbi lb8I b 53 d11or) ib3bO .02G? .0538 C033S 
ra "p 	 Ji0r 

a .0 i'! 3 ;4ZA t1311 
?'5 .04~ .?AT7 .6 8.1; i9 in 1. 7; - hh .994% . u's5 49 1. "74 1.1163 51.836 

I Im-Ab 1.6.%i7 1%4n 8.755% 7.'DA2S 1 1 I974 03ti 0153S.0 77 3 13.1167 1*6.5q 7 :i .43P? .1 -. S1.?6cSil 

A4.Al'AIE M'"v.PQ ECTP. AN) A SUNMART OF eEPENnABLE 'PPEC;. EVAPORiN',PiR iOl "DEFICIT Afitll MOISTURE IVAILABILITY AT THE 75 P.C.PROB.LEV'L 

Pi 741. 30. . 175. 775. p18. 3?'x. 37. 70. 7gi. 183. 87. 1670. 
11 .S 0. 0. 0. 1. 12. ;0 '1. 151. 101. £4. 15. 10. 1C61. 

a4... . I. 26. 1AU. 17F. ,-7 . - S'' . -?1. -24. 3i. 97. 113. ozT. 
"I "UO2 .O0 .i: LU .078 .363 1 s At 1*.4S6 1.237 1.20 .727 .185 .123 .73% 

nlATA 	 WVNrCH ' VVATION OLAR OE ETCHCLI 4ATC OSUn TO CtMPUTE COrFXCI"rNTS TOGETHEP ELE OAND '2xnAToN 1RNINE 

2T 211.9 25.7 21%.4 25.8 24. 23.9 23.8 24.0 2%.. 24..? 23.1 2%.S7*3.T 
,41 F. ?0 .64. .60 .6? .71 .80 '.79 .?9 .80 .71 .7G .73 .73 

.wUINC G.? 7.1 7.5 6.3 5-? 5.0 ,4;6 .4 ,* .. 0 43.6 5.2 5.3 
P.OEC. DA$ . 2. 1. 0. 3. .9. 20. 19.. 16. 15 1- 8. i. 9. 

S1t? SHINE .71 .74. .73 .56 .47 .C6 .3 . .501 .60 .Gs .69 .61 



LEVELS PASEO ON GAMNA DISTRIRUTI0N. IN Mq.I !PLE 7.5 D9(CIPITATTON AN?) POTENTTILL I1TrATTON REOUJIRENMENTS FOR GIVEN PR06A9ILTTY 

SEr. 17'6 1 

L&T. If) 4. LONG. 69 18. LY.v. 630. YEARS OF nXTA 4
 

SYTTIO10 NAE ZOjAS APIrAS MAC LARA No. ? N.29 

1O. 80. 75. 70. So.
80. 75. 70. 60. 50. 40. 30- 25. 20. In- S*

P9-8eIILIT 9%. 430. 

EtP ItoTGATION REOUI R'E(NTS
T iEtu 	 PRECIPITATION AT VPARIOUS PROBABILITY LEVELS 

U. 6. 11. 1q. 	 29. 13.1. 133. 133. 133. 133. 13?.
JAN 7. 0. 0.0'. n- 1. !. 2.2. 

1. 2. 3. . 4. A . 11. Its. 15. 145. 145. 145. 14S. 
rFE It. . 0. 0. n. U. 1. 

3. 4. 7. 11- ISR. 188. 148. 188. 188. 188.
0. 	 0. 0. 0. 1. 1. 2. 

A60. 8n. 93. 108. 1"?. 2uf16. 143. 137. 130. 1 S . 171. 111.A:? 3. 0. 0. 
SDo , . 1. s. 13. 19. ??. 37. aS. 

IP%. 139. 1-1,. 04. 	 85. 85. 72. 
Y q. 24. 37. 45. 	 50 SA,. 67. 78. q1. 10%. 114. 125. 1 S. 

20."A 	
84. 90. 101. 11 3. 1I. 10. laA. 158. 14S. 7lo. 172. !- q4 . 35. 32.

.I L-4 170. 57. 63. -. 
99. it4. ItO. 14f. 166. 177. 111. 229. 26. 12.4- 59. 40. 3z. 24. s. 

JUL I F 51.t. r5. 83. 92. 
115. 1 F. 101. 93-	 90. 8. 

AUG ?T. 39. US. 53. r . 59. 65. 70. 7,. 83. 87. 91. in *k. 	 61. 

31. 3 . 41. 45. " 48. FO. 70. 15i. 1%1. 136. 134. 132. 121.fCP 3k. 10. 14. 19. 21. 23. Z7. 

OCT 31. 110 13. 17. 19. 20. 23. 27. 30. 3U. 3 A. 39. 47. 51. 150. 13G. 133. 131. 129. 12. 
76. A%. 04. 173. 151. 172. 106. 97. 93. 89. 80.

NOV 71. 10. 15. 7S. 79. 33. 47. 52- A3. 
.12. 16. 10. 19. 23. 77. 31. ,3S. 38. Ul. 51- 60. 11 105. 101. 99. 95. Sq. 

CCC 34. 9. 


7A, . 795. 874. qlj3. 1687. 1203. 1147. 1124. 11U3. 106%.a-N A9-9. 4311. 471. 4361. 558. 6711. 619. 957. 69,. 741. 

•
 
DISTRIBUTION
PIOANTES rOR GAO-A 


SEP OCT NOY DEC ANN
IPR MAY JUN 	 JUL AUG
% 	 MARMNTH JAN [R 
.0277


L A A .0540 .1tSS .IS19 .0138 .nlqq .0 96 .0319 .133U .0992 01S78 .0300 .1152 
3.386 18.528 

-. 0509 1.o078 35.02SS 
o r65 .400 38FO .071 3.004 5.934 O.4q 3 I f373 3. ti 45.14 IP.6 

.85rm .PU 7 . 1;9 rr f. 	 67 %1 2.%078 17.U71 1.116? 7.4779
L':'Am .U918 ?1f, ? 

NIT.A)o MT.NPQF-tP. ANn A SUMMARY OF DEPENPARLE PPEC. EVAPOTRANSPICZT10N DEFICIT AND MOISTURE AVAILARILITY AT THE 75 P.C.PROo.Lvrfl. 

fo. 52. 118. 57.184. 199. 257. 97. 	 %86.pull - 5. 139. 	 3q. 13° t o. 20.° 16. 870. 
n0 3. 4U. 7 3. • 3.P't" a. 0. 

0. 0. 18. S0 80. -17. 6. 71. 1 q. 29. 1. 558.p.7? n. 
90. 134. 131. 93. 99. 112%.

E TOF 133. 145. 108. 1 7. 88. 38. 32. 	
.332.1 75 .236 .151.141 .383 .13. 

: 1 .002 .001 .01 .123 .364 .690 

CLIMATIC VATA USErl TO COMPUTE COEFFICIrTS WHICH TOGETHER WITH ELC&TION AND SOLAR RADIATION OCTERMINE ETCH 

73.5 23.3 73.7 24 .S 2a .4 23.9 2Z.8 23.7
TE"P 2?.G 23.0 23.9 24.S 24.7 

.88 .87 .84 .92 .78 .80 .81 .81 
. lO .77 .70 .77 .8" 	 11.6 9 3 .9 7.$ 1O.2HU" 	 10.4 11.8 12.1 20.1 10.Svl*'O 9.3 10. F4 11.7 

2. 	 2. 9. 11 1q. 22. 15. 9. 9. 10. 8. 10. 
.60 .63 .59PcTC.OAYS 3. 

StjSHINE .66 .72 .66 .45 .46 .49 .S? .62 .62 .63 

-4 
-4 
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,rk LE 7.6 PaFCIPPTTIoiN AND POTENTIAL IPRItGTIJON qEOUIREMENTS FOR GIVEN PROVARILITY LEVELS BASED ON GAMMA TT.TRIRUIICN* IN Mq,. 

. '%17 ID NO.30
 
LAT. 1 11. LONG- 67 0O ELEV. %OR. TE40S OF DATA a
 
•S.TATION NAME - SANTA CRUZ MOP *.' AGORA' Srt.' N 

P rOBiASTLIYTY 1S. 40. go. 75. 70. Go. 5 0. 40. 30-. 7 20. 10. 5. 90. 80. 75. 70. go. 

REQUI RE ENT SMO TM M AN PRECIPITATION AT VARIOUS PROBABILITY LEVELS 	 EP RZIGATION 

j4 -. .. 	 0. U. 0fl. u. tI. '1. 12. S. 7. 10. 70. 33. 171. 173. 173. 173. 173. 172. 
191 . ISS. llkb. 15S.•r.E - 71.. "0. 	 "0. 0. "'.u. a0. '0. '1. 1. 2. 2. 3. S. .. . . 

• 4 - . n. 0. D. 0. •0. . "I. * G. 'a. 12. 2 . 7 23. 22. 232. Z32. 232. 231.
 
r 77. '13. 1. 1S . 173. 175. 168.
40k. t. T. 13. 16. 70. 77. *" . Qr. 'Sq. 68. 10. 	 12..A PQ 1*' 74.. .	 "11 A. 140. 146. 15SQ. 17A,. 19". 1&f?. a A . 7S. Gq). SR,*. 5 ,..4~AT 07 . 94 • B 1,3. 9AJ. 'If) . 128. 

157. 1f3 . 6 180. 191. 202. 714. 221. 7231. 51. ?70. 177. -11. -3C. -36. -2z. -53.JU'N .1l4 . 179. it. "12'4, . 'Isle. '174. "19G. 27?z. ?3T. 25 4. 30e . Its.'r 13f)0: 472..	 -q•J LF. 	 1 SR. Tn. SR. 11 3. 

