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ABSTRACT
Analysis of Chilean Meteorological Data to Estimate

Evapotranspiration ard Irrigation Requirements

by
J'ua'n Tosso, Master of Sciencs

Utah State University, 1972

Thesis Director: Professor Emeritus J, E. Christiansen
Major Professor: Dr. J. Alfaro’
Department: Agricultural and Irrigation Engineering
College: Engineering '
A formula for estimating Class A pan evaporation was developed
using data from six ENDESA meteorological stations and eight Meteor-

ological Institute stations. The formula i;;'of the form

E =K RMMC
v c

where
Ev = pan evaporation
K = a constant
RMM = extraterrestrial radiation
Cc = climatic coefficients.

An evapotranspiration equation was developed using Class A pan
evaporation as a base. Using this equation, and the gamma distribu-
tion that calculated the dependable precipitation at five probability levels,

the irrigation requirements for twelve stations were calculated.



An equation that estimates dependable precipitation at 75 percent
probability level was developed using the gamma distribution as a base.

Equations to estimate crop coefficients were developed using mea-

sured evapotranspiration and climatic data.

(110 pages)



INTRODUCTION

Description of Chile

Location and Boundaries

Chile is a repubiic located in the very southwest of South America.
It is a narrow and l.on‘g strip of lal;ld. Its length is about 4, 200 kilo-
meters with a width ;hat varies from 80 to 400 kilometers. Chile is
situated between latitude 18° south and 55° south. The country bor-
ders on Peru on the north, the Soixth Pole on the south, Bolivia and
Argentina separated by 'ghé Los Aﬁdes range on the east, and the Paci-
fic Ocean on the west,
Climate - .

’.

According to climate it is possible to divide the country from north
to south as follows (A map of Chile is shown in Figure 1.):

Norte Grarde: From the Lluta River to the Copiapo River. Its
climate is typical of deserts with extremely scarce water.

Norte Chico: From Copiapo River to Aconcagua River. It has
the characteristics of a semi-arid stepe with scarce and variable pre-
cipitation from one year to another.

Zona Central: From Aconcagua River to Bio-Bio Province. It
has a Mediterranean climate with well differentiated seasons,

Zona Sur: To the south of Bio-Bio Province. Here the climate is

cooler and more humid and water is very abundant.,
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Figure 1.

Map of Chile Showing the Climatic Zones



There is also a variation in climate from west to east. Along the
coast the climate is moderated by the ocean. In the central valley the
climate is warmer, Farther inland the climate cools with elevation
to 'the top of the Andes.

The Coastal and Los Andes ranges influence the climate by acting
as curtains interceéting the frontsv that coine from the Pacific Ocean,

In the Central C;)ast zone there is an increase of precipitation due
to the effect of the Coastal Range. Going to the east of this range the
precipitation decreases and then i;mcreases again as the Andes Range
is approached.

Without considering the antarctic territory, Chile has an area of
75.7 millic_m hectares from w;;/hich 50. 3 million are non-arable. Of the
remaining 25,4 million hectares, 13, 8 millfon constitute the agricul-
tural area of the country, of which 5.5 million are plow land and 8.3
million are used only for pastures.

Almost 4 million hectares of the plow land are to the north of the
Temuco Province. In most places this area could benefit from arti-
ficial irrigation. About 1.4 million hectares of this area would prob-
ably require sprinkler irrigation because of the topography and soil
conditions. This area is not irrigated at the present time. The area

that is economically irrigable is, therefore, about 2,4 million hectares

which represents 3 percent of the national territory. This indicates
that there is a necessity for a highly intensive and specialized agri-

culture under irrigation.



At this moment 1. 17 million hectares that are irrigated have an
adequate water supply. Another 0.8 million hectares are irrigated

but with a deficient water supply.

Agricultural Development

According to the Office of Agricultural Planification (ODEPA)
as cited by Politica Nacional de Riego (1970), it will be necessary toadd
another 600, 000 hectares of new land to the irrigated area before 1983
in order to produce enough food stuff to achieve a balanced diet for the
population of the country.

Another important éspect in the process of agricultural develop-
ment is the Agrarian Reform which has resulted in a modification of
the water laws. According to this new set of laws, the water will be

’.
delivered to the farriers in relation to the water requirements (Tasa
de use racional y beneficioso) of the farm.

All the considerations expressed above show the necessity of an
accurate calculation (" evapotranspiration and effective precipitation.
Through these two basic parameters one can arrive at a good estimate
of the actual water requirements. This information will provide a firm
foundation for water supply planning and development and effective
management for new projects.

The objective of this study then is to:

l.  Analyze the available climatic data for Chile and determine

the best formula for estimating potential evapotranspiration. Com-



"plete climatic data are available from 13 stations for this study.

2. Process the available monthly rainfall data to estimate the
dependable and effective precipitation.

3. Relate the dependable precipitation with estimated potential
evapotranspiration tobdetermine potential irrigation water require-
ments,

4. To show how the study can be used to determine actual water

requirements for the crops grown.



DEFINITION OF TERMS

Evaporation

Evaporation from natural surfaces such as open water, bare soil
or vegetative cover is a diffusive process by which water in the form

of vapor is transferred from the underlying surface to the atmosphere.

Pan Evaporation

Pan evaporation is the amount of water that evaporates from a
standard Class A U.S. Weather Bureau pan. These pans have been
adopted by the World Meteorological Organization and are used in many

countries including Chile. It is expressed as depth per unit of time,

i.e., mm per month.

Evapotranspiration

Evapotranspiration is the amount of water used by the vegetative
growth of a given area in transpiration and that evaporated from soil,
snow, or intercepted precipitation on the area in any specified time.

It is usu~ily expressed as a depth for unit of time, i.e., mm per month.

Consumptive Use

According to Israelsen and Hansen (1965) consumptive use is for
all practical purposes identical with evapotranspiration. It differs

by the inclusion of water retained in plant tissues. For most agricul-

tural plants the amount of water retained by plants is insignificant when

compared with evapotranspiration.



Potential Evapotranspiration

Potential evapotranspiration is defined as the consumptive use or
the evapotranspiration loss from a short, green, vigorously growing
crop (usually grass) that completely shades the ground or provides full
crop cover under conditions where moisture supply is not limiting on

moisture use,

Actual Evapotranspiration

Actual evapotranspiration is the evapotranspiration, Et, for any
specified crop which may or may not completely shade the ground,
and which may be less than potential Et because of soil moisture limi-

tations. It is usually calculated or estimated by multiplying a crop

coefficient times a soil water coefficient times potential evapotranspira-

tion, or by a pan evaporation.

Crop Coefficients

Crop coefficients are estimated values of the ratios of actual
evapotranspiration to computed potential evapotranspiration for dif-
ferent stages of growth, or the ratios as compared to measured or
computed pan evaporation. It is very important when using crop coeffi-
cients to specifically state whether they apply to potential évapotrans-

piration or to pan evaporation. Soil water status if important.

Irrigation Water Requirement

Irrigation water requirement is defined as the quantity of water



required to maintain the desired soil moisture and salinity level during

a crop growing season, in addition to precipitation.

Potential Irrigation Requirement

This is defined as the difference between potential evapotrans-

piration and dependable precipitation.

Precipitation

Precipitation is the total amount of water that is received from
the atmosphere in the form of rain, snow or hail. It is expressed as
a depth per unit of time,'.i.'e. » mm per month. Precipitation inten-
sities are most often expressed as mm (or inches) per hour for any

specified period of time.

Dependable Precipitation

Dependable precipitation is the precipitation that can be antici-
pated at a specified probability level from an analysis of available
Precipitation records. Probability levels of from 60 to 80 percent may
be used for irrigation projects because agricultural crops can with-

stand some moisture deficiency without serious injury.

Effective Precipitation

Effective precipitation is that part of the dependable precipitation
that can be stored in the root zone of the crops grown and used by the

crop. It excludes surface runoff and deep percolation, and will, there-



fore, depend on the rainfall intensity as related to the infiltration rate

and the moisture holding capacity of the soil, and on the crops grown.

Moisture Availability Index (MAI)

Hargreaves (1971) defines this term as an index of the adequacy
of precipitation in supplying moisture requirements. It is computed
by dividing the dependable precipitation by the potential evapotrans-

piration,

Adequacy Percentage

Hargreaves (1971) defines this term as the percentage of years in
the precipitation record during which precipitation for any given month

equals or exceeds the potential evapotranspiration.

Moisture Deficit

Moisture deficit is the difference between potential evapotrans-
piration and dependable precipitation. A moisture excess is indicated

by a negative number.
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REVIEW OF LUITERATURE

Evaporation

The concept of evaporation from water surfaces has been a very
useful tool used by scientists and engineers in the development of irri-

gation,

Utilization of Evaporation Data

Evaporation has been measured by many kinds of evaporimeters
including the Class A pan. These measurements are used to estimate
actual evaporation from 'lakes and reservoirs, as well as evapotrans-
piration from crops, by applying a suitable coefficient.

One use of this concept is to estimate t}:e evaporation from reser-
voirs and lakes by applying a coefficient to the observed or derived
pan evaporation. The Special Committee of Irrigation Hydraulics of
the American Society of Civil Engineers adopted the value .7 as the
ratio of the annual evaporation from a reservoir to the evaporation of
a USWB Class A pan. This ratio is called the pan coefficient, The
monthly ratios have been found to vary considerably because of the
greater heat storage capacity of reservoirs compared with a standard
pan.

Because of its heat storage capacity, the water temperature lags

behind the air temperature during the daily cycles. The temperature
of a leaf from which transpiration occurs follows the air temperature

more closely,
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The evaporation from a pan is affected by advective energy more
than a large body of water, and hence a coefficient of less than 1,0
must be applied to reduce the measured evaporation to lake or reservoir
evaporation.

According to Kohier. Northensonand Fox (1955) this coefficient
may lead to appreciéb'l'e error without consideration of advective energy
to either the pan or la'ke.

Allenand Crow (1966) showed that the ratiobetween evaporation from
Hei{ner Lake to a 15-foot tank was 'l. 01. They also presented an equa-
tion which expresses lak'ga evaporation as a function of the product of a
9-foot or 15-foot tank evaporation and the ratio of the vapor pressure
deficits over the lake and the tank, respectively.

Probably the most important applicatic;rfof evaporation from a
water surface in irrigated agricultural development is its relationship
with evapotranspiration,

Tanner (1967) stated that there is a relatively high correlation of
ETP (potential evapotranspiration) to Ep (pan evaporation). The cor-
relation between actual evapotranspiration, ETa, and Ep may be low
when soil moisture is limiting and when the crop cover percentage is
low.

Pruittand Lourence {1968) compared evapotranspiration for different

crops in California with Class A pan evaporation. They related the values
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By calculating evaporation from climatic data it is possible to get a
good estimation of evapotranspiration for areas with similar climatic
conditions by multiplying the calculated evaporation by this coefficient.
The importance of this is that it would not be necessary to measure
evapotranspiration ;n ‘very manyAplaces in an area, because it is very
difficult and costly to measure evapotranspiration accurately.

Weaver and Stephens (1963) concluded that the standard open pan
as an integrator of climate appears to have a real value as an index of
crop water requirements in the southern Florida area where manage-
ment does not permit so-il ;avater to become limiting,

Pruitt (1960) stated from his results that the coefficient relating
consumptive use to evaporation (he worked with grass) depends upon
the type, size and environment of the pan. fI‘he coefficients obtained
ranged from a low of ., 75 up to 1.25. He found a difference in the
coefficients of from 30 to 35 percent for like pans located in different
environments. He also showed that the relationship between consump-
tive use and evaporation from pans - emained fairly constan£ through
the season regardless of the type of pan, but that the USWB Class A

pan was somewhat more consistant than smaller above-ground pans,

Pan Evaporation Measurements

There are several instruments that have been developed to mea-

sure evaporation. The most prominent ones are: atmometers, Piche
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evaporimeter, Bellani plate atmometer, Fuess evaporimeter, and
various other pan evaporimeters.,

The Standard Weather Bureau Class A pan evaporation is the
method most widely used, and it is being recommended by engineers
even for scheduling irrigation on the farm,

Details of constgrl;ction and operation of Class A pan are given by
the U.S. Weather Bu'reau (1962).

Some advantages of Class A pan evaporation are:

1. More data are available t:rom Class A pans than for any other
type of evaporimeter.

2. It is comparatively inexpensive,

3. If.is not appreciably affected by heat transfer to or from the
. soil through the bottom. | ’

4. It is less liable to corrosion than a sunken pan of galvanized
iron and leakage is more easily detected.

5. Being raised it collects less drifting weeks and soil than
sunken pans. ’

6. It is less affected by splash in rain storms than sunken éans.
Some disadvantages of Class A pan are:
1. Its average rate of evaporation is high and must be multiplied

by a low coefficient or reduce it to the less from a large surface of

open water,
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2. Errors result from birds and animals drinking from the pan
and bathing in it, When screens are used to exclude birds and animals,
the evaporation rate is reduced, but the relative amount is not well-
known,

Nimmo (1964) describes the following type of pans for measuring
evaporation: |

1. Colorado sunken pan.

2. U.S. Bureau of Plant Industry pan,

3. Los Angeles County Floo:i Control District pan.

4, Twelve-foot diameter pans.

5. Two-foot screened pans.

Evapotranspiration:
’

To attempt concurrently to measure evapotranspiration of the
many species of irrigated crops grown in a large area is impractical
because of financial and manpower requirements. It is also imprac-:
tical to measure evapotranspiration for a single crop at more than a
few locations. For this reason the most promising approach, according
to the Department of Water Resources of California (1963), appears to
be to determine the important annual measurable parameters affecting
evapoiranspiration rates, and to correlate actual measurements of

evapotranspiration with those parameters.
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Factors Affecting Evapotranspiration

The most important factors which appear independently to affect
evapotranspiration are: climate, plant conditions, and soil moisture
availability,

Ciimate, in the evapotranspiration process, can be thought of as
a combination of para"meters such as air temperature, wind, humidity,
elevation, precipitation, solar radiation, and length of daylight. These
parameters are not independent factors but are interrelated in a com-
plex manner. P

The energy sources for the evapotranspiration process are de-
rived principally from d;rect solar radiation and advection or exchange-
able heat from the air. The evaporative demand of the atmosphere is
largely a function of those two elements, h'o\’avever. According to
Penman et al. (1967) not all of the solar radiation that; falls directly
on the plant or ground surface is used in evapotranspiration. A por-
tion is reflected back into the atmosphere, a portion is utilized in
heating up the air, a portion is absorbed in heating the soil, and the
balance is utilized in evapotranspiration and plant growth,

It is likewise probable that the energy available from advection
is not all utilized, depending upon many factors such as vapor pres-
sure deficits and extent of wind movement. Under certain conditions
it has been demonstrated that advecting cooling, as well as advecting‘

heating, can occur,
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The difference between incoming total radiation and the amount
lost by reflection and long wave raditation from a surface is commonly
referred to as the net radiation at the surface, as described by Rose
(1966). Of this energy, a relatively small amount would go into heat-
ing up the soil. At midday the net energy consumed in plant processes
is also a small percer.'xtage of the net radiation available. Of the re-
maining energy, the greatest amount would normally be used up in
evapotranspiration, with smaller amounts in warming the air, At
night sensible heat losses from the soil and ajr would provide the main
source of energy loss,

As the moisture content of the air increases through evaporation
and transpiration, the moisture gradient (vapor pressure gradient)
between an air mass and an evaporating su'rface decreases and retards
further moisture transfer, Under field conditions the air mass near
the ground is far from stable. Air movements act to mix moisture -
saturated air near the evaporating surface with drier air from above.

Wind speed and surface roughness influence the relative turbulence
of air, moving the moisture away from the evaporating surface and
bringing in drier air to further the evaporation process. Thus it is
apparent that the evaporative demand of the atmosphere is determined
by the interaction of several climatic elernents.

