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ABSTRACT

This study \das undertalcen as an attempt to estimate

evapotranspirat ion or consumptive use by "natural t' vegeta-

tion along the Manitoba Escarpment using serni-empiríca1

methods.

The trnlilson Creek ExperimenEal tr{atershed was chosen

as the study unit and is representative of the environmenË

-'l^-n rlr^ M^*.'+^1-- Ir^^^arong tne .LvI anl_LoDa ,úscarpment.

The study i4/as composed of t\,ro parts. Firstly, the

hlilson Creek lrater budget T,^¡as calculated on a monthly basis

for the period of study May to Seprember, i-965 ro L97J..

Secondly, Class "4" Pan evaporation, the Blaney-Criddle

formula, the Meyer formula, the ThornËhwaite formula, the

Penman f ormula, and the energy budget T/,/ere used to calÇulate

potential evapotranspiration for the same period of study.

'F1^^ ^^Ê^-+i^1 ^L-^^-^-:-rrre porenrrar evapotranspiration \¡¡as compared to the actual

evapotranspiration as calculated f rom the \,üater budget.

Monthly and seasonal coefficients r,{ere derived for each of

Èhe six semi-empirical methods which a1low conversion of

their potential evapotranspiration estímates to actual

evapotranspiration.
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CHAPTER I

i NTRODUCTION

"Evapotranspiration of water by plants
means, l:roadly, the amount of water required
to produce the mature crop. The implication
is that such water has been 'used' or is
no-longer directly avail-able to man" It has
been either stored in the plant tissues t or
converted to vapour and discharged into the
atmosphere where it re-enters the familiar
hydrologic cycle and eventually appears
again somewhere on the earth as precipitation"
(Grayt L9lQ)"

IË is essential that the r^rater requirements and

consumptive use of water by plants be known in planning for

soil conservation, i-rrLgation, and conservation of r¡rater

supplies. In order Èo see if iË is possible to arrive at

a realistic estimate of evapotranspiration by various methods,

this study v/as undertaken on the Wilson Creek drainage basin.

The methods used to determine the evapotranspiration

in the Wilson Creek basin are:

1. tr^/ater BudgeË method 
"

2. Measurement f rom Class rrAtr evaporation pan.
3 . Blaney-Criddle formula.
4. Meyer formula.
5 . ThornËhwaite formula.
6. Penman formula.
7 . Energy bu<lget.



The r'¡ater budget meth-od provides an estimate of

the actual evapotranspiration or consumptive use of plants.

The other methods produce estimates of potential evapo-

transpiration, that is, the amounË of \,¡ater a given plant,

in given condition, will use in evaporation and transpira-

tion if sufficient \^rater is available in the soil to meer

the demand. coefficients must be applied to these other

meËhods to arrive aÈ actual evapotran-spiraEion.

This study undertakes to determine these coeffícients

and the strength of correlation of each coefficient.

Many facËors operate singly or in combination to

influence the amounË of viater consumed by vegeEation. The

more important of the natural inf luences are climate. \.r7arer

^,,^.-T., ^^-'1^ --l n^.^^^-^-L5LrPP_Ly, sor¿s arrCI LoPograPny.

A1l of the components of the lüaËer budget and the

estimates of evapotranspiration as calculated from the other

methods are in inches of r^7aËer over the enËire r¡raLershed

andf or acre-feet.

The period of study consists of the growing season,

May Ëo September, for Ëhe seven year period, Lg65-Ig7I"



CHAPTER i I

THE HYDROLOG IC CYCLE AND WATER BUDGET

The hydrologic cycle is the descripÈive term applied

to Ëhe general círculation of \,/ater from the oceans to the

atmosphere, to the ground, and back to the oceans again

t, :^^1^-- ?1., 7949). Fígure l is a simplified diagram-\!!rrùrey sL.

¡fia a^^.i^- ^ç *L^ 1^"J-^1^^.i^ ^--^'l^4LrU e^PrçÞÞrurl uI Lrrç rryururuBlu uygIc.

The quantities of \,üater going through a hydrologic

cycle may be calculated in terms of a \.{ater budget. A water

budget may be stated in the simplífied hydrologic equation:

Ii\TFLOW = OUTFLOW + CIIANGE IN STORAGE. (r)

The items in the hydrologic equation are as f olloT,{s:

INFL0I^I: (1) precípitation, (2) surface inflow,

(3) groundwater inflow.

0UTFL0I^I: (1) surface outflow, (2) groundwater outflow

(3) evapotranspiration.

CHANGE IN STORAGE: change in

(1 ) groundwater, (2) soil moisture, moisture in

the root zone above the groundwater table,

( 3 ) sno\,/ cover , (4 ) surf ace reservoir 14/ater

and depression sËorage.
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'.:

The ürater budget, or water balance, method is

a measurement of continuity of f 1ow of !,¡ater. This holds

Lrue for any time interval and applies to any drainage

basin.

For drainage basins where there is no \,rater

movement bet\^reen adj acent units, this becomes the general

L.',1-^'l 
^^-í^ 

L"J^^¡ n-,.aÊ-'^.^ ¡rrJurv¡vE;!L uuuËçL sqUdLIUIl¡

P=E-+SIAS tAS lAG tAS +cI nS mS WS S \,/O
(2)

\,¡here

P - precípitation, the total inpuË of r.^/ater
into the unl-t;

F = F^+-1 ñô^-iraÈ-inn lOSS ffOm the Unit;"t LvL4r çV4PVL!drtùP!TdLIULI I

S - surface outflow from the unit;

A S = net change in sno\.ìr cover ;ris

AS = net change in soil moisture in storage;
MS

AG net change in groundl^rater in storage;
WS

AS _ = net change in surf ace r¡/ater storage;
S

G--^ = ground\^/aËer outf low f rom the unit.
WU

The sign convention used in EquaÈion 2 is such

that an increase in any of the storage terms is positive

and a decrease in arly storage term is negatíve



CHAPTER I I I

THE WTLSON CREEK EXPERIMENTAL I/VATERSHED

The Manítoba Escarpment., which íncludes the eastern

slopes of the Riding Mountain, is of pre-glaciar orígin, and

extends from the Pembina Hil1s near the united States border.

to the PasquÍ.a Hil1s some 300 miles to the northwest.

