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ABSTRACT

Ïn many areas of North Arnerica and in other areas of the

wor1d, available irrígation wat,er supplies are either very

low already or are being depleted rapidly. As water

supplies diminish, as population increases and as municipal

and industrial wat.er needs increase, optinization and

improved efficiency of irrigation wat.er use in food and

fibre production become increasingly irnportant. Since

proper irrigation scheduling can improve the irrigation

water use by crops signifi-cantly, there is a need to

develop an irrigation scheduling meLhod which is not

cumbersome, and which will be accepted by the farmers.

An inexpensive method consisting of three sLyles of

rvashtubs as evaporat.ion pans, namely the above-ground

washtub, the sunken r+ashtub and the insulated washtub was

proposed and Lested. The pans were painLed white on the

inner and ouLer side surfaces but the inner bottoms of the

pans l/ere painLed b1ack.

Changes in the water levels in the washtubs and in the

Class A pâtr, rainfall and Ëhe soil moisture hrere measured

and tabulated. various aspects of the difference in

evaporaLion from Lhe three types of washtubs and the Class

A pan r,rere analysed and discussed and the correlation

between pan evaporation and the soil moisLure depletion v/as

exanined.

IL ¡,ras found that t,here rrras no reliable correlation

beLween the evaporation from any of the three types of
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Chapter I

INTRODUCTION

Energy, water and food shortages frequently rnake the

headlines . Food shortages can be decreased by a number of

measures incl-uding additional irrigatíon development.

However, with more irrigation, both energy and \vater

shortages may be increased. I,.later shortages have motivated

researchers Lo design and to operate irrigation sysLems

with the aim of improving water conservatíon but, until

some Len years, ago energy conservation \^Ias not a major

consideration. Sprinkler irrigation systems effectively

control water applicaLions buL require considerable energy

to provide the necessary water pressure. An effective

irrigation scheduling program may aid in increasíng

production while conserving both energy and water.

Many irrigation scheduling techniques and procedures have

been suggested and studied and the term I scheduling

irrigation I has many different meanings. It may refer

either to the proper timing of application or to the proper

amount of irrigation or both.

In this st.udy it \,ras pref erred to def ine rscheduling

irrigationt as a procedure which not only accounts for or

monitors eiLher the soil moisture or the current planL

water staLus but which also forecasts the optimum tirne for

fuLure irrigations.

1-



The differences in t.he usage of Lhe Lerm ttscheduling

irrigationrr can best be illustrated by an example. If , for

example, a sprinkler irrigation system has been designed

with automatic controls that are acLivated by Lensiometers

installed in t.he field, the tensiometers auLomatically

start the irrigation when the soil water tension reaches a

preset value and the system conLinues to irrigate until

the soil water storage is refil1ed. This system requires

sufficient water supply Lo permit irrigation upon demand,

of aLL areas coßLro1led by t.he tensiometers. Although

this system is autonatic, iL does not schedule irrigation

because, if water is limited, the entire area cannot be

irrigated at the same Lime and irrigation in some parts of

t.he system must be delayed. In a Lruly scheduled irrigation

system, a central processor would take advance notice of

the fact that the soil moisture in an extensive area is

approaching the 1eve1 at which irrigation normally would

sLarL and it would compuLe Lhat irrigation would be

required ín a few days in an area so large that all parts

of the area could not be served sinultaneously because of

linited water supply capacity of the system. To prevent

this crisis, the processor would starL irrigaLion in some

parts of the area earlier to distribute the demand for

\,/ater over a longer time period and to complete irrigat ion

before stress occurs in any part of the area ín question.

The importance of systematic scheduling has long been

reco gr-i-zed by concerned people. Increasing costs of poI¡Ier

2-



and labor and limited supplies of water in some places

should encourage further use of scheduling techniques and

sysLems.

Many t.oo1s and systerns for

developed and ne\{ ones are sti11

which , íf properly used, would

effect. But in realiLy, although

success stories, acceptance by

slow.

scheduling have been

being developed, mosL of

accomplish the desi-red

there are nany scheduling

users is disappointingly

Successful utí1izaLíon of scheduling has generally

resulted from close supervision by outsíde experLs from

consulting firns or government, agencies and, with mosL of

the present irrigation scheduling rnethods, it is likely

Lhat, even in the future, farmers wíll have Lo rely on

trained specialists, rather than on themselves.

1.1 PRoBLEMS AND QUESTI0NS

0ptimum crop production under irrigation requires

application of the proper anount of water at the proper

time. This is a very simple concept, but putting it into

practice in irrigaLion scheduling programs has proven

difficult. Numerous scheduling devices and procedures have

been used in the past. These include tensiometers,

electrical resistance blocks, thermogravimetric moisture

monitoring, soil feel and appearance, pan evaporaLíon,

3-



very simple to very complex empirical forrnulae and computer

models. These methods have been used and discussed by

reseachers, but have gained wider acceptance by farmers

only in areas of intensive irrigation developnent,

expensi-ve waLer or energy and high-valued crops.

f t is, theref ore, irnportant to f ind out r,¡hat will

encourage gro\^rers to adopt irrigation scheduling more

readily and on a broader basis.

1.1.1 Basic concepts_ and applications

Farmers will not accept a scheduling program unless they

first rea1-ize its place in meetíng their goals, whether it

be saving of water, electriciLy, ferti-Lizer or labor, or to

increase yields which all improve net reLurns.

The fact that many of the present irrigation scheduling

methods are time-consuming, need knowledge of

instrumentation and are expensive

accepted among farmers.

has made them poorly

L.I.2 Need f or j-mÞroveme-n!

There is, therefore , a need to develop a scheduling

program which is símp1e, flexible and re1iab1e. Research

and field trials have shown that waLer use by crops depends

on a number of f.actors, including the crop growth stage,

soil type and condition, and 1oca1 weaLher. Research has

shor.¡n that crop water use correlates roughly vriLh

evaporation f rom a \^rater surf ace, Provided Ëhat such

4



correlation can be documented and proven reasonably

accurate and re1iab1e, evaporat.ion could be measured close

to or within an irrigated field and used as a guide for

deLermining when to irrigaLe and how much water to app1y.

L.2 THBSIS OBJECTIVES

Since the so-ca11ed ttwashtub methodrf for scheduling

irrigation developed in the UniLed States of America Ì{Ias

credited with all t,hree of the before-mentioned attributes,

that is simplicity, flexibility, and reliability, there !üas

a hope that it would be widely accepted by Canadian

prairie farmers if it proved to be applicable to Lheir

condit ions .

However, since there were some t,heoret.ical reasons to

doubt the general applicability of the washtub method, the

objective of this project rrras to verify if a simple method

of irrigaLion scheduling based on water evaporation from

washtub-sty1e evaporat,íon pans could be developed for

irrigation of potatoes and corn in southern Manitoba.
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Chapter II

LÏTERATURE REVÏE\^I

2.r GENERAL OVERVIEI,]

Taking into account the objective, literaLure was

reviewed to find out the varj-ous Lechniques presently used

for scheduling irrigation. The various scheduling methods

reviewed can be grouped under the following categories:

scheduling irrigation usíng computers,

scheduling irrígaLion using soil moisture or tension

measuring instruments and empirical equations,

scheduling irrigations using thermal infrared

techniques,

scheduling irrigaLion using leaf \"rater potenLial and

scheduling irrigation using evaporation.

2.I.L Scheduling_ irrigation gsing_co$putels

Jensen eL a1. (I970 ) r.ported on a method of irrigation

scheduling which used climate-crop-soil data and in which

computers tq/ere used to facilitate the tedious computations

to schedule irrigation.

Jensen and Heermann (1970 ) reported an irrigation

scheduling method rvhich uses meLeoreological data and a

computer Lo schedule irrigation.

Buras eL al. (I973) used a computer program for planning

and updating farm irrigation schedules. In connection with

the program, tr^¡o points were stressed by Ëhe auLhors: ( 1)

1.

,)

4.

5.

6-



the program does not consider mobile sprinkler systems

which require time for moving equipment, nor does it take

into account water storage facilities rvhich nay exist and

be used on t.he farm and (2) the subroutínes included in

the progran enable it Lo deal with a broad range of

irrigation regimes r+iLh different frequencies and depths of

applicaLions.

Gear eL a1. (1977) scheduled irrigation using graphic

display of neutron probe measurements. InconsisLent

irrigation timing with respect to available moisLure rras

reported by the authors. Consístent timing could improve

rvater use efficiency by more Lhan ten percent.

Crouch eL al. (i981) used a desktop daLa system for
irrigat,i.on scheduling. Application of scheduling sysLems

can be tailored to meet the needs of an individual user or

group of users.

English et al. ( 19Bl ) proposed that the use of crop

sLress indicators in combination with data filLering

techniques could be the basis for successful j-rrigatj_on

scheduling when economic optimizatíon is the goa1.

Phene eL a1. ( i981 ) reported on scheduling irrigaLion

with the ner¡/ soil mat.ric potential sensor. These sensors

had: (1) a large measurement sensitivity in the soí1 matric

potential range of interest for irrígation control and a

wide volLage outpuL range, (2) independence of temperaLure

changes encounLered in soi1s, (3) índependence of soil

texture and (4) a rapid response to change in soil matric

7-



potential. But the authors reported that Lhis

not show any increase in the yield of crops.

method did

An irrigation scheduling program for Large digital

computers was developed by Jensen (L969) and Jensen et a1.

(I97O) for the United States Department of Agriculture

(USDA). The USDA irrigation scheduling program uses

meteorological data to calculate water use and maíntains a

water budget.. It also forecasts the timing of irrigation as

well as the amount of irrigation for optimum crop

production. Harrington and Heermann ( 1981 ) modified the

USDA irrigatj-on scheduling program. Their progran checks

ranges of input data for reliability and accepts either

English or rnetric units. This interactive program is more

flexible in providing output to meeL the needs of various

irrigators and irrigation systems.

Fereres et aL. (1981) developed an irrigaLion management

computer program which vlas based on a waLer budget concept.

As reported by the authors, some refinemenLs in t.he

irrigation management program are sti11 required.

Brase et a1 . ( 1 98i ) used the desktop data processing

system used by Crop Care Associates to schedule irrigaLion.

As reported by the authors, Lo be able to use this

scheduling procedure, the scheduler needs a good

educational background, an ability to communicate well

rr¡ith grower s , and several years of experience in irrígation

scheduling.
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To summarize Lhe above schedulng procedures, iL can be

said that. nearly all of the cornputer programs have one

weakness in common: they predict water l-oss for an average

crop, based on historical empirical relationships that. can

be modelled. These relationships are almost never able to

fiL another field and are never able to accomodate

differences betrveen cultural practices, even on the same

fie1d.

2.7.2 Scheduling irrigjrtiolL using soil moisture or t.ension
measuring instruments and ernpirical eq u_ations

Ewart ( 1951 ) scheduled irrigation utili zíng Bouyoucos

blocks, which are made of gypsun, and which when placed in

the soil tend to equilibraLe with the soil moisture

suction. A electrical resisLance is read on the meLer,

which has been calibrated to obtain the soil moisLure

suction, f rom which \.ve can obtain the soil moisture

conLent. The system was quite flexible and offered promise

of farm-sca1e irrigation scheduling v/ithout imposing

stringent control. The yields achieved r¿ith the program

were noL known at the time the paper q/as published and so

no Ímpact on the economics of the system could be

determined. The disadvanLage of using Bouyoucos blocks is

that, when the moisture content of the soil is very high

such as from saturation to field capaciLy, the Bouyoucos

blocks become insensitive to moisture due to saliniLy

effects.

9-



Pruitt and Jensen ( 1955) , compared actual consumptive

use f or f our crops aL Prosser, tr^lashington, rvith lysimeter

tank evaporatÍon and wiLh consunptive use estinated by t.he

Thornthwaite and the Blaney and crídd1e methods. They

reported that lysimeLer tank evaporation, being influenced

by most of the same factors determining consumptive use,

should be expected to be more effective in estimating rrlater

requirements than methods which depend on fewer of the

climatic f actors involved. The reported work, hot*tever , I,{as

preliminary in naLure and more study is needed before

recommendations for the usage should be considered.

Van Bavel and l^lilson (1952) reported on a method r.¡hich

used evapoLranspiration estimates as a criterion for

deterrnj-ning time of irrigation. They used the concept that

t.he soil moisture tension is uniquely related to the soil

moisture content. These authors supplied no adequate proof

in favour of this evapoLranspiration method. Hor¿ever, data

available to date vrere favourable but indicated that

considerably more research should be done to deterrnine its

usefulness for differenL crops, soils and areas.