Progress is being made in determining the relationship between

the aforementioned climatic factors to arrive at a quantitative approach

to estimate evapotranspiration,
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The estimation of evapotranspiration from a purely theoretical
approach is not entirely practical because the d a required are not
normally available, The two basic approaches to evapotranspiration
are from the energy budget standpoint and from the vapor transfer

standpoint.

Crop Factors

While evaporation from a shallow, free water surface is limited
only to the evaporative demand at the earth's surface, evapotranspira-
tion may be controlled also by the physiological and physical condi~
tions of the transpiring v'egetation.

According to Gates and Hanks (1967) a plant leaf loses water at a
rate that dépends on the concentration grad'ignt of water vapor between
the saturated cell walls of the mesophyll and that in the face air beyond
the plant. The rate is regulated by the diffusion resistance in the sub-
stomatal, stomatal, and boundary layer regions of the diffusion path.
The water vapor density at the saturated mesophyll cell walls depends
on the temperature of the leaf which in turn depends on the energy bud-
get of the leaf.

The greatest difference arnong crops occurs during the growth
period when the crop cover is less than 50 percent complete. During
this time evapotranspiration of most irrigated crops is less than where
the cover is greater, because evaporation from bare soil decreases

rapidly as the surface soil dries. There appears to be little difference
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in evapotranspiration among many crops after the cover is greater
than 50 percent until maturity, Pineapple, however, is a notable
exception,

Penman (1956),cited by Gates and Hanks (1967) in relation with
this difference of evapotranspiration for different plant species, states:

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

2. This potential rate is det;rmined by the prevailing weather.

Van Bavel, Fritschén and Reeves (1963) concluded that a full stand
of sudan-grass under conditions of high temperature, high light inten-
sity, very low humidity of air, and sufficient soil moisture (in short,
in a highly evaporative environment) can trahspire in proportion to the
evaporative demand. This does not mean that a sudan-grass stand is
physically identical to an open water surface nor that the conclusion
would apply to another crop. Both the radiation balance and the con-
vective sensible heat exchange of a crop differ materially from those
of an open water surface.

Gates and Hanks (1967) discuss in some detail the specific pro-

perties of the plant community that influence evapotranspiration,

Soil FFactors

The primary means by which the soil can influence the rate of

evapotranspiration is through the affect of various soil properties
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upon the storage capacity and availability of moisture at the soil sur-

face or to the plant,

Evaporation from Soil Surfaces

Ekern, Robins, and Staple (1967) indicate that the rate at which
the bare soil suppliés.water at the evaporative site is controiled by
the water content and hydraulic conductivity of the soil.

According to the Department of Water Resources, California (1967)
the rate of rnovement of moisture ‘through the soil to the surface is re-
lated primarily to soil texture and structure. Surface evaporation,
however, under usual irrigation practices, is not appreciably affected
by the rate of moisture movement.

A soil.with a very moist surface will 1'c>§e about the same amount
of moisture as a very shallow water body or an irrigated, improved
pasture. Evaporation and/or evapotranspiration rates are nearly the
same for all three. In each case, the evaporation rate is controlled
almost entirely by the climate, that is, the evaporative demand. In
cropped lands the plants act as a sort of wick connecting the subsur-
face soil moisture to the atmosphere. With bare soils, the connection
is broken as soon as the soil surface becomes dry through evapora-

tion.

Availability of Soil Moisture to Plants

The availability of soil moisture to plants depends upon the amount

that either can be, or is stored, within the soil, and upon various

33
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internal and external factors that limit the availability of such mois-
ture. Some of the factors that affect moisture availability are: amount
and intensity of precipitation as related to the soil infiltration rate, the
effective rooting depth of crops, and available moisture holding capa-
city of the soil.

Various concept;s have been advanced regarding fhe effect of mois-
ture availability on evapotranspiration rates of plants. According to
one concept, the evapotranspiration rate decreases as available mois-
ture in the soil decreases from fielld capacity to the permanent wilting
point. Another concept 'is that, as long as available moisture exists
within the root zone, the evapotranspiration rate is not materially
affected.

Field observations by the Department 'of Wuter Resources of Calif-
ornia (1967) relating soil moisture depletion from deep permeable soils
to evapotranspiration, support the position that evapotranspiration rates
are not affected over a wide range of soil moisture availability, How-
ever, there are indications that crop yields are sometimes materially
affected before evapotranspiration rates decrease.

Jensen (1968) indicates that as the soil water content decreases
and is not replenished by rainfall or irrigation, the effective hydraulic
resistance increases greatly, This increase in hydraulic resistance

results in various degrees of plant water stress, depending on the

evaporative demand and plant characteristics. As plant water stress
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increases, diffusive resistance also increases, illustrating the inter-

dependence of hydraulic and diffusive resistances.

Summary of FFactors Affecting Evapotranspiration

While the numerous factors affecting evapotranspiration may at
first appear to be so c.'omplex that realistic estimates of crop water
use are beyond our ptesent power to predict, this is not the case.
Numerous factors do exist, but they are physical processes and sub-
ject to physical laws, Through an-understanding of these physical
processes the insight necessary to make reasonable estimates of water

use by crops is gained.

Determination of Evapotranspiration

’

Tanner (1967)divides the determination of evapotranspirationinto
three classes:

1. Water balance or hydrologic methods.

2. Micrometeorological methods.

3. Empirical methods,

The methods of the first two classes have a rational basis: they
are based on measurements of theoretical variables which affect evapo-
transpiration. Such measurements are not normally made and reported
by meteorological services, hence, in most instances, these methods

cannot be used without first performing the research necessary to

obtain such data. Empirical methods, if reasonable confidence is to
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be obtained, must be "calibrated" by relating the empirical evapotrans-

piration indices to actual evapotranspiration measurements.

Water Balance Method

This method includes natural catchment hydrology, soil water
depletion sampling, and/or lysimeters,
The general equation for water balances as described by Tanner

(1967) is as follows:

ET= P - (Dr + De + Di +‘ADw + ADs)/A (1)
in which all variables are expressed in depth per unit time,

ET = evapotrans',piration

P = precipitation or irrigation

Dr

"

surface or subsurface runoff ,

De

deep percolation
Di = intercepted precipitation
ADw = change in groundwater storage
ADs = change in water stored above the water table (soil
moisture).
The three methods that will be discussed next are based upon this

general equation.

Catchments, This method is usually applied to large areas. For

such cases the value, De, is generally assumed to be zero. To obtain
satisfactory results, the remaining variables must be measured with

the required precision. Because of the problems involved in obtaining
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exact measurements of these variables, independent meteorological
methods should be used where possible to check the results obtained
from the hydrological measurements.

Soil Water Depletion. The most common method of determining

the average evapotranspiration rate is soil sampling as described by
Pair (1969), Jensen' (i967), Davidson and Nielsen (1966) and
Christiansen (1972). 'This method consists of taking soil samples at
two or more times between consecutive irrigations and drying these
samples in an oven at a temperatu;e of 105°C. The decreases in soil
moisture between samplfpgs is used to compute the rate of evapotrans-
piration. The precipitation occurring during the interval between irri-
gations must be taken into account.

To obtain satisfactory results the follo;v-ing precautions fnust be
observed:

1.  The water table must be well below the root zone so that it
does not have an effect on the soil moisture in the sampling depth.

2. The soil should be sampled to a depth greater than the actual
rooting depth.

3. A pre-irrigation to completely wet the root zone should be
applied, when the soil has not been thoroughly wetted by precipitation,
about ten days before planting. The amount of water added at each

irrigation should then not exceed that which can be stored within the

rooting depth in order to prevent deep percolation losses.

37
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4. Extreme care should be exercised to prevent loss of moisture
from samples before they are weighed and dried.

5. The depth of water applied in each irrigation should be mea-
sured when possible as a check cn the results obtained.

6. The soil texture in the plots or fields to be sampled should
be quite uniform without appreciable stratification.

7. Samples sho'uld be takeninnearbylocations at exactly the same
depth at each sampling.

8. In order to convert the sc;il moisture percentage losses to
actual depths of water uéed, the bulk density of the soil must be accur~
ately determined and used in the computation. An alternative procedure
is to use a precision soil sampler that takes a sample of a precise
length so that the actual depth of water in thé sample can be deter-
| mined directly. Such a sampler is described by Taylor et al. (1961).l

9. The first sampling after an irrigation should be made within
a period of two to four days after the irrigation when the soil moisture
can be assumed to be at an approximate field moisture capacity, i.e.,
when most of the downward movement of sojl moisture has taken place.

Errors in this method may result from any of the following causes;

1. Deep percolation or drainage from the root zone occurs during
the sampling period and is neglected in the determination.

2. Heavy precipitation may occur during the period and may cause

either decppercolation losses or runoff which cannot be accounted for.
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3. Moisture losses from samples before weighing.

4. Variations in texture and moisture holding capacities of the
soil in different samples. For example, if the first sample after an
irrigationwere of coarser texture than the later onec before the next
irrigation, the differer}ce in soil moisture between these samples would
be in error,

Taylor et al. (1961) indicate that a probable relative error of
ten percent or more may be expected in measuring evapotranspiration
by the soil sampling method. The;r also indicate that soil volume samp-
ling will not give reliablc; vélues over periods much shorter than two
or three weeks. They also discuss the use of the neutron meter to
measure soil moisture. Tanner (1967) says the neutron meter has
several advantages and that it is preferred over other methods for de-
termining soil moisture.

Lysimeter. Lysimeters are tanks filled with soil in which crops
are growvn to measure the amount of water used. This is the only hy-
drological method in which the experimenter has complete knowledge
of all the terms in equation (1). This lysimeter has great importance,
not only for gathering evapotranspiration information, but also as an
independent check on the suitability of micrometeorological methods
and for calibrating empirical formulas used for estimating evapotrans-

piration.



26

‘Lysimeters have some advantages and some disadvantages as com-
pared with soil sampling. Since lysimeters are of several kinds, in-
cluding sensitive weighing lysimeters, the accuracy of the moisture
loss determination varies with the kind of lysimeter used. Very sensi-
tive and accurate weighing lysimeters of the type used by Pruitt (1960)
in California are very expensive. He can measure Et values to +.025
mm per d .y, whereas pan evaporation cannot be determined much
closer than 0.25 mm per day, althPugh they may be reported to the
nearest 0.1 mm, Inexpensive lysimeters in which only the water
added and the drainage are meacured are not highly accurate and can-
not be used for short period determinations.

The principal difficulty in obtaining accurate determinations of
most crops with lysimeters is in being able t’o obtain the same density
and height of growth inside and outside of the lysimeter. Often the
growth inside the lysimeter is more vigorous than outside, and for small
lysimeters the area actually receiving the radiation energy is appre-
ciably greater than the actual area of the lysimeter. This is espe-
cially true for tall crops. Griffin (1971) using one meter diameter
lysimeters with maise reported that "The corn (maise) in the lysimeters
grew more vigorously than the corn in the surrounding area and was
soon two feet (60 cm) higher.,." although '"no fertilizer was applied"
to the lysimeters. In addition to the greater incoming radiation re-

ceived, these taller plants received considerably more advective energy
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than the remainder of the field., His results showed that the ratios
of the water loss from the lysimeters for the medium and wetter treat-
ments averaged from 105 to 117 percent of the evaporation from a
Class A pan. The percentages are appreciably greater than are nor-
mally obtained from field moisture sampling.

Lysimeters are best suited for low growing crops such as grass

for which reasonably good values of potential evapotranspiration can

be obtained,

Micrometeorological Methods

The more common microclimatological methods are: aerody-
namic methods, energy balance methods and combinations of both,
The ae.rodynamic method has not been 's:xccessful in all instances.
Under some conditions it has given reasonable results.
According to Hanks (1971) the basic assumptions are not always
met,
The energy balance methods starts from the basic equation
LE=RN -G - H (2)
in which
LE = evapotranspiration
RN = net radiation

G = heat flux density into ground

H = sensible (or non-latent) heat flux into the atmosphere.

41
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RN and G are measured in the field with currently available in-
struments,

H is not easily measured so this value is obtained through the
Bowen ratio, conscquently the equation (2) is modified as follows:

RN - G

LE =73

where B i; the Bowen' ratio. The value of B, the most uncertain of the
above, does not make much difference on LE if B=10.1, which will
normally be the case in humid regi'ons.

Combinations of aeri?dynamic and energy balance methods are
discussed by Tanner (1967).

The major problem of these theoretical methods is the need for

highly precise instrumentation to collect thedata needed.

Empirical Methods

Many formulas have been developed relating measured climatic
variables to measured evapotranspiration. All of them estimate
potential evapotranspiration and then make corrections for different
crops and soil status. These formulas are especially useful for pre-
diction of future water needsv for irrigation in areas where measure-
ments of evapotranspiration have not been made. Some of the more
prominent methods are reviewed in detail by Criddle (1952) and Pardo

(1968).
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In most instances simultaneous measurements of climatic vari-
ables and pan evaporation are also made so that the measured evapo-
transpiration can be compared directly with the pan evaporation. This
makes it possible to develop formulas relating pan evaporation to the
climatic variables. Then evapotranspiration can be estimated from
relationships developed from highly accurate determinations of both

pan evaporation and evapotranspiration, such as have been made by

Pruitt (1960).

Blaney-Criddle Formula"
A study of this rnethod is given by Blaney and Criddle (1966).
This formula was developed in the arid western United States and is
one of the most popular formulas in use tod'ay. The formula, in metric
units, can be written in the form:
Ep =k p (.457 tC + 8.13)
in which
Ep = monthly consumptive use in mm per month
t = mean monthly temperature, in °C
k = crop coefficient
p = monthly percent of annual daytime hours,
The main problemassociated withthis method is that some important

variables suchaswind, humidity and radiationare ignored, and to obtain

good results the crop coefficient must have been determined for similar

- climatic conditions and crops. Often no reliable k values are available

to the user.
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Thornwaite Formula

Thornwaite (1948), cited by Pair (1969), correlated mean
monthly air temperature with evapoiranspiration as determined by
water balance studies in valleys of the east-central USA with adequate
soil moisture so as notE to limit e\}apotranspiration. The following

empirical equation was obtained:

Ep = 1.6 Ld (10 T/1)®
in which

4

Ld = total daytime hours in month days in month times 12 hours

1]

T = mean monthly temperature in °c

2 and I are constants depending on location, such that

1.514

i

(T /5)
12 v
I= Z i (summation of 12 monthly values of i)
i

7 2

a

6.75 x 10~ 13 7.1 x 1074 I +1.792x10'21+.4924

Ep = potential evapotranspiration in cm/month
The disadvantage of this method is that it relies on the correla-

tion between radiation and temperature, which is not always good, and

neglects some important factors that influence Ep such as wind and

humidity.

Jensen and Haise

Jensen and Haise (1963) developed an equation for evapotranspir-
ation that can occur in well watered, irrigated fields located in sewmi-

arid and arid areas.
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This equation can be written:
Etp = (0.014t - 0.37) Rs
in which
Etp = potential evapotranspiration in inches per day or mm/day
t = air temperature in °F

-

Rs = incoming solar radiation, expressed as equivalent evap-

oration’ in inches per day or in mm/day.
They state that solar radiation, Rs, when not measured, can be
calculated using the following equation:

Rs = Rso (.35 + .61 Sf)

in which

Rs

solar radiation under existing conditions
Rso = solar radiation on a cloudless day
’

Sf = fraction of possible sunshine for the time period. -

Formulas Developed at Utah State University

Rujirakul (1970) reviewed the studies and the development of form-
ulas for computing evaporation and evapotranspiration at Utah State
University (USU). Since 1960, Professor Christiansen and several
graduate students have developed some equations for evaporation or
evapotranspiration which are easy to apply and which take into consid-
eration most of the important climatic parameters that affect evapora-

tion and evapotranspiration.
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Christiansen Formulas

The approach was both rational and empirical. Christiansen (1968)
presented a detailed explanation of this methodology. He states the
following:

1. "Only data of the kind that are readily available to the user
should be 1.:quired for spplication of the procedure, and only such data
should be used in the development of formulas.