Duríng periodic floods, the streams, which draín

Ëhe escarpment, pick up large quantities of sírt, shale, and

debris from the steep mountain val1eys. This material is

then deposited in the channels leading a\^ray from the toe of

the escarpment, where slopes are much more gradual. This

process of erosíon, deposition and overbank flooding has

continued for thousands of years and has resulted in the

formation along the base of the escarpment of a band of

rich, arable land.

As settlement and development of this fertile
'l ¡-l J -l'. ^ç^^^:^-rano progresseo, r-ncreasrngly severe problems of floodíng

and erosíon control \^rere encountered.

In Lg57, the inlílson Creek Experimental l,,latershed

proj ect r{as instituted to investigate and remedy headwater

causes of flooding and erosion on agricultural land lying

below the Manitoba Escarpmenr. MacI(ay and stanEon (r964)
1" ^,, ^ : Ä ^ suave provaqec a more detailed descríption of the history of

erosion and sedimentation in the area.



LOCATION

The 8.5 square mile (5440 acres) \,raËershed is

located on the eas tern slopes of t.he Ridíng ¡lountain in

Township 20, Range 16 W.P.M., some 150 miles norËh and vrest

of I^Iinnipeg (Figur e 2) .

CL IMATE

The \,ratershed is located in a generally sub-humíd

climate. The annual air temDerature cvcle in the hTatershed

ïanges from -45op to +11OoF with a mean of about 30oF. The

average annual precipitation is about 1B inches" Since L959,

the average total precípitation for the period of study, May

to September, has been L4.5 5 inches. The average tempera-

ture since L96L for Ëhe period of study has been appr:oximately
--o-

Throughout the general escarpment region the summer

precipitation often occurs during sharp, Íntense thunder-

storms. These are usually centered. over the hígher portíon

of the escarpment and often are extremely 1oca1"

According to MacKay (L970), runoff from the \^/ater-

shed occurs as a resulË of the meltíng of the r¡ínÈer sno\^/pack,

and precipitation from; frontal storms in the late spring

and early summer) convective sÈorms during the early and

niddle summer, and mild frontal sËorm activity in Ëhe late

summer and fal1.
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WILSON CREEK
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TOPOGRAPHY

The headwaters of the v/atershed lie at elevations

up to 2450 feet above sea 1eve1. The lower part of the

basin descends to approximately 1100 feet in a distance of

four miles (Figure 3). The middle T,,/atershed is deeply

incised and cut by a l-arge number of drains and coulees,

Ëríbutary to the main \nratercourses. The main streams are

cut into the bedrock shale in deep, V-shaped valleys four

Ëo five hundred feet deep (MacKay and StanËon, L964).

GEOLOGY

The Post-Paleozoíc formations in the Ríding

Mountaín area of the Manitoba Escarpment range in age from

r,.--^^-;^ +^ rT^*^- 1-^+^^^^.1s. silíceous shale bedrock inuu!oèÞru LU uyyç! vLsL4uçuL

the upper reaches of Ëhe watershed ís overlain by thick

deposits of glacial dríft, which are composed mainly of

calcareous ti11 (Figure 4 ) . The surficía1 form of the

drift above the 2300 foot contour is that of stagnaËion

moraíne with abundant hummocks and closed depressions.

From approximaÈely the fB00 foot to the f500 foot contour,

the creek banks are formed predoml-nantly of slumped sha1e,

a1luvium, and colluvium, wiEh occasional outcrops of

relatively undisËurbed Cretaceous shale units (Fígure

The lower portion of the \.üatershed is composed mainly

alluvial deposits (McCu11ough, 1972).

s).
^c(JI
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SOILS

A detailed reconnaíssance soil survev of the i^/ater-

shed \,/as undertaken in f 958. Ten soil types r'rere identif ied

and mapped during the survey (Figure 6). A detailed des-

cription of the soils is gíven in Tables 1 and 2.

V EGETATION

Both broad and detailed studies have been made of

!L^Lrlç çÀ!ÞL!rr6 vgóEL4LrvLt L9Vç! Vr Ltrç W4LçrÐrrsu uJ r\rL\

(1958). These have involved both field studies and aír

photo interpretation in definíng the boundaries of four main

vegeËaËion areas (Figur e 7) .

The area designated as rrOMrr on the upland is an

open decadent forest of hardwoods and spruces with areas of

browsed shrub cover.

Area trMrr on the upper escarpment slopes is a closed

cover of. mixed forest, made up chiefly of whíEe bírch and

-^-1-- "¡ith 1oca1 stands of coniferous trees.4ÞPerr PvP¿4r v

Area "ln" represenËs the mÍdd1e to lower steep part

of the caËchment. This is occupied by young stands of

deciduous Ërees, dominated by white bírch and aspen poplar.

The forested part of the fowland plain (area "ML")

abutting on the escarpment bears a mixed young forest with

a varied assortment of conifers and hardvroods (MacKay and

Stanton, L964).

Table 3.

A detailed list of vegetation will be found in
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TnaLr 3

Vegetation of WiIson C¡eek Project
(Acco¡ding to Dr. J.C. Ritchie)

Area t'O.M."