Pruitt (1956) developed a simple irrigation scheduling

guide which followed graphically Lhe soil moisture

conditions in various fields and used pan evaporation daLa

to estímate consurnpt.ive use of water.

Merriam ( 1 960) reported a nethod which scheduled

irrigation using soil moisture and soil appearance. He

developed a soil moisLure appearance chart which vlas used

10



to determine the moisture deficiency in the root zone. 0n

this basis the timing of irrigaLion could then be

determined. Concern is sometimes expressed that an accurate

figure is not obtained by an inexperienced estimator and

that this may lead to crop danage.

Jensen and Haise (1963) proposed a method for estinating

short-term rr/ater use as a function of solar radiati-on and

average air tenperature " Since this rnethod requires only

Lwo measurements, iL is attractive buL limited in accuracy

f or daily v/ater use esLimates.

Hobbs and Krogman (i970) used empírica1 equations to

schedule irrigatíon and t.hey evaluaLed these equations by

assessing Lhe effects of scheduling on yield and water

requirement. of crop.

hlilcox ( 1970) used evapotranspiraLion and rainfall

records t,o sinulate irrigation studies by means o f a

scheduling technique using account,-style balance sheets.

Time for irrigation on the balance sheets was based on t.he

peak evapotranspiration for the interval concerned. He

concluded that use a of credit depth of 0.90 times the

peak evapotranspiratíon shows good promise for pracLical

use, especially íf the peak evapotranspiration of the

hottest year recorded is applied to all years.

Bros z and trnleirsna ( 1970) using the procedure of Jensen

and Haise ( 1 963 ) , proposed scheduling irrigations using

estimaLed weekly average evaporation data for use by

farmers when consulting servj-ces were not available.
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I^loodruf f et a1. (L972) proposed scheduling irrigaLion

usj-ng constant daily evapotranspiration raLe versus time.

ülhenever the two mass curves ( evapotranspiration and soil

moisture) diverge by a preselected amount, irrigaLion is

recommended. This technique is particularly ineffective

when the soil has a lower water holding capacity.

Hiler et aL. (L974) proposed a scheduling scheme using

stress-day index as a function of growth stage to indicate

p lant suscepLibility to a given water deficit. The

stress-day index is determined by multiplying a crop

susceptibility factor and a sLress factor. Then the product

is summed for all the days in each crop growth stage. The

crop susceptibility factor is a function of the species and

stage of development of crop. The stress factor is a

measure of Lhe intensity and duration of the crop deficiL.

Their concept ís particularly valuable for developing

j-rrigation schedules for mulLiple cropping systens and for

deciding which crop should be irrigated first,

Stegman and Ness (I974) compared the effectiveness of

five scheduled irrigation systems : the USDA irrj-gation

scheduling mode1, the stress-day index, the weekly average

evapoLranspiration scheme, Lhe constant evapotranspiraLj-on

and a precipitation supplenentation scheme (which assumes

an irrigation season with a predetermined r+eek1y

irrigation schedule with irrigation delayed or eliminated

after significant. precipitation). They compared these

scheduling schemes by simulating irrigaLion scheduling of a

L2



50.3-he cLar e centre-pivoL systern. Simulations included

three rooL-zone waLer-holding capacities, three pumping

rates and two crops. The computed seasonal average of

evapotranspiration deficits, applied depths of irrigation

water plus precipitaion and Lhe irrigation excess 1{ere used

Ëo evaluate each schedulíng scheme. The USDA irrigation

scheduling program resulted in the smallest seasonal

average evapotranspiration deficit. The stress-day index

concept resulted in considerably larger evapotranspiration

deficits. However, Stegman and Ness (I974) assumed that

reduction in yield was sma11 si-nce these evapotranspiration

deficiLs did not occur when the crop was most susceptible.

For all other techniques they assuned that yields were

directly proportional to the average evapotranspiration

deficiLs.

ü/right. and Jensen (1978) reported on the development and

evaluation of evapotranspiration models for irrigation

scheduling. They proposed thaL further improvement in t.his

area is requi-red.

Boggess et a1. (1981) proposed a simulation nodel which

is sensitive to photosynthetically active radiation, daily

Lemperature, and soil water stress which is determined by a

soil rr¡ater balance rnodel to schedule irrigation. They

reporLed that Lhe analysis has not progressed far enough at

this Lime to specify optimal irrigation straLegy by growth

stage. In addition, nore data are needed to evaluate the
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ability of the model to accurately simulate the effects of

stress in different growth períods.

Reicosky (i98l) used a portable-chamber technique for

measuring evapotranspiration on field plots. He reported on

the limitations of a porLable chamber, specifically the

assumption that the environment inside Lhe portable chamber

is representative of the natural environmenL of the plants

while in fact the radiation exchange and the turbulent

transfer wi-thín the chamber are altered. The

evapotranspiration obtained by the portable chamber is a

poinL measurement and the j-ntegrated values on a daily

basis or long-term basis require repeated readings and

hence the process is laborious. The portable chamber itself

is noL practical for determining when to irrigate on a

commercial farm but can serve as a useful research tool in

the developement of irrigation scheduling criteria.

Cary ( 1981 ) investigated problems associaLed with

automating the use of tensiometers and resistance blocks

with a microprocessor to read projected irrigation dates.

He reported that permanent plastic-tube t.ensiometers !/ere

unsatisfactory for automaLion because they required weekly

service and r^rere sluggish when t.he soil rnoisture tension

was greater Lhan -60 kPa. They had to be placed 30 cm deep

to remain operative for at least the first two thirds of an

irrigation cyc1e. The gypsum resisLance blocks have several

inherent problems; for example, they are tenperature-

dependent "
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eL a1 . ( 1981 ) scheduled irrigaLÍon from

ts of the soil electrical conductivity. The data

by them support the idea that measuremenLs of

electríca1 conductivity could be used to schedule

et a1. ( 1981 ) illustrated the use of the

crop canopy Lenperature and airdifferences beLween

temp e rature as an indicator of crop water sLress for

irrigation scheduling. They reported that a continued

refinement of this procedure should make it more r+ide1y

applicable to a variety of crops and soi1s.

Lambert et a1. ( i9B1 ) compared various methods of

scheduling irrígation for humid areas. They reported thaL

the pan method is the símplest and easiest to use, but is

limited by the assumption of fixed rooting depth and gives

1itt1e advance information for scheduling irrj-gation or

planning purposes. The computer-based water budget method

is powerful for planning, but reli.es on soil physical

parameters and evapotranspiration raLes which cannot be

determined we11. Tensj-ometer methods apparently result in

increased yields for t.he conditions tested, but. require

considerable attention and a decision on how many

tensiometers to use and where to locate them in the field.

Tensiometer methods also give 1itt1e advance information.

Fischbach ( 19Bi ) compared four j-rrigation scheduling

procedures for corn, namely: ( 1 ) evapotranspiration, for

which the deLermination of crop r,Iater use was by the
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modified Blaney-Criddle method, (2) electrical resistance

blocks , ( 3 ) sLage of growth and (4) irrigation after

every I4 days. He reported that there tras no significant

dífference in grai-n yields from t.he four irrigation

scheduling procedures tested.

Lundstrom et a1. ( 1981 ) reported on scheduling

irrigation by the checkbook nethod using the Jensen

evapotranspiration fornula. The checkbook method was

compared with other scheduling methods and \.{as found Lo be

equal to the other methods. These authors claim that the

checkbook method meets the original objective of providing

a system rvhich an irrigaLor can use to schedule his o',irn

irrigations with a reasonable l-evel of accuracy.

McKenzie and Chanasyk (1981) used the neutron probe to

measure soil moisLure and so to schedule irrigation in

Alberta. This method of scheduling irrj-gation received

quite a good response from farmers but, for most of the

farmers, t.he neutron probe itself is too expensive and the

operation of it is complicated too.

2,L.3 Scheduling _irrigation usiJrg thermal infIjrred

techniq ues

Pitney (1977) scheduled and monitored irrigation with

inf rared photography. The concept involved I{¡as that green

healthy plants have the ability Lo reflect the near

infrared rays and appear on the infrared film as brÍght

red. I¡/hen plants come under stress, Lhey lose their abÍ1ity
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Lo reflect infrared rays and appear as light pink or brorun

colour on the film. There are some advantages of this

technique. Howeverrthe limitations play a major ro1e. It

must be remembered, that a photograph is only as valuable

as the informat,ion which can be obtai-ned from it and one

must have a good interpretation of photographs; that is how

pink is only marginally stressed and how brown is severely

stressed ?

HaLfield ( 1981 ) reported on a method to schedule

irrigation r.lith thermal infrared and spectral remote

sensing inpuLs. He proposed the stress-degree-day concept

to be a va1Íd indicator of the crop stress as shown by the

available soil water and leaf water potential data. Further
refinements, such as suggested by Idso et a1. (1981) and

Jackson et a1. (1981) as quoted by Harfield (1981), appear

to i-mprove the sui-tability of this t echnique f or irrigation

scheduling. This approach does noL provide a method of

early warning but could be used as a meLhod of assessing

the impact on yie1d.

2.7.4 scheduling irrigation using leaf -wgter potenLial

Akunda and Kumar (1981) reported a simple techni.que for
determining Ëhe time Lo irrigate coffee using leaf water

potential as an indicaLor of internal water balance. The

techníque is based on the time in rvhich a dry cobalt

chloride disk changes iLs colour from blue to pink when

attached to Lhe abaxial side of the 1eaf. The above
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technieüê , however , does not províde the exact time

irrigate and there are doubts about the said approach.

Lo

2.I.5 Schedul-ing irrigatíon_using evaporation

InLerest in using evaporaLion pans to schedule

irrigation is growing. Researchers fron various areas of

the United States of Anerica report a fairly close

relationship between the rate of consumptive use of water

by crops (evapotranspiration) and the rate of evaporation

fron a suítably located evaporation pan. Such correlations

would indicate t.hat measurements of pan evaporaLion might

be accurate enough for scheduling irrigation. The method is

also cheap and simple.

Jensen et a1. (196i) proposed a technique for scheduling

irrigation using pan evaporation to estimate daily crop

r¿aLer use. This technique has been quite saLisfactory, but

the pan must be carefully located to avoid microclimatic

variations.

Cripps et a1. (1982) scheduled irrigations using pan

evaporaËion. They reported that the Class A pan can be a

very good guide for the irrigation of leafy vegetables

grorving on sandy soi1s.

According to t.he Soil ConservaLion Service of the

Uníted SLates Department of Agriculture (National

Engineering Handbook, Section 15, Irrigation , 1964) ,

Hansen at the Utah State University has done research on

Lhe relation of evapotranspiration to pan evaporation. His
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ïIork indicates that measuring evaporation is a practical

approach that can be used by the farmers to schedule

irrigaLion. In addition to using v¡eat,her bureau Pân, he

found that measurements from a 190-L (US 50-ga11on) oi1

drum buried in soil gave a reasonable correlation with

evapoLranspiration of the crop but the ratios of drum

evaporation to evapotranspiration are somewhat higher than

those shown by weather bureau pan data.

According to the Soil Conservation Service of the

United States Department of Agriculture (Natj-onal

Engineering Handbook, Section 15, Irrigation, 1964), Shaw

at Pennsylvania State University found t.hat using

evaporation data from five 0.95-L (US one quart) oi1 cans

24.L cm ( 9.5 in. ) high is a successf uL f arm rnethod of

determining when to irrigate. The oi1 cans l\rere painted

with metallj-c zínc paint for uniformi-ty and to prevent

rusting. The same author reported that the evaporation

from a can set with one fourth of its height in the ground

is very close to that from a standard weather bureau

evaporation pan.

2.I.5.I Schedulj-ng irri-gation_ using washtub pans

Preliminary work on schedul-ing irrigation with r^¡ashtub

evaporation pans \,ras done at Bozeman, Montana, by I'Jestesen

and Hanson ( 1981) . Their r+ork is surnmarized as f o11o\{s.