2. The procedure or formulas should utilize all of the available
climatic parameters that are found to significantly affect evaporation
or evapotrenspiration, but should permit use of more limited data.

3. The yormulas aeveloped should be dimensionally sound and should
be applicable in either English or metric units.

5. . The formulas should, insofar as possible, provide the prac-
ticing enginecr with a working tool that would give reliable results when
applied to climatic data from any part of the world."

Christiansen (1968), and graduate students at USU, first developed
a formula for estimating Class A pan evaporation using, as a basis,
extraterrestriul radiation, Rt and cliinatic data. He later developed
formulas for estimating both pan evaporation and evapotranspiration
using incoming radiation and climatic data (Christiansen and Hargreaves,
1969).

The basic formula for pan evaporation, based on data from many

countries of theworld and a wide range of climatic conditions is:
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Ev=0.459 R, C, C C C C C
t t wh s e m
where
Rt = extraterrestrial radiation reaching the carth's atmos-
phere, computed from a solar conctant of 2 calories

2 . . .
per cm’ per minute (thcce values are given in the tables)

The coefficients given in dimensionless form in metric units are:

for mean temperature in oC, Tc, and for TO = 20

C, = 0.393 + 0.559 (Tc/TO) + 0,048 (Tc/TO)Z.

For mean wind velocitiecs, W, above the evaporation pan at a height

above ground of 60 cm, WO = 96. 7 kilometers per day

2
C = 0,708 = 0328 (W/W ) - 0,036 (W/W
w O) ( 0)
For mean relative humidity at noon, Hn, or average humidity for

11 and 17 hours, and for 110 = 40 percent or 0.40:

Ch = 1,250 - 0.348 (Hn/HO) + 0,120 (Hn/IIO)2 - 0.022 (Hn/Ho)4

or, where mean humidity is available, and Hmo = 0.55, an approxi-

mate relation is

6
= - - - - 3 (Hm /T .
Cn 1.255 - 0.242 (}Im/IImO) 0.013 ( Im/IImO)

For mean sunshine percentage, S, and for SO = 80 percent, or0.80

Cs = 0.542 + 0,640 (S/SO) - 0.499 (S/SO) + 0.317 (S/SO)3.

For elevation, E, and for EO = 1.000 {fcet or 305 meters

Ce = 0.970 + 0.030 (L/LO).
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The monthly coefficient, Cm’ is the ratio of the reported pan
eviparation to the computed value, which appears to vary some.what
from place to place and possibly depends on factors not taken into con-
sideration in the formule, such as the pan exposure, days of precipita-
tion, and shading from mountains. The mean value of Cm is 1.00, and
the standard deviation for 3928 months of data from more than 80 sta-

tions in 8 countries was 0,116, Onrdinarily the coefficient Cm is omitted.

Formulas for Potential Evapotranspiration, Etn, Christiansen

pives threc formulas developed for potential evapotranspiration using
data from Pruitt for rye grass from 6.1 meter diameter weighing lysi-
macter (Christiansen and Margreaves, 1969). The evapotranspiration
data used were recorded to 0.001 inch per day (0.025 mm) and all cli-
matic factors considercd were carefully measured.

The {irst formula used pan evaporation, Ev, as a base, the second
one used exterrestrial radiation, Rt, as the basc, and the third used
incoming measured radiation, Rs, as the basc.

The formula relating potential evapotranspiration, Etp, to pan

cvaporation, Itv, can be expressed by the equation

o = 36 1% > ) s
Etp = 0,755 Iiv (tZ'CWZ ChZ CsZ

where Ev is the measured Class A pan evaporation,
2
= .862 + 0.179 ('l'c/'TcO) - 0.041 (Tc/TcO)

CtZ

e . ©O . o
where Tc is the mean temperature in  C, and 'lco =20 C.



35

C . =1.189 - 0.240 (W/W.) + 0.051 (W/W )
w2 0 0

where W is the mean wind velocity 2 meters above ground leve in miles

per day or kilometers per hour, and W, = 100 miles per day or 6.7

0

kilometers per hour,

2
chz = 0.499 + 0. 620 (Hm/Hmo) -0.119 (Hm/Hmo)

where Hm is the mean relative humidity, expressed decimally (60 per-

cent = 0.60), and HO = 0, 60.

. 2
CSz = 0.904 + 0,008 (S/SO) + 0. 088 (S/SO)

where S is the percentage of possible sunshine, expressed decimally,

and S0 = 0. 80,

The formula relating potential evapotranspiration to extraterres-
trial radiation, Rt, and climatic factors can be expressed by the equa-
tion:

Etp = 0.324 Rt Ctt th Cht Cst Ce

where

Ctt = 0,463 4 0,425 (Tc/']'co) 1+ 0.112 (TC/TCO)2 .

The symbols for the climatic parameters are the same as for the pre-

vious formaula.

: z
= % -
Cyyp = 0-672 + 0,406 (W/W ) - 0.078 (W/W )

C

2 s 2 : 3
ht 1. 035 + 0. 240 (Hm/HmO) - 0,275 (IIm/HmO)

C

ot

0.340 + 0.856 (S/S,) - 0. 196 (s/sn)2
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Cc = 0.970 + 0,030 (L/EO).

The formula relating potential evapotranspiration, Etp, to mea-
sured incoming radiation, Rs, as a base can be written:

LEtp = 0,492 Rs C N
tp /e 18 Cltt th Cht

where Rs is the immeasured incoming solar radiation expressed as equi-
valent depth of evaporation. The equations for the coefficients, Ctt'

th, and C__are the same as given before.

ht
As stated by Christiansen and Hargreaves (1969), the measured
incoming solar radiation is generally reported as Langleys per day,

2 . 1 e
(culories per cm per day). The equivalent depth of evaporation

12
LN

L’

per day is obtaincd by dividing Langleys per day, R by the latent

L'
heat of vaporization, L:

Rs = RL/L .

At a temperature of ?,OOC, L has a value of 584.8 calories per
gram. Tor other temperatures in OC, the relation is
1, - 595,9 = 0.55 Tc |
To obtain Rs fora month one must multiply the mean daily value
of Rs by the number of days in the month, or use the total Langleys per
month., Because of the small variation of I, with temperature, the value

o . .
for 20 C is gencrally used except for computer computations.



37

Hargreaves Formulas

Hargreaves (1972) has developed several equations to estimate pan
evaporation and potential evapotranspiration,
Evzporation from a Class A pan located in an irrigated grass area
is given by the equation
EV =.43 RT CT CH CW CE (3)
in which
EV = Class A pan evaporation

RT = extraterrestrial radiation reaching the earth's atmos-~
phere computed from a solar constant of 2.0 calories

per cm_ expressed in equivalent depth of cvaporation

CT = .40 +.024 TM (3a)
(TM is mean tewnperature in OC)

CT = .140 + .555 (T - 32) (3b)
(T is mean temperature in OF) |

CH= .05+ 1,58 (1.00 - HM)I/Z (3¢)
(HM is mean rclative humidity in percent expressed
decimally)

CW=.68+.04 W10 | (3d)
(W10 is wind at an clevation of 10 meters in Km/hr)

CW = .47 1+ .04 WP (3e)

(WP is wind at the pan in Km/hr)
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CW = .47 + ,00276 WPM

(31)
(WPM is wind at pan in miles per day)
CE - 1.00 + .07 x EL/1000 (3g)
(K1, is clevition in meters)
CE =1,00+.021 x ELIF /1000 (3h)

(ELTF is elevation in feet).

Potential evapotranspiration cquivalent to that from a short, green,
rapidly growing grass vegetation with a continnously adequate moisture
supply is given by the equation

ET? = .82 EVP CHTV CWTV CETV (4)
in which

ETP is potential evapotranspiration

EVYP is Class A panevaporationinanirrigated area exposure

CHTV = .55 4 .75 1TM

(4a)
CWTV = 1,08 - .01 W10, or ’ (4b)
CWTV = 1.03 - ,01 WP (4c)
CETV = 1,00 -, 04 £1./1000. (44d)

Crop cocfficients to be used with either standardized Cvaporation
or potential evapotranspiration are given in Table 1. Root depths in
metlers are also given in Table 1, Appendix A.

These equations have been tested for California, Arizona, Nicar-

agua, Venezuela, Ecuador and Iran with good results. According to
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Hargreaves (1972) these are general equations and they should fit al-
most any irrigable area in the world, making the following considera-
tions:

1.  The coefficient CW is based on 24-hour wind data. Daytime
wind velocities are higher, and therefore when daytime data are used,
the value .43 should be correspondingly decreased.

2. The CE value is a function of advection which usually increases
with elevation. Dut this is no valid for all locations, so in some cases

this must be estimated.
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IRRIGATION REQUIREMENTS

Irrigation water requirements is defined as the amount of water
exclusive of precipitation needed t¢ maintain a desired soil moisture
and salinity level during a crop season (Pair, 1969). ‘This defi-
nition contains the unique environments, existing for each crop, in
each soil, locality, soil moisture level, cultural environment, and stage
of growth which make irrigation requirements unique also.

Christiansen and Hargrcaves (1970, 1971) proposed as an index
of actual irrigation water requirements the term potential irrigation
requirement, where the potential irrigation requirement on a monthly
basis is the potential evapotranspiration less dependable precipitation.
Dependable precipitation was defined by them as the mean amount of
precipitation equaled or exceeded 75 percent of the time based on rank-
ing distribution.

Consumptive use data are used in estimating the irrigation water
requirements of existing or proposed projects and for crop production
on individual farms, The actual irrigation water requirement is de-
pendent not only on the total consumptive need but also on the amount
of moisture contributed from such natural sources as effective growing-
season rainfall, carryover soil moisture from winter rains, and some-
times any contributions from ground water.

Shockley (1960) has presented an equation through which it is pos-

sible to caleulate irripation water requirement and where the evapo-
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transpiration is only one component of the equation which can be written

as follows:

IR = 100 ((Et + LR - Re - Mc - Mg) + Lo/E
where
IR = irrigation water requirement
Et = evapotranspiration

LR = leaching requirecment
Re = effective rainfall

Mc

carryover soil moisture

Mg = ground water contribution
E = field capacity efficiency

Lc = conveyance and operation losses.

The various factors vary greatly. In arid areas where the irriga-
tion water contains appreciable amounts of salt, LR may be high and
Re almost negligible. In areas where the water is relatively pure and
rainfall sufficient for leaching, LR may be zero. If depths to ground
water are in excess of the depth of the root zone, Mg can be disre-

garded.

Effective Precipitation

Effective precipitation supplies part of the evapotranspiration
requirement of crops. It may be a very gmall part in an arid arca,

or it may be a major part in humid areas such as the south of Chile.
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Since there are few records of effective precipitation available, it is
necessary to utilize total precipitation records and estimate the per-
centage that is effective.

The factors affecting total precipitation effectivencss are:

1. Total precipitation,

2. Intensity of precipitation.

3. Intake rate of soil.

4. Water holding capacity of soil.

5. Evapotranspiration rate of crop.

6. Tiwning of precipitation in relation to irrigation,

The miaximum effective precipitation for a month or season cannot
exceed the cvapotranspiration for that period plus water holding capa-
city of the soil. Storms occurring just after an irrigation or in rapid
succession when the soil profile is filled with water may provide little
effective water for evapotranspiration,

Wherc the intensity of the precipitation exceeds the intake rate
of the soil, runoff will reduce the effectiveness of the total precipita-
tion even though storage space is available in the root zone.

High water-holding capacity soils will hold more precipitation
than soils with low water-holding capacities.

High cevapotranspiration rates will deplete the soil moisture rap-

idly, thus providing storage capacily for subsequent precipitation,
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Rainfall Probabilities

The Soil Conservation Service (1967) has concluded that because
of the wide variation in the net irrigation requirements caused by the
variation of the climatic factors and the irregular distribution of pre-
cipitation from year to year, the devclopment of a dependable water
supply cannot be based on average requirements, or computations of
these requirements from average values of data available, since this

would provide an adequaic supply approximately half the time.

Methods Used for Computing Precipitation Probabilities

Several methods have been advanced to determine rainfall prob-
ability. Some are relatively simple and easy to apply, whereas others
involve mathematical formulas that are time consuming to solve., An
ideal method of estimating probability would: a) apply to any period
of time such as & year, scason, month, or week; b) provide reliable
estimates for a return period of 50 to 100 years by extrapolation; and
c) be easily and quickly computed. None of the probability methods
now in common use meets all of these requiremecents.

The most common probability methods in use are: normal distri-
bution, ranking distribution, and incomplete gamma function. Burchinal
and Dickerson (1961) presented a good analysis of these methods.

Normal Distribution. This normal distributionis usually referred to

as Gaussian Distribution., The function is completely determined by
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two parameters: the mean value, X, and the standard deviation, o.
It is symmetrical, tails out of the extreme values and has a shape

resembling a bell. It is defined by the following equation:
- = 2
F(x) = (2n0) 1 exp [-1/2 (X-X)z/(r ].

The normal distribution provides a good fit for most climatologi-
cal variables that are, for all practical purposes, unbound above and
below such as temperature. Precipitation is bound on the lower end
by zero but it is unbound at the upper end. According to Ramirez (1971)
some distribution other than normal should be expected to provide the
best {it for precipitation data.

Ranking Distribution (Determined by Kimball Equation). Burchinal

and Dickerson (1961) show a good procedure to analyze the rainfall
data using the Kimball equation,

The equations are:

F=m/(N+1)
or
T=(N+1)/m
where
F = percent frequency or probability
T = return period in years, or recurrence interval

m = rank number in an array of decreasing order of magnitude

N = number of years of record,
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The procedure indicated by the aforementioned author is:

1. Tabulate the average annual rainfall,

2. Array the rainfall amounts in order of decreasing magnitude,

3. Compute and tabulate the plotting position, i.e., percent fre-
quency or return period, by the formula,

4. Plot the arrayed rainfall amounts against the percent fre-
quency on probability paper.

5. Draw the line of best fit by eye, giving less weight to single

points that plot far out of line.

Incomplete Gamma Distribution Function. Barger and Thom (1949)

‘made studies related with rainfall distribution based upon {requency
histograms. They concluded analyzing that the normal distribution
did not fit well for periods shorter than four months. This was because
of the large number of weeks with zero rainfall. It has been proposed
that the incomplete gamma distribution function may offer an appropri-
ate model {or wecekly, monthly or seasgonal rainfall.

Hardee (1971) and Ramirez (1971) made a study for Colombia and
Venezuela, respectively, finding that the incomplete gamma distribu-
tion can give reliable information. Hardee concluded from an analysis
of 103 years of precipitation records that a gamma distribution pro-
vides the best fit.

The incomplete gamma {requency as presented by Thom (1958)

for random variable % is given by:



in which
X = precipitation amount

B and m are parameters
X
-x m-1
m = T % dx
0

0 <x <o, m 0,

46

The probability that precipitation will not exceed x amount as well

as the precipitation associated with any probability can be found from

fx) = g“x c-x/ﬁ xm—l

o

0 3 m ]"(1]‘])

where

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

annual, etc.).

Miller and Weaver (1968), using the incomplete gamma distribution

for climatic division in Ohio, determined the monthly and annual preci-

pitation amounts for the 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 95

percent probability levels. Rather than utilizing a desk calculator

and the Thom monogram of Pearson's tables of the incomplete gamma

distribution function (which are related to probability [absissa] and the

ratio X/ [ordinate] [in Thom's graphs, the value of precipitation asso-

ciated with a given probability and gamraa parameter is the x term in

the ratio X/B317),



Weaver and Miller (1967) wrote 2 computer program for the pur-
pose of computing precipitation associated with selected probabilities,
This program calculated ganima and beta paramctiers, Precipitation,

xi, for a given probability, ', is estitmated from:

x
. ] 3 P(m) e -
rhEXyE m (S) - Lam=1

P

where

2 3
X x pA

m+1 (m+1) (mt2)  (mE1) (mi2) mi3)

The gamma parameter, I', is found by solving for m in the quad-
ratic equation:
12 (In X -~ 1/N 2 In X)mz—m-1=0
or

lZ(lnTc-l/NElnX) 2-()I’--1=0.