Tree LaJer (dlsconilnuous)

Picea glauca
Picea mariana
Betula papyrifera
Populus i¡emul.oides
Populus balsamifera
Pinus Banksiana

TaIì Shrub Lâyer (continuous)

Colylus cornuta
ALnus rugosa

Short Sh¡ubs and Herbs

Ribes hi¡ielLum
Rosa acicule¡is
Viburnum edule
Sympho¡ica¡pus albus
ElJmus innovatus
Aralia nudicaulis
Me¡tensia paniculata
Lathyrus ochroleucus
Fragaria virginiana
Lycopodium annotinum
Galium septentrionalis
Equisetum sylvaticum
Osmorhiza claytoni
Rubus idaeus

Within the al.de¡ thickets the

Meriensia paniculata
Ribes t¡istes
Dryopteris cristata
Ca¡ex bebbii
GalÍum triflorum
^i.^Â ^Â ^l-i-^v¡¡ u4ge ¿tIJl¡¡4

Equisetum sylvatlcum

whlte spruce
black spruce
white birch
aspen
black poplar
Jack pine

hazel
speckled alder

low wild gooseberry
prickly ¡ose
low-bush cranberry
snowbe¡ry
hairy rvild rye
wild sarsparilla
ta.ll lungwort
cream coloured vefchling
strawberry
stiff club moss
bedstraw
woodi.a¡d horsetall

characteristic of the ground cover:

swamp red current
crested shleld fern

sweet scented bedstraw
small enchante¡s nlghtshade

following are



'to

Aree "M"
(a) In this area is the only stand of continuous closed white spruce in the water-

shed. (Area "w" on map). Trees range from B0 to lm feet in hefght and are from 150 to
250 years oìd. Associated vegetailon ls as follows:

Shrubs

Corylus co¡nuta
Rubus idaeus
.Alnus crispa
Rose acicula¡is
Symphoricarpos albus
Ribes hi¡teUum

Herbs

green alder

.4ralia nudicaulis
Actaea rubra
ElJmus innovatus
Rubus pubescens
Miliurn effusum
Mertensia paniculata
Dasiphora trachycaulon
Galium triflorum

red baneberry

dewberry

cinquefoil

(b) Closed Aspen (TalI). This has a well developed shrub layer dominated by hazel,
Blder and mountain mapìe.

Smaller sh¡ubs, herbs and grasses are as follows:

Diervilla lonicera bush honeysuckle
Ìltilium effusum
Mertensia paniculata
Galium septenirionalis
Oryzopsis asperfolia white grained mountain rice
Galium triflorum
Osmorhiza longistylis smooth sweet ciceþ
Lathyrus ochroleucus
Dryopteris spinulosa
Actaea rub¡a
Anemone riparia

(c) Closed, tall mixed forest.

White birch, white spruce and aspen are dominant j¡ the mixed forest with shrubs,
hazel, alde¡ and mountaln maple. Ground vegetation is similar to that found unde¡ the
closed aspen above.
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A¡ea "m"

In this area are found younger more vigorous stands of deciduous trees, with the
coniferous element decreasing significantly. This a¡ea can convenienily be divided into
north facing slopes, interfluves and south facing slopes.

(a) Folloling are the mo¡e chaiacteristic and common sh¡ubs and herbs found under
white bi¡ch, with black and white spruce on north facing slopes:

AraLia nudicaulis
Linnaea borealis v. americana twin flower
Co¡nus canadensÍs bunch berry
Disporum trachycarpum fairy bells
Mitella muda bishoos cao
Diervilla lonice¡a
Rubus pubescens
Ranunculus acris tall butiercup
Viola rugulosa lYeste¡n Canada violet
Pyrola asa¡ifolÍa pink wintergreen
Osmorhiza claytoni
Maianthemum canadense 2-Ieaved Solomon SeaI

(b) The inte¡fluve area is dominantþ young aspen regenerating vegetatively.
Beneath the aspen are the following:

Shrubs

Acer spicatum
Corylus co¡nuta
Cornus stolonife¡a
Viburnum Rafin esqueanum

mountain maple

red ozier dogwood
downy arrow-wood

Small Sh¡ubs and Herbs

A¡alia nudicaulis
Stei¡onema ciliata fringed loosesirife
Agrimonia striate ag¡imony
Galium t¡Íflo¡um
Fragaria virginiana
Die¡villa lonicera
Symphoricarpos albus
Rosa acicula¡is

(c) South Facing Slopes These slopes may again be divided Ínto three categories.

(Ð slopes which have a continuous vegetative cover made up largely of
grassland communiiies with varying proportions of shrubs and trees

(ii) slopes whose cover of vegetation is disiniegrating and where incipient
erosion is prevalent

(üi) slopes which have been compìetely or almost completely denuded.

The¡e is ampJ.e evidence of heavy browsing and tracking of wildlÍfe on these slopes.
At the summits the commoner plants found are:

Eìeagnus commutata wolf willow
Corylus colnuta
Shepherdia canadensis buffalo berry
Viburnum Rafinesqueanum
Amelanchie¡ alnifolia saskatoon
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Area "mt'
On the b¡ow of the slopes the following are found:

Quercus macrocatpa
Amelanchier alnifolia
Rosa acicularis
Populus iremuloides

On ihe slopes proper are found:

Amelanchie¡ alnifolia
Eleagnus commutata
Petalostemon candidum white prairÍe clover
Glycyrrhiza lepidoia wild lico¡ice
Monarda fistulosa wild bergamot
Stipa spartea pofcuÞine gress
Bromus l)urgans Canada b¡ome
Astragalus canadensis Canadian milk vetch
Danthonia spicata poverty oat grass
Artemisia frigida pasture sage
Rosa acicularis
Symphorica¡pos occidenta.lis tvestem snowberry
Muhlenbergia ¡acemosa marsh muhly
Muhlenbergia cuspidata prairie muhþ
SolÍdago nemo¡alis v. decemflora showy golden rod
Houstonia longifolia long leaved bluets
Campanuia rotundiflora harebell
Penstemon grecilis iilac flowered beard toneue

In these grassland communities on steep slopes there is abundant evÍdence that the
disintegration of the tu¡f of vegetation is initlated by path cuttiltg of the hoofed a¡imals.