A U-S 'JL .l 165. A2. 107. '111.R- .]78. 1IRT. "16 R. "190. *'0 '74| 8: 21!9. '344.o L*3 . S f.: 3Z. 21 I ­. 
*-EP .13r. 	 i. 113. 118. 'IZ1. '133. 14'?. *I7ST. . 258.1 '178. .19. 130. 38. 26. .2. -8. Ia.8. 09. 

•nCT 	 13€,. 70. 81. 107. 107. 1u. 1147. 130. 1Q1. 15'4. '160. 170. 114 - ?Ir. 138. %6. 342. 3. 30. 1.
 
NOV 7r.. 53. Is. 2. 31. 37. 4. 1. 75. 13. l15." 117. 157G.. I3S. .30. c".. li?. 9. 67.
 

1. , 29. 3G. '.8. 78. 113. 187. 147. 14S. lk5. 1'414. 140.
CEC 7R. 0. U. 1. 2. 3. 6. 11. 

a ,4, 112%. 95. qt 1. fl0o0. 1o?. In8. IU2. 1118. 11%1;. 1197. 177n. 1746. 131G. 1376. 1899. 9350. R99. 876. 855. "1T. 

PARAMENTERS trOq G&PP! A oTrsmauTy[ 

M l'TH JAN Frf8 M AR APR MAY JUN J9 L AUG SEP OCT NOV CEC ANN 

L P-E A n3q,9 .2618 .0773 .024?2 .0750 .1014 ..1377 .0236 -1.40 .0671 .0204 .0155 .0523 
v.237 .%3r .712 1.X .3 9.1Sri 'U.0 77 11.r,77 4 .3 24 IRe 21 9.042 2.514 .4134 se.7111 

LNr!in 	 1.11053 .7n83 1. 3f662 -. 0 It03 10.93Q8 39.5681 Z.r32? 2.7129 34.4499 10 . S 54 -. 1180 .7132 179.565 

AN4D A SUMMARY OF FOENOABLE PREC. EVAPOTRANSPIRATION VEFICIT AND MOISTURE AVAILABLITY AT THE 75 P.C.PROb.LEVEtL0 &T. 70 PI .PRECIP. 


Pi6 15. 4. 33. 107. 155. 773. 407. 351. 191. 207. 219. 67. 11422.
 

0. n. 2. f2. 115. S0. r6q. 8. Sf. 25. 0. 88.P0 . 113. 107.* 31. 2. 1023. 

EIOF 173. 186. 232. 179. ,9. -39. 

;:P7S o. 0. 0. IG. 93. is .3. t71. IlaP. 

,. 21. 22. 35. 104. 1RS. 81.
 

C A! .000 .001 .000 .08 .573 1.287 .1.51 .0 49 .t 38 .7 13 .232 .0V .539
 

CLIPATIC DATA USED TO COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELEVATION AND SOLAR RAC)IATION DETERMINE ITCH 

26.5 1S.1 2%.8 21.9 74.9 25.1 25.0 28.8 25.3 

Ht 4 .70 .G5 .62 .G3 .70 . 71 .79 .72 .77 .78 .76 .75 .72 
TE-P 214.q 25.3 Z.0 2.4 

5.9 6.6 	 8.3 8.2vID 10.3 11.9 17.2 10.8 8.0 6.6 6.4 6.2 S.8 

P-EC.OITS 1. 1. 1. S. 10. 18. 17. 1-. 13. 11. r.. 3. 4. 

.59 °GS 	 .68 .72 .63s'J sXIN r .73 	 .7q .77 .60 .51 .48 .57 .57 

-0 



LEVLS PASED ON GAMMA OISTRIRUTICN* IN P.Ts LE 7.7 OPECIPITATION AND POTENTIAL IPQIGITION REOUIREMENTS FOR GIVVtI PROPARILITY 

STATION NA"E SP~ELL. FnU~ATIO4 ARAGUA SCR. NO. 21292 ID N'0.31
 
L AT 10 IA. LONG. 67 4 S. ELEV. 413?. YEARS OF DATA S
 

2U. 10. 5. 90. P0. 75. T0. 60.9O. So. 75. 70. 60. 5O. ea0. 30. 25.P "n'BABT L ITY 9S. 

WG1,4F [AN PRECIPITATION AT VARIOUS PROBABILITY LEVELS ETP IRRIGATION REOUIR NFPTS 

JAN 1. O. 0. 0. U. 0. o. 0. to 1. 7. ,. 9. Is. 16r. 1G6. I6s. lr,6. 166. .166.
 

r 4 0. 0. 0. n. 0. U. r'. n. 0. o. 0. a. 1. 1. 1! GN. 1Ic. IF A. 1P6. iss. 16.
 

Ap 1. 0. 0. 0. 0. U. 0. a. 0. 0. 1. -. 7. 3. 21q. 2113. 214. 21 1). 219.
 
4 rps; 3q. #1. A,. I Z. Ia. 17. :p3. 3rI. 3 R. (18. 54.- 67- all. 107. lq a. 178. 173. 170. 167. 1s1. 

-AT Ill. 72. MO. A q. 93. 96. in?. ]oq. 11 S. 17Z. 1'7. 131. 144. .1e9 1..s A3. ?%. 70. "7. ZC. 
197. 194. 2n0. 20G. 124. -3q. -4G. -'38. -50. -54.

JU* 142. IS. 163. 171. 172. 1%. 178. 182. IRS. 1o. 
J U. let. 57. 75. 1o. 11?. 123. 1%1. 1;7. 770. 257. 315. 349. 113. 58. 32. 21. 10. -12.191. ?37. 1 


AUG lie. 58. To. Al8. -6. InlI. 114. 1311. 145. 1S?. 172. 1n%. 716. 74. 1 1. 70. 5?. 11A. 38. 2%.
 

%EP 1411. 89. 59. 113. 119. 12%. 134. 141. * l1 - 1. . 172. IRr,. 201 * 219. 171. 21. 7. 2. -4. -It.
 

OCT 17. 103. 112. 123. 127. 131. 138. 1%S. 163. 161. IsS.- 171. 18. 97. 1.17. 25. 1•. 10. s. -7.
 

q. IO. IS. 72. 2;. ?8. 3f. 42. Kn. 59. G.S. 72. q1- lip. 132. .t7. 110. 107. 103. 97.JOv 
IS. 0. -0. 0. n. 1. 2. 4. 8. 13. 17. 23. e3. 65. 1% 7. 117. 117. 147. 11r . ls.CEC 

IN4. 101S. R19. 867. qIS. 93S. q52. 98S. 1015. 1011r. 1079. 1096. 1116. 11q. 121?. 19S. 990. 937. 917. 900. 867. 

PLobAmETERS FOR GAMNHA DISTRIBUTION 

JUN JUL AUG. SEP OCT NOV DEC ANN
"'CMTH JAN Fr.r "AR APR MAY 

LAHBA .0 SrO 1.114 3 .3731 .0331 .1721 1.010 .091 .041 .09?' .17% .0476 .0226 .0876 

.15 .223 .q4 1.304 19.03, 183.773 3..10 S.577 13.943 2f., i8 7.311 .329 84.9.42 
21.f76 59.142;9 .If0q .990-1 3C8.90S1L'0:A" 1.726p 1 . oq 1.5571 -. 1098 36.0c15 77 2.G7 4 1.2117 4.Ls 17 

RI.A P mIN.PPrCIP. ANO A SUMMARY OF EV.EN40OLE PREC. EVAPOTRANSPZRATION DEFICIT AND MOISTURE AVAILABILITY AT THE 75 P.C.PROS.LCVEL 

IR?. 208. 126. S7. 1157.
PPA r Is. 1. 3. 72. 143. '195. 373. 196. 

PWIN '. 0. 0. 4. 7A. 157. 77. 64. 83. 121. 21. 0. 886.
 

172. 112. 96. 119. 127. 25. 0. 935.Pr75 11. 0. U. In. 93. 

E 'rr 16. lots. 219. 1711. 70. -u8. 21. 4S. 2. 1o. lo. 147. 917.
 

"&1 .000 .no .010 .r78 .570 1. 8 .843 .68O .987 .930 .190 .003 .505
 

CLTIATIC PAtA USED TO COMPUTE coErFICIrNTS WHICH TOGETHER WITH ELEVATION AND SOLAR RAnIATION DETERMINE ETCH 

IM.P 73.6 2%.5 25.2 25.9 25.6 2%.2 24.1 24.3 24.2 211.G 241.3 23.8 2%.S 

.61 .S9 .61 .67 .73 . 7r .75 .78 .75 .73 .71 .70M'JH .98 
7.3 6.% f.8 7.14 9.0 9.6v 11:I 11.9 11.0 1%.% 17.8 10.? 7.3 7.8 

14. 1. 6. 2. 8oP!VrC.0avY 1. 0. 0. 41. 10. 16. Is. 13. 
-50 .45 .ST .58 .65 .53SltIS'IN .63 .67 .5G .411 .411 .41 .117 

_j 

k0 



T I LE 7.8 PorCIPT1TTI0N AND POTENTIAL IQPItGATION REOUIREMENTS FOR GtVEN PROAABILITY LEVWLS BASED ON GAMMA DISTRIPulON. IN MR. 