If T is less than 36, the garnma function is caluclated by using an
algorithm developed by Collinge (1961). If the r value is greater
than 36, the gamma functions were found by linear interpolation of

Pearson's gamma function table,
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PROCEDURE

Evaporation Fquation

Using Data {ron: the Meteorological Office of Chile

48

The first step in the present study was to anialyze climatological

and cvaporation data at eight different stations in Chile where the data

was found to be complete enough for such use. These eight stationsare

listed below in Table 1 together with their latitnde, “ongitude, and ele-

vation,

Table 1, Chilcan Meteorelogical Stations

Number ' 77 In Meters
2 Serena 29.90 71,25 32 9
4 Ovalle 30. 36 71.20 250 9
10 Santiago 30. 45 70,70 520 22
12 San Fernando 34.58 71.00 342 8
13 Curico 34, 98 71.23 211 9
15 Linares 35,85 71.60 157 9
18 l.os Angeles 37.47 72.35 160 9
20 Temuco 38. 75 75.28 114 9

The data used were monthly means, with a total of 290 months.

All

data for a single month for a given station were punched onto one card.

The data were obtained from the Chilean Meteorological Office.

Com-
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puter program 810 written in FORTRAN V language for the UNIVAC
9200 was used to process the data and analyze the results.

The following minumum information (for the eight stations) was
required for the computations: wind velocity, relative humidity, temp-
erature, precipitation, percentage of sunshine, and measured pan
evaporation. Also the following was taken into consideration: latitude,
longitude, elevation and extraterrestrial radiation.

The main limitation of the data was that they ware not consistant
for the winter periods, especially for stations that had high precipita-
tion during this period.

Computer program 810 was used to relate the values of mcasured
evaporation with the different climatic parameters that were measured
at all of the stations. Following the method given by Christiansen
(1968), and starting from a very general equation to calculate evapora-
tion, every clirnatic parameter was related several times with the
measured evaporation in order to develop a formula for averiage evapora-
tion and climatic conditions.

The genera'l equation for pan evaporation is

EvPP=K R, C C C G C
woe

ev L Ut Thy Cs

P
in which

Kev is an appropriate dimensionless constant for pan evapor-

ation
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Rt is the extraterrestrial radiation computed for the month

and latitude, and expressed as equivalent evaporation by
dividing the radiation (cal/cmz/day) by the heat of vapor-
ation atl the mean temperature, TM, and converting to
appropriate units, usually mm per day cr per month

(given in the talles).

With the exception of Cp, which is a coefficient for precipitation,
all of the coefficients have been defined and described in a previous
section,

The coefficients are dimensionless and most of them are of the
general form:

C,=A+BX+CX"
X
where
CX represents the coefficient {or the specific parameter
X represents the ratio, X/XO, where X is the parameter and
XO is the standard value of the parameter, preferably
an approximate mean velue for the data used
n gencrally has a value of 2, but sometimes has other values.
The coefficients are written so that A+ 1 + C = 1,00,

The ratios of measured evaporation to calculated evaporation were
plotted against ecach of the climatological parameters in order to im-
prove the corresponding coefficient and obtain a better fit., The abso-
lute ¢rror, standard deviation and R square were used as a measure

of how well the computed values compared with the measured pan evap-

oration,
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Use of ENDESA Data

Due to the dclay in obtaining the climatic data from the National
Electrical Compuny (ENDIISA), these data were analyzed separately.
Prograrm 810-A was writien for this purpose., This computer program
was basically a modification of program 810, and it is shown in Appen-
dix B, Tihe procedure followed was the same as for the data from the
Meteorological Office. The only difference was that the equation already
developed with the first data was introduced in the program to see how
well it fit. This equation was modified becausc the measurements of
pan evaporation correspcnding to the ENDESA data were Cluss A pan
evaporation (Weather Bureau), but apparently the other sct of data was
taken from a different type of evaporimeter. Unfortunately it was not
possible to find out exactly the type of pan used, but it may have been
a Wild type vaporimeter. Another difference was that the TNDESA
data did not include sunshine measurernents and rnaximum and mini-
mum temperatures (only mean temperature was available); it was not
possible, therefore, to use a coefficient for ternperature difference,
TD, which has a good correlation with sunshine.

The data used were monthly means, with a total of 272 months for
six stations. They were found to be complete ¢nough for the cornpu-
tations needed. These stutions are listed below in Table 2 together

with their latitude, longitude, and elevation.
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Table 2. ENDIISA Aeteorologpical Stations

Id“”?’“ ) . Latitude Longitude Elevation Anem.ometer
cilion Station o Height
S ow In Meters
Number In Meters
2 Desague 37.73 70,78 1325 .6
Invernada
3 FPolcura 37.32 75.53 740 .6
Embascadero
4 Armerillo 35,72 71.08 450 .6
5 Puente 34,28 71.35 199 .6
Arque do
6 Quelantaro A 34,03 71.58 260 .6
Radio

Ilvapotranspiration Fquation

Using Chilean Xvapotranspiration Data

There are very few data related to measured evapotranspiration
in Chile. The only information available for this study was that
obtainced by Friftsch and Tosso (1969). This information con-
sisted of a monthly average of three ycars of measured evapo-
transpiration for the following crops in Santiago Province: clover,
alfalfa, corn, and wheat. Program 812 was written to analyze these
data. The program is given in Appendix 13,

The monthly average measured evapotranspiration for every crop
was punched onto cards, The computer program related these values

with the measured e¢vaporation ior the same place and months. The
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climatological data for the corresponding months were also punched
onto cards and printed out in order to relate these values with the ratios
ET/EV for each crop. The purpese of this was to find an equation to

compute the crop coefiicients,

Evapotranspiration Ecuation Using Pruitt's Data

Using a program written by ’rofesso) Christiansen, data {rom
experimental work at Davis, California, using a 6.1 mecter diameter
lysimeter planted to rye grass, were used to develop a formula for
potential evapotranspiration, The procedure used is that given by
Christiansen (1968), The equation is in the scction on Results and

Discussion.

Irrigation Requirements

Program 691-GV, Appendix D, was written to read the basic pre-
cipitation data to calculate the gamma distribution of precipitation
data on a monthly and annual basis. The same program computes
precipitation for different probability levels according to the normal
distribution and ranking distribution, The gamma distribution is given
at 13 differcent probability levels. A subroutine was used to calculate
potential evapotranspiration using the formula developed in this study

using Pruitt's data.
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RESULTS AND DISCUSSION

New Fvavoration Formulas

Using Nata from the Meteorological Inctitute of Chile

The new formula developed to estimate pan evaporation using
data from the Mceteorological Institute is:
EVPT = KT RMM CWT CET CTT CHVT CTDT CPT
where
EVPT is evaporation, mm per month
KT = .328

RMM is extraterrestrial radiation in evaporation units, the

same as EVIPT (given in Table 2, Appendix A)
CWYT = .41+ .92 (W10C/10) - .33 (W10C/10)2
If W10C (wind velocity in kilometers per hour at 10 meters
height) is preater than 14.0, CWT = 1,06
CET = .94 + .06 (1£1./1000)
L is elevation in meters
CTT = .12 +.92 (TM/15) - .04 (TM/15)>
TM is mean temperature in °c
CHVT = 1,13 - ,13 (111\4/.70)2
M is daytbuoe relative humidity expressed in decimal
form
~ - ) r 2
CTDT = ,72 4 .28 (TD/15)

TD is mcan temperature difference (maximum tempera-

ture, mininum temperature
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CPT = 1.05 - .05 (P/100)
P is mean precipitation.

All of these coefficients have been calculated for the range of
values that may be expected for Chile. These cocfricients are pre-
sented in Table 5.

This formula was compared with Christiansen's formula that uses
extraterrestrial radiation as a base and was given by Christiansen and
Hargreaves (1969). The only modification to the original equation was
the value of the cunstant . 459 which was changed to . 430.

Hargreaves' formula, as given in the literature review of this
study, was also used for the same purpose. A modification of the wind
coefficient was made by Hargreaves as follows:

Original: CW = ,68 + .04 W10

Modified: CW = .82 4 .0225 W10
The constant was also changed from .430 to . 413,

The absolute error, standard deviation and R square were com-
puted and used as a measure of how well the formulas fit the data.

A comparison of these values are given in Table 4 which shows that
the Tosso formula has the least ¢rror and standard deviation, and at
the same time has the highest coefficient of correlation squared (RZ)
with an overall value of . 93, This indicates that 93 percent of the vari-

ance is predicted by the equation, leaving only 7 percent uncxplained.
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Using the same computer program with some slight modifications,
Christiansen's formula (Christiansen and FHargreaves, 1969), and
Hargreaves' formula (Jlargreaves, 1972) were introduced in order to
compare them with the new formula develeped for Chile.

The Blaney-Criddle formula, as applied to pan evaporation, was
also tried. For this purpose it was necessary {irst to compute mean
monthly k values, which are pan coefficients, and which are different
for every month, These k values were computed {rom the equation:

k = EVPM/{
in which
EVPM = measured pan evaporation

k = pan evaporation coefficient

f = the product of mean monthly temperature and monthly

percent of daytime hours,

The mean monthly k values were then averaged for all stations for each
month and then used in the computer program to calculate the pan
evaporation from the Blaney-Criddle formula. The computed evapo-
ration values were averaged for each station by months and for the
year. Monthly ratios of EVIPM/EVBC and the absolute errors were

also computed and averaged.
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The mean absolute errors for the Blaney-Criddle formula also
appear in Table 4. In order to compare this formula with the new one
developed in the present study, it was first necessary to obtain the
average monthly . values as was explained in the section on Procedure.

The following are the average monthly k values computed from the

data from the Meteorological Institute.

Table 3. Mean Monthly Values of k for the Blaney-Criddle Formula

Month k Month k Month k
January 1.40 May .56 September .14
February 1.33 June .42 October .92
March 1. 05 July .41 November 1.11
April .71 August .56 December 1.28

Table 4. Comparisonof Christiansen, Hargreaves, Llaney-Criddle, and
Tosso Formulas Using Data from the Meteorological Institute

Station Average Absolute Error
No. Christiansen Hargreaves Blaney-Criddle Tosso
2 11.5 13.4 20.7 10. 2
4 9.6 11.7 22.0 8.6
10 9.8 18.5 24.3 10. 8
12 13.2 23.1 16. 2 15. 6
13 20.7 11.1 18.9 _ 7.5
15 13.9 14,8 25.4 11.3
18 15.1 22,2 23.9 10.5
20 15.0 11.8 33.7 18. 4

Overall 13,2 16. 4 22.7 11.4

Average

Standard

Deviation 23.0 28.0 19.0

R Square .89 . 85 .93
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Using Data from ENDESA

The new formula developerd to estimmate Class A pan evaporation
using the climatological information given by ENDESA is:
EVPT = KT RMM CWT CET CTT CHVT CPT
where
RMM is the extraterrestrial radiation as given in Table?2,

Appendix A
KT = .40

CWT = .18 + 1.10 (W10G/10) - .28 (W10C/10)%

If the wind velocity is greater than 19.4, CWT = 1.27

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

CTT = .50 + .18 (UM/15) + .32 {TM/15)

o

CHVT = 1.07 - .07 (IIM/. 70)

CPT = 1.05 - .05 (P/100).

All of these coefficients have also been calculated for the differ-
ent values that are probable for Chile. These coefficients are pre-
sented in Table 6.

This equation is a modification of the formula developed using
data from the Metcorological Institute for which every term has pre-
viously been defined.

Due to the fact that there were no data from which the coefficient
for temperature difference, CTDT, could be computed, this coeffi-

cient was omitted., This has the same effect as making CTDT = 1.0,
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This formula was also compared with the Christiansen, Hargreaves
and Blaney-Criddle formulas.

To obtain the same average value of the computed evaporation
and the measured evaporation, the constant for the Christiansen form-
ula changed from .459 to .562. The sunshine coef{ficient uscd was
equal to 0.865, which was the mean value for the data from the Meteoro-
logical Institute. This was ncecessary because the ENDESA data did
not include sunshine measurements,

The Hargreaves formula which did not include a sunshine coeffi-
cient was used in the same way as the Meteorological Institute data.
For this comparison only the constant was changed from 0.430 {0 0. 480.

The mean monthly k values for the Blaney-Criddle formula obtained

for ENDESA stations are given in Table 7.

Table 7. Mean Monthly k Values for the Blaney-Criddle Formula
for ENDESA Stations

Month k Month k Month k
January 1.60 May .65 Scptember .94
February 1.43 June .51 October 1.07
March 1.23 July .53 November 1.33
April .99 August .69 December  1.50

A comparison of these formulas with the new formula developed
to estimate Class A pan evaporation (Tosso formula) is given in

Table 8. From this table it is possible to observe that the Christiansen
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and Hargreaves formulas prescnt relatively low absolute errors giving
an overall error, standard deviation and cocfficient of correlation
squared pretty similar to that obtained with the Tosso formula., There
appears Lo be no sigaificant difference in the resulis {rom these three
formulas, but the mean absolute errors for the Blaney-Criddle form-
ula were much higher, Details of these results appear in Tables 3.1

to 3.5 in Appendix C.

Table 8. Comparisonof Christiansen, Hargreaves, Blaney-Criddle
and Tosso IFormula Using Data Given by ENIDESA

Average Absolale Error

Station
No. Christiansen Hargreaves Dlaney-Cricdle Tosso
2 8.7 8.7 24.8 8.9
3 12. 4 17.3 48.3 11.1
4 11. 6 12.3 13.6 10.9
5 7.5 7.3 20.8 7.3
6 10. 6 11.4 24,5 9.8

Overal) 10. 6 11,4 21.5 9.8

Average

Standard 22.6 24.3 21.2

Deviation

R Square . 94 .93 : . 95

New Evapotranspiration Formulas

Evapotranspiration Formulas Developed for Chilean Data

An analysis of the climatic data and measured evapotranspiration
for the Santiago Province was made. There was information for four

crops and they were analyzed individually.
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As a result of this analysis a formula to estimate evapotranspira-

tion for every crop was obtaincd.

Evapotranspiration for Clover (CL). The following formula to

estimate actual cvapotranspiration for clover was developed:

ETCL

1

EVPM CTCL CHCL

in which

ETCL

1

actual evapotranspiration for clover in the same

units 2s EVPM
EVPM = pan evaporation

CTCL = .82 - .20 ((TM-10)/5) + .06 ((TM=-10)/5)%

M iz mean tenmperature in °c
CHCL =1.18 -.795 ((IIM - .50) /. 15) + .465 ((IIM - .50)/1.15)2
HM is mean rel tive humidity in percent expressecd
decimally,
The average absolute difference between the meesured and calculated

evapotranspiration from the above equation is 5 millirnefers per month,

Evapotranspiration for Alfalfa. The following forn.ala to esti=~

mate actual evapotranspiration for alfalfa was developed:

ETAL = EVPM CTAIL CHAL
in which
ETAL = actual evapotranspiration for alfalfa in same units
as EVPM

. .EVIPM = pan eveporation

CTAL = 1.18 - . 18 (TM/15)
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CHAL = 1,03 -.14 ((HM - ,50) /15) 4 .09 ((HM - .50)/.15)2.
The average absolute diffecrence between the measured and calcu-
lated evapotranspiration from the above cquation is 7.2 millimeters
per month,

Evapotranspiration for Corn. The following formula to estimate

actual evapotranspiration for corn was devecloped:

ETCO = EVPM CLO
in which
ETCO = actual evapotranspiration for corn in the same units

as EVPM
CCO = .72 + .38 cos (1.047 (XM ~12,2))
where for months preceding Scptember,
XM = Month + 12
and for Scptember to December,
XM = Month.