Area "ML"
In ihÍs region many of the alluvial deposits are occupied by more or less pure stands

of BaIsam Fir (Abies balsamea). Regeneration here is good. Othe¡ t¡ees found are cotton-
wood, green ash and elm. G¡ound vegetation is as follows:

Aralia nudicaulis
Rubus pubescens
Cornus canadensis
Linnaea borealÍs v. americana
Pleurozium scheribe¡i
Galium trÍflo¡um
Þ.^-^'i^.,i--i-i^-^
L- l øF,a L La Y l¡ ¡3rl¡r4l¡é
Pvrnlc ¡earifnliq

Maianthemum canadense
Disporum trachycaulon
Oryzopsis asperifoJ.ia
P tilium cris ta-castrensis
Galium septentrionalis
ñi ^-^-,.*!rur al¡u¡¡r I u B,uùu¡t¡
Rhytidiadelphus triquetrus
Peltigera apthosa
Rosa acicularÍs
Mnium affine
Eurhynchium strlgosum

bunch berry



CHAPTER IV

I NSTRUMENTAT I ON

Precipitation was measured by a network of 35

standard rain gauges dÍstribuËed within and adjacent to the

watershed (Figure B). The rain gauge network has remained

essentially the same since 1965 except for station lt35 whÍch

r,/as added in the spring o f l-97 L .

Streamflo\Á/ \^ras measured by means of a stage

_ri_^ --^i.. ^_..j-_-J _-*:h A SËeVenS Twne A renôråeT!suvrurrrË wçr! e({urPPsu w!Lrl a oLEV9rrÞ ryyç n !sçv!us

located at the exit of I^Iilson Creek from the r^/atershed

(Figure B ) . The recorded stage \^ras checked daí1y by a

^+^ç € -*l ^-.- ^Å:oLe!! o!ru o¡¡J r¡uçsoùarJ o*juStments \,.7ere subsequently made.

Ð^rr'¡a ^ I r¡aar]rz frnm Å':õ^k^r-r\êtIfi$ cufVeS \.^/efe pfepafec r ---... Cll-SCnarge meaSule-

ments made with a Príce current meter.

DaËa necessary for the calculation of evapotrans-

píration have been recorded since L965 aE the vreather

station locaËed at rain gauge ll32 (Tigure 8)" Air temper-

ature and relative humidíty v/ere measured and recorded by

^ L-- L^-* L -'-^:)^ 1 standard shelter 4.5 feet aboveq LLJ 6!vLrre!luuËr4Prr !rrÞ!ue c

¡1-'a Á lfaximum and minimum thermometers \.rere alsoórvu¡rs.

used to record aLr iemperatures.

I^Iind speed was measrrred by a three-cup type of

anemomeËer at a ref erence heieht of ten meËers. The r,¡ind is

22
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recorded aE the previous site of the weather station at rain

gauge ll L3 because of its superior location.

Evaporation measurements \^rere taken daily by means

of a Class rrArr evaporaËíon pân, also known as the Class "4"

land pan. The pan is 4 feet in diameter and 10 inches deep.

During the spring of L97I, a second weather station

became operational near the I^Iilson Creek Treir at the lower

end of the \^ratershed. This included an evaporatíon pâD, an

^ñ^+^- ^ hygrograph, a thermograph and maximum anddrre¿¡lvureLçL, d LLy gruËrdprI , d

minÍmum thermometers among various other ínstruments.

A CSIRO net radiomeËer has been recording radiation

from the sun since L969.

The wínter sno\¡/pack was measured during sno\.^/ sur-

veys taken each year between March 1l and March 14. The

snoTr surveys analysed average snoT,./ depËh and average vrater

content by means of a Mount Rose ,snovz samplíng kít. Eleven

Snow courses \Árere sampled in and ad j acent to the \^ratershed.

The stage in the Bald Hill Reservoir \^7as recorded

by means of a Stevens Type A recorder and checked by means

of a staff gauge. A stage-storage curve for the reservoir

had been prepared by M. Sydor in L969.
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In the summers of 7964 and L965, the Geological

Survey of Canada drilled five wells and established eleven

pLezometers in the \,/atershed. The l^/ater levels in wel1s

GS-1, GS-2 and GS-5 v/ere recorded weekly. These wells

\^/ere subsequently f it ted with a Type "F" water level recorder

the charts being replaced once a month. During the summer of

L969 r âr additional 45 nesËs of wells and pi ezometers \,/ere

installed in and adjacent Ëo the \^ratershed by F.I^I . SchwarEz.

'Fr.,âñfa'-Â"'-1-'¡ more nests \,/ere added to the network in the

summer of. L970" Ten of the we11s \,,zere fitted with spring-

wound type IrFrr \^rater level recorders which require the charts

to be changed weekly. An additional 9 nests of píezometers

r,/ere ínstalled outside of the watershed along a 72 mile line

-"**;-.^ ñ^++Least from the basín outleË. Ten nests \^rerer ur¡rr!11ó I¡v! Lt¡r

installed during the summer of I97L by G. McCullough. The

J..-+^- ñ+ +l-^ó!vulruwéLç! yrv ¡oLøtLL eL Lrrç gnd of t.he summer of L97L con-

sisted of 7B v/atertable weIls and L57 pLezometers (Fígures

9 and 10).

QanÈam1.ar

Water levels r^/ere recorded weeklv from Mav to

Since L965, an estimate of the moisture content

of the soil has been taken at more or less weeklv intervals.

From L965-L970, the Eest procedure made use of a one-inch
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tube sampler to take soil samples at increments of six

inches to a depth of three feet. The moisture content

of each sample hras estímated by feel and recorded" These

tests were made at five stations (Fígure 6). During

the summer of I97I, a NEA neutron probe wíth a BASC

battery scaler rüas used to deËermine soil moisture"

Readings r^/ere taken at depths of L2 inches, 24 inches,

and 36 inches. These readings lüere Èaken at 9 stations

(Figure 6 ) .