STITTCN NAPC UPANON APURE SER. NO. Sao ID No.32
 
LiT. , 5G. LONG. G7 7. ELEV. 90. YEARS or oATJ S
 

P9 BAEILTY 95. 130. 80. 75;. 71. Gn. So. t0. 30. 25. 20. lo. S. 90. RD. 7S. 70. 60. 

rft mrt pe PRECIPITATION AT VARIOUS PROBABILITY LEVELS ETP IPPtCA7TON REQUIREMENTS 

JAN 7. 0. 0. 0. 0. 0. 0. U. 1. 1. 2. 3. A. lu- 777. 222. 222. 222. 222. 222. 
rE8 %. ll. u. a. n. n. n. 1. 2. 3. 4. G. 13. 71. 231. '31. 211. 231. 230. 230. 

&R 1n. 0. 0. 0. n. 0. 1. 2. 0. A. 11. 15. 3r?. 4. 251. 2S1. 251. 251. 2$1. 251. 
APR qn. to. 17. 7q. 35. a?. 55. 70. a8. 1in. 12%. 141. 1o'. 7i9. IA?. 1.. 1I. 1Y. 1C, . 127.
 
M.AT 197. l1q. 131. 1,,U. 157. 164. '7.7.. Is-P. 2o!n. ?1- 222. 231. 757. 779. 11q. 7. -11. -IS. -24. -3b.
 
JUN 3P6. 215. 24S. ?85. 3(1. 316. 34 . 377. 4to. 435. 455. 477. S3. 593. ICq. -13%. -1?$. -1) 1 -- 2C',. -235.
 
J UL. 477. 2GS. 299. 344. 362. 379. 411. 4?. 475. 513. 1.34o. S58. 676. 6,r8. 117. -182. -227. -245. -2(,2. -29%.
 
AUG 331. 770. 797. 309. 115. 321- 337. '%7. 3%3. 365. 371. 37q. q8. Q15. 179. -Iff. -IPI. -114. -In. -20%.
 
TP 25'. 128. 17. 172. 181. 197. 211. 279. 24 . 769. 782. 79C. 3'6. 377. 137. -10. -35. -O.. -55.- 7%
 
tCT 16,$. 19. 30. 50. Go. 70. 91. 114. 141. 174. lOS. 719. 2q. 3G3. 157. 127. IC7. 97. A7. 66.
 
*tOV 71. 5. 9. 17. 71. 26. 36. 4 7. 61. 7. 89. 1U3. 11. IR5. 1r. 158. 150. 145. 4l1. 131.

VE C 0.. 0. 0. 0. 1. 2. 3. A;. 10O. 1?.' IS. 29. $14. 193. 193. 193. 192. 192. 19J1. 

a,.oNI 1990. 1809. 1851. 1902. 1921. 1q37. 1969. 1999. 202R. 2060. 2U37,. 2095. 214,. 2188. 2033. 1R2. 131. 112. 96. 13. 

PAIDPfYERS roR GA"A n0. TQ :IUTrON 

SN TH JAN Fr W.AQ APR MAT JUN JUL a SEP OCT NOV nrc ANN 
LA-el .1147 .n51 .0,75 .01sq .08015 .0785 .12 ?2 .1998 .n47 .u) 12 .017? .0347 ,1832 

a .221 .214 .7pa 1.635 I5.%2 I1 .951 12 . All 68.758 9.971 1 . 5 8 1.11 .35Z 366.226 

Ltr.. 1.379q 1.l51S 3.16qz -. 1211 26.4.112 14.9895 A.11 79 270.9331 1 .799 10 -. Ikl - .OG2 .9J?3 1791.6626 

WAT.1!40 "NY.PECVIP. ANO k SUMMiAR OF DEPCOIJABLt PQEC. EVIPOTRAINSPIA;1[ON DEFtC1kt WNh MOISTURE kVAI1.SILITY AT THE 75 P.C.PROB.LLvE.V 

PWlz 1. 20. 25. 1q9. !t3I %51. r, ?. 370. 314. 2s0. IR9. 33. ziU1. 
p I . 0. 0. 10. B39. 227. 273. 2,1u. ?u2,. 21. 4. 0. 1816. 
P0?5 0. 0. 0. S. ist' 301. 3;.7. 315. 183. 60. 21. 0. 1921. 
tIC" 722. 73t. 251. l al. -i8 -i91 ;, -74S;. -lag. -6 . 47. 14S. Iq92 112. 
Hit ,000 .. ,,U .001 .114tl I.7aS28 3.093 2.4a i.333 .380 .127 .002 ;.94S 

CttPAt f)ATA OSEP TO COMPUTE COtrICiOS VWIcA ftoGttkEQ kit1A4 LLEVittON AND soLR hiDiATiON bEtR~kINE ETCH 

trp 77.0 27.7 293.7 ?8&3 ?fi2 26.1 7.0d 26.S 26..6 ii 2 27.3 27.4 27-i
 
,t' .73 .G? .6,5 .69 ;77 .3 i.8 . F3 ;8i .80 .IS .76 .7 

VTlO IG.3 17.5 -5.2 ii.T 8.19 7.7 7.9 8-i 7.8 .80 11.1 1f.0 11;2 
PPcC.13 is 0. 0. 2. i3. 2ia 2i; i 20. ii. i. G. 2. 3 
St.SktNt ., .7 .7.1 .S? a3 3 .It0 .44 .19 .6- .o .77 .58 



TISLE 7.9 0 
QECIPITITIO, RN POTENTIAL IRRICATION REOUIRE14CNTS FOR GIVEN PRO1ABILITY LEV"LS 8ASEO ON GAM'A OTSTRIRUTION. TN .M. 

SYATION NA.E TAQITAGUA M:P YAZACUT SER. N10. 128e ID NO.33
 
LAT. 10 4p. LONG. S9 7. ELEV. 374, YEARS cF DATA 7T
 

P CBA.QTL T 9%. 90. 80. 75. 70. 6 P. So. 40. 30. 75. 2U. 10. S. 90. PC. 75. To. 60. 
MN I H "EN PRECIPITATION AT VARIOUS PROBABILITY LEVELS FTP IROTGATION R OUIR EMENTS 

J,1 .. 0. 0. 0. fl. 0. (. 0. 1: 3. 5. 7o 1?. 30. 16i. I,9. 16O. 1b9. 16.. 169.FE8 17. 0. 0. .n.° 0. 0. 1. 3.c* . Go 10. 1S. A?.ES. 191. 191. 191. 191. 191.waO C. . 0. 0. 0o O* 1. 3 1ql.5. 7. G.ap: €EC. 0. n. 
I 231. 2. 231. Z31. 231.7. 8.? 208. 1G1 7 ¢V. 168. 167. 1 5 16.. 161. 1e5.-Y 171. 3S. 8F. 6t. 77. 79. 9. 11 i. 127. 148. 160. 17". 216. ?5;. 110. 9.. 76.JUN 1' 0. 61. 61. 6.A2. IUU. 171. 13k. 141. i1. 180. 9g . 772. 215. 251. . 3,. 11s. ir.. -A. -18. -.Ju9 261. 91. 103. -'6.170. 127. 134. 146. 158. 171. 185. 193. 203. 22%. 2S?. 177. 23.AU.; 121. Q5. 57. 6. -1. -7. -19.78. pl. 88. 101. 11 b. 179. 186. 156. 1;8. 2z?. 23z.~q 3r1. . p. %5. itq . 52 . Se. G5. 136. 79. 62. 55. '8. 35.71. 79. a%. sq. 1n0l. 11 ?. 135.- q9. qO. 86. 83. 7rb.Oct 66. 27. 2q. 38. 2. 45. 53. 60U. F. 78.NOY a 1. 9u- 110. 12?7. 14fl. 115. 106.5r.. q. 1 . 721. 25. 29. 37. 102. 91. 91.96. 5#;. Eq. 77.. .8. 113. 140. 11 9. 101. 98. 9. 90. 82.DEC 71. 0. 0. 1 1. 2. S. . 13. 21. 27. 34. sq. . 1%0. 140. 139. 139. 138. 136. 

aNE R't . 6G0. To7. 7r. 790. 811. 851. 889. 975. 9.7. 99G. 1027. 1100. 1166. 1815. 1108. lQ"9. 1026. 100'.. 96'. 
PAOA"ETEQS FOP GAWpA DISTRIBUTION 

.rN TI J&4 FFR "AD app MAYI. °rJ JUN .;IL AUG SEP OCT NOVo".U 14 i °rlt q? .0 o,q 41~ DEC ANN.025 nl3 nhErO -. 0 .0949 °~O °03[. °OO 01L*~4fl87.l1~ ~30q .25"*~d5.178 .176 .198 .09 .013 066 .063 c19q 10j .03G6 .02003-120 5.q98 10.7l 8.0I .03776.459 3.999 1.?ZGL A% 1.656R 1. 57 Se .7735 .AZZ 33.8781q10 Pas5 4.7011 14.54147 2.4268 5.1901 1.7899 -. 0901 .7821 88.G24G 
fA.Ao NTtpQECIP AND ItSUMM&RY OF DrDENDABLE'PAEC. EVAPOTRANmSpRAtioN DEFICIT ANn MOISTURE AVAILABILITY AT THE 75 P.°C.PRO8.LCvFL 

P"AX 97. AS. A6. 214. 295. 39 I 300. 237. 137.P"TN 0. 0. 0. 
11 A. 151. 80. 1215.0. 30. 1%74. Rs. 32. 1. 1P075 n. 0. 0. . 3. 0. 6114.4. 72. 134. 127. 81. 89. 42. 25. 1. 790.ETIF 160. 191. 231. 1f;. 69. -1 8. -1. 55. 86.mIt .Out) .0OU 0 Do . r7 4 lo. 98. 139. 1026..510 I.15G 1.008 .596 .3 l .290 .209 .010 .4 3$ 

CtIA*4TIC DATA USED To COMPUTE COEFFICIFNTS VHICH TOGETHEQ ITH ELEVATION AND SOLAR RADIATION 
DETERMINE ETCW 
T mP 28.4 24.8 25.5 5.6 25.7 28.8 216.2 24.S 2S.0 25.8NHU .7 .67 .67 .7G .82 .84 .8% R3 

24.7 ZA.7 2%.1
.83 .81 .n3 .79WIND 18.8 17.8 .79 

0 19.1 16.7 13.f. 10.O 9.5 9-0 8.8P EC.0&-S - 3. 2. 9.2 8.9 11.3 12.82. 10. 16. 21. 23. 18. 16. 1. 9.S .U 5SIN .66 .73 .71 .47 
. S..0 .80 .18 .541 .57 .%8 .53 .60 .56 



T st11patI t T~aoll £10 *OTrNt Ill JQbjbAkOA ME0I1REM2S IFOft G11E104 'PR'OvABILI7 LE*VfELS US5ED 'ON GAMMA VTSTRlquTZON. IN M. 