These values are given in the following tabulation:

Month XM Month XM Month XM
January 13 May 17 September 9
February 14 June 18 October 10
March 15 July 19 Novemkter 11
April 16 Aupust 20 December 12

The average absolute difference betwecen the measured and calcu-
lated evapotranspiration from the above equation is 5.7 millimeters

per month,
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Evapotranspiration for Wheat. The following formula to estimate

actual evapciranspiration for wheat was developed:

ETWH

1

EVPNM CWH
in which

ETWH = actual evapotranspiration for corn in the same units

as EVPM
EVPM = pan evaporation
CWIT = . 545 + . 345 cos (1,2548 (XM - 10.5)).

The average absolute differcnce between the measurced and calcu-
lated evapotranspiration from the above equation is 4.3 millimeters
per month,

The measured and calculated values of evapoiranspiration and
some of the ratios are given in Table 3, Appendix A. The symbols

used appear in Appendix A,

Potential I'vapotranspiration Formula Developed from Pruilt's Data

From the analysis of Pruitt's data at Davis, California, the follow-

ing formula to estimatce potential ¢vapotranspiration was developed:

EVTT = .81 EVCHCT CwW
in which
EVTT = potential evapotranspiration
EV = measurcd o1 computed Class A pan evaporation

2.0 (IIM/.80) - 1.0 (HM/.SO)2
If HM is greater than .80, CII = 1.0

CH
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HM is daytime relative humidity expressed in decimal

form
CT = .91 +,09 (TM/15)
TM is mean temperature in °c
CW=1,12 -~ .12 (W10/10)
V10 is wind velocity in km/hours at 10 meters height,

Relating these valucs of measured evapotranspiration at Davis with
those calculated from the above equation for the same period, an ai::0-
lute error of (.6 percent average was obtained.

Due to the reliability and the greater amount of data from which
this ecquation was developed, and considering that the climatic condi-
tions for Davis are, in gencral, similar to those of the irrigated areas
of Chile, this equation was used in the gamma program as a base for

the calculation of the potential irrigation requirement,
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Irrigation Requirements

Potential Irrigation Requirernents

To arrive at the actual irrigation requirements, two basic para-
meters need to be determined: effective precipitation and evapotrans-
piration. The amount of water used by a crop and the amount of water
required for leaching are dircctly proportional to evipotranspivation.
Part of‘this water used is supplied by effcctive precipitation and the
remainder must be supplied by irrigation., Unfortunately it was not
possible to obtain values of effective precipitation for this study because
data related to intensity of precipitation, soil characteristics, drainage,
and runoff were not available.

The gamma distribution analysis was used to compute precipitation
probability values for stations. Potential ¢cvapotranspiration and poten-
tial irrigation requirements for 5 precipitation probability levels
appears in Appendix D. The calculated value of potential evapotrans-
piration for each month and the annual valuc, which is the zum of the
monthly values, are printed out. The potential irrigation requirement
is obtained by subtracting from the values of evapotranspiration the
precipitation at 5 probability levels. TPositive values indicate that irri-
gation is required and negative values indicate that dependable preci-
pitaticn exceeds the potential evapotranspiration, therefore irrigation

may not be required,
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Monthly and annual probabilities of receiving equal to or greater
than a certain amount of precipitation for 13 probability levels were
also calculated., The annual values do not correspond with the sum of
the monthly values since they represent the distribution of the annual
totals for each vear of record. As an example, in Table 8.5 for Santiago
we find under the 70 percentile column and for May the value 17. This
indicates that in 7 years out of 10, the May precipitation total for
Santiago is expected to be cqual or greater than 17.0 millimeters, or
alternatively, that 3 years out of 10 the May precipitation total is
expected to be less than 17, 0 millimeters.,

In Appendix 1) also appcar values of maximum arnd minimum pre-
cipitation for each month as well as the annual value, dependable pre-
cipitation, evapotranspiration deficit (ETDF) and moisture available

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

Actual Irrigation Requirements

As previously stated, actual irripation requirements depend upon
both crop and snil conditions as well as the climate. For this reason
it is not possiblc to compute actual irrigations in this study. The in--
formation given here, however, provides a basis for estimating actuadl
irrigation reguirements on a specific project basis where crop to be
grown and soil conditions 2re known or can be determined. Some
appropriate precipitation, such as 75 percent, can be selected for this

purpose and tabulated for each month. An analysis of the irrigation
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requirement can then be made by first estimating the effective preci-
pitation on a month to month basis by considering the probable runoff
as related to soil infiltration rates and precipitation intensities. Using
appropriate crop rooting deptiis, the amount of the precipitation that
infiltrates into the soil and is retained in this rooting dcpth can be
estimated and the carry-over moisture determined for each month.

An irrigation efficiency percentage can be assumed for the method of
irrigation to be used. Where the water quality may be relatively poor,
the leaching requirement should be taken into consideration.

An example of such a detailed procedure for maise (corn) grown in
the Santiago area would lie as given in Table 9.

From a personal knowledge of the soils, precipitation intensities,
and irrigation methods used, the following assumptions are made:

1. The furrow method of irrigation will be used for corn.

2. The irrigation efficiency is assumed to be 60 pcreent,

3. The maximum rooting depth for maise for the soils in this
arca wiil be taken as 120 rm, Since maise is an annual crop, the root
development will occur simultancously with the vegetative growth, so
the monthly percentage of rooting depth will be assumed the same as

the crop coefficient.

4. The carry-over moisture will be assumed to be that remain-

ing in the total rooting depth.
5. A minimum values of actual evapotranspiration (Eta) of 20

mm was uscd for the six winter months.



Table . Analysis of Actual Irrigation Requirements for Corn in Chillan

Month D(f};'“;n Ri::ofx In;iizr::md =12 Crop ETA \{ccniﬁir_c Deficit IR
mm mm mm mmm - Coeif. mm cver
Jul 79 10 69 30 20 120
Aug 69 10 5 14 29 120
Sep 36 -- 36 62 20 120
Oct 20 -- 20 108 21 119
Nov 3 - 3 168 47 75
Dec -- -- -- 223 249 --
Jan -- -- -- 254 229 --
Feb -- -- -- 184 92 --
Mar -- -- -- 137 27 --
Apr 11 -- - 81 20 --
May 73 10 63 35 20 43
Jun 116 16 100 24 20 120

oL
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Estimating Dependable Precipitation at 75% Probability Level

To calculate the Gamma Distribution the Univac 1108 computer was
used, It scemed desirable that a simpler method be developed to esti-
mate precipitation at the 75% probability level which is used in estimat-
ing water requirements for irrigation projects.

Eighteen stations with records verifying from 30 to 100 years werc
used for the development of this method. The monthly values of preci-
pitation for the 757 probability level from the Gatnma Distribution
were plotted against the monthly mean values. A curve was fitted by
eye to the plotied points and the equation for this curve was developed.
The equation obtzined was:

PD(75%) = -7 + 31.5 (PM/100) + 13.5 (P /100)2

in which

PD(75%) is the dependable precipitation at 75% of probability

level, in millimeters per month

I’M is the mean precipitation from more than 10 years of

records for a certain month, in millimeters.
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Figure 2. Relationship of Dependable Precipitation at 75% of Probability from a Gamma
Distribution to Mean Monthly Precipitation
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SUMMARY AND CONCLUSIONS

The objectives of this study were to:

1. Analyze the available climatic data for Chile and determine
the best formula for estimating potential evapotranspiration.

2. Process the available monthly rainfall data to estimate the
dependable and effeciive precipitation,

3. Relate the dependable precipitation with potential evapotrans-
piration to determine irrigation water requircments.,

4. Choose what seems to be the best formula for potential evapo=-
transpiration,

5. Combine this formula with dependable precipiiation and rnake
a complete study of potential irrigation requirements for 13 stations

in Chile.

Two sets of data were analyzed to develop a formiula to estimate
pan evaporation. The first onc was data {rom the Meteorological
Institute of Chile. A total of 290 months of data froin 8 stations was
used.

A formula to estimate pan evaporation was obtained and compared
with other formulas. The new formula developed gives the least abso-
lute error.

Analyzing the second set of data obtained from ENDISA, with 272

months of data from 6 stations, a formula to estimate Class A pan
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evaporation was also developed. This formula gives an overall abso-
lute error equal to 9.6 percent. The new formula was also compared
with others and it seems to be the most reliable.

An evapotranspiration study was made using measured evapoirauns-
piration and climatic datu from Santiago Province for 4 different crops.
Formulas that relate evaporation and two climatic parameters were
developed to estimate actual evapotranspiration for the 4 crops.

Using Pruitt's data {from Davis, California, a formula to estimate
potential evapotranspiration was developed. This formula was used
for the study of potential irrigation requirements for the 13 stations.

Thirteen probability levels of precipitation were deiermined for
the 13 stations, corresponding to 13 different provinces in Chile
(Table 8.1 to 8. 13, Appendix D).

Potential irrigation requirements for the same 13 stations were
computed using the ganima distribution: at 5 probability levels subtracted
from the potential evapotranspiration.

An example of how the results from this study can be used in a
practical way is given and summarized in Table 9,

A formula for computing precipitation at 75% probability level
was developed based on a 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 Chile.
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Table 1. Crop Coefficients, K

Full Crop Cover

Seasonal K

Root Depth
in Meters Range Average
in K K
Field and Oil Crops 1.00-1.30 .90-1.08 i.00
Fruits and Grapes
Grapefruit 1.20 .65
Grapces 1.26 .69-.73 .71
Naval Cranges 1.07 .53
Peaches .92
Grain and Forage Crops 1,12-1.35 .89-1.39 1.12
Grass and Hay Crops ' 4 .
Alfzalia 1.83 1.07-1.10 1. 09
Bermuda Lawn 1.19 .86
Blue Panicium Grass 1.20 .91
ireen Manure Crops .86-1.31 . 79-1.00 .91
Winter Vegetables .64-.95 .1..00-1.53 1.19
Summer Vegetables .86-.95 1.00-1.15 1.05

Range Mean
.60-.81 .73
.65

.55

.53

.78-.95 .85
1.09

.86

.91

. 70-.97 .79
. 70-.97 .83
L67-.69 .68

Note

1))

: Root depth is mone frem which 90 percent of soil moisture depletion oceurred. Coeffi-

cienis are to be used with Class A pan evavoration from an irrigated arca exrosure,
standardized and adjusted in order to comipensate for differences in wiand speed and

humidity. Values of K x 1.22 may be used with computed values of potential evapotrans-

piration.

Source: Erie, French and Harris and Midcéleton, Pruitt, Crandall and Jensen.
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SYMBOLS USED IN TABLE 3

™ = mean monthly temperature,

HM = mean monthly humidity.

W10 = mean mouthly wind velocity.

EVPM = measured pan evaporation.

ETCL = measured cvapotranspiration for clover.

R = indicates a ratio; i.e., RCLM = measured evapotranspira-

tion for clover divided by measured pan evaporation for the

same month.

ETHCL calculated evapotranspiration for clover.

ER = indicates the error or the difference between the measured
evapotranspiration and calculated evapotranspiration; i. e.,

ER TCL = ETCL - ETHCL.
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niatg 3.2 Comparison of EVPM with EVBC, EVPC, EVPH and EVPT PAGE 2.
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APPENDIX D
‘Precipitation and Potential Irrigation Requirements

Based on Gammma Distribution
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. T DRECIPITATION 3nU POTFWNTIZL IPOIGATION KEQUIPENMENTS FCQ GIVEN PRCBABILITY LEVELS BASED ON GAMMA DISTRISUTION. IN MM,
STATION NauL rfyaLLC COGUIMBD SEI. NO. [
LAr. -30 3Re LONG. 71 12+ FLEV. 250, YEARS OF CATA 47
P 348 ITY 95, 0. 8 U. 75. 70. 60. s0N. uQ. 30. 2S. 20. 1G. Se 930. ] 0. 7%. 70. 60.
LI R MEaY PIECTIOITATION AT VARIOUS PRORAMILITY LEVELS ETT IRRIGATION RIQUIRENMENTS
IR . 0. C. c. U. [ V. C. 0. N. 0. J. Te 0. 25C. 25C. 2%3. 25°. 25C. 250.
Fgl 1. C. Ge c. 0. 0. 0. n. 0. 1. 1. 1. t. 6. 202, 209. 229. IC3. 233. 209.
vz 1. 0. 0. 0. Ce 0. 0. a. T ‘nN. 1. 1. 2. 4. 172. 172. 172+ 172. 112, 112,
12 v. Ne 0. Ue n. 0. 0. C. 1. ?. 1. 4, 10. 17. 97. 97. 37. 57, ar. 9.
var 2a, 0. C. d. 0. 1. 2. S 10. 19. 26. 35, 72. 11w, £%. 63. 53, 63. 63. 61
g1 un. U. 1. 3. 8. Se 11. 18. 28. 53. S%. 65. 107. 151. 89, [R: 3% 45, 45, 43, 38.
RALS 25. 0. 0. l. 1. 2. Se 9. 15. 25. 3r. 1. 72. 105. 2 9. 89, aR, a3, u?r. Q4.
AL 2f. 0. 0. 1. le 2. 5. 9. 15. Z25. 32. 41. 7%. 1C6. £a. £ 9. 69. 67. 56 . 64
rE£o <. C. u. a. o. 2. 0. 1. le 3. Se 7. 16. 28, 1€2. 122. 10Z. 102. 132. 102.
et T, 0. U. C. n. D. c. O. 1. 2. 3. s, 10. 18. 1%4. 1%u., ]St. 1%«, 153. 1S53.
Moy n. n. G. 0. Ue Q. . Oe « O. Q. 0. 1. 1. 2. 19f6. 196. 1%35. 196. 136. 19%.
nEC 1. c. 0. c. 0. 0. 0. 0. 0. 1. 1. 1. 1. fe 24S. 285. 235. 2u5. 2845, 285.
LYY i30. 3§, ua, 66 75. R3, 99. 11%6. 135. 157. 170. 186. 231. 273. 1655. 1608, 1539. 1590. 1572, 1556.
Pir2wfTERS FOO GAMYA DISTRISUTION
Moy Ty Jay FER vag ipz MAY JUN JulL ALG SEP oct NGV pDEec ANN
Lrves .1 oo 1328 27927 DSy +0109 <01 -C157 +0151 .03 60 0535 -3299 1386 .C230
3 sessseves »155 <168 =176 «262 «513 -396 .399 193 -183 .173 .159 2.9236
LA . UUCO la 7951 1.7223 1./533 1-2370 «5% 63 - 260 . 8240 «5608 1.6%3%4 1.8633 1.7650 «680G2
BEXLANG MIN.PPTCIP. AND A SUMMARY OF OFPENDABLE PPEC. CVAPOTRANSPIRATION DEFICIT END MOISTURE AVAILZBILITY AT THE 75 P.C.PROD.LEVEL
pray 0. 52. 3u. ST, 257. 15 3. 14, 139. 91]. 32. 13. 27. 346 .
DMty a. Ue 2. 0. 0. D. 0. C. 0. c. G- 0. 18.
prreg 0. [{ fi. D. 0. a. 1. 1. 0. 0. 0. D. . 15,
gErrs ?50. 209. 172. at. 6 3. 4S. L8 6 1fe 1C 2. 154. 196. 245. 15%0.
vy ~0nn 000 «0G0 -noo «0Us +0 86 D30 070 -0 00 0035 .000 .000 -+ 085
CLIMATIC CATA ySFN T COVYPUTE TOEFFICIFNTS WHICH TOGETHER WITH ELEVATION ANO SOLAR RADIATION UOETERMINE FICH
TEv> 19.2 19.3 17.2 16.6 12.5 12.0 i0-6 11 .4 12.2 16,1 16.1 18.1 14.7
LIU .50 .62 - &l .68 -72 .76 .78 .77 .72 «57 . <65 .63 <66
AR 17.9 12.1 11.¢ 8.6 a.n Be6 8.7 9.4 10 .6 11.0 12.0 13.2 1C.6
pec C.DAYS U. 418 G. D. u, 7. Se S. 1. a. 0. O. 22.
StrreH 1NE .72 « 72 o 67 «56 - 55 .57 «68 66 «67 71 73 .72 67