I^UADTtrD \/U¡¡r\I I L¡\ Y

THE I,\JILSON CREEK h/ATER BUDGET

PRECTPTTATTON

The daily readings of the 35 standard rai-n gauges

\üere averaged to obtain daily and subsequently total monthly

values of precipitation oveï the \,¡atershed. I^Iith such a

large number of observation points, the method of averaging

the data rather than weighting each data poinE should intro-

duce negligible error. The rnonthly values of precipitation

for the period of study may be found. in Table 4"

The months of Mry, Lg69 and June, Lg69 differ from

the other months during the period of study in that both end

wiËh a large amount of precipitation falling during the last

iveek of each monËh. Preliminary r^rater budget calculations

indicated that this large input, with the resulting increase

Ín storage, would cancel or even negate any estimate of

evapotranspiration for the two months. To eliminate this

effect, the months of Mry, June and July, 1969 were

rearranged into the periods May L-28, May 29-June 24, and

June 25-July 31. Each period. ends immediately before a

large rainfall or begins with the rainfall. The other

components of the \úater budget \^/ere also calculated for

the modified intervals, excepting evapotranspiration which

I\ras recalculated f or the original monthly intervals.
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MAY

TABLE 4
PRECIPITATION

JUNE J ULY AUG UST S E PTEMB ER

L965

L9 66

19 67

L96B

10Áo

L970

L97L

L966

L9 67

L9 68

l-969

L97 0

L97I

1

4 .20-
rg 042

L.75
793

U. JJ
150

3.L2
L4L4

1 ô^3I. ÕU

BL4

r.62
734

0 .20
9L

^ -^l¿. /ö,
1262-

2 .46
7L20

/, ttr,
1930

1.18
s34

0.87"
395

7.L7
3250

O. BB
399

r .64
743

3.10
L40 5

1 /,O

67s

3.68
1668

TL1 0/,

B7B

? q?

L7 82

10.36
4697

I.20
556

0.48
223

0.66
300

0.6s
299

TJ0.9s '

43r

2.TL
9s9

5. 09
23L0

/, o-7

2253

1.06
481

r.77
802

q q'l

2634

+JJJ

4 .20
1904

L6 4L

0.31
L46

0.18
83

0.11
51

0.89
403

).4)
247 2

0.65
297

0. 95
/, 10

2 .86
L297

7.19
3259

2 .64
LI9 7

1800

r qq

902

1. 86
843

1.16
526

0 .20

0.88
402

0.04
2L

0.76
348

0 .37
172

0. r0
44

ô ,a
L27

7 .37
aa/, 1

r.34
607

0.6s
295

1 qa

7L6

3.89
77 63

3.83
17 36

3.00
1360

2 .20
998

0.07

0.01
J

0 .46
209

0.34
156

0 .28
12B

0.L2

TABLE 5

STREAMFLOW

1. Inches of \,,/ater over the $/atershed
2. Acre-feet
3. Mry I-28

4. May

5 " June

29-June 24

25-J:uLy 31
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S TREAMFL OI^I

Streamflo\,Í \^ras calculated on a daily basis by means

oF ¡ho r¡o¡r'1.r r¡f.in ?r7âñ .ñ,¡ '1.-í1-' Õf-ftô -,{r'ñftôv! JEaLLJ LoLrrró UUrVsÞ dtru uétty rlrE4rr ÞL4Ëç LçuvLuIt¿E;Þ.

Monthly total discharges \^/ere then calculated using the

daily values. Monthly values of streamflow in inches and

acre-feet may be found in Table 5.

Although raËing curves are updated yearly, consid-

erable scattering of the discharge measurement, data poj-nts

occurs abouË the plotted rating curve. This could be a source

of cons j-derable error and in the rrear f uture, each rating

curve should be evaluated by mearrs of confidence limits.

For example, during the months of May L965 and

I'iay L970, prêliminary \,,rater budgeË calculations indicated

that streamflow greatly exceeded precipitation plus any

change in storage. This produced a large negative value of

evapotranspiration. Although this may be accounted for by

errors in estimating change in soil moisture sËorage for the

t\,'i o months, it \^ras assumed that Ëhe error r,¡as in the measure-

ment of streamflorr. Therefore, ari averaged rating curve of

tha \rô.ra 1o5Ç, 1964, L965, L966, L967 and 1968 r.qas used f or

the tT/¡o months rather than their respective rating .curves.

This procedure reduced the values of streamfloi¿ for the

aforementioned t\.{o months and resulted in more reasonable

esËimates of evapoËranspiratÍon.
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CHANGE IN SNOW STORAGE

CalculaËion of the amount of sno\^/ storage change

/ì"?"'-n rL -< ^.1 ^E ^È-.J--uurrlrË Lrrc pc.!rvu v! ÞLuuy \das facilitated bv the snow

surveys undertaken aE mid-March of every year. The esti-

maËes of \4/ater content along the eleven sno\¡/ courses I{ere
Ã -. ^ - ^ ^ ^ i4vç! 4óEu LU 'btain a value of r,rater content f or the whole

\^/aËershed at rníd-March of every year. values of precipi-

tation for the períod mid-March to April 30 \¡/ere obtained

from readings talcen at Dauphin Airport, which ís abouÈ

thirty miles north of the T,./atershed. These values lüere

combi-ned wit.h the snoT,¡ survev results to obtain the

maximum amount of sno\,ìr cover available for snowmelt on

Mav 1.

In order to estimate when snowmelt occurred and

the quantity of snorvmelt after May l, Ëhe degree-day

metho d rr¡as us ed .

The degree-day method uses temperature as an index

for all the factors affecting snowmelË. Snowmelt is calculated

from:

Melt = DDF (Ta - Tb) (3)
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wrlç! g

Ta = average daily air temperature ("¡);

Tb = base temperature (assumed. to be 3Zof¡;

DD = (Ta Tb ) = degree days;

DDF = degree-day factor (inches/nl);

Melt in inches /day.

The degree-day method is applicable ar the begin-

ning of the general warming trend which occurs in the early

spring. Periods of melting temperatures alternating with

perÍods of freezing are not within Ëhe 1j-mits of this method.

These periods are assumed Ëo cause rípening of the snowpack.

I'rr-^ny¡fr'n¡ ¡nalna+nl,{,,--i-^ 
^^--í'1

pv4pv!dLrerr wd5 rrcBIeL:Le(l (]LllIILg åprrr.

According to Cass (L970), rhe degree-day factor

f or the r,üatershed is 0.07 6 .

Daily mean temperatures used in the calculations

\^/ere taken f rom Dauphín Airport f or April of each year.