A washtub v¡hich costs US $10 \r¡as used by the researchers

to schedule irrigation. The washtub was 50.8 cm (20 in. ) in
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diameter and 25.4 cm (10 in.) deep. The sides were s1íghtly

slopíng, but as reported by the authors this had minimal

effect on accuracy. The tub was covered with wire screen on

the top to keep ouL animals; wooden blocks were used to

keep the tub off the ground. They pointed out that the

advantages of the washtub pans rrere that they could be

placed. in the f ield actually irrigated, and, âs they '!Iere

cheap, several pans could be placed in large fields. The

pans were placed in the fields and t.uIo reference marks \^Iere

established on the pans or on the gage attached to each

pan. The reference marks were separated by an amount equal

to the a11owab1e soil moisture depletion or the net

application made by a centre-pivot uniL. The pans

functioned also as rain gages and caughL all precipitation

as well as irrigation waLer. The pans I'üere set along a

radius line from the pivot point so that they could be

easily observed.

The authors reporLed that this method was well received

by farmers, because the farmers could see the water level

drop or rise in the pans and they i¡Iere not required to

relate water use to some esoteric formulae. They reported

thaL no paid consultants were required to Lake

observations. The pans were suited to the vari-ed soil types

and scaLtered agricultural area j-n Montana.

One of the problems rvhich the authors reported l^ias that,

as the irrigatíon water was generally noL measured, the
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values obtained r+ere used on1-y for timing of i-rrigation and

not for determiníng proper application amounLs.

2.2 LITERATURB REVIEI^I C0NCLUSI0NS

Most experienced irrigation farmers believe Lhat they

can schedule their irrigations r,¡ithout the use of any

instruments and wit.h very limited supporting data " They

will continue this practice unless the reseachers can

provide results in some directly measurable form like yield

or percej.ved benefits r+ith littLe or no addj.tional cosLs

or demands on their time. If benefíts are not apparent, Lhe

probability of accepLance and contínued use of new

technology may be very sma1l unless Lhere are indírect

benefits to the general public and the service is

subsidized. These facts call for the development of a nevl

or improved irrj-gation scheduling method. The cost of the

new method as well as the related operational issues, skil1

requirements, equipment maint.enance and st,andards of

accuracy of required measuremenLs should be taken into

consideration. Scheduling irrigation using evaporation pans

seems to be best suiLed to satisfy those requiremenLs.

However, the standard weaLher bureau pân, which is

generally used in research, probably is too cumbersome to

be practical for most irrigators to use and its

installation is too expensive for a small-sca1e irrigator.

A sirnilar but. smaller and cheaper type of evaporation pan

that might provide fairly close correlation between
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evaporatj-on and crop evapoLranspiration is needed for farm

use.

It can be concluded,therefore, that an inexpensive method

for measuring evaporation at off-sLation siLes should be

developed and tested for irrigation scheduling.

For those reasons the research j-nto the potential of

using washtub evaporation pans for scheduling irrigation

for two of Lhe ManiËobars rnajor irrigated crops' potatoes

and corn, r¡/as selected as the ob jective of Lhis work.
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Chapter IIÏ

METHODS AND PROCEDURES

3.1 GENERAL CONSIDERATTONS FOR EVAPORATION STUDIES

Evaporation is a physi-caL process by whích waLer vapor

escapes from any free liquid water surface or wet surface

at a temperaLure below the boiling point of waLer. In the

case of growing crops, water is lost by evaporation directly

from the soi1, but it is also lost by transpiration from

vegetation covering the soil or water surface. This

combined loss is known as evapoLranspiration.

Evapotranspiration is the conversion of water to vapor

and Lransport of that vapor al/ay from the land surface into

the atmosphere. The amounL of liquid water and the energy

to vaporize iL will vary both in space and time over the

land surface. Evapotranspiration varies spatially as a

result of variations in climate, crops, or soils. Climatic

variables related to evapoLranspiration tend to be

conservative and often do not change rapidlY or

signif icantly over considerable distance. However, \rle

cannot make generalizations because local elevations '
orographic effects and cropping pattern can cause large

evapotranspiration changes .

Evaporation and evapotranspiration are t.he two major

components of the Iùater budget, ruhich are indispensable f or

the solution of numerous water nanagement problems.

Reliable evaporaLion data are required for planning '
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designing and operatíng reservoirs, ponds, irrigation and

drainage systems. Knor,¡ledge of the rr¡ater requirenents of

crops depends on the accurate deLermination of the loss of

lrater by evapoLranspiration fron cultivated fields.

As the methods and devices for reliable measuremenL of

evapotranspiration to date are cumbersome and expensive t

evaporaLion from an open \trater surface has often been

suggested as a substj.tute fron r¿hich evapotranspiration can

be easily determj-ned.

Various types of evaporation pans are used all around

the world. Most evaporation pans are either above the

ground or sunken in the ground but sometimes floating pans

or tanks are also used. They vary in size and in some cases

in shape. LiteraLure rras reviewed to study the various

Lypes of evaporation pans, their placement and colors. The

advantages and disadvantages of Lhe two frequently used

placemenLs are as follows:

The advanLages of above-ground pans are:

1 . ease in detectíng 1eaks,

2. ease of cleaning and

3. cheaper and easier ínstal1ation.

The disadvantage of above-ground pans is:

1. the possibility of the pan being exposed to

radiation on the sides and bottom, resulLing in a

higher raLe of evaporation.

The advanLage of sunken pans is:

1. the claim of similarity with the aerodynamic and
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radiaLion characteristics of a 1ake.

The dj-sadvantages of sunken pans are:

1. diffi.culty in detecting 1eaks,

2. tendency to gather dirt and debris because of

proxirnity to the ground,

difficult in cleaníng and

the exLra care required to maintain the surrounding

cover to offseL the potentially significant effect

of r+ind movenent over the Pan.

A limited number of floating-type pans or Lanks are

currently in use throughout the r¡or1d. However, the I¡Iave

motion causes Lhe splashing of waLer in or out of the pan

and t.his causes unreliable results in evaporation

observations.

Painting the pans is a frequent. cause of inconsistent

evaporation records. The color of the pans affects the

radiatíon characteristics and consequently the amount of

evaporaLion. It is, therefore, necessary to specify a

standard coloring pattern. The working standard adopted by

the World Meteorologicall 0rganisation in L966 cal1s for

white paint on the inner and outer surfaces of the sides

oJ.

4.

and black paint at the bottom.

From the 1\terature reviev¡ it

evaporation staLion should be fairl

sides to permit free circulation of

as trees and buildings, should

installation. Extreme care should be

vas concluded that the

y level and open on all

air. 0bstructions, such

not be close to the

taken that shadows are
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noL cast over the pan during any part of the day. A pan

installed above ground should not be set on concrete s1abs,

over asphalt or on a layer of crushed rock. Sunken pans

should not be located in areas subject to flooding during

heavy rains

3.2 EXPERJMENTAL PROCEDURE

Research has shown Lhat washLubs can be used to measure

evaporation with accepËable accuracy (Sims and Jackson

l97L). The tub they use is about 48 cm in top diameter and

25 cm deep with slightly sloping sides.

Hence according to the thesis objective, galvanised iron

r¿asht,ubs costing about Canadian $ 15.00 each lrere purchased.

The washtub had a top diameter of 50.8 cr r a bottom

diameter of 40.6 cm and hras 27.9 cm deep. In accordance

with t.he color standards of t.he ln/or1d Meteorological

0rganisation, the washtubs \,¡ere painted whi-te on the inner

and outer surfaces of the sides and black at the inside

bottom.

It \,¡as decided

treatments 3

to use the washtubs in three different

1. above the ground resting on wooden

2. sunken in the ground with the top

p lanks ,

5 cm above the

ground and

3. above the ground but insulaLed by placing them in

an approxirnately 61-crn x 61-cn x 32-cm box made
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of plywood and filling the space between the

washtub and the sídes of Lhe box with an insula-

ting maËeria1, in this case, sawdust.

The first t.\,io treatments lùere chosen to be

represenLative of the pan placements used worldr'¡ide. The

third Lreatment, that is the insulated rvashtub, was

developed with the intenL to maximize Lhe advantages and to

mininize the disadvantages of both the sunken and the

above-ground evaporation pans. As the insulated washtubs

were instal-1ed above the ground, the disadvantages of the

sunken pan \ùere overcome and, as they I{ere insulaLed, they

were not exposed to radiation eiLher from the sides or from

the bottom. Therefore , Lhe disadvanLages of the

above-ground were elimj-nated.

Sawdust rvas used as insulating material as it is cheap

and readily avaílable on farms" Three replications of each

treatmenË were used on two different sites for a total of

1B Lubs.

3.2.1 PlacemenL of washtubs

Two sites tlere available

namely the experirnent.al area

Manitoba, Fort GarrY canpus

Agriculture and known as rrthe

near Portage 1a Prairie. The

a secondary site as the

for Lhe evaporation studies,

adjacent to the University of

, managed by the FacultY of

Pointtt and a farmerrs field

site at PorLage La Prairie ltlas

100 km

Universi-ty did not permit dai-1y visits.
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At Portage Ia Prairie, a weather station \{as operated

at the site by a research team of the Department of

Agricultural Engineering in connection with another

research project and the rainfall and the Class A pan

evaporation data were collected regularly'

At the Point, only a rain gage operated by the

DeparLrnent of Plant. Science of the Uníversity of Manitoba

w'as at the siLe.

The Portage 1a Prairie site u'as irrigated; the Point

site was not irrigated.

The actual locations for the pLacements of the washtubs

I,Iere selected according to the standards for the

evaporation pan sites.

At the Point, three sets of

consisti-ng of one above-ground,

insulated washtub) were placed near

1a Prairie, two sets of r,¡ashtubs

above-ground, one sunken and one

placed near potato plots and one set

Randomized selection I^Ias used

sequence of placing Lhe washtubs

locations.

washtubs (each set

one sunken and one

a corn plot. At Portage

(each consisting of one

insulated washLub) were

near a corn P1oL.

to decide upon Lhe

in each set on both

For the above-ground rvashtubs , thro wooden bl-ocks ( each 4

cm x 9.2 cm x 45 cm) were placed parallel Lo each other on

the soil surface 25 cm apart and levelled in both

direct.ions. The washtub I\¡as then placed on the blocks and

again checked for 1eve1 conditions in aLJ. directions.
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For the installation of Lhe sunken washtubs, a pit \^Ias

dug and the washLub vras then placed in iL so that iLs top

vras level and 5 cm above the ground and the space around

the washLub hras backf i11ed. Excess soil v¡as removed.

The insulated washtubs r.iere placed on a well 1eve11ed

field surface.

A wire screen ruith 2.5 cm hexagonal rnesh on a light

wooden frarne !/as placed over each tub to keep out birds and

animals.

The bulk densi-ty of the soil at boLh sites was

deLermined for later conversion of the gravimetric soil

moisture daLa to volumetric soil moisLure. Core sampling

method was used to determine the bulk density of Lhe soil.

Eight core sanples r{ere taken for 15-cm, 30-cm and 45-cm

depth of the soil profile. The core dimensions and weight

was noted before taking the soil samples, the mass of the

core and ruet soil \¡ias noLed and the soil cores were then

oven dried for a period of 48 hours at 105 degree

centigrade and then the dry mass of Lhe soil !/as neasured.

The bulk density was then calculated by dividing the mass

of dry soil by the Lotal core vol-ume.

The observations rrrere started by setLing Lhe water leve1

at 22 cm from the bottom of the ruashtubs. This depth

represents Lhe field capacity moisture content of the soil

in a 6O-cm layer which approximately equals the root zoîe

depth of corn. I^later 1eve1s in the r¿ashtubs were ¡neasured

and recorded periodically. The lr'ater depth in the washtubs
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rüas measured by placing a rigid measure vertically through

the screen to the bottom of the washLubs and then by

reading the water level on the measure.

As at PorLage Ia Prairie, the washtubs hrere placed ín an

irrigated area, the r¿aLer 1eve1 was brought to the 22-cm

level after each irrigation because it r{as assumed Lhat the

soil moisture contenL in the root. zone I'Jas at field

capacity 1eve1 after each irrigation.

At. the Point, the following observaLions were taken

every Tuesday and Friday:

1. hrater 1eve1 in each washtub,

2. temperaLure of water in each washtub (from 23 Arrg.)

and

3. soÍ1 moisture content at Lhe 15-cm, 30-cm and 45-cm

depths. In connection with the measuremenL of soil

moisture content. soil sarnples r¡/ere taken for each

depth and the thermogravimetric method was used to

determine the soil moisture content.

At Portage Ia Prairie, the intervals beth¡een

observations varied for reasons of access, and the

f ollowing observations \ì¡ere taken:

1, waLer 1eve1 in each washtub and

2. temperature of v¿ater in each washtub (fron 25 Aug.)