STTION NAME PUN4A n2E PI'EbQkS )gUCli *rs*SV$ '; r *t0'I' 'r4 .A
 
LAT. 10 '%Q- LONG. 64 1.. ELE . '0; YEARS 'OF 'rY 4
 

P9%n"A 'LVT 5'. 90. 80. 75. 'o. " 0. . "40. 6. P 5. 20. 10. 5. go. A0. 75. 70. 60. 

KrTu EAN PRECIPITATION AT VARIOUS PROBABILITY LEVEL-S Elp. IRRIGATION R(OUI CEMENT SI" 

Q-AR 77. 3. 5. Ia. 12. 14. '19. 24.. 3. 30. A,. S'. GA. 85. 351. 119. 14ft. 11.2. 110. 135.
 
rF.El 7. 7. q* . 12. 3 I . I q. 72. ?A,. 3n. 33. 36. %c. 53[. 1; It. is 1,. 151. 14 . 141R. 145.
 

" zf 15. 1. 7. 4. 5- '7. 1q. 12. 16S. U. 23. 2 G. 37. o7. 701. 201. 19?. 18. 197. 113%.
 
CFO .7". ". 0. 0. n. 0. 1- 3. '. 1. 20. 28. P0. qq- 205. 205. 205. Z,5. zo. 2:..
 
A 'I1. o. 0. a. 0. 0. n. 0. , o. . 1. 1. 2 . 4. 8. '251. 2a. 2Sto. 254. 2S.. 25.
 
U4 1.?I. o. 0. u . n. 1 , . .,a. i.. 20. 28. 5a. Ps. q7. 197. 1qG. 1236 . 146. .5.
 

J 4,L 2'. 0. 0. U. 1. "1 ,G. 10. 17. 2.. 2p. -rn. 75. ,192. 192. 192. 191. 191. 189.
 
.,AUG S1 . DI. 1 4. 7. 1 .. 1e7.. 27. ml. ; 1 . 7S. 92. 1.8. 707. 187. 141. 17P. 175. 173. 165.
 
,.p is. 1. 7. . 4. S. .10. 3. 17. .19. .? * . . 37. .1Ait. IAS. Is4. 14. 182. 18U.
 

.185.
,0CT .21. 1- . 2. 5. 6. 7 15. 1. .25. 2s. .34. 1. * l' 183. 1OR1. 17). 278. 115.
 
14Ov 7r. 19. 2G. 37. 12. 46. 5g. Gr. 78. 91. 99; 109. 137. 183. 112. 116. 105. 100. 96. 96.
 
.*'C .. 1. 31o 18. ?..c 27. 30. .35. ?10. .a . 51. . 58. 63. .77. 9f1. 1%5. 127. 120. 11d. 115. 110.
 

_ Nn 35%. 232.. 24q. 271. 2O. 88. 303. 117. 332. 3418. 357. 36A. 396. 171. 2211*. 1962. 1940. 1931. 1923. 1508. 

PAPAKETERS r0P GAPMA 0ITqIBUTION ­

1464TH JIN FrB MAQ APR MAY JUN JUL AUG, SEP OCT NOv rEC ANN 
Limb& fa'30 .113R .a 91 .nI1G .2001 .n157 .)7 .t4Do ".0957 .01.83 .035R .0773 .0959 

Q 1.3r 4 2.0tu8 I-I G -731 .250 .78T ..-t7 F 13 1.301 .981 2.5 3.451 30.732 
L i 4 -. 2116 557% -. or.Q - 1.3715 1.2875 1.14 33 .8%8S .1918 -. 10R8 .01 11 .4307 1.i175 73.74125 

MAYoA14 "TN4.PqECP. &O A SUmPApIT or OEPEE.ARLE PREC. EVAPOTRANSPIRATI014 OEFICIT AND MOISTURE AVAILABILITY AT THE 75 P.C.PRCB.LEVEL 

P.A' 1r. 40. 417. S. 1. Fi. 31. 189. 25. 4 .. 159. 73. 1AU3. 
PUTN 3. G. 3. n. 0. 0. G. 1. 1- 1. 29. 18. 2E3. 
Pn75 17. Ia. 5. 0. 0. 0. 1. 7. S. 42. 27. 280. 
[TOr 11.2. 11.9. 1q 8. ?05. 2546. 19s. 1ql. 175. 183. 17 9. ICU. 118. 1931. 
"AT .078 .0AG .027 .con .000 .002 .O0S .037 .02; .03Z .2q3 .187 .IZ7 

CLIMATIC OATA USED TO COMPUTE COEFrICIF:PTq WHICH TOGETHER WI[TH ELEVATION AND SOLAR PADIATION DETERMINE ETCH 

TrFmP 75.8 25.9 26.6 27.5 27.9 27.? 27*.a 27.5 2F.0 28.3 27.5 27.0 27.3 
HUP .77 .1-3 .71 .73 .711 .73 .75 .74 .7% .75 .75 .78 .71 
WIND 10.1 11.4 10.8 11.9 1.1 10.9 9.5 8.1 7. 8.5 6.3 8.0 9.8 
PLTC.0IyS 6. 5. 3. 3. 0. 3. 3. 9. 2. 4. 11. 7. 26. 
SUNSHINJE .? .T3 .71 .68 .7% .AG .G8 .69 .75 .75 .74. .73 .72 

00 



ON GAMMA DISTQIBUTION* 1N MR. 
TI'LE 7.11 PRECIPITATION AND POTENTTAL !QRIrATIOM REOUIQEMENTS FOR GIVEN PROPABTLITV LEVELS PASDO 

STATION NAPIE SADCELOA MOP 2 ANZOTEG SER. NO. 1706 t0 NO.35
 
LAT. 10 11. LONG. , 4T. ELEV 5. YEARS OF DATA 6
 

go. R0. 75. ?0. 60.
4u. 30. 75. 20. 10. S.On. 80. 75. 7U. fn. So.P .sApTITT 95. 

ETP IZIGA TION REOUIS1CMENTSLEVELS" OR4 Mra 	 PRECIPITATION AT VARIOUS PROBABILITY 

9. IS. 20. 26. t6. 74. 170. 170. 16q. 169. 19. 16?.
0. 	 0. 0. 1. 1. 2. S. 

. S. 6. 7. 8. 10. 13. 16%. 162. 161. 161. 160. 160. 
JAM Ic. 
rE1* r. 1. 1. 2. 2. 3. 4. 

1. 1. 2. 3. 223. 223. 223. Z23. 223. 223.
&LQ 1. 0. . 0. 	 0. 0. 0. 0. 0.0. 

15. 70. 39. sq. 70A. 20r.. 2CS. 205. 2C05. 204. aq 14. 0. n. 0. 0n. 1. 2. 0. or. 11. 
65. 12u. lq . Is(;. 191. lip. 17S. 1619. 

", 1 v . . Go 1 2. 15. 17. 24. 3 1- 31. SO. 57. so. 


JU 171. A13. 8. 99. 103. 107. 114. 121. 174. 137. lql. 17. 161. 174. lt4. 5A. 4S. tt. 3?. 33. 

62. 55. 68. 36.

e8. 96. 107. 171. 135. 1;1. 161. 172. 206. 232. 14 3. 79.

J UL 126. 52. 64. 81. 
161. 100. es. 71. 72. 53. 

AUG 11U. 36. 7 . 62. 69. 	 75. 8. 101. 115. 131. 11. 153. 166. 716. 
175. 189. 231. 270. ISS. 99. 80. 72. 6e. f38.

7S. 83. 41. 107. 123. 141. 162.SEP 1r. 63. sr. 

20. 21. 21. 22.- 22. 74. 25. 177. 156;. 155. 15. 156. 153. 

OCT 20. IS. 16. 17. 18. 	 18. 19. 
76. 80. 9A. 116. 1"6. 120. 112. 108. ICS. 98. 

%1fy ;8. 19. 26,. 37. 36. 	 39. 416. 53. 6;n. 69. 
155. 148. 142. 140. 137. 132.
 

DEC 3. . R. 13. 16. 	 18. 24. 30. 37. 66. 52. 58. 78. 98. 

1325. 130?.

LI.Z 696. 621. 6,6. 67?. 682. 611. 709. 776. 740. 758. 7,7. 777. A05. 87A. 701r. 1372. 13#6. 1333. 