For the years 1965, 1968, L969 and L97L rhe snovr

in storage had disappeared by mid-Apri1. AlLhough ApríL L966

trùas interspaced with periods of freezj-ng and thawing, stream-

florv increased for Ëhe period April 22-24 ar-d thís l{as assumed

to constitute snor¿melt. This left a r,/ater equivalent of

3.62 inches on May 1, 1966. A simÍ1ar situation occurred

during April L967. Although periods of freezj-ng and thawing

occurred duríng this month, increased streamflow indicated
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snor^rmelt in the order of 2.04 inches which agreed f avourably

wíth the degree-day method. This 1ef t a \^zater equivalent of

7.07 inches on the watershed at the beginning of l"lay 1967.

April L970 \^/as characterízed by freezj-ng temperatures until

the last week in the month. The degree-day method indicated

a melt of 2.L2 inches while streamflow records índicated a

melt of 0.L7 inches. This small number was neslected and

iE \üas assumed the total 7.04 inches of r^/ater was available

on May l, I970.

The r¡/ater equivalent of the snowpack on May 1of

1966, L967 and L970 T/Ías 3,62 inches (I64L acre-f eer), 7.07

inches (3205 acre-feet) , and 7 .04 inches ( 3L92 acïe-feet)

respectively.

CHANGE IN SOIL MOISTURE STORAGE

The soíl moisture storaqe zone \^/as considered to

extend to a depËh of three feet only. According to Lebedin

(L97 2) , soil moisture content belor,v this depth remains

relatively constanL. As indicated previously, soil moisiure

contenL \^ras estimated by feel during the study periods of

L965 - l-970 and with a neutron probe duri-ng rhe LgTL study

period. The 1965 -L97 0 data \,üas calculated in terms of the

soil- moisËure deficit, that is, Ëhe quantity of moisture
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.i-^,1 ¡^ L?-'ñô r'L^ ^^-'1 +^ ç-i^1 Å ^^^^^-i+.. .¡L-'^IequrreCr Lo Drlllg Lne soLr LU rreJ_c capacILy. 1nl_s IS

primarily the result of the method that \¡/as used Ëo calculate

soil moisture content in the field duríng that períod. The

moisture content of the soil as determined bv the neuËron

probe \,,/as initially expressed as a volume per cent, that is,

a perceritage of the volume of bulk soil occupied by water.

The volume per cent expressed as a fractÍon is equal to the

inches of rnrater per inch depth of soi1. This volume per

cent was converted to inches of water sinply by multiplying

the volume per cent, eXpressed as a fraction, by the change

!r¡ ueyLr¡ !v! s4sr! !e4u!rIE;.

probe, thís depth was 12 ínches.

An average value for soil moisture at each site,

r,¡hether expressed as a def ícit or acËua1 mo j-sture content,

r^ras obtained simply by averagíng the readings taken at the

vo!rvuù ucyurrs. In Ehe case of the ttfeel" method, this

consisted of six readings at each site, and three readings

at the neutron probe sítes.

Rather than combining the average moisture value

at each site Ëo arrive at an average value for the whole

\'r'atershed, an atLempt \,/as made to divide the draínage basin

into areas having some common characteristícs and that woul-d

be represenEed by aË least one soí1 moisËure samplíng siÈe.



Because there T¡rere only five sample sites for the period

L965-L970, the r.^ratershed was divided into tt¡ro areas, each

area having similar runoff characterisËics. Zone I had

slorv runof f and Zone 2 ktad medium to rapid runof f . A

table containing the soil types in each zorLe and their

resneefir¡e ATêaq ñârr lro fnrrnd in Annenrlí-¡ 1. Thg a1.easuLLrvL orc4Þ llléy ue !vurlu rrr dPPs!rur

of the different soil types \{ere taken from Figure 6.

The soil mo is ture in each zone T,'/as taken as the average

of the sítes in that particular zorve.

During the L97L season, the number of soil

sample sites \^/as increased to nine (Figure 6 ) . This

enabled the \.^ratershed to be divíded ínto f ive zones. Soil

types which \,^/ere not represented by a soil moisEure sample

site \A/ere grouped with represented soils on the basis of

water-holding capacity. A list of these may be found in

Appendix 1 also.

SoÍ1 moisture vras estimated for periods during

which no records !üere available. The rnonths of Muy, duríng

-.L-?^L -^1+j-^ ^Ê ÈL^ ^-^--*^^1. ^^^..--^J ^^^,,*^J tO bew¡¡!Lrr rlrs!LIr¡Ë vI LllE ÞtluwpéLN uguuLrgu, wgIË dÞÞulltgu

saturated for the remainder of Èhe month. 0therwise. the

rn/atershed \.^/as assumed saturated on May l. Soil moisture

\^/as estÍmated either by a straight line approximation, or

based on precipiÈation and soil moisture decline during the

ÞçéÞurt.
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The records of soil moisture deficit or soíI mois-

ture content for the period of sËudy are located in Appendix

1. Table 6 contains the monthly net changes in soil moisture

storage.

GROUNDI^IAT ER 0UTFL0I^I

The movemenË of groundwater is governed by the

distribution of hydraulic head and permeability of the
*nJ-í^ l'nr ¡l'-11^'.' ^+^-J" ^Ê^+^ --J Èç¡*^-.¡-P(J!uus ltleora. ror snarro\¡/, sEeady staËer qrru uLorro¡ç.ìt

f1oi¡ systems, the expression for hydraulic head can be

I^/riËten:
Ph=7.+-

ró

(s)

r^/here

h = hydraulic head;

I - elevation above some datum;

P - pres sure ;

f = fluid density;

g = gravitational consLant.