The difference in Ëhe water levels in the washtubs on

two consecuLive observations gave the basis for the

deterrnination of the amount of v/aLer evaporated in that

interval of time. If the water leve1 in the washtub
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exceeded the 22-cm mark due to rain water accumulating in

iL, water was removed from Lhe washtub to reduce the waLer

1eve1 to 22 cm. The washtubs rrere cleaned every two r¡eeks .

It Ì¡/as assumed that the true rain depth vras collecLed in

the washtubs and the f ollowin g f.ormulae hrere used,

therefore, to calculate the evaporaLion from washtubs if it

rained:

Either 1. Evaporation = Rainfall (as recorded by a

raín gage) - Gain of water height in the ruashtub;

0r 2. Evaporation = Rainfall (as recorded by a rain

gage) + Loss of water height ín the washtub.

3.2.2 Statistical Analysis

Statistical analysis ( StatisLical Analysis Systems,

L979) to determine the significance of the daLa was carried

out for the amount of evaporation fron three different

Lreatment,s (washtubs ) and f or the cumul-ative moisture loss

from the top 60.0 cm of the soil profí1e, respectively.

Unpaired T-tests vrere performed to determine significance

of the differences in evaporation records obLained from the

three different washtub treatments and the Class A pan

control. Pearson t s correlation analysis \r¡as done among:

1. evaporation from each of Lhe three treaLments of

rvashtub s .

evaporat j-on f rom the Class A pâû,

cumulative moisture loss from the top 52.5 cm of the

.)

oJ.
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root zone and

4. cumulative moisture loss from the top 60.0 cm of. the

root zorLe.
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CHAPTER IV

RESULTS AND DISCUSSTON

EVAPORATION STUD-IBS

.1 Three treaLments of v/ashtubs

Bvaporation rras measured from t.he three washtub

treaLments described earlier, that is, the above-ground

washt.ub, the sunken washtub and the insulated washtub. Data

from eighteen washtubs r{ere collected from the two sites,

the Point and Port,age la Prairie. The changes in water

1eve1s in the washtubs from the Point and Portage la

Prairie sites are listed in Tables 1, 2 and 3 and Tables

4, 5 and 6, respecLively. It was assumed that all the

rainfall was collected in the washtubs. There was,

theref ore, an increase in the v/ater level in the r'¡ashtubs

due Lo rain but, as the time of rainfall is unpredictable,

the water 1eve1s in Lhe washtubs just before the rainfall

could noL be measured to verify Lhe assumptions that the

tot.a1 rainfall t{as collected in the washtub and t.hat no

significant amount of rain was lost due to splashing of

water out of the washtubs during the rain.

As the hrater level in the washtubs was not recorded

daily, it \{as assumed that the raLe of daily evaporaLion

from a washtub between two observation dates was uniform

over the interval.

The average daily Hrater loss or gain in rsashtubs f or the

Point and Portage 1a Prairie sites is listed in Tables 7, B
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and 9 and Tables 10, 11 and L2, respectively' and also the

average daily water loss or gain in washtubs for Lhe Point

and Portage 1a Prairie siLes is shown in Figures 1, 2 and

3 and Fígures 4, 5 and 6, respectively.

Average daily evaporation from the washtubs vras

calculated as explained earlier and is shown in Figures 7,

B and 9 for the Point site and in Figures 10, 11 and L2

for the Port.age 1a Prairie site. The evaporation data are

listed in Tables 13, L4 and 15 for the Point site and

Tables 16, 17 and 18 for the Portage la Prairie site.

The amount of evaporaLion from the above-ground lvashtub

I^ras greater than that frorn the sunken or insulated v¡asht,ub

as shorun in Figures 7 through L2. This ís logical as the

above-ground washt.ub is more open to Lhe atmosphere and

receives radiation on both the sides and the boLLom. This

is also in accordance with the concl-usions given by tr{or1d

Meteorological 0rganisation,Technical Note # 83, L966.

The evaporation data from the insulated washtubs are

significantly correlated with, and not significantly

differenL from, Lhe evaporation daLa of the sunken

washtub as shown in Table 22 and Table 23 for the Portage

1a Prairie site and the Point site respectively, and is

also jusLified by Table 25 and Table 24 for the Portage la

Prairie and the Point site respectively.

The conclusion drawn above can also be confirmed from

Tables 22 and 23, rvhich give the correlaLion coefficients;

furthermore, this is justified frorn Tables 24 and 25.
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Evaporation data for t.he above-ground washtubs are also

significantly correlated with the evaporation fro¡n sunken

washtub and ínsulated washtubs. Hor*¡ever, f rom Tables 22

and 23, it can be concluded that t.he evaporation from the

sunken washLubs and the insulaËed washLubs are more

highly correlated than their correlation r¿ith above-ground

washtub.

From Tabl e 24, iL can be concluded that the probability

that the amount of evaporaLion would be the same from the

sunken and insulaËed washtub is higher than the probability

that the amount of evaporation from above-ground washtub

would be equal to the anount of evaporation from the

either the sunken or insulated washtub. This conclusion is

justified from Table 25.

However, the measure of best suitability is not the

highest correlation rr¡ith other types of rvashtubs, buL the

híghest. (best) correlaLion with evapotranspiration(i...

soil moisture depletion).

4.I.2 Evaporation- f rom_ ]rashtubs and CJass A pan

The evaporation data from the Class A pan ïIere recorded

only at the Portage la Prairie site. Change in waLer 1evel

in the Class A pân, the average daily waLer loss or gain in

the Class A pan and Lhe average daily evaporation from the

Class A pan are listed in Tables 19, 20 and 2L,

respectively.



From Figures 11 and 13, it can be noted that the amount

of evaporation from thê Class A pan is generally higher

than that from the sunken washtub or the insulated washtub

while, on the other hand, there Ì/as not much difference

between evaporation from the Class A pan and from the

above-ground washtub. This is logical considering that the

Class À pan Loo is placed (on a tripod) above ground and

both it and the above-ground washtub are exposed to

radiation from all sides.

The larger evaporation area of the Cl-ass A pan did not

rea11y cause large differences ín the amount of evaporation

from the above -ground washtub and the Class A pât, as both

Class A pan and the above-:ground washtub received the same

amount of radiation per unit of area

From the F t and Prob

the above conclusion is justified. Tables 24 and 25 show

smal1 Ft values for the three treatments and the Class A

pân, leading to the conclusion that there is no statistical

significant difference between evaporation from the three

treatments and the Class A pan.

The only difference is that from the Prob > Ft column it

can be noLed that the probability of observing an equal

amounL of evaporaLion frorn the Class A pan and the

above-ground washtub is higher than the probability for Lhe

Class A pan and sunken or insulated washtubs'
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4,2 SOIL MOISTURE STUDIES

The soÍ1 moisture studies were conducted at the Point

site on1y. Soil nofsture content vras determined

periodically by the thermogravimetric method for depths

from the surface to 22.5 cm, from 22.5 cm to 37.5 cm and

from 37.5 cm to 52.5 cm and recorded on a percent nass

basis. Those values are shown in Tabl es 26, 27 and 28. The

soil bulk density was also deternined for the same soil

layers and used for the conversion of the gravinetric

percentages to percent by volume. These volumetric

percent.ages are listed in Tables 29, 30 and 31.

As t.he soil moisture v¡as not determined daily ' it \¡/as

assumed that t.he daily soÍ1 moisture depletion rate

occurring between two observation dates was uniform over

the interval.

It was assuned Lhat all the rainfall vras effective and

that there was no loss of moisture due to surface runoff

or deep percolation. I,ùith respecL to the topography, soil

condition and the rainfall pattern, this assumption t,Ias

quite realistic

Figures L4, 15 and 16 show the average water depth

depleted from or gained by the soi1. The average daily

moisture depletion for the top 52.5 cm lras determined by

adding the soí1 moisture depletion from Lhe surface to 22.5

cfl, 22.5 cm to 37.5 cm and 37.5 cm to 52.5 cn below the

surface; it is shown in Figure L7 and listed in Table 32.

Soil moisture depletion for a particular layer of soj.1

was calculated using the following equation:
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I',lD(d) = MC(d) - MC'(d)

where:

MD(d) is soil moisture depletion (volumetric) itt

a given period of tiine and soil depletion
tdt in mm of waLer.

MC(d) is soil moisture content at the st.art of

a gi-ven period of time and soil depth I dt

in mm of water.

MCf (d) is soil moisLure content at the end of

a given period of time and soil depth 'dt

in mm of waLer.

The average daily moisture depletion up to t.he 6O-cm

depLh of soil was calculated by using the moisture in the

0 to 22.5-cm depth as the profile characterisLic moisture.

It is listed in Table 33 and shown in Figure 18.

soil moisture depletion for the 60-cm depth of soí1 r\¡as

calculated using the following equation:

MD(d) =MC(d) -MC'(d)
where:

MD(d) is the soil moisture depletion (volumeLric)

in a given period of time and soil depth I d t

in mm of vrater.

MC(d) is the soil moisture content at the start of

a given period of time and soil depth tdt in

mm of \,¡aËer.

I,{Cr(d) is Ëhe soil moisture content at the end of a

given period of time and soil depth tdt in mm
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of water

From Tables 32,33

moisture depletion in

and 60.0 cü, is quite

and 23 it can be concluded that. soil

Lhe tvo rooL zone depths, 52.5 cm

similar.

4.3 EVAPORATION AND SOIL MOISTURE STIJDIES

Table 23 lists the Pearsonrs correlation coefficients
among evaporation from the above-ground washtubs, from the

sunken washtubs the insulated rvashtubs and f rom the

cu¡nulative moisLure depletion for the top 52.5 cm and from

60.0 cm of root zone. The table indicates that the soil

moisture depleLion and the rate of evaporation from the

rvashtubs is significantly differenL, that is, that there is

a poor correlation between soil noisture depletion and

evaporation from Lhe washtubs.

The tr^lor1d Meteorological 0rganisation states Lhat the

moisture depletion from soí1 which is at field capacity is

simí1ar to the evaporation from a free surface (ü/M0 Tech.

Note # 83 , 1966) . Howe- ver, at the Point, Lhe soil in the

plots in which the washtubs were installed never did reach

its field capacity. At Portage 1a Prairie, the soil

moisture content rvas brought up to field capacity by

irrigation. Hor+ever , the soil did not stay at field

capacity for a long time due to evapotranspiration moisture

1oss. ItIhen the soil had partially dried, it t¡as supplied

with moisture only by capilLary ascent of l/ater from

apparentlybeneath. This
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component of evapotranspiratíon. The rate of Lranspiration

increases if the soil is at or near field capacity but

remains suppressed if the soil moisLure conLenL is lower.
EvapoLranspiration involves Lwo processes, evaporatíon

from t.he soil surface and transpiration from the plants.

The relative amounLs of soil evaporation and transpiration

usually depend on Lhe amounL of ground cover. As plant

cover increases, the toËa1 amount of evapoLranspiration

increases íf. the soil is at or near field capacity, but the

amount of evaporation from the soil surface decreases in

relative terms due to the leaves shading the ground

sur face .

The evapotranspiration as represented by the soil
moisËure depletion did not correlate with Lhe evaporation

from the washtubs, as shown in Tabl e 23.

More observations should have been taken for the soil
moisture at depths upto 75 cD, which may have indicated a

better correlation between soil moisture depletion and the

evaporat,ion f rom t.he r+ashtubs.
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CHAPTER V

CONCLUS IONS

5.1 CONCLUSIONS OF THE STUDY

1. There is no reliable correlation between evaporatíon

from any of Ëhe three tested washtub treaLments and

t.he depletion of the soil moisture f rom t.he top 52.5

cm and Lop 60.0 cm of the root zone.

2. The amount of evaporation from an above-ground r¿ashtub

is hígher Lhan that from a sunken or insulated washtub.

3. The amount of evaporation from an above-ground washtub

is noL significantly different from the amounL of

evaporation from a Class A evaporati-on pan.

4. The amount of evaporation from an insulated r+ashtub is

not significantly differenL from the amounL of evap-

oration from a sunken washtub.
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TABLE 1. DROP IN WATER LBVEL

ABOVE-GROUND WASHTUB

THE POÏNT

DATE OF
OBSERVATION

INTERVAL
DAYS

DROP IN IITATER LEVELa MM )- "

02 AUG.

05 AUG "

09 AUG.

T2 AUG.