® TKIICATES MISSING DATA

00t



TARLE A, & CRECIPITATINN AND POTENTIAL [IPRIGATION REQUIRCMENTS FOR GIVEN PROBABILITY LEVELS BASED ON GAKMA DISTRIBUTION. IN MM,

STATICON NAME vaLpaealsp YALPARAISO SER. NO. 9
LaT. -33 1y LONG. 71 30. ELEV. 41e YEARS OF DATA @0
LT T 1S B A / 9s. 9U. S u. TS T0. [ o8 50. Q. X0, 2Se. 20. 10. Se 90. 2L, 15. 70. €0«
Mo T LT &Y PRLCIPITATINN AT VAR IOUS PROBABILITY LEVYFLS ETT IRRIGATION REQUIREMENTS
JN T 0. fie 0. 0. 0. Ve 0. Ce 1. P 2. Ra 10. 200. 200. 200. 2C0. 200. 2U0.
£E3 1. 0. Q. J. N. Q. 0. Na 0. 1. 1. 2. L Te 1S4. 154. 154, 1Su. 1%4«,. }%u,
v3d a4, 0. U. U. 0. (118 O 0. te 2e 3. Se 11. 19. 122. 122. 122. 122. 122. 122.
Xl te. a, Ue Ue 0. 0. 1. 3. Te 14, 19. 26 Sy, Rf. 6 R, 68. 6 R 68a 64, 6T.
v °1. 1. 2. f. 12. ) RN 217. u3. F3. Q1. 110. 134. 212. 29u, uf, Gu, Iaa Ju. 30. 19.
Jun 1. 7. 1T. 3%, L X 89, FT. 87. 112. 133, 162. 186. 257. 326. 312. 15. -0, 3. =17. =35,
JuL &e, T. 12. 2a. 29. [ 39, 6u. 82. 105. 119. 136. 1R%. 24l. 33. 20. 9. 3. -3. -1lb.
Aun Fha G, S. 17. Tl 26 36. 48. 62. 30. 91. 10S. 148 . 190. 51 43, 35. 30. 26. 15
sge 8. n. Ue 1. 2. t. Te 12. 19. 29. 6. LY 9% T 112. 75. 7S. Tu, 73. 2. 69.
nee 12. 0. U. 0. C. 1. 1. 3. 6o 11. 18. 19. I6. S6e 120. 120. 120. 120. 129. 119.
ury S. 0. N. 0. Ne Je 0. D. 1. 3. 4 T. 16, 27 157. 157. 157. 157. 157. 157.
rrg . 0. 0. Ce O. 0. 0. 0. 1. 2. 2e Y. Q. 1S. . 192. 192. 19 2. 192. 192. 192.
ANy ula. 18T, 197, >su, PrR, 302. ta7. ¥9%. usr, S02. SIG. S76&. 691. 736, 1252. 1055+ 99f. 974. 951, 955.

PIOAvEIERS FOC Gawwy DIRTSIRUTION

[ Rael AY] JAy Fga v apn My JUN JuL AUG SEP oct NOV prc ANN
Liv,. 2 +0L1%N «13I07 « LS 11 «C142 «CO7% .01 08 -1 8} «0169 '«01 R -N24a7 -C3I63 «0618 -0107

- «179 « 174 130 «753 <5723 1.7 1F 1.2C" 1.119 «4 50 «30a <187 . «180 8.524
Ly Aw 1.Ru17? 1.5697 1.587AQ 1.7736 ¥ 1 -0 05 -a0R &Y ~e0578 -R7 R 1.08r02 1.5976 1.6339 244375

“PTLAND MM OTTECIP, ANG A AUMMARY OF DFPEVOASLF PPEC. EVAPOTRANSPIRATION DEFICITY AND MOISTURE AVATLABILITY &1 THE 75 P.C.PRCGS.LFVEL

Owe y 42 3u. @3J. 102 452. 45 8. %0. 324, 17S. 10S. [ i3, 1245,
vl N N. Ue 0. Na Q. 0. 3. 2e Ce D. C. 0. 62.
LA AN n, U.e Ue . t2. t U. 29. 21. 2e C. 0. O. 278.
LR 0. 154, 122. A%, 3a. -8 3. 3In. 7 3. 120. 157, 192. 974 .
LR «Un PRUSE N QN i3 «251 1?62 e 0% -8 13 -C 30 « 002 0O 020 222

CLIYATIC PaTe ysSE™ 10 CcoMrute CCEFFICIFNTS WHICH TOGETHER WITH ELEVATION ANO SOLAR RADIATION CETERNKINE ETCH

1Fve 17.7 17.9 1hal 18.% 13.1 11.9 1.2 11.8 12.1 14.1 15.3 16.8 16.3
Him -16 « TR - R0 L 83 - PS5 .84 - 83 81 17 76 «81
wrep 1.6 l1a,3 17.a Q27 9.1 B.9 8.2 0.7 13.0 15.3 16.8 16.7 13.1
PerC.arYs 0. U. 0. 3. 12. 1S. 12. 10. Se 2. 1. D. 60.
Sitsuur - NN U0 « 00 «00 +Or -0 00 <00 « 030 -CO -GG -00 .00

* INDICATFS wIgSING DATA

tot



TasLg

SANTIAGD
ELEV. 570« YEARS
60. SU. 80.
AT VARIQUS PROSaE
D. nN. Q.
e Q. Ge
0. O« l.
1. 3. e
26. 37. S1.
e 8. ) 78.
39. 52. 2N
Ic. 4y S 3.
11. 15. ? 3.
2. q. 8.
N. le 2.
Ne O. 1.
284. 321. 361.
MAY JUN
«0N139 .01 &3
«8 14 1.7 97
«1391 -e1377

26 2.

.
13.
il.

SYATION %av[ SANTIAGOQ
LT, -33 27, LONG. 7] &2
porgan (ITY 9s. 9y. 8Ll. 75. TU.
MONTH wray POECIPITATION
JEN le C. 0. Ja Ne J.
LS % N. G. G. N. O.
~AD a. TJe O. 0. 0- Do
40" 1S. Y. U. 0. N. Ye
wey ca, ?. LIS 1C. iv. 17.
Jun °]. 7. 13. 24, 2° 3%.
JR T, S. 9. 1%. 7 2%.
LIF) 7. Y. 7. 1 4. s R 21.
S€2 FALIN C. 1. 3. S 6
alr l1a. T Ce. Ue 1 1.
Nov [ 38 U. N. U N g.
OLC LI S. U. U C. O.
ANy Teu. 132, 1Ra. 20%9. 279. 748,
PFIAMETEDS FNno favue QIXTOPIAUTION
MoNTH Jaw F£a L X4 [ Bai*]
Limgpa 21205 «0742 «L513 0187
2 « 176 «173 -19% « 275
Ly AM 1.6537 1.6301 1.5512 1.1905S
“EY L8'D M1V .PRECTDO, AND & SUMMARY OF DFPENDABLE PREC.
DYy ul, RS. 0. 1731.
PvIN N. Ua 0. 0.
Py Ne Ue Oe T
gEmMms 1R85, 136, 107. ag.
MAT -.0nn -0vo -000 -005

CLT~AYIC PATA USED

TFup ?1.2 20.0
M «5? «56
LR Ak} S.2 8.5
prC.OAYS Na Q.
SINSYHTINF «76 76

* INDICRTFS MISSING DATA

17.7
ehl
3.9

Q.
-5

14.5
-7
25
2.
«57

-5 Uf

TC CCMPUTE CGEFFICIENTS WHICH

11.%
o7
1.8

9.
o8

TOGETHKER WITH ELEVATION AND SOLAR RADIATION

EVAPOTRANSPIRAYION DEFICIT

43 Y.
N.
29.
-17.
24293

8.5
-7
1.3
12.

SER.
OF DA

30.

LIry

le
l.
2.
12.
69.
39.
83.
6 3.
33.
13.
§.
2.

ad 7.

1

1

«33 -

NQ.
TA iC4

25.
LEVTLS

l.
2.
Te
16.
1.
112.
131.
7%
3.
17.
Se
3.

434,

Jut

01463
«(183
o273

35 %

Ge
¢ 3.
~5.
71

LIPS §
» 83
2.3
li.
=33

10
20. 10.
2. 4.
3. 7.
Se 1.
22. au,
95. 147.
128. 175.
116. 1Fu,
91 129
4 3. 79
22. la,
Re 17.
Se 13%.
466. 55F.
AUG
«01R8
1.071
~-=0372

31
1

1
-5

9

3.
O.
A
2.
0

.5

«75

2

6
9.
L1

Se

12.
20.
55
183,
222.
212,
1fhe
10 3.
59.
29,
23.

639.

SEP

02 1R
«H 0
«33935

250
[+
Se

aS.

«095

11.4
70
3.1
Se
=47

Ro © ORECTISITATION &ND POTENTISL TCPIGATION REQUIREMENTS FOR GIVEN PROSABILITY LEVELS BASED ON

TT

185.
139,
102
a9,
24,
17¥.
13.
30.
s0.
8r.
113,
175.

1001.

cCr
0261

«356
«9156

1C2-

0.

1.
A7.
=007

GAR™A DISTRIBUTION.

185. iR 5.
13u. 13v,
102. 1ICe.
9. LT
20. 15.
-C. =-11l.
9. -0e
23. 16.
43, u7z.
88. R7.
13a. 134,
175. 175.
838. 792.
NOV
<0373
«213
1.4586

S7e
C.
O.

1,
«000

DETERMINE ETCH

18.0
«6S
3.8
2.
-1

17.4
«57
4.8

le
.62

1.6987

60.
a.
O.

175.
«000

19.8
53
53

C.
«70

IN un,

1854

102.
87,
-2

~3S5a

-21a
-1
39.
E6 .

134

175.

718.

ANN

.0138
G745
2.8C30

AND MOISTURE AVAILRBILITY AT THE 75 P.C.PROA.LEVEL

euo.
66 .
229.
712.
-229

18, S
+66
3.0
S5l.
55

201



TI2LE

PEr 3aRIL
MW TH

JN
rra
- g0
‘t ol
“ay
JUus
JAa
LAY
SEP
~Ct
‘ov
nee

Lay

Ity
™ME AN

=.
Se
in.
Ju,
1%3.,
e,
15>,
102,
Sa,
1.
?v.
T.

710,

(3]
L

8S.

tur,

ATICN NA¥YE  SAN FERNANDO

Parz=CTfOS FOO GA®YE DISTOIAUTION

"o Ty

Lvae

LNa=

wir. AL mIN,FOECIPE,

ouay
Fwiwn
°Crs
£nF
-py

CLINATYIC NaTA YSEDN TO COMPUTE CCEFFICIENTS WHICH

Trep

Wi

winDd

P C.DAY
Sta. SuIyr

¢ TNIICNYES “ISSING

Jan

«Nl86
«15%
1.?0<6

T7.
Q.
O.

>TR.
<o0n

20.1

« 70
13.1

S le
+«t8

1

Te =34 3% LONG. n D

SU. 80. LTS T0.

PRICIPITATION

0. J. N, 0.

0. 0. N. [V

0. Q. 0 Ue

C. 1. l. 2.

2le. 38. 67, 57.

SS. Ea. %8. 11°7.

28, [y, S5 6€S5.

15. 29. 3b. -~

2. Te E 1%.

Jd. 2. 3. 8

Ce. Ue (LS le

Q. 0. 0. 0.

415. S10. S49. 587,
FCA vaR apPR
<0317 «07Ch -.00%3%
« 1R 7 «20% 122
« 71585 1.897a l.0222

AND & Sym™aARY OF

10°. St. 1FR9,
Ve a. (09
Ue 0. 1.
177. 15C. (3.
«CUJ «.NCOo Ul 6

1A.*® 16.7 12.%
o T -8 «79
9.2 10.5 Te6

le le he

- 19 «63 82
DATS

DEPENDARLE PREC.

) 0° HIGGINS SER.
ELEVY. 382, YEARS OF DS
60, SD. &0. 30.
‘AT V2P 'S PEJRARILITY
0. ‘O. 1. 3.
0. 0. 1. 3.
‘0. 1. 3. fa
u, . 171, 30,
7T7. I00. 128. 153.
191. 171. 2U6. 248.
89. 115. 14f. 1B6.
1. 8G. 103. 132.
20. Tl. wu. 2.
8. 13. 1. 33
2. Se 11. 20C.
ne 1. 2. Se.
f58. T730. 807. 896.
Ay JUN
- N0 9 .00 99 .
1256 2.070 . 1
-.0397 .03 85 -

46 6. 62 S.
1. Te
7. 98.
-10. -Tf.
1.258 a.X7% »

10.0 7.3
- 83 « 8%
8.9 8.2
17. 22.
36 .28

N0
TA 49
25.
LEVELS

b,
4.
.
LHVI
186.
274,
210.
150.
Tu.
LRVIN
217.
T.

9% 7.

JUL

CQ 84
«2 78
1Jul

uh o,
10.
55a
-?R.
D76

6.5
= R2
8.2
18.
« 30

12

20.

T

e
13.
53,
2l1.
5.
2u0.
172.
89%.
S 0.
36.
10.

1007. 1

AUG

«01 OR
1174
-«0775

EVAPOTRANSPIRATION DEFICIT

3C1.
C.
36e
-0,
1.011

Teu
- 82
7.3
14,
-5

10.

19,
1f.
.
160«
2°7.
35,
310,
0.
138,
flu.
70.
22.

175.

AND MOTSTURE AVATLABILITY AT THC

Se

Ju.
28.
Sl.
15 3.
370.
uf 2.
41 9.
307.
138.
12 0.
108.
3s5.

137.

SEP

0123
R RS
«305%

58
-1 19

TOGETHER WITH ELEVATION AND SOLAR RADIATION

9.8
«T9
8.7

Q.
Q6

F. & ORECIPITATION AND POTENTIAL 1PPIGATION REQUIREMENTS 'FOR GTIVEN PROBABIL({TY LEVELS BASED ON

ETT

2?76
177.
150.
€Se.
3n,
22.
2F.
36.
RTa
110.
170.
2?7.

1364,

[Ivh }

«0156
«878
«61 Ry

142.
2.
3.

10a.

«076

GAMMA DISTRIBUTION.

aD.

80.

5.

700

IN #m,

60.

IRRIGATION RFEQUIRIMENTS

ST6.
77,
150.
bu.
17.
-32.
2.
21.
ESe
110,
17C.
227.

94 9.

l.

27 6.
17 7.
150.
5
-Ca
~F 2.
-18.
7.
6C.
129.
i69.
227.

85 S.

NOV

0124
«292
1295

14 R,
Je
Ge

18 8.

«CO03

OETERMINE EICH

12.5
-78
9.9

Ge
«d&

15.9
75
1C.0
LIS
61

276,
177,
15C.

63.
-J0.
-76.
-28.

-0.

5R8a
108.
169,
2217,

815.

CEC

«0296
212
1.8607

75 P.C.PROALEVEL

Sl.
Q.
0.

227.

«000

17.7
71
12.0
l.
%3

276,
177,
150.

63.
-19.
-90.
~39.

~8.

Su.
106.
169,
227.

778,

216,
117,
15C.
65,
-39.
-1l3.
-62.
25
a5,
102.
167.
227.