P&oAlETERs FOR GA.-MA DISTPTBUTION 

OCT 	 DEC ANN
MAY JUL AUG SrP N0V 

.0304 * 1 8% .t112 .0346 *.0267 7.2057 .06 0 .Oqc? .365* 
"wT,4 JAN. FEB MAP 	 APR JUN 


L 3A .01139 .3633 .4027 .0237 
64.1 13 3.G6 1.538 266.733

2 . .310 I.PR4 .247 .3'19 1.251 18.233 5.792 3.803 3.616 

121.95 9A 1.?232 -. 118,7 1210.2685 -. us8r, I 4. 3 AS 3.6265 1.5101 1.3313
L'AR .qq7l -. 0628 1.3"40 1.0 6 3 


MOISTURE AVAILARILITY AT THE 75 P.C.PROB.LEVEL
AND A SUMMARY OF DEPENDABLE PQEC. EVAPOTRANSPIRATION DEFICIT AND1AT. 'O MTNw.PPECIP. 

23. 7. 8*. 769.-47S. 223. 177. 233.P"AX 68A. 12. 2. 47. 95. 
10. 563.

0. 1. 3. 95. 75. 67. 92. 17. 18. 
PpIN 0. 3. 


1 8. 3r. 16. 682. 
2. 0. 0. IS. 103. 8. 69. 83.

PI,?S 1. 

72. 154. 10R. 140. 1333.41. zS. 78. 


MI .OJ3 .015 .000 .00 2 075 .7 I6 .6 1 .4167 .537 .104 .248 .100 .338

ETCF 1r6q. 161. 223. 705. 178. 

I 	
COEFFICIENTS VHICH TOGET14ER WITH ELEVATION AND SOLAR RADIATION DETERMINE ETCH

CLIP"TIC TIA USED 10 COMPUTE 

25.5 25.1 2r.?7 26.1 25.8 25.3 25.? 
TEWP 74.7 246.8 25.% 	 ?G.S 27.0 25.A 

.76 .75 .75 .71 .71 .69 .104U' .68 .6 A .G .6? .67 .7, 
7.6 7.7 7.9 8.3
 

VIWO 9.4 8.6 10.8 10.G 9.7 	 7.6 6.8 6.8 6.9 

IS. 17. 16. 16. 3. 10. 6. 7. 
PvEC.OATS Z. 3. 0. 2. 7. 


.GS .8 .66 .75 

SUNSNIRE .78 .78 .80 .68 .64 	 .53 .56 .S7 .67
 



T' L 7.12vRFCIP!f4TTON AND PoTrtiT AL IORICATtOR RTOUIREHENtS rOR C'1VEN PROPABILITY LEVELS BASED Ott GAMMA DISTRIBUTION * IN MM. 

STATION N4t" GUtNAPITO GUARICO SER. WO. 241 S ID NO.36 
LAT. q SA. LONG. GA 24. [LEV. 600. TEARS OF DATA 41 

PIBABtLITy 95. S0. 80. ?S. 70. 4n. So. 40. 30. 25. 20. 11. 
 5. 90. RO. 75. 70. 60.
 

q'n"T NrAN PRECIPITATION AT VARIOUS PROBA31LITY LEVELS 
 ETP IPPIGATION REGUtRE-FNIS
 

J14 R. 3. 3. 5... 5. 6. R. 7. 8. . 9. 10. 12. 172. 168. 161. 167. I1. 166.rEs fl . o. a. 0. 0. O. n. | 2. 2. 3. 7. 10°l . S. 1 . l 19 . Iq S. 19S. 
-LQ 0. a. U. a. 1.
O. O. 
 2. 3. 5. 1. S. 17. 25. 2S. 22S. 225. 225. 225. 22%. 
LPq 3q. 21. 24- 29. 30. 32. 38. bs. %7. 49. sr. 62. 18 7. I63. 15P. 157. ass. 1S'.3 S. e. 

"AT Ilk. 1;. 27. a$. 5t. 1;8. 
 90- 114. 143. 17R. 200. 721. 307 38.S 15. 131. 110. 100O. 0. £8.
 
JU9 1?. 103. 11s. 134. Il. to?. 160. 1?2. 
 A S. 2210. 708. 218. 245. 298. 129. 13. -5. -12. -I1. -31.
.1J'. 16S. k6. 52. 8i.. 96. 1OG. 176. 140. 171. 1gq. 716. 735. 297. 3'5. . 113. 71. 47. 31. 27. 6. 
%UG 197. I1t0?. 11 7. 11 ?. 14t5 . I5?. Is?. 191I& 6 ?I. 723. 234.213 2r.5. 793. If~*- I k. -2. -10. -18. -32.SEP 17. 41. Go. 7?. 83. 90. 103. 115 . 1?. lkS. 155. IG. 19T. 27s. 11S. 7%. 58. 51. 4k5. 32. 
nct 1O. 
 G3. 71. 81. 86;. 90. 97. 105 113. 171. 12". 13Z. 14 . 13. Il0. G9. 58. 5%. 
 50. %2.
NOV F1. 
 25. 31. 39. 47. 45. S. 5F. G. 72. 77. 82. S7. Ill. 149q. l1a. 110. 1O. 101. 98. 
rEC 7;. 9. II. 1. 
 Is. j?. 11. 2?. 241. 27. 29. 31. 37. r2. 148. 137. 13 . 132. 131. i2g.
 

AN4 1047. £74. 743. ,34. 870. qO%. 96£. 1027. 11D91. 1t62. 1202. 1748. 137S. if48G. 1904. 1161. 1070. 1034. 1000. 938.
 

PeA1N'RS PoQ GAPI!,A OISTPtRUTON
 

9N ft" JAN R -aq 1v Hit JUN JUL " UG .P oCt NOV OVc ANN
LL04A A,905 I VA .060 .9-81 ;85.or,51q ;009 1 .asU5i .c4u9 .ji 47 .OpGI .2220 .CI69 

" S.877 .271 .34s A.s5 i.441 12.t116 i.06s O.121 5.05? 12.357 5.29£ 5.161 17.722

L krAK 4.%795 1.1933 .q9q5 1z.5e46 -. A11 1 7.79dl 4,753 G I 3.0760 i.2571 18.3799 3.1338 3.4,35 32.7115 

1fAtf&& NI.oNECxP. AND I SUMANR OF 2,EVENOiBLE PREC. EVAPOiR1P4SiRITZON DEFiCiT AIb MOtSTURP1 iAvILiSiLITT AT THE 15 P.C.PRO;.LCVEL 

P-1 11. t. Is. sG. itt. ?b. 7ri 28?. 223. jS. 103. 3i. i361.
 
PtN . 0.0. 75. 5. ia8.; 41. 117. G8. &S. 30. 9.

Pel15 5. 0. (1. 3. SA. 14t. is. 145. 8. 

76S.
 
86. 42. 1s; 8i0. 

E Or 167. 195. 275. iST. iO0. -12. i7. -1o. Si. %'4. 107. 132. 103'. 
Ael .027 .0t0 01 .1t;2 .G5 1.095 .722 .078 .620 .61 .282 . 10? .,5? 

CLtmAtt DATA USEO TO C0MPUTE COErFICIENTS VkICH tOGt1EQ whik WI.vATION AND SOLAR RADIATTON CETERHINE ETCH 

TE"P 24.0 24.4 2S.1 25.8 25.6 24.7 24.3 24.% 241.8 25.1 25.8 24.6 21. 9 
P.L- .71 s6q .6s .69 .71 .76 .78 .77 .77 .76 .74 .72 .73 
14) 12.4 14.4 15.5 11-0 9-5 7.6 7.2 7.0 6.6 7.1 9.0 8.7 9.9

P ICC.Days 1. 0. 1. 7. 18. 20. 19. 21. 1r. 14. 9. 1. 27. 
S LfflSINE .69 .77 .74 .54 .51 .48 .5p .53 .57 .58 .68 .68 .61 



T', LE 7.13P0EC!I'plTzoN AND POTENTIAL lDRlrATION REQUIREMEflTS rOR GIVEN PRORABILITY LEVELS BASEO ON GAMMA DISTRIRUIION. IN M. 

)
ST&TIO4 NAME RIO y[PnE GUAPICO rR. No. 7.1.t1 1D NO.40
 
LET. 1 ?. LONG. 67 40- E'Y. 250. YEARS OF DATA A
 

PRSeRtITY 9S. 10. S0. 75. 7U. 60. 50. 0. 30- 7 5. 20. Io. S. 90. iO. 75. 70. 60. 

PRECIPITATION AT VARIOUS PROBABILITY LEVELS EtIP IRPIGATION REOUTPCPrl(T$ON H "rtN 

JAN 1. 0. 0. 0. 0. 0. 1. 1. 7. 3. 4. F,. 10- 15. 2c 7. 207. 207. 207. 207. 206. 

FEB . o. 0. 0. 0. 0. r. 1. 1. 2. 3. S. 10. 16. 727. 2Z2. 222. 222. 222. 22Z. 
0. 0. 0. 0. 0. 0.. 0. 0- 0* 0o 0. 1. 1. ?° 27?. 262. 262. 262. 22. 262. 

10: 30: , go 111: 2707.
T? r7 2o": D . 61. 1": IOC,. l1-1: 193- 177. 16-7. 161. 15G. 141% 

AT 194. 71. $q. 115. 177. 137. ISt. AS11. 7 3. 731. 247. 265. 31q. 36 . 167. 73. 47. 35. 25. 4. 