76 AUG.

T9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SBPT.

T6 SEPT.

20 SEPT.

23 SEPT.

27 SBPT.

29 SBPT.

4

3

4

3

4

J

4

J

4

3

4

J

4

3

4

3

4

2

17"00

15.00

28.00

19.00

19.00

06 .00

(o3.oo)

(06.00)

10.00

14.00

14.00

(11.00)

04.00

(02.00)

08.00

04.00

15.00

( 04.00 )

16.00

14.00

26.OO

19.00

20.00

06 .00

(o2.oo)

(06.00)

09 .00

14.00

14.00

(11.00)

03.00

(02.00)

08.00

04.00

16.00

(03.00)

17.00

13.00

27 .OO

20.00

19 .00

07.00

(01.00)

(07.00)

10.00

15.00

13.00

(12.00)

05.00

( 03.00 )

07.00

03 .00

17.00

( 04.00 )

r6 .67

14"00

27 .00

19.34

t9.34

06.33

( 02.00 )

(06.33)

09 .67

14.33

73.66

(11.33)

04.00

(02.33)

07.66

03.66

16.00

(03.67)

+t Figure in parentheses indicate rise
washtub.

NOTE : 0bservations as of 29 July, when

of water leve1 in the

water level in t.he washtub

was aL 22 cm.
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TABLB 2. DROP

SUNKEN

THE

IN \,{ATER LEVEL

WASHTUB

POINT

DATB OF
OBSBRVATION

INTERVAL
DAYS REP.2 RBP"3 AVERAGE

DROP TN \,{ATER LEVEL ( MM ) 'F

REP. 1

02 AUG.

05 AUG.

09 AUG.

L2 AUG.

16 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SBPT.

O9 SEPT.

13 SEPT.

16 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

4

J

4

3

4

J

4

J

4

3

4

J

4

aJ

4

J

4

2

0B .00

08.00

23.00

16.00

15.00

02.00

(os.oo)

(oe.oo)

07.00

09.00

10.00

(12.00)

00.00

(03.00)

04.00

03 .00

11 .00

(0s.00)

08.00

08.00

22.OO

16.00

15.00

01.00

(06.00)

(oe.oo)

06.00

08.00

11 .00

(11.00)

00.00

(o3.oo)

06.00

03 .00

12.00

(os.oo)

09.00

07.00

22.00

15.00

14.00

04.00

(o6.oo)

(10.00)

05.00

08.00

10.00

(12.00)

00.00

(02.30)

06.00

02.00

10.00

(04.00)

08.33

07.66

22.33

1s.66

r4.66

02.33

(0s.66)

(0e.33)

06.00

08.33

10. 33

(11.66)

00.00

(02.77)

05.33

02 .66

11.00

( 04.66 )

+s Figures in parentheses indicate
washtub.

rise of htaLer leve1 in the

N0TB:0bservations as of 29 July, when I^Iater 1eve1 in the
washtub k¡as at 22 cm.
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TABLE 3. DROP IN I^IATER LEVEL

INSULATED IIIASHTUB

THE POINT

DATE OF
OBSERVATI ON

INTERVAL
DAYS

DROP IN I^/ATER LEVEL ( MM ) ++

02 AUG.

05 AUG.

09 AUG.

L2 AUG.

L6 AUG.

L9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SBPT.

16 SEPT.

20 SBPT.

23 SEPT.

27 SEPT.

29 SEPT.

4

3

4

DJ

4

3

4

J

4

3

4

J

4

J

4

3

4

2

10.00

12.00

24.OO

16 .00

14.00

03 .00

(0s.00)

(oB.oo)

07.00

09 .00

11 .00

(12.00)

01.00

(02.60)

05 .00

03"00

L2.OO

(o4.oo)

11.00

10.00

23.00

16.00

16.00

03 .00

(0s.oo)

(oe.oo)

06.00

09 .00

11 .00

(12.00)

01.00

(02.60)

06.00

02 .00

12.00

(04.oo)

10. 00

10.00

22.OO

16.00

16.00

02.00

(o4.oo)

(08.00)

06.00

09.00

11.00

(11.00)

01.00

(02.30)

05.00

03 .00

12 .00

(os.o0)

10.33

10.66

23.00

16.00

15.33

02.66

(04.66)

(08.33)

06.33

09.00

11 .00

(1i.66)

01.00

(o2.so)

0s.66

02.66

12 .00

( 04.33 )

+$ Figures in parentheses indicate
washtub.

rise of vrater level in the

NOTE : 0bservaLions as of 29 July, when water
was at 22 cm.

7L

leve1 in the washtub



TABLE 4. DROP IN I^IATER LEVEL

ABOVE-GROUND I'IASHTUB

PORTAGE LA PRAIRIE

DATE OF
OBSERVATION

INTERVAL
DAYS

DROP rN I,{ATER LEVEL ( MM ) ås

OB AUG.

10 AUG.

T2 AUG.

15 AUG.

18 AUG.

19 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

01 SEPT.

02 SEPT.

O6 SEPT.

07 SEPT.

09 SEPT.

L2 SEPT.

T4 SEPT.

3

2

2

J

J

1

3

1

2

1

J

I

1

1

1

4

1

2

3

2

21.00 20.00

07 .00 04.00

08.00 10.00

19.00 17"00

11 .00 12.00

03.00 02.00

( 17.00) ( 1s.00)

16.00 15.00

(os.oo) (1e.00)

01 .00 04.00

08.00 05.00

02.00 05.00

(oB.oo) (io.oo)

08.00 09.00

06.00 04.00

I 1 .00 20.00

02.00 0s.00

(o7.oo) (o7.oo)

14.00 08.00

(o7.oo) (04.oo)

40.00

17.00

09.00

02.00

05.00

18.00

(04.00)

05.00

05 .00

01.00

(o6.oo)

09.00

03.00

14.00

01.00

(32.00)

11 .00

(os.0o)

27 .OO

05.50

09.00

17.66

10.66

02.33

(oe.oo)

16.33

(0e.33)

03 .33

06.00

03.66

(08.00)

08.66

04.33

15.00

02 .66

(1s.33)

11 .00

( 0s.33 )

t+ Figures in parentheses indicaLe rise;
of water leve1 in the washtub.

NOTB : 0bservations as of 05 Aug.,when
ñs-at 22 cm.

No readings recorded

h'ater level in the washtub
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TABLE 5. DROP

SUNKEN

PORTAGE

IN I^IATER LEVEL

WASHTUB

LA PRAÏRIE

DATE OF
OBSERVATION

INTERVAL
DAYS

DROP IN I^IATER LEVEL ( t"tlt ) x

OB AUG.

10 AUG.

12 AUG.

15 AUG.

1 B AUG.

19 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

01 SEPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

T2 SEPT.

L4 SEPT.

3

2

2

3

3

1

J

1

2

I

3

1

1

1

I

4

1

2

3

2

14.00

06.00

07 .00

14.00

02 .00

01.00

(17.00)

18.00

(o1.oo)

00.00

01.00

02.00

(13.00)

04.00

06.00

08.00

00.00

(04.00)

08.00

(04.00)

15.00

05.00

07.00

18.00

12.o0

00.00

(1e.00)

19.00

(1e.oo)

00.00

02.00

04.00

(13.00)

12.00

00.00

12"00

01.00

(os.oo)

08.00

(01.00)

25.00

15.00

09.00

01 .00

04.00

20.00

(2o.oo)

00.00

04.00

01.00

(07.00)

08.00

03.00

10.00

00.00

(26.00)

09 .00

(02.00)

18.00

05.50

07 .00

t5.66

07.66

00.66

( i0.66 )

19.00

(1e.oo)

00 .00

02.33

02.33

(i1.00)

08.00

03.00

10.00

00.33

(i1.66)

08.33

(02.33)

+s Figures in parentheses indicate risei----
of water level in Lhe washtub.

N0TE : 0bservaLions as of 05 Aug.,when water
at 22 cm.

No readings recorded

1eve1 in the r+ashtub
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TABLE 6. DROP IN

INSULATED

PORTAGE LA

I,IATER LEVBL

hIASHTUB

PRAIRIE

DATE OF
OBSERVATION

INTERVAL
DAYS

DROP IN I^IA

OB AUG.

10 AUG.

12 AUG.

15 AUG.

1 B AUG.

19 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG,

29 AUG.

30 AUG.

31 AUG.

01 SEPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

T2 SEPT.

T4 SEPT.

J

2

2

3

J

I

3

1

2

I

J

1

1

1

1

4

1

2

3

2

18.00

05 .00

09.00

15.00

11.00

01"00

(16.00)

18.00

(o2.oo)

04.00

05 .00

02 .00

(oe.oo)

06.00

08.00

09.00

(02.00)

(o3.oo)

09.00

(04.00)

17.00

05.00

10.00

18.00

11.00

04.00

(21.00)

19.00

(23.00)

05.00

(03.00)

04.00

(10.00)

08.00

03.00

15.00

03.00

(03.00)

(oi.o0)

02.00

35.00

17"00

06.00

00.00

(17.00)

18.00

(06.00)

05.00

03.00

05.00

(11.00)

08.00

04.00

10.00

(o1.oo)

( 26.00 )

07 .00

(o1"oo)

23.66

05.00

09"50

16.66

09.33

01.66

(lB.oo)

18.33

( 10.33 )

04.66

01.66

03.66

(10.00)

07.33

05.00

11 .33

00.00

(10.66)

05 .00

01.00

li Figures in parentheses indicate rise;
of r,¡ater leve1 in the washtub.

NOTE : 0bservaLions as of 05 Aug.,when
was at 22 cm.

No readings recorded

water leve1 in the washtub
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TABLE 7 . AVERAGE DAILY DROP IN I^/ATER LEVEL

ABOVE*GROUND I^IASHTUB

THE POINT

DATB OF
OBSERVATION

I^iATER LOSS / GAIN ( MM / DAY ) +$

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

16 AUG.

79 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

T6 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

4.25

5 .00

7 .00

6.33

4.75

2.OO

(0.7s)

(2.00)

2 .50

4 ,66

3.50

(3.66)

1 .00

(0.66)

2.00

I. JJ

3.75

(2.00)

4.00

4 .66

6.50

6.66

4.7 5

2.OO

(o.so)

(2.00)

2.25

4.66

3. s0

(3.66)

0.75

(0.66)

2 .00

1.33

4.00

(1.s0)

4 "2s

4.33

6.75

6.33

5.00

1 1ÐL. JJ

(0.2s)

(2.33)

2 .50

s.00

3.25

(4.00)

t.25

(1.00)

L.75

1 .00

4.25

(2.00)

4 .17

4.66

6.75

6 .4s

4.84

2.Lt

(o.so)

(2.7L)

2 .42

4.77

3 .4I
(3.78)

1 .00

(0.77)

r.92

L.22

4.00

(1.84)

lr Figures in parentheses indicate rise

r¡ashtub.

75
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TABLB B. AVERAGE DAILY DROP IN \^TATER LEVEL

SUNKBN I^IASHTUB

THE POINT

DATE OF
OBSERVATION

WATER LOSS / GArN ( MM / pAY_) t+

02 AUG.

05 AUG.

09 AUG.

12 AUG.

16 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

76 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

2.OO

2.66

5.75

tr ccJ.JJ

3.75

o .67

(t.2s)
(3.00)

r.75

3.00

2 .50

( 4.00 )

0.00

(1.00)

I .00

I .00

2.75

(2.s0)

2 .00

2 .66

5.50

5.33

3 .50

0.33

(1.s0)

(3.00)

I .50

2.66

2.75

(3.66)

0.00

(1.00)

I .50

1 .00

3.00

(2.s0)

2.25

2.33

5. 50

5.00

3 .67

1.33

(1.s0)

(3.33)

L.25

2.66

2.so

( 4.00 )

0.00

(0.76)

1.50

0. 66

2.50

(2.00)

2.08

2.56

5.58

5.22

3.50

0.78

(t .42)

(3.11)

1.50

2.77

2 .58

( 3.8e )

0.00

(0.e2)

1 .33

0. B9

2.7 5

(2.33)

+f Figures in parentheses indicate rise

washtub.

- 76
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TABLE 9. AVERAGE DAILY DROP IN I^IATER LEVEL

INSULATED I^IASHTUB

THE POINT

DATE OF
OBSERVATION

I^IATER LOSS / GAIN ( MM / DAY ) {'
Ácn

02 AUG.

05 AUG.

09 AUG.

12 AUG.

T6 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

O6 SEPT.