The pressure may be taken as zero, which leaves

the hydraulíc head equal to the \.{ater level Ín a \^raterËable

observaËion wel1, expressed in feet above sea 1eve1,
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IABLE 6

CHANGE IN SOIL MOISTURE STORAGE

JUNE JULY AUGUST S E PTEMBE RVtrADI Lnt\

]-965

L9 66

L9 67

L96B

L9 69

L970

L97 7

MAY

-0.301
- L4o2

I\].I
Ní1

Nil
Ni1

-0.16
1E

-0.233
- 104

Ní1
Nil

-L.70
- 774

- 264

-0.39
- L76

-0.86_ 3BB

+0.07
.L ??

t.
-u. rtt
- B0

-0 .82
- 370

+1.70
+ 774

+0.20
+89

-L .46
- 668

-1.56
- 708

-0.18
- 80

-0 " 0B'
- 38

+0.82
+ 370

-0.94

-0.47
- 2r3

+0.89
+ 403

-n oo

- 450

-0.03
-14

-0 .67
- 30s

_') /, ')

-r097

-0.06
-32

+0 .42
+ 191

- 7L2

-0.61
- 276

-0.61
- 276

+0.16
+ 72

+1 .91
+ 866

+0 .46
+ 208

l. Inches of r,/aEer over the ï^zatershed
2. Acre-feet
3. May L-28
4. May Z9-June 24
5. June 25-JuLy 31
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In determining the f 1ow of \.^rater through the ground,

cnn-li^-fir'^ñ ^ç Tl--^,, 1^ 1-.. -i^ ,,^^J +L-+aPPaIcaLIon OI DaEcy S -La\^/ IS uSea, EfIAE 1S:

q = KiA (o/

\^/here

flow in unit time;

K = coefficient of permeabiliry (hydraulic
conductivity)

í - hydraulic gradient;

A = cross-sectíonal area of ground.

Some of the r^/atertable wel1s and piezometers

installed in L969 \.{ere sub-j ected to drawdown response tesLs

by Schwartz. Because the duration of any response test ís

generally short, estimated values of hydraulic conductivíty

represent only the water-beari-ng material close to the

pLezometer (Schwartz, L970) . Three measuremenËs in the

alluvium \^/ere made and a median hori zontaL hvdraulic con-

d uctivity of L.6 x L0-4 tt / s€c. , \.^ras obtaíned. Twelve

measurements in the lacustrine sedímenËs produced a median

]^^--i- 1 L--J.^^--1i^ ^^-J---!i--i!-- ^E 1 - -q!rvr!LvLLLdL r.ydraulic conductivity of 1 x t0 - ft/sec.

The groundwater outflow through the shale bedrock ¡+as

neglecËed as it T,^¡as thought to be part of the regional

Ã¡tara+ ç1^-.
óluslluwdLs! MW byÞLClll.

A contour map of the \,raËerËable \¡/as constructed

for September 1, L97L (Figure 11) . From this flâp, an

average hydraulic gradient of .02L f t. per f t. , \¡/as obtaíned.

This agrees with .02 ft. per ft., found by Schwartz.
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A cross-section of the area of groundwater outflow

is shor,¡n in Figure L2. From thÍs cross-section, areas of

151,000 sq. ft., for the alluvium and 15,000 sq. ft., for

the lacustrine sediments \^/ere f ound by planimetering.

Using Darcyts equation, an outflow of 0.5L24 cfs

for the alluvium and 0.00316 cfs for the lacustrÍne sedi-

ments \^Ias calculated. The total outf lol^r then, \nras approx-

imately 0.52 cfs or 1. 03 acre-feet / day.

CHANGE IN GROUNDI^IATER STORAGE

The change in volume of groundwater storage is

determined from the fluctuation of rvaËer level ín the ground-

\^/ater observation we11s.

The storage coefficient of an aquifer is the volume

of r,zaËer it releases from or takes into storage per unít

surface area of aquifer per unít change ín watertable 1eve1.

The specíf ic yíe1d, Sy, is the raËío of the volurne of r¡/ater

which, after the rock having been saËurated, will be yielded

1-" ^--'-'' +'- +^ the volume of the rock. For an unconf ínedvJ ó!ov!çy Lv

aquif er, as at the i,rTí1son Creek \..raLershed, Ehe storage

coefficient equals the specific yield "

The product of change in vratertable 1eve1 multi-

plied by specific yield of the material surrounding the well

multiplied by area equals change in groundwaEer storage.
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This relationship may be expressed as follows:

AG=AHxSxAr.^rs s y

AG-.^ = change in groundvrater storagewÞ (acre-f eet);

A'rl = ¡'lrâñûê in \.{atertable elevatiOn (f eet);
S

S_, = specif ic yield;
v

A area (acres ) .

(4)

WLTEI g

The \^/atershed vras divíded into Ëhree areas on the

basís of surficial geology (Figure 5). It \,^/as assumed

that the specifíc yield remained corÌ.stant throughout each

particular area. Area 1 consísts of 4r320 acres, area 2

has 670 acres, and area 3 covers 451 acres of the lraËershed.

Each area contained at least one recording \.,/atertable well

+L-^..-L^..+ +L^ ^+.,J.- ^^--'^lL¿¡rvUË¿l9uL LIIç ÞLuuy Pçl!vu.

VaIues of specifÍc yield for the \,'/atershed \^zere

not availabLe from any previous sources. Specífic yield

T^/as estímated by tT,,ro similar approaches. The f irst method

coÐ.sisted of comparíng the rise in \^/aËertable leve1 of all

the we1ls in the area to the storm that occurred during

June 5-7, L97L. The rise in waterËable leveI \¡/as compared

to precipitation collecLed in the nearest rain gauge to

each we1l. As this aDDroach was used to determine a maximum
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- 1-i-.'+ ^t ^^^^:.:^ --j^'ìr -í+ ^^Sumed that all OfUPPsL rIr[tL u! ÞPsçÅ!ru Jrçau, !L w4ù éÐ

the precipitation entered directly into groundwater storage.

This method 1ed to specific yields of 0.14 for area 1, 0.40

for area 2, and 0,42 for area 3, these being the maximum

possible.

The second aDDroach \^ras to examine the snowmelt

period during April L969. DurÍ-ng Ëhís period, wells GS-1,

GS-5 , and GS'2 \.^rere the only recording we11s operating.

They are located in areas I, 2 and 3, respectively" This

snowmelt period was chosen because no precipitation fe11

Å,,-:^ ^ +1--i - r-'-^ ^-J -^^Ã Watertable level reCOrdS !,rereLl (J!IrlB LIItÞ LilrlE, érru Ëuuu

4V4LLqULç.