J'J 243. 134. 153. 17q. In . I19. 21e. 23S. 255. 276. 28q. 303. 341. 373. 17; -2R. -53. -64 . -73. -92. 
J UL !'I . 132. It 3. 158. l1r4. it.9-. 17 q* in 1. 199. ;71D. ;, r.. -773241. 769r.. 1 9. -15. -30. -35. -"1. -51. 

LUG 21!. 127. 143. 1G3. 172. 1 7--.. 1 20. 221. 739. 249. 26U. 210. 317. 129. -13. -3%. -42. -50. -60. 

SEP 139. 9'. 102. .113. 118. 122. 130. 137. 145. 153. 1,R. !9". 179. 193. - 13 . 3z. 21. 16. 12. 4. 

netC 99. 36. '.%. 59. (,5. 7n. 81.; 97. 104. 118. '26. 135. 1,3. JAR. 1%Z. IG,. 83. 77. 72. 61. 
'l y 1ni. S. IA. 30. 38. 45. G?. 81. 101. 131. 149. 171. 236. 301. Iq7. 131. 117. 109. 102. 85. 

DEC 31. 
 0. U. 0. 1. 1. 3. 7. 13.. 25. 34. "'. l. 1"3. 171. 170. 170. 170. 163. 168.
 

ANN 13n.. 1007. 1Or 7. 1342. 1171. 1198. 127. 129 S. 1343. 1397. 1427. l161. 15;3. 1632. 2023. 956. A81. 852. 825. 776. 

P4QLRETEQS FOP GAMMA DTSTPIBUTION
 

MAY JUN JUL AUG SEP OCT NoV 0C AN 

LA-8A nf933 .0750 .66 9 D01q5 .0226 .0'.12 Ilui . .331 .SOS .0%44 .9114 1.091 .0360 
S .3r) .24 7 .250 1.el10 4.400 10.507 21.747 13.4 73 ?0.PRS 4.' 10 1.231 .280 %6.6a3 

L Sr AM .q3R 1.37?6 1. 79tq3 -. 1204 2.3155 13.956C 50.4U 83 71. 1n07 41.q871 7.3304 -. 01?37 1.1691 132.5350 

M ,I TH JAN Frq MAR APR 


75 P.C. FRO.LVCL
qAI.AND MTN.PRECIP. AND A SUMMARY OF PCPENDASLE PqEC. EYAPOTRANSPIRATION nEFICIT &Nn MOISTURE AVAILAbILITT AT THE 


212. 110. 1742.
 

P"!N 0. 0. 0. 4. 64. f?14. 1%.3. It 7. 11-8. 37. 3. 0. 1 10G . 
PC7 0. 0. 0. 31. 127. 189. 164. 172. 11R. 6F5. 38. 1. 1171. 

PwaX IR. 16. 1. 1 55. 776. 37S. 7,2. 35A. 384. 209. 


ETOF '07. 222. 7. 11. 35. -;4. -35. -42. 1. 77. 1og. 170. 852. 

maT .001 .000 .0U .163 .782 1.506 1.2 76 1.325 .878 .. 56 .256 .C03 .519 

ELEVATION AND. SOLAR RADIATION DETERMINE ETCHCLIMATIC CISTA USEf) TO COMPUTE COEFFICIENTS WHICH TOGETHER WITH 

25.9 26.3 2.5 26.8 

. A0 . 83 .3 .81 .80 .75 .68 .71
T76.P 86. 27.7 2S.5 2q.0 28.7 25.7 25.2 25.3. ?5.7 

HIP, .63 .56 .53 .59 .7? 
7.6 8.3 10.2 8.s

WT4O 11.4 11.9 11.S q.9 7.9 7.6 7.0 6.7 G.R 

21. 24. 21. 22- 17. 1 3. 14. G. 27.POCC.ODYS 0. a. 0. 11-
S7 -S .5 .55 S? .60 .72 .73 .6ZSItSINE .68 . .75 .69 .52 
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tiLt 7.1409ECIPItATON iNu oOtrN~tAL IRiGATtOk 0'OLtRtME~t kolt CjVrN PROABLITT LEvrLs RASEO ON GA"MA nTSYRTRUTION. IN MN. 

STATION WNvr MtR I1A NsRjbA SERz iid; 31.as1 ID NO.41
 
LAY. 8 3c. LONO. y1 91 tLtV; i87b. YEARS OF biTA 2
 

0 .i-g Apt 9S. q4. s3. 75. ibe td; sd1. t3U Ab; t . t1. 1t1. S. So. so. ?s. 70. ko0., 

tN kriN PRECIPITAtION AT VAPIOUS PRdbABILITT LEVELS 	 O IRRIG4TION REouZPrE,TSLIP 

jA'i* It. i8. %0. 42. 42. 43. i4. 45. 4.. 48. 48. J 9. i.1 53. 1217. 87. I S. 84. 84. 83.
 
rB 7q. r. q.. 11. 15. 18. 22. 26. J 7. At. 4?. 46. 54. 72. J?8. 11C. I11. 112. 110. 106.
 

.Aq f .SS.5 sq. 62. f I. 64;. G f. 69. 11. 1 ti. 75. 77. pi. AS. 161. 103. IC'0. 938. 9?. 95.

ipR 311. |2r.. Itg. J7 y. |9n. m I1. 2;,3. 74s. Zion. t 9 %. 3| J. j2do 32q. 4p 4. 1?4. -21-. -. !3. -GG. -TT. -99. 

-AT -It. 115. In0. 1?S. itl. 7U4. 23t. 251. 2R8. 327. 342. 3R5. 431. 49i. 171. -11. -7. . . -75. -iCz.JU: ?l r . 130. lieU. 15 c. 153. 164. 173: 18 2. 19t. 2nll. 707?. 7 13 731. 7t,G. 1t 5. -25. - 33. -44. -49. -sq. 

.'UL 11ct. 00. 8. 97. 101. It05. 112. il8. 125. i33. 137. 142. 158. 165. 129. 42. 32. 28. 21. 17. 
IGI|. 6. 70.. 79. a2. R6. 92. 98. 105o. U2. 11G. i21. 134. 1S.' .108. 38. 2q. 26. 2z. 16.
 

SEP 20C. Ion. 14a. isa. IFZ. i66. 172;. i79. le 5. 193. 19?. 201. 214. 275. 110. -38. -48. -52. -56. -62.
 
nCT '1(. 17. 13 6. 712. 222. 232. 25 n. 797. 286. 307. 318. 332. 3G9. 402. 97. -9f. -115. -126. -135. -153.
 
'0V 213. 140. 153. 16q.- 175. 181. 1?7. 702. 213. 775. 232. 24u. 2G2. 2FO. 94. -58. -7". -81. -26. -97.
 
1EC ?1. 2G. 33. o1. 48. 52. f60. 68. 77. As. i5. 101. 122. 141. 105. 71. 61. 57. 53. "5.
 

AN ijqa. ilcl. 1973. vq~9. 1991 i7984. 19sq9. z0i i.' 20i . 2039. 2o4 i. 2075. 7097. 4161r6. -'.97. -523. -533. -Sol . -55,1. 

IiiRM[iER FOR GAI.A DIST013UTIO4
 

jij FEB "AR ib MAY JUN JAt - AUG SEP OCT NOV DEC ANN 
LL-9A 3.,s5 .a92 .m .3 2 t ,.IS9 .1%84 .2693 .10 .Os7 1.132? 

iS i?.on 7.1%1 55.1 82 7 75. 5S.5f , 6.9 7O .19.013 15.947 Aft .4T .14.3 7S 22.18s 14.282 2264.298 
L'4GiA4 kiFln.7ps4 .0619 177.1348 a. j6Z ,.csis r l. 8356 39.327r 27.7519 138.6337 23.5153 4 9.43%0 2.15701522o.solf 

.0691 .148 	 .U5S 

N1q. l iAN A SUMMAP'RY Of DE1ENOASL*E P* FC. EYAPOTRA SPPAT!O FPiCII AND MOISTURE AVAILARILITT AT THC 75 P.C.PQOS.LEVELM#.PDCE~. 


P. so. 74. 3 s i 51. 227. 13a. 13?. 20G. 398. 25. 110. 2il . 
?.II 4i. 8. 57. 266. )81. 1 ls. .79. 98. 205. 231. FA. 32. 1957. 

Pr%7 4?. IS. 63. 1 1. 190. 159. 101. 82. 162. 222. 175. 1a3. 1959. 
Tor 	 So. 112. 98. , -6. ,-S1. -14. 28. 26. -52. -129. -Al. 5?. -533.
 

uAX;33q .121 .391 1.579 1.476 1.383 .785 .7G3 1.%73 2.3112 1.853 .%57 1.373
 

IW-t, bWii JSiiI7o OPIN'Ui' COEVFIoIECINTi WHiCH TOGTHIER 'ITH ELEY'AT*1-N' AND SOLAR RADIATION 'DETERMINE ETCH 

17ij i; 17. i..sjG. 1.9 17.1 17. 0 16.6 16.3 .
 

I ~t 61 .60 .61 JS'4 
 6 in .67 .71 G67 .71 .70 .71 .66 
6.3 6.9 7.? 9.3 -5.9 S.6 6.0 6.0 6.2 5.8 6.0 6.3 6.2 

PcEC.biiA5 0. 0. 0. 6. . 0. 0. 16f. 20. 25. 22. 11. 27. 
S2.ISHINE 0o .6? .6T .39 .15 .1 .49 .418 .52 *1 .56 .68 .53 

00
 



00 FOR GIVEN PRO ASILITY LEVELS BASEO ON GAMMA OTSTRIOUTION,, IN 
T.qLE 7.15 DECIPITATICR AND POTENTTAL IPPICATION PEOUIqEMENTS MK. 