09 SEPT.

13 SEPT.

16 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

2 .50

4.00

6.00

5.33

3.50

I .00

(r .2s)

(2 .66)

1.75

3.00

2.75

(4.00)

0 ,25

(0.8s)

I .25

1 .00

3.00

(2.00)

2.7 5

3.33

5.75

5.33

4.00

1 .00

( I .2s )

(3.00)

1.50

3.00

2.75

(4.00)

o.25

(o.Bs)

1.50

0.66

3.00

(2.00)

2 .50

J. JJ

5.50

5.33

4.00

o .67

(1.00)

(2 .66)

1 .50

3.00

2.7 5

(3.66)

0.25

(0.7s)

1 .50

1 .00

3.00

(2.s0)

2"58

3. s6

5.75

5.33

3. 84

0. B9

(i.17)
(2 .7 B)

1.58

3.00

2.7 5

(3.8e)

o .25

(0.82)

I .42

0. B9

3.00

(2.16)

++ Figures in parentheses indicaLe rise

washtub.

77
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TABLE 10. AVERAGE DAILY

ABOVE-GROUND

PORTAGE LA

DROP IN I,{ATER LEVEL

LTASHTUB

PRAIRTB

DATE OF
OBSERVATION REP. 1 REP. 2

\^/ATER LOSS GAIN (MM/otY)r+
REP. 3 AVERAGE

OB AUG.

10 AUG.

12 AUG.

15 AUG.

18 AUG.

L9 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

01 SBPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

T2 SEPT.

T4 SEPT.

07.00

03.50

04.00

06.33

03 .66

03.00

(0s.66)

16"00

(02.s0)

01.00

02 .66

02.00

(oB.oo)

08.00

06.00

02.7 5

02.00

(03.s0)

04 .66

(o3.so)

06.66

02.00

05 .00

05.66

04.00

02 .00

(05.oo)

15.00

(oe.so)

04.00

or.66

05.00

(10.00)

09 .00

04.00

05 .00

05.00

(o3.so)

02 .66

(02.00)

10 e.)IJ.JJ

0s.66

03.00

02.00

01.66

18.00

(o2.oo)

05.00

01 .66

01.00

(o6.oo)

09.00

03.00

03.50

01.00

(16.00)

03.66

(02.s0)

09 .00

02.7 5

04.50

05. B8

03.55

02.33

(o3.oo)

16.33

(04.66)

03.33

02.00

02.66

(o8.oo)

08.66

04.33

03.75

02 .66

(o7.66)

03.66

(o2 .66)
às Figures in parentheses indicaLe rise

washLub.
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TABLE 11 . AVERAGE DAILY DROP IN I,'IATER LEVEL

SUNKEN I^IASHTUB

PORTAGE LA PRAIRÏE

DATB OF
OBSERVATION

I^IATER LOSS / GAIN ( MM / DAY ) X

n

OB AUG.

10 AUG.

12 AUG.

15 AUG.

18 AUG.

79 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

3 1 AUG.

01 SEPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

T2 SEPT.

T4 SEPT.

04 .66

03.00

03.50

04.66

00. 66

01 .00

(0s.66)

18.00

(oo.so)

00.00

00.33

02 .00

(13.00)

04.00

06.00

02.00

00. 00

(o2.oo)

02 .66

(02.00)

05 .00

02.50

03.50

06.00

04.00

00.00

(06.33)

19.00

(0e.50)

00.00

00.66

04.00

(i3.00)

12.00

00.00

03.00

01.00

(02.s0)

02.66

(oo.so)

08.33

05.00

03.00

01.00

01.33

20.00

(o3.oo)

00.00

01 .33

01 .00

(o7.oo)

08.00

03.00

02 .50

00.00

(i3.oo)

03.00

(01.00)

06 .00

02"75

03 .50

05.22

02 .55

00.66

(o3.ss)

19.00

(04.33)

00.00

0o.77

02.33

(11.00)

08.00

03.00

02 .50

00.33

(0s.83)

02.7 6

(01.16)

n Figures in parenLheses indicaLe rise

washtub.
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TABLE 12. AVERAGE DAILY

INSULATED

PORTAGE LA

DROP IN I,IATER LEVEL

I^IASHTUB

PRAIRIE

DATE OF
OBSERVATION

I^/ATER LOSS / GATN ( MM / DAY ) r'

OB AUG.

10 AUG.

12 AUG.

15 AUG.

18 AUG.

L9 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

3 1 AUG.

O1 SEPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

12 SEPT.

L4 SEPT.

06.00

02.50

04. s0

05.00

03. 66

01.00

(0s.33)

18.00

(o1.oo)

04.00

01.66

02.00

(oe.oo)

06.00

08.00

02.25

(o2.oo)

(o1.so)

03.00

(02.00)

06.00

02.50

05 .00

06.00

03.66

04.00

(o7.oo)

19.00

(1i.so)

05.00

(01.00)

04.00

(1o.oo)

08.00

03.00

03.75

03.00

(01.s0)

(00.33)

01 .00

1r.66

05.66

02.00

00.00

(0s.66)

18.00

(o3.oo)

05.00

01.00

05.00

(11.00)

08.00

04.00

02 .50

(o1.oo)

(13.00)

02.33

(00.s0)

O7.BB

02 .50

04.7 5

05.55

03.10

01.66

(06.00)

18.33

(0s.16)

04.66

00.55

03.66

(1o.oo)

07.33

05 .00

02.83

00.00

(0s.33)

01.66

(oo.so)

++ Figures ín parentheses indicate rise

washtub.

BO
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TABLE 13. AVERAGE DAILY EVAPORATION

ABOVE_GROUND I¡IASHTUB

THE PO]NT

DATE OF
OBSERVATION

EVAPORATI ON
AVERAGE

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

16 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SBPT.

06 SBPT.

09 SEPT.

13 SEPT.

L6 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

4.25

5 .00

7 .00

6.33

4.7 5

3.10

2.Bt

3.24

3 .46

4.66

3.56

2.BB

2.97

2.30

2.OO

I .33

3.75

2.0L

4.00

4 .66

6.50

6.66

4.7 5

3. 10

3.06

3.24

3 .27

4.66

3. s6

2.BB

2.73

2.30

2.OO

1.33

4.00

2 .5L

4.25

4.33

6.75

6.33

5.00

3 .43

J"JJ

2.9r

3 .46

5.00

3.31

2 .55

3 .22

L.97

I.75

1 .00

4 .25

2.OL

4.t7

4 .66

6.75

6 .45

4.84

3.2r

3.07

3.13

3 .38

4.77

3 .47

2.77

2.97

2.20

r.92
1 )2

4.00

2.17

B1



TABLE L4. AVERAGE

SUNKEN

IHE

DAILY EVAPORATION

I{ASHTUB

POINT

DATE OF
OBSERVATION

EVAPORATTQN ( MM / pAY )
acn

02 AUG.

05 AUG.

09 AUG.

L2 AUG.

T6 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

L6 SBPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

2.OO

2 .66

5.75

s.33

3.75

r.77

2.3r

2.24

2.77

3.00

2.56

2 .55

1 .98

r .97

1 .00

1 .00

2.75

1.51

2.OO

2.66

5.50

5.33

3.75

r .43

2.06

2.24

2.46

2 .66

2.Bt

2.BB

1.98

r .97

1 .50

1.00

3 .00

1.51

2.25
a ,tL. JJ

5.50

5 .00

3. 50

2 .43

2.06

1.91

2.2I

2 .66

2.s6

2.55

1.98

2.20

I .50

0.66

2 .50

2.Or

2.OB

2.s6

5.58

5.22

3 .67

1. 88

2.t4

2.13

2 .46

2.77

2.64

2 .66

1 .98

2.06

1 0aI . JJ

0. 89

2.75

1.68

B2



TABLE 15. AVERAGE DAILY BVAPORATION

INSULATED I^iASHTUB

THE POINT

DATE OF
OBSBRVATION

EVAPORATION
AVERAGB

02 AUG.

05 AUG.

09 AUG.

12 AUG.

L6 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SBPT.

09 SEPT.

13 SEPT.

T6 SEPT.

20 SEPT.

23 SBPT.

27 SEPT.

29 SEPT.

2 .50

4.00

6.00

5.33

3.50

2.r0

2.3r

2 .57

2.7L

3.00

2.Bt

2.55

2.23

2.r0

1.25

I .00

3.00

2.0r

2.7 5

3.33

5.75

5.33

4.00

2 "LO

2.31

2.24

2.46

3.00

2.8L

2.55

2 .23

2.ro

I .50

0.66

3.00

2.Or

2 .50

D iaJ. JJ

5.50

5,33

4.00

r.77

2,56

2 .57

2 .46

3.00

2.Bt

2.BB

2.23

2.20

1.50

1 .00

3.00

1.51

2 .58

3.s6

5.75
tr câJ. JJ

3.84

1.99

2.39

2 .46

2.54

3.00

2.8r

2 .66

2 .23

2.L3

1 .42

0. B9

3.00

L.B4
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TABLE 16. AVERAGE DAILY EVAPORATION

ABOVE-GROUND WASHTUB

PORTAGE LA PRA]RIE

DATE OF
OBSBRVATION REP. 1 RBP. 2

EVAPORATION ( MM / NM )
REP. 3 AVERAGE

08 AUG.

10 AUG.

12 AUG.

15 AUG.

18 AUG.

19 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

O1 SBPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

12 SEPT.

L4 SEPT.

07 "06

03.70

04.10

06.33

03. B6

03.00

01 . B0

L6.20

01.70

01.30

04 .43

02.20

05.10

08.40

06.00

03. 20

03. 70

00.30

05 .06

06.73

02.20

05.10

0s.66

04.20

02.00

02 .46

L5.20

04.30

03.43

05.20

03. 10

09.40

04.00

05.45

06.70

00.30

03.06

00.40

13.40

05.66

03.20

02.00

09.16

18.20

02.20

05.30

03.43

01.20

07.10

09.40

03.00

05.26

02.70

04.06

09 .06

02.95

04.60

05.88

03.75

02.33

o4 .47

16.53

01.9s

03. 63

03"76

02.86

05.10

09.06

04.33

04.64

04.37

00.30

04.06

00.40

B4



TABLE L7. AVERAGE

SUNKEN

PORTAGE

DAILY EVAPORATÏON

I^IASHTUB

LA PRAIRIE

DATE OF
OBSERVATI ON

BVAPO
nen

OB AUG.

10 AUG.

L2 AUG.

15 AUG.

18 AUG.

79 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

01 SEPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

L2 SEPT.

L4 SEPT.

04.73

03. 20

03.60

04.66

00. B6

01.00

01 . B0

18.20

03.70

00.30

02.10

02.20

00.10

04 .40

06.00

02 .45

01.70

01.80

03.06

00.40

05 .06

02.7 0

03. 60

06.00

04 .20

00.00

01.13

t9.20

00.30

02 .43

04.20

00.10

t2 .40

00.00

03.45

02.7 0

01.30

03.06

01.90

0B .06

05.00

03.20

01 .00

08.80

20.20

01.20

00.30

03.10

0r.20

06.10

08.40

03.00

02.95

01.70

03.40

01.40

05.95

02.95

03.60

05.22

02.7 5

00.66

03.91

19 "20

02 .45

00.30

02.54

02.s3

02.10

08.40

03.00

02.95

02 .03

01 .55

03.17

or.23

B5



TABLE 18. AVERAGE DAILY EVAPORATION

INSULATED I,IASHTUB

PORTAGE LA PRAIRIE

DATE OF
OBSERVATION

EVAPO

--Rvnntcn

OB AUG.

10 AUG.

T2 AUG.

15 AUG.

18 AUG.

L9 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

01 SEPT.

02 SEPT.

06 SEPT.

07 SEPT.

09 SEPT.

12 SEPT.

L4 SEPT.

06.06

02.70

04 .60

05"00

03. B6

01 .00

02.L3

18.20

03. 20

04.30

03.43

02.20

04.10

o6 .40

08.00

02.70

02.30

03 .40

00.40

06.06

02.70

05.10

06.00

03. B6

04.00

00.46

19.20

05.30

00.76

04.20

03.10

08.40

03.00

04.20

04.70

02 .30

00.06

03.40

LT.73

05.66

02.20

00.00

01.80

18.20

01.20

0s.30

02.76

05.20

02.10

08.40

04.00

02.95

00.70

02.73

01.90

07 "95

02.70

04. B5

05.55

03.31

01.66

01 .46

18.53

02.20

04.96

02.32

03. B6

03.10

07.73

05.00

03.28

02.70

02.30

02.06

01.90

B6



TABLE T9. DROP IN WATER LEVEL

CLASS A EVAPORATION PAN

PORTAGB LA PRAÏRIE

DATE OF
OBSERVATION

INTERVAL
DAYS

CHANGE IN
MM

WATER LEVEL

OB AUG.