TJ6.

A NN

.CC3u
6.437
S .5492

1618.
168 .
589,
815,
<03

13.2
«77
S.0

100.
=83

€0l



TAPLE A, 7 PRECICITATION AND POVENTIZL IFRIGATICN REQUIREMENTS FOR GIVEN PROBABILITY LEVELS BASED ON GAMMA DISTRIBUTION, IN MF.
SYATION NR¥E  CUICH cualco Sfr. HNO. 13
LAY, =6 S3, L2%5. 71 lue ELEV. 211y YELRS OF CATA 83
PP AFRILITY Qag5. °0. 975 75. T0. 0. S0 4. IQ. ?S. 2C. 10. Se 90. gC. 75. 70. €0
ladud B L] “raN POECCIPITATION AT VARIOUS PROBAAILITY LEVELS ETT IRRIGATION REQUIREMENTS
Jes °. e Ua Ue Ne 0. N. Ue 1. L, A 9. 26, u3l. 231. 291. 291. 291. 271. 291.
rre Q. n. c. o n. J. 0. C. 1. Se b 7. 16, ? e 221« 2214 20!. 221. 221. 221.
“av 1%. . 2. U. 0. e 1. 2. 4. ., 13, 18 3. £ 3. 188, luS. 1n%.  led. leS5.  1sS,
1=z €T, 0. T 1. 2. 3. Te 14a 2 U, LI 5%, fAS. 123, 1% 3. 71. 70 L 5. k7. 63
vy 1311, f. 17. 2ha Ta, 82. 1a 8. 109. 14, 165, 172. 27%. 359. 27. i0. 1. ~T.a =-i%e =13.
JuN 127, 1. 52. 20. 92. 1WUS5. 137. 15RA. 188, 27L. 749. ?276. 35n. U3P. 1. =-3%. =~£3. =76, =-83. -11%.
JuL 17, 8. 24 . aua, Sa, bu, A7 117. 1?2, 150G. ?03%. 2%i. 317. wudl. 19. -he =25+ =36be -4b. -68,
L 05 1t 1. HLS 22. 37. ua, S1. [ 8% 107. 176« 1ul. 159. 211« 253a 1. 16. la -5 e -13. -28.
“la T 2. u. 1C. 11%. 17. “e XS g 7. Sl Tu. ET7. 12%. 1RS9. 70. £5. 60. 57. 33 &5,
ol ¢ 1T, T. 1. u. Se 7. 12. 17, Z25. 3 7. 55 Sa. Fu. 116 123 3127« 117, 1i3. 116. 111le.
N | S n. Ce. e 0. 1. ?e Se 1. 1. 72. 2. TR A, 197.  1¥T7T. 127. 127. 19?. 195.
res 11. e g. Ge De 0. 0. la . Ta 10. 15%a 33 5 5a 28 %. 5% 5% 265. 245. 265.
L] 7uN.  3S0G. wlt4. =03. 533. S74. 6B40e T06e T7TT. AST. 3Wh. 9%8. 1111. 1768, JuBY. 1C69. 981. 8%, 910, B8us,
PEIRVITIOS Fro Gawma OISTRIBUTION
vy T Jiy Fea w0 [ -] MAY Jut JUL AUG SEFR ocrT NOV DEC ANN
Lev=a DAkl - 3us ~C182 Onag .Cuav +L1 1% et i) «C1 56 <0151 .01 7% 183 -0193 «03%8
e «1A1 -181 .7 31 3R 7 «27% 2.1 3 1.315 1.613 «8 F0 -5 3Y7 «333 «211 7.121
Lemav 1.7512 1.627R e 30 94 «RARS «0GS? «CR Q3 ~all3% ~ <1108 «C3 85 «Ju 38 1.0555 1.9638 6 .8066
AT JAND MINLPPECIP, AMD & Sy“MARY OF DEPENDABLE PREC. EVAPOTRANSFPIRATION OEFICIT AND MOISTURE AVAILARILITY AT THE 7% P.C.PROA.LEVEL
owmyy 78. re, 8u. 219. 431, 51 V. IR, 294, 226, 131. 73. 68. 1302,
PY"N 0. Ca N. O. C. 1C. 3. Se O. 0. C. o. 123.
pnts Q. U. Ne 2. 34, Q>. Sy, B4, 1. Se Ge Ja 53%.
gmnr ?91. ??1. 145. R3. -Te -7 6. =3 0. ~6. S7Te 11 fFa 197, 26%5. ELL Y
L2 e} «0CU PR ol Mist -028 1.281 S.f 2} ?2.911 1.157 -1 ARG «0u3 032 «003 «363
CLI~aTIC DsTa UYSEL YO CCHMPUTE COEFFICIFNTS WHICH TOGETHER WITH ELEVATICN AND SOLAR RANIATION DETERMINE ETCH
Vfep 19.9 18.5 15.6 12.3 9.1 T3 6.9 8.1 9.8 17.3 15.7 18.2 12.8
HUM k7 «65 «70 «79 88 «®1 . -91 «87 «82 78 «71 «67 78
wivo 13.7 13.2 9.5 n.5 8.3 9.8 104 11.2 10.9 12.1 13.8 15.8 11.9
pPLrC.Davs 1. 1. 7. Ta 15. 21le 18. l4. 8. [ 3. 2. 98
SIP <K INE ] -85 - 68 «50 « 31 «23 . - 3% «38 et %9 » 59 .13 58

o 1NDICATES MISSING DATA

1402



TALE  Ae. R PRECIDITATION AND POTENTIAL I©0 IGATION REOQUIRFMENTS FOR GIVEN PROBABILITY LEVELS BASED ON GAMMA DISTRIRUTION. IN MM,

STATION NAME { IN2OES L INARES SER. NO. 15
LAT. =35 Sls LONGs 71 36+ ELEVe 157, YEBPS OF DATA 4aa
PocanILTTY 8. 30. 8 U. 7S, 70. 60. S0. LRV 3n. ?5. 20. 10. Se 0. 8 0. 75. 70. 60.
new Tw Mrax POECIPITAT ION AT VARIOUS PRCPRABILITY LEVELS ETT TERIGATION REQUIREMENTS
JAN 1. 0. O. Q. Ne 0. O. 1. 1. Te 17. 18, 45, Ble 239. 237, 239, 2!9. 239. 239.
fFEa 1l. Ge 0. 0. 0. a. O. 1. 3. 7. 10. | LS 2. Su. 1S4. 15u. 154, 1S4. 158, 193.
Va2 rX. g. 0. U. Ne Ue. 1 3. 7. 16. 2?. 32. 73« 11fe 107. 13a7. 107. 107. 1C7. 106,
L fn, 1. 3. 9. 13. 17. 2F. 38 Su. 7S 89. 106c R0 21K 28. 29 19. 15. 11. l.
vy 16, 31. 5%. 75. Bu, 94. 112. 132. 15%. 179. 19a. 212. 26%5. 3iu. 1A. -35. -%7. =-hb6. =76, =93.
Juy ;Na, Sh. 7S« 104. 118. 130. 15S. 137 2lle 286. 267« 291. 362. 428. 18 -61. =3le =104. =117. =142,
Jut 172, 36. 52. 17. 63, 1JD. 12% 14A. 176, 210. 230. 75%. 325. 392. 11le ~-40. =-66. «77. =-B89. -112.
[RHY 16, 31. R4, 64. 73. 82. iNt0. 118. 180. 16S. 180. 19~. 251. 133U0. 2P. -ih. -39, -84, =53, =71,
<re L 12. 19. 31. 6. 2. S 8. 67a 8?7. 101. 112« 126« 167« 206 83, 3u. 18. 12. 6. -6 .
ner ua, 2. LI 9. 12. 16. 23. 32. 8 3. S5Ea 67, 79. 115. 151. 87. a3. 78. 5. 72. 64,
YoV 27. 0. U O. la 1. 8, Te 18, 24, 32. 93. 8Ne 123. 1aS. 18S5. 183, 194, 183, &},
Ctc 2t U. V. g. ‘N. 0. le 3. 8e 16. 23. 33. 70« 114, 212. 212. 212. 212. 212. 211.
ANy qsc. 67w, HU3. T738. TT1l. f0S. P6E9. 932. 998. 1072. 1115. 1163. 1298. 1416 10°?. 4m9. 358. 321. 2M7. 222.

PADAMETEDS FOR GamMA CISTRTAUTION

MO TR JAN FE3 AR 'PR HAY JUN QUL AUG SEP oct NOV DEC ANN
LAvps «N112 -0192 «009S «0113 «N1 935 «01 47 «0133 =01 85 0207 «0185 «0116 .0122 .0183

4 «170 «?10 221 -723 2.8195 3.0om 2.286 2-51F 1.707 «R 83 «318 «232 13.696
Lh"ay 1.6934/ le8 702 le4195 «2271 «S5358 <R3 U2 e 1855 «29FR0 - 0943 «0R 7S 1.0356 1.3580 2l .76

LT AN) MIN.POFCIP. AND A SUMMARY OF DFFENDASLF PTEC. EVAPCTRANSPIPATION DEFICIT AND KOISTURE AVATLABINITY AT THE 75 P.C.PRODLLFVEL

LAl § 91. 130, 19F%. 287, 27 1. ta 3, SNSe 294. 27 0. 139. 7. 1al. 15Cha
P®IN n. U. 0. 0. . 2 4. 20. 1. Qe D. O. Q. 876
P21S O. C. 0. 13. BYy. 11 8. 89, 73. 36. 12. 1. O. 171.
ETF 2x9. 154, 107. 15. -6 6. ~104. -77. -4 4, 12. 75. 1ua, 212. 321.
mat «Qun +C00 «000 «85R8 8.697 8.575 T.911 2.5F6 7483 o102 «00S « 300 -« 706

CLTPATIC DATA USFD T2 COMPUTE CCEFFICIFNTS WHICH TOGETHIR WITH ELEVATION AND SCLAR RANIATICN PEITR“INE.ITCH

1fvp tr.a 18.1 15.8 12.3 9.1 7.8 7.0 7.9 9.8 12.4 15.2 17.7 12.6
Hepe «hS «6& 12 «80 - 88 - £3 « 2 - 86 - 82 -79 73 «69 .78
vI%o 10.» Rad Sa8 1.7 8.1 Se7 a.1 6.1 - Sef 6.3 77 9.3 6.1
PRFC.DAYS A D 2e 3. 10« 18. 22. 20. 17. 12. Re 5. LY 125,
SR SHINT «00 «00 - 00 -00 -0 « 00 -0 -00 -00 «00 .00 00 00

¢ INDICATES M1SSING OATA
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Y4 LE A, 9 OPRECIPITATION anD POTENTIZL IO IGATION REQUIREMENTS FO? GIVEN PRCBABILITY LEVELS BASED ON GAMMA DISTRIAUTION. IN Lb IS

STATICN NIME  CWILLAN NUBLE SER. “D. 16
LiT. =36 36+ LCNG. 72 26+ ELEV. lau. YLARS CF D2"A w7
pet3alItITY Qqs. ag. RG. 75. 70 f 0. SNe 40. 3. ?25%. 23. 10. Se 9C. 8 0. 75. 70. 60.
AR L rray PRECIPITAT ION AT VARIOUS PROBASILITY LEVELS ETT IRRIGATION REQUIREMENTS
Jey 12, a. 0. . n. fie C. 2e a. 10. 15. 23. 55 95 258. 254. 25%%. 25u. 125a. 254,
ff3 1. 0. 0. C. ne 1. 2. 4. 8. 1°5. ’2l. 28. S5 e 8h. 1fn. lraos 1gu, 1%4, lauw., 183.
vi2 22, . Ue N 1. 2. e 8. 15. 28, In. va, f2. 124, 137. 17>, 17, 136, 138, 133,
rea [ 2. 8, 11. § e 12. 2% LRVES 6. Tv. R7. IC1, 12. 29°2. fla 17. Tl. €7 61. 53.
“ar 17c, 3l 87. 73. %6, 37. 121« 188. 173. 215. 217, Jeu . 3ul. w39, 3% =12. =38, -53, g2, ~6ba
Jry 21¢, LE 2S. 11%. 122, 182. 168, 195, 225, ?26Cs 203« 335 375 w1, 24s =R3. =%1. ~10%. ~113. -l44,.
Ju 177, 37. 53. T4, 91. 103. 125. 157. 181, 715« 23F. 261. 3tla. up3, 30, -23. -4, -51. -73, -97.
Aus tag, 3S. us, 6, 78. B8. 1065. 175. 167, 173. 188. 236. 260. 310. LI ~%e =25, =l3%. -4y, -g2,
Sto Pu. 17. 28. 3% Q]. 45. 57 8. 81l. Q7. 166« 117. 1%0. 181. 2. 38. 27 Jla 16 5.
ner “T. Feo 12. 20. 2 3. 27. 3Se ug. < 3. 6Se 72. Ste 1U07. 133, 1cAa. 17 P9, AsS. 82. Ta.
v . s 1% 1. Y. Sa T. 1t. i17. 2 5. 3 6. 43. 52. A2« 113 LE8. 158, 154 163. 161. 156.
nee 28, 2. Ve Q. 1. 2. 3, 3. 15. 6. 35. 45, 2%. 127. 22%. 223. 223. 222. 21. 219.
ANY INYT3. 578, Tau. RY]. 8:Se. £97. A157. 1C15. 1075. 1182. 1181, 1224. 1384, laus, 13%1. 60r. 521. waS. aS4., 393,

PAITLNFTIEDT FND Gawmy NI<ferayrrov

LR TR ] Jan Fgnm LY Y] APR MAY JUN JuL AUG StP oCcY NOV otc ANN
Leren ERAMEAD | ~Uls4 « U119 «J130 «N117% <01 ™ =03 29 «C187 «N2 930 «0320 «01136 -011% -0186

< «128 « 735 «¥35 «915 1.937 %21 2.279 2.672 303 l1.698 -6 13 « 320 19.161
[y 1.€9114 lalaeg -9n 12 -1330 -« NU 14 1.00 87 -1t 15 4123 «1567 -+0962 «3691 1.00392 36.86u7

MAYLAN. MIN.PIFCIP. AM) A SyuMweRy OF DFPENNARLE PRF Ce EVAPOTRANSPIRAT JON DEFICIT aND MOISTURE AVAILABILITY AT THE 7% FaCoPRORLLEVIL

puiy 131. 3. 133. 272 831. ST1. 56 8. 350. 25S. 200. 122. 184, 1563,
PuIN C. 0. Ge 0. 9. She 9 25. T 3. 0. D. “82.
pnoy Ne a. 1l 1u. RSe 1? 9. 1. T8. 81. ?23. Se l. 365.
gine ?ca, 134, 125, 7. -5 0. =10 5. ~6la -35. 21. 8S. 16 3. 222. 486 .
L -Con - 002 007 «177 2.42u 5.311 .04y 1790 «658 -214 «023 - 009 «680

CLIYaTIC NaTa ySED TO COMPUTE COEFFICIENTS WHICH TOGETHER WITH ELTVATION AND SOLAR RADIATION DETERMINE ETCH

Teve 13.F 17.8 15.8 13.3 9.3 8.0 7.2 7.9 9.5 11.0 15.0 17.1 12.5
Him 58 -4 «h0 «f 9 = 80 o RS - 82 « 80 «75 72 «63 .68 71
vivp 18.3 11.5 S.1 9.0 7.8 11.7 117 10.8 T.7 10.3 11.% 12.6 10.6
PPrC.0AYS X. 3. Se 10« 20 22. 20« 17. 11a e 6. Se 130,
SiPSHINE =71 «77 72 «52 -ty -2 %2 -3 =48 «56 .33 -62 53

© INDICATES MISSING DATA
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TA3LE

A.10 PRECIPITATION AND FOTFNTIAL IPPIGATION REOUIREMFNTS FOR GIVEN PROBABILITY LEVELS BASED ON

ELEY.