STATION NANr SANTA PAq c a&. 7uLI1 SE. NO. ?9 q ID NO.42
 

LAT. q 0. LONG. 71 55. rLEV. 5. YEARS OF OTA &
 

5. 90. Pa. 75. 70. 60.
PaS3ATLITT 95. On. RO. 75. - 7U. 60. 5O. t0. 30. 75. 20. 10. 

ETP ARoIGATION REOUIRFMENtS
K ONTIt Pea PRECIPITATION AT VARIOUS PROBABILITY LEVELS 

G. 12. 22. 35. 51. MF,. 85. 1 
u". 208. 111. 110. 105. 107. 108. 33. 

JAI At. 0. 1. 3. 1. 
6. 13. 24. 4f. 66. 83. 107. 187. 275. 11 3. 112. 111. 1C. 101. IC0

r(3 77. 0. 0. 2. 8. 
1. 1. '. C q. 17. Z9. 38. 5(7. '91. 137. 130. 130. 179. 123. 128. 12$..AO it. U. 0. 


178. 719. 2,A. 279. 3O. 878. 115. 3. 5q. 46. 38. 7. 

WAT IIt. ko. 53. 71. 7<9. 87. oz. 118. 138. 156. 16F. It3. 274. ?&?. 1,5. 92. 73. 65. $8. 42.
A Pa 171. 1q. 32. 57. 69. 87. lnq. 139. 

185. 718. 11F. 9. 83. 76. 0o. 57.82. 95. 110. 127. 138. 150. 
5A. 87. 68. 78. 90. 107. 116. 12. 13. 1A2-. 188. 145. 102. A9. 83. 78. 6?.1uN 1nr. 11. a1. 56. 92. 65. 

JUL q7. It. 83. 

AUS 1'7. 32. 4 3. AO. f8. 7S. 9o. 1n5. 122. 142. 15-5. 18. 211. 249. • 17?- 84. 7 . 60. 52. 38. 
17 , 86. 73. 67. 62. 51.96. 110. 118. 178. 1S . 182.CEP Al1. 30. 38. S'1. 57. 67. 73. 88. 

mCT 17T. 37. 8i. sq. 70. 77. 9n1. 103.- 118. 135. 1 5. 1,57. l9i. 772. 121. 73. 58. 51. 88. 31. 

109. 13Z. 15.. 189. 207." 230. 2q%. 358. qq. 58. 32. 21. It. -10. 
'tOv 118. 31. 85. 67. 78. 88. 

Gs. 83. 1f. 130. 1-6. 16G. 228. 282. 93. 73. 58. 51. 88. 26. 
CEC I13. 12. 20. 35. 82. 49. 

1215. I%1. %3%. 805. 398. 385. 367. 
ANN* 1771. 1001. 1027. 1056. 1067. 1076. 1058. 1111. 1128. 11G. 1155. 1166. 1195. 

pLOAMETEPS Foe GAMMA DISTriBuTION 

NOV C ANNAUG SEP OCTAPR MAY JUN JUL 

.0420 .C249 ".n4'A0 .03 37 .0141 .0135 .3404Ptn TN JAN FF8 MAR 
.0tn78 .0269 .0301LA0SA .0o? .00r0 .0110 

3.203 .083 7.941 3.708 3.AOZ 2.179 1.842 378.1a$
C .. 52 .394 .346 1.401 3.501 

1864.%397 
LGA 873s .8017 .9 46 -. 1 197 1.2021 .8882 1.8975 .6351. 1.8371 1.588a .0854 -. 1213 

DEFICIT iND M01STURE AVAILABILITY AT THE 75 P.C. PROS.CY!.PREC. EVAPOTQANSPIRATON"'1.46O MN.PPECIP. AN A SUMMARY OF nFPENDABLE 

189. 
PMAX 117. 23A. A?. 40 w; 258. 71. 170. 162. 165. 221. IG. 229. 

l
9. 10'. . 

i. 0. 7z.. 51: 37. 8'. 20. 30. 66. 17.
P-.N 28. 78. 82. 1067.
Pr'?5 8. 8. 1. 8., 79. G2. 62. 68. 57. 70. 

51. 21. 51. 398.8. 60. 67.
w-. 65. 7A. 
.58 .4 51 .427 - 0 .458 .581 .787 .451 .730ETOF 107. 100. 178. 

HAT .018 .03 .009 "599 

WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION DETERMINE ETCH 
CLIMATIC DATA USEn TO COMPUTE COEFFICIENTS 

26.3 26.? 
TrmP 75. A 25.81 2G.3 29.9 27.7 27.8 27.1 27.0 76.q 26.7 26.4 

80 .86 .89 .8%.82 .83 .82 .83 .88 .
Ht .I7 .85 .85 .97 #. 2 8.5111 4.6 8.4 .5 
W 110 8.1 8.5 8.8 8.8 8.5 8.6 .7 8.9 

. 0. 0. 0. 15. 13. 15. 18. 1%. 27. 
PCrC.oAYS 0. O. 0. 0. 

.*8

.33 .%G .819 .9 .52 .56 .2 .50 .50 

S4NSHINE .5 ftO .35 



ON GAMMA ISTRIBUTION9*IN MM. 
AND POTENTIAL IPRIGATION RrCUIREMENTS FOR GIVEN PR0?t.TLITY LEVFLS BASCI) 

ItRLE 7.6PR[CPITATION 

M NO. 120 8 ID NO.43STATION HA E GUANADE mop PORUGS a SEQ. 
DATA 19


LAT. 3 57. LONG. 69 Il CLrVt 11?. YEARS OF 

90. g0. 7S. 70. $0. 
70. ,O. sn. 1 0. 3. 2S. 2U. 1n. . 

P In x.I LtIY T is. in. Re. 7S. 

ETP IPRIGE ION Rrou RE,4N1S
AT.VARIOUS PROBABII.TY LEVELSPRECIPITATIONMfITN "CAN 

a. 1. 1. 3. 5. 9. IS. 20. 7*6. '& 7?. 151. 151. 150. ISO. 150. I38. 
.1%if 1r. 0. 0. 	 S. 15. 15. 154. 153. 

1. 3. b, 12. 16. 22. 35. 72. 15. 
Ft I. o. 0. 0. a. 0. 	 192. 192. 192. 191.8. 1 ,z 276 , 193. 124. . 95. 71.I. 25. 1A3. 193. 1C' ICZ,4. 5. 177. 143.9. 11. 22(1.0. 1. 1.. R . n|. ?. R1.l ot.D-XQp ., 11 33. 1- 3.I Il.I, . .J 

10. 1q9. 218. ;41. 75. 268. 3101. 348. 1zq. 11. -14. -24. -33. -5Z. 
-A 2'1. Ion. 11 . 1Z. I 3. 1 2. 

-us. -77. -89. -101. -122. 
1;3. 182. 194. ?05. 726. 7h"a- 270. 79G. 311. C. 37G. %1q. 101. 

J N 7 it. 131. 	 -104. -120.
82. 793. 305. 34n. IfG9. Ill. -Sz. -116. 	 -95. 


S7. Il5e. 171. 19G. Zr. 1ti. 231. ?7 7. 2G4. 	 37 . 10. 10. -15. -25. -35. -53.)Ut. 	 392. 2??. ?35. 249. 2( 3. 30s ,
1t 2n7. 92. 11(1. 135. 15. ISS. 173. 


7D. 233. 251 . 129. 23. 5. -8.
-2. -20. 
130. 119. 161. 173. 181. 197.

,EP 199. 93. JUG. 123. 137. 	 5.
1R3- 19". 207. 26 4. 777. 137. 56. 3G. 28. 70.

iOq. 127. 137. 1 7. Ir Q.OCT 110;. ;1. R1. 101. 	 135. 1141. 101. 96. 90. 78. 
O. 45. 57. 70. 84. 102. 113. 125. 164. 2U0. 

8%. 1I. 22. 3.NOY 	 13.G 130. 116. 125. 123. 120.* 33. 37. ft. 58.21. 30.6. 	 1?. 13. 1. 2S. 

1655. 1733. 1870. 1641. 

DEC 25. t. 10. 


376. 301. 272. 235. 156.
 
ANN 1411'. 121O%. 12r,5. 1 -p. 136,9. 139r,. 1445. 1392. 1540. 192. 162). 

PAOACTIERS FOR GAW A DISTO R.TI*'N
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m I TH Jal] FES kaR APR 
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ANO MOISTURE AVAILARILIT AT THE 75 P.C.PRO.LEvCl 

MIT.010 MIN.PPECIP. AND a SUMMARY or OPFNDABLE PREC. EVAPOTRANSPIRATION DEFICIT 

3?7. 171. 76. 1105. 
25. 25. 44 776 484. 3S. 3,. 263.

P"Ax 103. R1. 

77. 13. 3. 1119.

0. 2. 92. 8. 134. 98. 8.
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-2. 7S. 9A.• 125. 272. 
-2". -89. -95. -25.

ErOF 150. IS6. q2. 10. 	 .83.797 .292 .06
.00 .784 1.18S 1.855 I.g5q 1.208 1.012 

WITH E EVATION AND SOLAQ RADIATION OETERMINE ETCH 

MAI U0O4 .001 

USEr TO COMPUTE COEFFICIENTS WHICH TOGETHER 


r 7S.6 25.0 25.3 25.9 26.3 26.0 25.5 


CLIMATIC 0TiT 


26.0
 
TEP 75. G.? 27.2 27.0 26.4 


.82 .83 .82 .80 .79 .77 .75 .77
 
Ht .73 .70 .67 .73 .80 


7.0 6.7 6.7 A.,G 6.7 	 A.? 7.2 7.3 
v' 7.G 8.1 3.4 7.9 7.6 

6. 6. 10.
 