09 AUG.

10 AUG.

1 1 AUG.

L2 AUG.

15 AUG.

76 AUG 
"

17 AUG.

19 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

02 SBPT.

06 SEPT.

07 SEPT.

09 SEPT.

12 SEPT.

L4 SEPT.

3

1

1

I
1

J

1

1

2

J

I
2

1

J

1

1

2

4

1

2

3

2

24.0O
06.00
03.00
07 .00
07.00
20.00
08.00
04.00
0s .00

(10.00)
02 .00

(os.oo)
03.00
11 .00
05 .00

(o6.oo)
02.00
21.00

(01.00)
(o6.oo)
03.00

(01.00)

''ç Figures in parentheses indicaLe rise of water level in
the pan.

N0TE : 0bservations as of 05 Aug. when water 1evel in the
pan was at 20 cm

B7



TABLE 20. AVERAGE DAILY DROP IN I^IATER LEVEL

CLASS A EVAPORATION PAN

PORTAGE LA PRAIRIE

DATE OF
OBSERVATION

I^IATER LOSS / CIT¡I
}4M/DAYà"

OB AUG.

09 AUG.

10 AUG.

1 1 AUG.

12 AUG.

15 AUG.

T6 AUG.

L7 AUG.

19 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG.

30 AUG.

31 AUG.

02 SBPT.

06 SEPT.

07 SEPT.

09 SEPT.

L2 SEPT.

I/+ SEPT.

08.00
06 .00
03.00
07 .00
07.00
06.66
08.00
04.00
02 .50

(03.33)
02 .00

(o2.so)
03 .00
03.66
05 .00

(06.00)
01 .00
05.70

(o1.oo)
(03.00)
01.00

(oo.s0)

J+ Figures in parenEheses

level in the Pan.

indicate rise of water

BB



TABLE 2I. AVERAGE DAILY EVAPORATÏON

CLASS A EVAPORATION PAN

PORTAGE LA PRAIRIE

DATE OF
OBSERVATION

EVAPORATION
MM / otv

08 AUG.

09 AUG.

10 AUG.

1 1 AUG.

12 AUG.

15 AUG.

16 AUG.

L7 AUG.

L9 AUG.

22 AUG.

23 AUG.

25 AUG.

26 AUG.

29 AUG"

30 AUG.

31 AUG.

02 SEPT.

06 SEPT.

07 SEPT.

O9 SEPT.

12 SEPT.

I4 SEPT.

08.00
06.00
03.00
07 .20
07.00
06.66
08.00
04.60
02 .50
04.10
02 .20
01.70
03.30
0s.40
05. 20

07.10
02 .00
05.70
00. 70

00. B0

01 .40
01.90

B9



TABLE 22. PEARSON CORRELATION COEFFICIENTS

PORTAGE LA PRAÏRIE

TREATMENT # EVAN BVAS EVAÏ

EVAN ++

EVAS -F

EVAI -X

1 .000

0.931

0.926

0.931

I .000

0.93s

o.926

0.935

1 .000

It-

Significant at Alpha =

EVAN = Evaporation from

EVAS = Evaporation from

EVAI = Evaporation from

0.05

above-ground washtub

sunken washtub

insulated washtub
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TABLE 23. PEARSON CORRELATION COEFFICIENTS

THE POINT

TREATMENT # EVAN EVAS EVAI ML52.5 ML6O. O

EVAN +$1.000 -xo.g2r *.0.959 0.190 0.274

EVAS 'F-O.92L -x'1.000 ++0.982 0.t43 0.24L

EVAI 'x-0.959 'o0.982 nn I .000 0. 189 0.300

ML52.5 0.190 0.143 0.189 x'l .000 -x'0.781

ML60.0 O.27 4 0.241 0.300 ,+0.781 vd1 .000

')+ Signíficant aL Alpha=0.05

# - EVAN = Evaporation from abovve-ground rvashtub

EVAS = Evaporati-on from sunken washtub

EVAI = Evaporation from insulated washtub

ML52.5 = Soil moisture depletíon from 52.5 cm

ML60.0 = Soil moisture depleLion from 60.0 cm

-9r



TABLE 24. STATISTICAL ANALYSTS OF EVAPORATION DATA

T_TEST PROCEDURE

THE POINT

TREATMENT F' DF PROB > FI

ABOVE-GROUND AND SUNKEN I^/ASHTUB L .52 L7 0.396

ABOVE-GROUND AND INSULATED I^TASHTUB I .46 17 O .440

INSULATED AND SUNKEN WASHTUB L "O4 T7 0.939
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TABLE 25. STATIST]CAL ANALYSIS OF EVAPORATION DATA

T-TEST PROCEDURE

PORTAGE LA PRAIRIE

TREATMENT FI DF PROB > FI

ABOVE_GROUND AND SUNKBN WASHTUB

ABOVE-GROUND AND INSULATED I^IASHTUB

ABOVB_GROUND AND CLASS A PAN

SUNKEN AND INSULATED WASHTUB

SUNKEN AND CLASS A PAN

INSULATED AND CLASS A PAN

1.31

1.15

L.96

1.13

2.48

2.26

T9

I9

L9

T9

L9

t9

0. s66

0.767

0.150

o.787

0.060

0.083

-93



TABLE 26. PERCENT SOIL

THE

DEPTH: O

MOISTURE CONTENT (MASS)

POINT

T0 22.5 CM

OBSERVATIONDATE OF
OBSERVATION Õ6543

29 JUL.

02 AUG.

05 AUG.

09 AUG.

12 AUG.

16 AUG.

T9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SBPT.

13 SEPT.

T6 SEPT.

20 SEPT.

23 SBPT.

27 SEPT.

29 SEPT.

34 .4I

32 ,77

28.99

25 .97

26,07

24.33

24 .48

26 .49

26.9I

27 .85

28.02

26.56

27 .35

28.23

28.72

28.52

26 ,26

25.84

26.35

34 .4L

3r .46

31.01

28.T4

25.82

2s .69

25.84

26.OO

27.6I

31.19

27.15

25 .52

28.t5

27 .96

28.08

27.5L

25.99

24 .47

26.9t

33.01

JL.JL

29.20

27 .L4

27 .06

25 .63

26.55

25 .68

28.37

27 .tO

26.07

2s.94

28.30

28.33

28.73

26.64

26.52

25.t4

25.t9

35 .44

30.41

30.04

27 .06

26.26

24.83

23 "38

26.88

27 .97

25.3L

27.59

2s.84

29 .29

28 .57

29.I8

26.s4

26 .49

25 .00

26.54

34.76

30. 84

30.33

27 "19

27 .OL

24 .50

25.77

26.9r

26.73

27 .85

25.09

24.82

27 .19

27.65

28.O7

27 .36

25.26

25.17

25 .58

35 .30

32 .46

30.09

30.07

26.14

24.33

25 .5t

25 .63

29 .52

27.79

26 .6s

28.10

28.IT

27 .0r

29 .49

27 .85

26.L0

25.08

25.98

33.20 33.15

32.28 30.77

30.00 30. BB

27.38 27.52

26 .51 25 .49

25.67 27 .64

24 "93 24.68

2s.99 26.70

28.66 26.46

26.77 30.69

28.05 27 .27

26.86 2s.95

28.94 28.13

30.99 30.02

28.58 28.56

27 .33 27 .O3

26.59 27 .62

26.72 27 .07

25.4L 27 .49
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TABLE 27 . PERCENT S0rL MOTSTURE CONTENT (l''lASS)

THE POINT

DEPTH2 22.5 T0 37.5 CM

OBSERVATIONDATE OF
OBSERVATION B654J

29 JUL.

02 AUG.

05 AUG.

09 AUG.

12 AUG.

T6 AUG.

79 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SBPT.

06 SEPT.

09 SEPT.

13 SEPT.

L6 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

31.s6

30.63

28.50

26 .40

26 .44

24.3t

22 .48

26.64

28.LT

28.33

2s.24

24 .42

27 .65

28. 18

27 .s2

2B. OB

25.64

23.24

24 .63

32.39

30. B3

28.14

25 .40

25.3r

23.18

23 .57

25.86

26 .66

26 .6s

26.02

24 .2r

27 .05

26.8r

27.53

26.96

24 .48

24 .56

25.30

32.97

31.39

29.32

25.78

25.04

24.90

22.66

25 .63

26.79

26.9r

25.87

24.70

26.72

27.69

27.94

25 .50

25 .60

23.83

25.01

32.30

31. B6

29 .2r

25 .63

24.93

23.96

23.89

24.34

25.38

27 .18

25 .42

25 .52

26.96

28 .67

26.83

26.36

25 .46

23.8L

25"85

32.90

29.L5

27.54

27.4r

25.55

24 .48

22 .68

25.70

26.87

26.7r

24.82

25.7r

25 .69

26.64

27.63

26.s9

24.94

23 .68

24.03

3L.96

28.98

28.05

26.61

24.34

24.20

23 .23

2s.66

27.67

25 .49

25. B0

24.s6

26.39

26.96

29.O8

26 .49

25.35

23.53

26.L4

32.98 31.90

29.84 29.88

28.45 28. BB

26 .09 26.35

25.19 25.60

23.88 24.64

22.66 22.87

2s.57 26 .BO

24.67 28.00

28.29 24.77

24.49 25.46

24.65 24.80

26.37 26.94

27.45 27.9L

28.89 27 .68

26 .91 26.98

24.83 25. B6

23.32 23.88

25.28 24.7 4
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TABLE 28. PERCBNT SOIL MOISTURB CONTENT (MASS)

THE POINT

DEPTHI 37.5 T0 52.5 CM

OBSERVATI ONDATE OF
OBSERVATION 854J2 6

29 JUL.

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

16 AUG.

L9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SBPT.

O6 SEPT.

09 SEPT.

13 SEPT.

T6 SEPT.

20 SBPT.

23 SEPT.

27 SEPT.

29 SEPT.

3I .75

30.70

29.03

26.16

25.78

25.t8

23.69

26.85

27 .09

27 .90

25 .43

24.86

26.89

27 .LT

26.85

27 .23

25.56

23.82

24.83

32.94

29.9s

28.32

26 "58

25 .47

23.89

23 .45

25.83

26.98

26 .6s

26.22

25 .40

26 .68

27.09

27 .O9

26 .49

26.t4

22.37

25.79

30.92

30. B9

30.04

26.76

26 .4s

24.75

22.9L

25 .60

26 .57

27 .18

25.89

25.37

27.77

27.63

28.37

26.79

24 .58

23.87

24.64

33.2r

30.92

28.99

26.84

25.82

24.96

22 .63

26 .44

26.s9

27 .L9

25.58

25.84

27.50

27 .54

28 .48

26.38

25 .57

23.52

25 .48

30.08

29.70

28.33

26.96

25.t3

24.34

23 .4t
24.87

26.87

27.45

25.83

24.36

27 .95

28.00

29.L3

26.70

25.05

22 .54

25 .08

32.t0

29.37

27.7L

27 .tL

24 .47

24.87

23 .63

25 .43

28 .48

26.87

26 .43

25 .23

26 .62

29.06

28.07

26 .50

24.94

23.38

24.68

33.75

30.58

28.09

26 .97

25.34

24.39

23.09

26.10

27 .OO

27 .t9

25.14

25.24

26.84

28. BB

28 .42

27 .2r

25.58

23 .53

24.69

33. l4

30.40

28.28

27 .O2

24.s4

24.24

23.23

25.s3

27.4L

27 .L3

26.07

25.06

27.4t

27 .14

28.t2

26 .5r

25.70

24.16

25.25
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TABLE 29. PERCENT SOIL MOISTURE CONTENT (VOLUMETRIC)

THE POINT

DEPTH: 0 T0 22.5 CM

OBSERVATIONDATE OF
OBSERVATION B654J

29 JUL.

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

T6 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

L6 SEPT.