£0.

CONCEFCION SER.

10

S0.

YEARS OF DAt

s 0.

30.

NCe
L1

25.

AT VAR TICUS PRORARILITY LEVELS

22.
SGe
156,
dl4.
173.
laQ,
72.
8 1l.
16.

Se

1210. 1

Ay

-0113
2.4 22
«2313

S1 6.
29,
113.
-78.

9.
T.
?29%.
65.
185G.
240,
214,
175.
BF.
5U.
2F.
10.

786.

STATION NAME CONCEPCION
LAT. -36 SN LONG. 73 2.
POrBARILITY 9%. SC. 80. 75. 70.
LE R ] .peay POCCIPITATION
J AN 1t. Je 0. Se n. le
Fegs ?2t. Qe Ua 1. l. 2.
w0 an, Y. Se 10. 13. 15.
102 Qr, 9. 15. ?6. 32. IR.
Fav 21%. uf, 67. S9% 113. 127.
Jun 2%7. 10%. 127. 16 0. 176, 188
JuL FALIN AT, 90. 124. 1¥9. 1%Sa.
s G 1e7, Sla 0. 99. il1l. 1748.
Sto a9, 2%. 3?2. at. $3. $%.
alT Rl. 10. 15. L I8 2R. 3jz.
NCY 57, Qe l. 4, G. 9.
[ 4 1. 0. O. 1. 2. 2.
2 rN 131, qus. 9%2. Ifas. 1090. 1132.
FITANETERS FOOQ Gavwd CISTRIRYTION
MON Ty Jin rea EEE AP
L2Vl ~01R7 «0196 -« L7271 «0t1R9
e - 30 402 1.NAa6 1e817
Loras 1.ne2} « 7927 -« w40 ~.1200
PEIY L A'D RIN,DPTECIP, AND A SUNMAPY OF [CEPENDABLE PPEC.
Pwex 3. ra. 18 3. 237,
puy 3. Ce 1. 3.
PCTS 0. le 1. 32
grof 125, 155. 110. Ju.
L B .0n2 «NC8 «103 «4RG

3.166

CLY“&ATIC PATA USED TO COM™UTE CCEFFICIENTS WHICH

Trucs 1€.8
Hiw T3
wiND ?1.5
PerC.Cars Ve
S SHINT .62

15.% 18.3
«73 .78
17.% 16.2

e, Te
«77 ]

o INJICRATES HMISSING DATA

12.2
«P1
13.8
12.
-50

.7
- B85
13.0C
22.
= 40

&,
1 3.
37.
Ri.
22 0.
R 9.
Jus.
XY
101.
ble
319.
18

1365.

JUN

.02 C1
Salf9
3.8 Ry

1a.
<nN.
5 a,
102,
25 1.
2.
2R 8.
FAN.
11 9.
73.
57.
3g.

15853.

3

19.
26
Sfe
11a.
285,
321.
2.
259.
130
R2>.
10.
3 5.

1500 .

JuL

o zn

196

FRETY]

17

20.

50.

1562. 1

AUG

«0185
24852
« 5608

EVAPOTRANSPIQYYTION CEFICY!

56 4e
90
17 4.
-150.
7.077

9.5
- A7
15.7
L
)

L)

S3r.
1% 9.
1it.
<775

8-€
.
18.F
29.
-4l

aap.

ay

£ e

11i.

-71.
2768

2.9
-84
17.7
21.

87

10. Se
L3I T4,
rAa. a4s5.
91. 11 7.
176 221).
4"Ne Aa8C.
4R . ('S %
471. 437,
Jnu. uw2Q,
1nl. 217.
170 187,
137. 132.
Ag%. 133.
720. 1858.
SEP

-2 58
2.539
«3128

ETT

196
156.
122.
€Fe
36.
2S.
29.
al.
€.
111.
149,
187.

1185.

cCr

«0307
1.855
- <0502

GAMMA

90. A

IRRIGATION BrQ

AND MOISTURE AVAILAGILIIY &7

31 7.
13.
S X.
1F.
«7R9

TOGETHER wITH ELEVATION AND SOLA? RADIATION

9.9
-79
13.]
i3.
«51

191.
2.
2fa
83.
752

176, 1n
154, 15
1r. 11
St. Q
-32. -6
-122. ~13
~hie« -8
~37. =N
3. <
94 . ]
Ia7. 13
186. 13
253. 18
NOV
.C1C27
«553
4743

3 3.

{te

(%

1u 2.
<043

DETERMINE ETCH

11.C

-
-

18.8
9.
«59

ju.3
.78
21.9
e.

.52

DISTRIAUTION,

O. 75

6. 135,
G. 105,
2. 110.
0. Ju,
J. -73.
6. -150.
S. ~11C.
R. -71.
2. PETIN
Ta £E3.
4, 182,
e 16%.
O. 95.

CrFC

2119

«373

-8690

THE

13%.

0.

2.

185.

«L38

1S.6

71

1.2

Se

+66

70.

195.
154,
197,
28,
-92.
-1r3.
-125.
~Bhu,
1C.

13,
1¥9.
124,

53.

IN MM,

60.

UIPERMNENTS

134
152,
1Ll.
16.
~12U.
~-109,
-14%s,
~1(Ra
-3
Tg.
132,
181.

-2%5.

ANN

-01186
17-.85%2
33.0824

IS5 F.C.PRCARLLFYIL

1345,
556 .
1020,

55 .
« 920

12,2
.78
16.6
183.
)]

L0l



T4RLE  ®.1] OOFCIPITATION OND POTENTIAL IPRIGATION RFOUIREMENTS FOR GIVEN PRUBABILITY LEVFLS BASED ON GAM™A OISTRIBUTION, IN MM,

STATICN NI¥E LOS ANGFLES 810~ BIO SER. NO. 18
LaT, =37 27, LONG. 72 21+ ELEV. 160+, YEARS OF NATA 4§
PToAREILTYY 9%. SC. 3. 7S. TU. £0. S0 an. 3In. 25. 20. 10. Se 9. 80. 75. 10, [ 300N
Moy Ty HE AN PTLCI2ITATION AT VARIQUS PROREATLITY LEVELS ETT THRIGATION DEQUIRENMENTS
Jay 2% g. C. C. Ga U. 1. T 7. 16. 27. 32. £9. 115. 23%. 235. 235. 235. 234, 23a,
FEs3 26, Te 0. . 1. 1. 3. T. 1 3. 23. 31. “1. T8. 119. 188, 1R4. R4, 133. 173. 1At.
»e2 wa, 1. 2. e 3. 11. 1R, 26. 36, 51. 5§0. T2« 10UR. 146 1S4, 151. IR, 145, 1&«2. 136.
sz fu, L 1. 2 3. 2%, 3%« a7, €2 An. 103, 117. 134, 1fFfi. 238. 7. 67. Sh. S7J. 4u, 3.
var t2a, 8 2. S 23. 1fi. 1lu. %17, 1R7. 136. 234, 257. 28S5. 1IR3, u37. 2. =1T7. -ba. -%3. -72. -91,
JUY rcu, Q. 1. 1%90. 1¢%. 1?3. 227T. 715, ?s, 371 327« Yu?l. 41?7. aR2. 72. -fu. =103, ~143. ~1%7. -1ES,
JL i, St. T3, 1Nu. 118. 131. i%2. re. 227. 293. 7252. 3I09. 17R, up 3. 23. -¢0. “Rl. =9%. -1C7%. -1'b,.
L ) 1¢5. &3, LI 37%. 135. 117. 130, 168, 191. 223. 242. 25%. 3%1. 39p. 3. -ca., -S5C. -62. -l4. =-91,
Ssfe 1nsS. 18. 27. L 41. 7. 12. 8%. I0FR. 129. ju42. 159. 2071. 254, 7h. 49. Ju. 26. 13. 4.
ner 70, 9, 13. 23. ? % In. L 59. 74, 93. 10S. 119. 163. 20S. 128, 111, 1C0. 95. 30. 13.
oY <1. 1. 3. 1. 10. 13. 21. 20e 4 3. 59. 7C- 83. 126« 170. 19 167. 162. 1%57. 156. 1s8,
[+ 3004 “z, Q. 0. l. 2. 3. 7. 13. 2 3. 8 0. 51. 67. 12?2. 183. 27Fhe 225. 225%. 234. 223. 213,
A 12720 aY2., 9)3. 1032, 1077. 1119. 1197. 127a, 1353, 1882, 149335, 1S51. 1710. 1369, 1375, 8356« 393. 297. 256. 117.

PLOAMETEDS FCO GAMWA DISTRIAUTINKN

MOy TH JAN FeEp "ig APR MATY JUN JUL AUG SEP ocrT NCY ore ANN
Lavrea .NG37 «01118 « U157 «01a} «N121 17 «N126 «C156 -0181 -0178 «C1lu5 ~00as «0134

° «222 «313 «725 1.183 24351 4.3u8 2.5 185 2.RR7 1.911 1.357 « 715 <353 17.419
Lunav 1.2113 1.0%040 . 23103 --0721 1852 2.Mm €] «3229 .53 18 - +D3851 -=11¢C «2197 «9260 31.8%09

WEYLAND MIM.PFECIP, AND A SUNMMARY 2F MCPENDARLE PREC. EVAPGTRANSPIPAT ION CEFICIT AND MOISTURE AVAILABILITY AT THE 75 PeC.PROELLEVEL

PMA X 137, 158, 217, 420. a58. S8 Ra 507. 490. 374, 703. 217. lo3l. 1812,
PMIN " De 0. . 1. 13. 71. 27. 3se. 4o be 0. 0. 6A3.
pPNT S 0. 1. 9. 79 101. 16 5. 118. 1U5. 93. 29. 10. 2. 10171,
Ere ?23S5. 1R3. 145, S0. -59. ~-1u 13, ~9%. -6?2. 26 95. 159. 224. 297.
ree «C00 « 0L -05% «361 2.392 7.606 S.1u8 2.455 «651 -7 32 -CRO -0Cc8 .73

CLIMATIC CATA USFD 10 COMPUTE CCEFFICIFNYS VHICH TOGE THER WITH ELEVATION AND SOLAP RANTATICN DETFRMINE ETCH

TEmp 19.U 17.9 15.9 12.5 9.9 7.7 7.0 7.9 3.3 11.6 16,6 17.1 i12.6
M .58 <59 34 -T6 -78 - 87 .87 B2 {3 I 74 67 e63 o713
vIND ?23.1 22.2 18.9 13.8% 12.8 18.3 13.5 182 " 17.5 18.2 21.3 20.0 17.8
PPFC.DAYS N, Se Te 12. 21. 2. 22. 21. 18. 1l. 8. 7. 156
SV SHINT -0 <00 -00 -00 -00 ° - 00 - 00 «00 00 -00 00 .00 .00

® INDICRTES MISWING D2TA
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T2aLE R.12 ORECIPITATICN AND POTFNTIAL IPRIGATION RECUIREMENTS FOR GIVEN PROBABILITY LEVELS BASED ON GAMMA DISTRIBUTIONs IN MM,

STATION Naup  oavCagus O°*HIGGINS SCR. NO. 19
LET. =34 10¢ LONGe 70 ®Se ELEVY. SOGs YEARS OF DATA  ug

PTzarILTTY as. . 80. 75. 70. 60. SU. SN 30. 25. 20. 10. S. 90. 8 0. 75. 70. 60 .

oy TR MEAY FCECIPITATION AT VARIOUS PRORARILITY LEVELS ETT IRRIGATION REQUIRFEMENTS
gy 8. N. 0. 0. 0. Ca Ne O. l. 2e . 4. 1. 11. €5%.  259. 259. 2%9. 2%9. 259.
Fis . . 0. Ua t. O. Na Ue 1. la 2. 3. Ao 13, 173. 183, 133}, 193. 193. 193,
Va2 . 0. Ue N. Ce Q. O. l. 2. 4. T. 1U. 23. X3. 18R, Ing, lua. Ju3. 48, j&3.
LR 21. U. Ue G. O. 1. 2a Se 10. 1 3. 4. 33. F 3. 9. Bl. Rl. RO. 80. 8p. 73.
very 13, 2. 8. 11. 16. 20- 32. L 6 3. Ale 102. 12%. 1P1. Pus, “S. 8l. Js. 3C. 25. LS
Jus 1T, 1f. 25. 4Ce 47, Sk, 68. 85. 133. 176. Ju0. 1SR. 20S. 253. 26, le =14, -21. =-28. ~u3.
Jiu ta, 8. s, 2 5. XD 36. 87. fO. 7€6. 95. 106. 120. 16%. 29S. 29%. 15. e ~la -7. -18,
LRV Fa, 7. 13. 22 27. 2. 2. 58, £ 7. A, 95. 1U7. 1sh. 183, Bh. 33. 2u. 19. e, LY
“Ee m. 1. 3. 6. Re 1C. 14, 20. 27T. 3 6. 82. %9, 71 93. 77. 75. 72. - 70. 63. 63.
ner 17. G. V. 1. 2. 3. Se Ra 12. i8e 22. 27. 4S5. 63. 12R. 123. 127. 126. 12%. 123.
v e, C. 0. Ce. Q. 0. 1. 7. 3. 6. Je 13. 6. 4?2 184, 193. 13u4. 193. 19&, 193.
~nEc Se C. 0. C. De . O. g. le 3. 8. 7. 16. 28. 26 7. 287. 247T. 280. 287. 2u46.
Ny S17. I87T. 225. ?7Th. 298, 318. 358. 1397. augp. *88. S517. SS0. 6R32. 726. 1473. 1288, 1196, 1175, 115%. 1115.

PICAuEIFOS FCD GAw™A PISTCIRUTION

G AN Fre rar ARP MAY JUN JUL AUG SFP oct nov DEC ANN
Lawss -3 78 «0kR36 «C257 «01%7 «Cl05 «01 71 « 0! RS -02n7 .0302 -0l «C2 87 «033u «N150

> <1893 «17a 195 «7984 <772 1.785 1.337 1027 -2 US «522 249 «179 6.3U%
L3Ry 1.701%8 1.67U1 1.55 16 1.1159 <1802 =07 2% ~e1212 - 1209 =0629 « 535S 1.2923 1.6833 S.3168

MAY LANT MINLPITCIP. aND A SUMMARY QOF PEFENDARLE PREC. EVAPOTRANSPIRAT IQN DEFICIT AND MOISTURE AVAILABILITY at THE 75 P.C.PROB.LEVEL

Pw: g al. sa, £T. 1°%. 50. 82 3. 257. 205. 226. 73. [N 40. - 859.
pely 0. C. 0. 0. U. 7e 3. ?. 0. C. 0. O. 82.
prrc, 0. U. 0. n. 1fhe 47, 0. 27. 8e 2. J. 0. 298.
E'0F rea., 193. 16 8. AC. 3c. -21. ~1le 19. 70. 1267 . 154, 287, 1175,

S mat N s 000 DUy nn06 <347 1.801 1.U39 «588 -100 014 -G03 -000 «2C2

CLIYATIC NaTR USEN 19 COmPyTE CCEFFICIFNTS WHICH TOGETHER WITH ELEVATION AND SOLAR RADIATION DETERMINE ETCH

TfFee 13.¢ 1%.6 5.8 12.5 9.8 7.3 6.9 T.9 9.8 12-6 15.9 18.% 12.9
Hiw %9 «61 «hb ~72 - 78 «RY . .23 «79 « 75 .7 +h6 +61 =71
vive 10.9 1G.0 2.8 R.8. e.2? 6.9 .0 Aa.l Se? 1Ca4 12.0 1l.8 3.9
PTEC.OAYS 0. 0. tle 8. 11. 1 8. 11. 10. e 3. 1. la €2.

SLmISmleg DL - 27 =69 -63 «50 -3 -85 53 [%->4 «S3 «75 79 «53
¢ INJICATIS MISSIKG DATA .
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