1. 1. 13. 1a. 19. 17. 13. I0. 

PcC,0AY5 3. 3. 

.61 .61 050
.42 .33 .S3 
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Table 8. Confidence Interval at 95 0 Leviel ttl 
evaporation _4value shown th iun-i. 

7 Statibns6 (CaIctILted evaporation = measured 

Sta. 
NO. 

Station 
Name Jan. Feb. Mar. Aoi Miy Jiiri Jidiy Ahg. Sept. Oct. Nov. Dec. 

25 Cta-Tovar 19.1 Zi.4 19;4 i9.3 24.6 i5.9 i0.5 7.5 '13.4 7.5 10.0 10.9 

26 Jusepin 42.5 8.7 id.d 22.8 16.7 19.4 i7.d 9.3 17.9 9.7 1Z.5 Z2.2 

27 Mayalito 13.5 23.4 5.4 Zi.6 34. d 22.0 i0.0 8.09 7.85 13.2 12.5 10.8 

98 Sah .uan de 
Los Morros 

i8.3 Z1.9 2z.6 30.2 36.9 io. i ii.7 1i.5 3.76 17.0 iZ.8 iZ.6 

10 8anca Cruz 14.i i8;2 24.7 3.8 ig; i i. i 13.~ 11i.9 9.65 12.7 14.7 17.1 

3i 

32 

Sheili ounda-
Tioi 

Uranon 

17.5 

i8.8 

i6.4 

28.4 

3i. 

i6.i 

28.i28. 

57.7 

z4. 

25.5 

27. 

11.5 

.8 

16.4 

i4.5 

4.34 

5.5 

9.6 

11.6 

20.9 

Z.3 

11.9 

20.9 

20.9 



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

Sta. Station 
No. Name Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Z5 Cua-Tovar 11.6 11.35 7.7 8.4 11.7 .10.55 6.8 4.6 7.9 4.Z 6.1 6.95 

26 Jusepin ZZ.4 4.5 7.25 8.85, '.6 8.3 11.3 6.0 9.9 5.4 8.0 13.9 

Z7 Mayalito 6.58 10.3 5.6 10.Z 14.8 13.8 6.5 5.3 5.1 8.85 7.5 5.86 

Z8 San Jaun de 10. Z 10.6 8.85 13.4 16.2 6.97 8.45 7.Z9 2.44 10.4 8.5 7.78 
los Morros 

30 Santa Cruz 7.25 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.Z 11.5 12.2 16.6 9.95 8.1 3.4 6.3 12.8 11.5 
tion 

32 Uranon 6.0 9.ZZ 4.44 21.1 12.3 7.58 11.0 Z.68 5.61 10.1 5.61 8.23 



Table 10. Ratio of Moving Average Precipitation to Mean Precipitation for Cua-Tovar, Aragua, Venezuela. 
Precip. data with. ZO years. 

Percent of Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 
years of 
moving Mean 33.1 15.9 11.7 34.1 118.8 191.1 178.8 125.0 105.2 91.9 1Z6.3 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 

Z5% Min. .446 .403 .137 .305 .786 .741 .804 .733 .794 .664 .361 .680 .887 

10 Max. 1.195 1.044 I.ZZZ 1.139 1.137 1.123 1.086 1.138 1.094 1.159 1.547 1.108 1.097 

5070 Min. .618 .761 .598 .395 .939 .924 .869 .962 .870 .847 .503 .77Z .889 

15 Max. 1.038 1.069 1.014 .880 1.071 1.026 1.010 1.087 1.03Z 1.074 1.Z43 1.069 1.033 

75%co Min. .750 .87Z .826 .697 1.OOZ .995 .9Z1 .972 .921 .9Z3 .476 .843 .907 

%.0 
N­



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 Z5.8 14.Z Z5.6 113.8 190.0 184.4 171.2 97.2 90.0 82.4 70.0 1107.8 
averages
 

5 Max. 1.528 1.440 Z.380 2.17Z 1.634 1.256 1.ZOO I.Z99 1.357 I.Z34 1.367 1.Z92 1.165 

20O/0 Min. .296 .279 .35Z .Z89 .6Z4 .746 .765 .764 .630 .676 .668 .702 .884 

10 Max. 1.326 1.Z58 1.782 1.416 1.316 1.218 1.108 1.088 1.015 1.175 i.251 1.116 1.068 

40% Min. .648 .786 .711 .5Z7 .721 .798 .824 .769 .880 .784 .7 9 .848 .921 

15 Max. .991 1.269 1.362 1.362 1.Z01 1.115 1.OZ3 1.012 1.093 1.103 1.089 1,OZ1 1.037
 

6056 Min. .770 .906 I.OZ3 .974 .834 .913 .879 .817 .828 .909 .881 .904 .929
 

ZO Max. .988 1.078 1.137 1.10Z 1.118 1.044 .995 1.007 .989 1.036 1.025 1.024 1.003
 

80% Min. .87Z 1.OZZ 1.095 .947 .905 .958 .915 .9ZZ .9Z8 .94Z .953 .926 .967
 

%0 



Ta'61e'12. 	Ratio of Moving Ave.rages Precipitation tEo Mean Precipitation for Yaritagua, Yaracuy, Venezuela. 
Precip. data with 27 years'. 

'Percent 	 fof nth Jan. Feb. M .r. 'r. May 5u e July Aug. Sept. Oct. Nov. Dec. Annual 
"years of 
moving Mean 5.7 1.2 5.1 '64.4 22.6 190.2 163.0 lZ3. 5 68.1 65.6 56.3 Z1.1 897. 8 
averages 

5 lMax. .4Z4 L.6#' :Z 5i€i , '321 . '' 
_ 1.344 1.213 1.461 1.328 1.904 1.118 

18.5o Min. .000 .000 	 .22 .733 .774 .613 .763 .284 .857i0z' :737 .747 .664 

10 Max. i.853 i.9i2 1.761 i.i,1-4633 1.221 1. 38 1.189 1.153 1.278 1.173 1.369 1.078 

37.0.% Min .053 .057 .253 .671 .867 .784 .867 .950 .909 .767 .898 .521 .892
 

15 Max. 1.588 i.70i 1.435 i.Hsi i.85 1.094 1.b6 i j.l 1.105 1.184 1.097 1.118 1.035 

55. % Min. 1.14i .345 .8 .8i6 .891 .853 .885 .93, .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
 

NO 



Table 13. Ratio of Moving Average Precipitation to Mean Precipitation for Guanare, Portugesa, Venezuela. 
Precip. data with 19 years. 

Percent of Month Jan. Feb. Mar. Apr. May June July Aug. Scpt. Oct. Nov. Dec. Annual 
years of 
moving Mean 15.4 15.3 6.8 104. 1 Z08. 1 Z57.9 252.4 2QZ. 3 160.3 156.4 83.5 24.5 1493.1 
averages
 

5 Max. 1.718 1.907 1.549 1.4Z8 1.177 I.Z33 1.181 I.Z54 
1.195 1.ZZ 1.367 1.476 1.030
 

Z6.3.% Min. .586 
 .078 .438 .434 .797 .755 .869 .78Z .780 .759 .611 .530 .c25 

10 Max. 1.327 1.149 I.ZZ8 .997 1.1Z7 1.1571.104 1.087 1.026 1.185 1,148 1.040 1.013
 

52.6% Min. .794 .Z48 .760 .62-9 .899 .839 .955 .993 .847 .938 
 .936 .718 .974
 

15 Max. 1.080 .853 1.033 .9Z3 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 1.01Z .966 .944 
 .9Z3 .969 .840 .981
 

'.0 



tai61 i4. Crop Coefficierifs; k. -

Ciop, consumptive use coefficiehit's 6 , t bi j-rowing season; Et/Ev ratios (to be mul­
tiplied by actual or estimated Class A Pan evaporation). 

Anntial 
Crops 6 id zd 46 50 6 70o 80 90 100 

beans 0.i0 
 0.30 6.46 0.65 6.85 0.90 6.90 0.80 0.60 0.35 0.20 
torn 0.20 0.30 6.5 0.65 '.sd 0.90 0.90 0.85 0.75 0.60 0.50 
Cotton 0.Z6 0.40i d.. 6d.5 6. 75 0'.90 9.90 0.85 0.75 0.55 0.35

iain sdrghuii 0.20 0.35 6.55 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 6.80- 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 .2Z0 1.10 0.90 0.50 
Soybeans 0. 15 0. Zd 0"6.25 0 30 O..45 0. 55 0 70 0.80 0.70 0..60 0.50 
Tomatoes 0.20 o. Z5 0.40 0'. 60 0. 70' 0.75 0'. 75 0. 65 0.55 0.30 0.20
 

Crop consumptive use coefficients; Et/Ev ratio (to be multipilied by actual or estimated Class 
A pan evaboration)* (Full developed) 

Perennial cr6op Range in K :-These values mul-

Avocado 0.50 - 0.66 tiplied by 1.Z5 may 
Citrus 6.56 - O.6b0' by used with computed 
Grapes 6.45 - 0. 60 potential evapotrans-
Pasture grass 0. 55 - 0.70 piration to estimateBermuda 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 tiansen and Hargreaves, 

1969.
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Computer program used
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APPENDIX D
 

-ozmputer program used
 

Second program 
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APPENDiX D
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