20 SEPT.

23 SBPT.

27 SEPT.

29 SEPT.

32.86

30.73

27.69

24.80

24.90

23.24

23.38

25.30

25,70

26 .60

26.76

25.37

26.12

26.96

27,43

27 .24

25.08

24 .68

25.17

32.87

30.05

29 .62

26.88

24.66

24.s4

24 .68

24.83

26.37

29.79

2s.93

24.38

26.89

26.7r

26.82

26.28

24.83

23 .37

25.70

31.53

30. B7

27 .89

25.92

25.85

24.48

25.36

24 .53

27 .rO

25.89

24.85

24.78

27 .03

27 .06

27.44

25 .44

25.33

24.0t

24.06

33. B5

29.05

28.7 0

25.85

25.08

23.72

22 "33

25 .67

26.72

24.78

26.3s

24.68

27 .98

27 .29

27.87

25 "35

25.30

23. BB

25.35

33.20

29 .46

28.97

25.97

25.80

23 .40

24.6r

25.70

25.33

26 .60

23.97

¿J.IJ

25.97

26 .4r

26.8t

26.L3

24.t3

24.04

24 .43

33.72

31.00

28.7 4

28.72

24.97

23.24

24.37

24 .48

28.20

26.54

25 .45

26.84

26.85

25.80

28.L7

26 .60

24.93

23.96

24.8r

3L.77

30.83

28.65

26.15

25.32

24 .52

23.8L

24.83

27 .37

25 .57

26.79

2s.66

27.64

29 .60

27 .30

26.tO

25 .40

25 .52

24.27

3t.66

29.39

29 .49

26.29

24.25

26 .40

23 .57

25 .50

25.27

29.3r

26.05

24.79

26.87

28 .68

27 .28

25.82

26.38

25.86

26.26
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TABLE 30. PERCENT S0rL M0TSTURB C0NTENT (VoLUMETRTC)

THE POINT

DEPTHI 22.5 T0 37.5 CM

OBSERVATIONDATE OF
OBSERVATION 1 B6543

29 JUL.

02 AUG.

05 AUG.

09 ÀuG.

72 AUG.

16 AUG.

L9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SBPT.

O6 SEPT.

09 SEPT.

13 SEPT.

16 SEPT.

20 SBPT.

23 SEPT.

27 SEPT.

29 SEPT.

31.56

30.63

28.50

26 .40

26 .44

24.3r

22 .48

26.64

28.rt

28.33

25,24

24 .42

27.65

28.18

27 .52

2B. OB

25.64

23.24

24 .63

32.39

30. B3

28.t4

25 .40

25.3t

23.18

23.s7

25.86

26.66

26 .6s

26.02

24 .2r

27.05

26.8L

27.53

26.96

24 .48

24.s6

25.30

32.97

31.39

29.32

25.78

25.04

24.90

22.66

25 .63

26.79

26.9r

25.87

24.70

26.72

27.69

27 .94

25.50

25 .60

23.83

25.Ot

32.30

31.86

29.2r

25 .63

24.93

23.96

23.89

24.34

25.38

27 .78

25 .42

25 .52

26.96

28.67

26.83

26.36

25 .46

23.87

25.85

32.90

29.r5

27.54

27.4r

25.55

24 .48

22.68

25.70

26.87

26.7r

24.82

25.7r

2s .69

26.64

27.63

26.s9

24.94

23 .68

24.03

31.96

28.98

28.05

26 .6r

24.34

24.20

23.23

25.66

27.67

2s .49

25. B0

24.s6

26.39

26.96

29.08

26 .49

25.35

23 .53

26.14

32.98

29.84

28 .45

26.09

25.t9

23 .88

22 .66

25 .57

24.67

28.29

24.49

24.65

26.37

27.45

28.89

26.9r

24.83

23.32

25.28

3i.90

29.88

28. BB

26 .35

25 .60

24.64

22.87

26.8O

28.00

24.77

2s .46

24.8O

26.94

27 .91

27 .68

26.98

25.86

23. BB

24.74
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TABLE 31. PERCENT SOIL MOISTURB CONTENT (VOLUMETRIC)

THE PO]NT

DEPTHI 37.5 T0 52.5 CM

OBSERVATIONDATE OF
OBSERVATION B643

29 JUL.

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

T6 AUG.

L9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SBPT.

06 SEPT.

09 SEPT.

13 SEPT.

L6 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

31.50

30 .46

28. BO

25.95

25.58

24.98

23 .50

26.64

26.88

27.68

25.23

24.66

26 .68

26.90

26.64

27 .02

25 ,36

23 .63

24 .64

32 .68

29 .71

28.LO

26.37

25 .27

23.70

23.27

25 .63

26.77

26 .44

26.O\

25.20

26 .47

26.88

26.88

26.28

2s.94

22.19

24.99

30.68

30. 15

29.80

26.55

26.22

24 .55

22.73

25 .40

26.36

26.97

2s .69

25.17

27.55

27.4r

28.T5

26.s8

24.39

23 .68

24 .44

32.95

30.68

28.76

26 .63

25 .62

24.76

22 .45

26.23

26.38

26.98

25.38

2s.64

27 ,28

27 .32

28.26

26.L8

25.37

23.33

25.28

29.84

29 .47

28.TT

26.75

24.93

24.15

23.22

24 .67

26.66

27 .23

25.63

24.77

27.73

27.78

28.90

26 .49

24.85

22.36

24.88

31.85

29.r4

27.49

26.90

24.28

24 .67

23 .44

25 .23

28.26

26.66

26.22

25.03

26 .4L

28. B3

27 .85

26.29

24.74

23 ,20

24 .48

33 .48

30.34

27 .87

26.76

25.14

24 "20

22.9L

25.89

26.79

26.98

24.94

25.04

26 .63

28 .66

28.20

27 .OO

25.38

23.34

24.50

32.38

30.16

28.06

26.8L

24.35

24.05

23.05

25.33

27 .I9

26.92

2s.86

24.86

27 .19

26.93

27 .90

26.30

25 .50

23,97

25.05
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TABLB 32. AVBRAGE DAILY DEPTH OF SOIL MOISTURE DEPLETION

THE POINT

DEPTH : 0.0 T0 52.5 Cl"l

DATE OF
OBSERVATION

AVERAGE DAILY DEPLETION
MM

02 AUG.

05 AUG.

09 AUG.

12 AUG.

L6 AUG.

T9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SBPT.

06 SEPT.

09 SEPT.

13 SEPT.

L6 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SEPT.

)a)

2.BT

2.BB

2.07

T.L7

2 .58

0.94

3.04

0.77

2.L6

o.94

3.17

r.22

2 .60

I .60

2.IT

r.74

1.13
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TABLB 33. AVERAGE DAILY DEPTH OF SOIL

THE POINT

DEPTH : 0 T0 60 CM

MOISTURE DEPLETION

DATE OF
OBSERVATION

AVERAGE DAILY
DEPLETION MM

02 AUG.

05 AUG.

09 AUG.

L2 AUG.

T6 AUG.

T9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

16 SEPT.

20 SEPT.

23 SEPT.

27 SBPT.

29 SEPT.

3.77

2.90

3.60

2.40

r.20

r.72

1.91

2 .40

o.54

2.08

T.L7

2.77

1 .39

2.BL

1.91

I .90

1.13

2.24
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TABLB 34. AVERAGE PERCENT SOIL MOISTURE CONTENT (MASS)

THE POINT

DATE OF
OBSERVATION

DEPTH OF OBSERVATION
0 T0 22.5 CM 22"5 T0 37.5 CM 37.5 T0 52.5 CM

29 JUL.

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

T6 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT -

13 SEPT.

L6 SEPT.

20 SBPT.

23 SEPT.

27 SEPT.

29 SEPT.

34.22

37 .97

30"07

27 .56

26.30

2s .46

25.14

26.29

27.77

28.07

26.98

26 .2I

28.t9

28.59

28 .67

27.35

26.35

25.37

26.19

32 "37

30.32

28 .5L

26.2L

25.30

24.L9

23.OL

25.78

26 "77

26.79

25.39

24.82

26.72

27.54

27 .89

26.72

25.27

23.73

25.L2

32 .24

30.25

28 .60

26.8O

25.37

24.57

23.25

25.83

27 "12

27.20

25.82

2s.t7

27 .20

27 .BI

28.07

26.73

25.39

23.39

24.98

ro2



TABLB 35. AVERAGE PERCENT SOIL MOISTURE CONTENT (VOLUMETRIC)

THE POÏNT

DATE OF
OBSERVATION

DEPTH OF OBSERVATION
0 T0 22.5 CM 22.5 T0 37 .5 CM 37.5 T0 52.5 UM

29 JUL.

02 AUG.

05 AUG.

09 AUG.

T2 AUG.

T6 AUG.

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

L6 SEPT.

20 SBPT.

23 SBPT.

27 SEPT.

29 SEPT.

32 .68

30.17

28.7 2

26.32

25.12

24.32

24.0r

25.11

26.53

26.8t

25.77

25.03

26.92

27 .3L

27 .39

26.12

25.17

24.42

25.Or

32.37

30.32

28 .5I

26.2I

25.30

24.L9

23.0r

25.78

26.77

26.79

25.39

24.82

26.72

27 "54

27 .89

26.72

2s.27

23.73

25.L2

31.98

30.01

28.37

26.59

25.17

24.38

23.O7

25 .63

26.91

26.98

25.62

24.97

26.99

27.59

27 .85

26 .52

25.L9

23.2r

24.78
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TABLE 36. AVERAGE DEPTH OF SOIL MOISTURE DEPLETION

THE POINT

DATE OF

OBSERVATION

SOIL DEPTH

0"0 T0 22.5 CM

þ1t4/22.5 CM

22.5 T0 37.5 CM

Mt"1/L5 CM

37.5 T0 52.5 CM

MM/15 CM

02 AUG.

05 AUG.

09 AUG.

12 AUG.

16 AUG"

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

16 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SBPT.

s.65

3 .26

5 .40

2.70

1 .80

0.70

(2.47 )
(3.1e)

(0.63)

2 .34

I .67

(4.2s)

( 0.88 )

(0.18)

2.86

2.t4

r .69

(1.33)

3.08

2.72

3 .45

L .37

r "67

r.77

(4.1s)

(L .4e)

(0.03)

2.LO

0. B6

(2.8s)

(r.23)
(0.s3)

L.76

2.LB

2.3L

(2.oe)

2.96

2.46

2 .67

2.13

1.19

L .97

(3.84)

(t.e2)
(0.11)

2.04

0.98

(3.03)

(o.eo)

( o.3e )

2.OO

2.OO

2.97

(2.3s)

l+ Figures in parenLheses indicate
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TABLE 37. DEPTH OF SOIL MOISTURB DEPLETION

THB POINT

DEPTH : 0 T0 52.5 CM

DATE OF
OBSBRVATION

CU},IULATIVE }4OI STURE
OR GAIN MM / SZ.S

CUMULATTVE MOISTURE
DEPLETION MM/52.5 CM

DBPLETION
CM hs

02 AUG.

05 AUG.

09 AUG.

12 AUG.

16 AUG.

T9 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

16 SEPT.

20 SEPT.

23 SEPT.

27 SEPT.

29 SBPT.

TL.69

0B .44

TI.52

06.20

04.66

04 .44

(10.46)

(06.60)

(00.77)

06.48

03 .51

(10.13)

(03.01)

(01.10)

06 .62

06.32

06.97

05.77

Lt.69

0B .44

tr.52
06.20

04.66

04 .44

(03.76)

(09.12)

(03.07)

06 .48

03.51

(oe.s1)

(04.Be)

(07.81)

06 .62

06.32

06.97

05.77

å¿ Figures in parentheses indicate
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TABLE 38. DEPTH OF SOIL MOISTURB DEPLETION

THE POINT

DEPTH : 0 T0 60 Cl"I

DATE OF
OBSBRVATION

SOIL MOISTURE DEPLETION TO 60 CM
(MM/oo cM) ++

02 AUG.

05 AUG.

09 AUG.

12 AUG.

L6 AUG"

19 AUG.

23 AUG.

26 AUG.

30 AUG.

02 SEPT.

06 SEPT.

09 SEPT.

13 SEPT.

T6 SEPT.

20 SEPT.

23 SEPT.

27 SBPT.

29 SEPT.

15.06

08.70

r4,40

07 .20

04. B0

01.86

(06.60)

(oB.s2)

(01.68)

06.24

04.44

(11.34)

(02.34)

(00.48)

07.62

05.70

04. s0

(03.s4)

Figures in parentheses indicate

soi1.
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