From precipitation records of the previous t^tt,

the soil moisture zone \^/as assumed to be saturated prior to

snowmelË. All the snowmelt would then have either entered

+ L ^ I -r ^ + nLr!ç ó! vur!uweuèf zone, oT would have entered the stream

channels, evaporat.ion being neglected. According to Cass

(1970), on March 26, L969 Ëhere was 5.78 inches of \^/ater in

the form of sno\nl on Ëhe ground, by April 9 this had been

reduced io 4.84 inches with the remainder disappearing Ín

Ëhe next few davs. Analysis of streamflow records indicated

that direct runoff from snowmelt occurred from April 1 to

April 24, the sËreamflow after this time being assumed to
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consist mostly of baseflow. This streamflow resulËing from

snor^zmelt \,ras equivalent to 2.45 inches of \,^7ater over the

entire vrater shed . Thís lef t 3. 33 inches of r,^/ater available

f or recharge. Comparison of the hydrographs of \'/e11s GS-1,

GS-5 and GS-2 with the 3.33 inches resulted in specifíc

yields of 0.04 for area 1, 0.014 tor area 2, and O.L7 for

area 3. The specific yíelds for areas I and 3 compare

favourably wiËh the maxímum values obtained in that they are

30"/" and 40"/. of Ëhe upper limit. Area 2 ]nas a much lower

qneei f j e v j e-l 11 than Ëhe maximum. This may be explained by

the fact Ëhat the upper limit r.^/as an average of r¿e11s

located in the colluvium while GS-5 is focated in shale

which should have a lower specific yield. According t;

Davis and DelnliesÈ (L966) tne !'rater yielding properties of

till may vary from those of clay to those of the coarsest

gravel (less than 0.10 to 0,25). Sha1e, being composed of

clay, would have a specific yield comparab1.e to clay, unless

fractured. The specific yield of a silty sand and gravel

/^11.,-.{,,..\ .,^,'1r 't-^ ^-.-í-^r^1'. ^ ')n The ValUeS Of\a -I-I(-LV!Ullt/ W(JLIr(1 [JC dPPLUÀruldLery w.Lw.

specific yield determined by the snol^7me1t approach agree

€..,^,,-.h1., r.rr'r1-r iFi¡ \,i^1r- ^-í"^ñ E^T similar materíalsI¿avuuLilDLy wILrr SrusurIas yrç!uÞ órverr re

and are assumed to be representaÈive of theír respective

4! séÞ.
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GS-1, GS-5 and GS'2 \dere the only recording wells

in operation sinc e L965 so they r¡¡ere used to calculate Ëhe

ch¡n se i n croundr,/aier storage. Examination of the hydro-Þ---

graphs of GS-l revealed that it T,{as unusual in comparison

t.o Ëhe other recording we1ls in area 1 during L97L. It

appeared to have an unusually sf ol,/ response. A hydrograph

of the oËher recording wells ín area I was prepared, exclud-

ing \^/el1s located near Èhe \.fatershed bound ãrY, which showed

Èhe average change in \¡Iatertable 1evel for these wells from

May - September, L97L. This hydrograph showed litt1e

agreement with Ëhat of GS-1. However, it agreed closely

r¿ith GS-5 in the Ëime to peak after a Tainstorm. Conse-

quently, the hydrographs of GS-1 ï^7ere adjusted to peak at

the same time as those of GS-5. The magnitudes of the

rises in GS-1 \.^7ere retained and the recessíon limb of the

adjusted hydrographs r^/ere constructed paTal 1e1 to those of

+La ^-'i-.í-a't :n-,ÃT^^-o-ho This \^ras done for 1965-L970,L TT

the averaged hydrograPh being used in I97L for area 1"

Appendix 2 contains the hydrographs of wells GS-1, GS-5

and GS-2, along with Èhe averaged hydrograph. Table 7 ís

a summary of the net changes in groundwater storage

r .l ñ inches of ú/aEer over Ëhe rvatershed and a(çÀp!çÞÞçu rr! inCheS Of ü/AEef OVer Ëhe IüateI'shed and ACfe-

f eet.
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VFAD

L965

L966

L9 67

1968

L9 69

L97 0

197I

VtrAD

L965

L966

Lyo /

L96B

1969

]-970

1,97 r

MAY

+o .287
+ L2B2

+0.24
+ 110

+0.85
+ 385

-0.19
- 88

-o .673
- 306

-ô qa

- 265

-0.50
- 228

^ 
1trl

,a 
^L- ov

NAI
Nil

+0.19
+ 85

NAI
I\ A,L

-0.033
- 1/,

+0.70
+ 319

-0.04
-20

J UI"IE

-1.36
- 615

-0.83
- 376

-0.79
- JOJ

-0.64
- 29L

+o .254
-L 11 /,

- L59

+L " 57
+ 7L0

-0 .24
- 108

I\II
N1l

-0.19
- 85

+0 .02
-Lo

I\ ].I
Ni1

-0.67
- 305

+0.06

J ULY

+0.14
+ 65

-0.73
- 333

-0 .7 4

- 335

+0.03
+L2

+0.655
+ 293

-0.60
- 27L

-r .32
- 598

Ní1
Nit

l\r-I
l\ t_ t-

N 1.1

I\]-I

N]-I
Ní1

l\l-r
Ní1

-0.04
-20

-0.06
-27

-2 .42
-L09 6

+0.L2
+ 53

-0.78
- 355

-0 .44
- L99

-0. 82
- 372

-0.87
- 396

-1.91
- 865

+I .66
+ 75I

-0.46
- 209

-0.91
- L1 ?

-1 n?

- 468

-0.16
- 7L

-0 .22
- 99

+0 .22
+ 99

AUGUST S E PTEMBER

CHANGE I N BALD

MAY JUNE

ô

RESERVOIR STORAGE

JULY AUGUST

TABLE

HILL

NII
I\II

NTI
I\ A.L

N].I
Nal

-o

I\AI
I\ A.L

I\ IJ-
r\ l- l-

Nf i 1

NTI

S E PTEMBER

Ní1
I\AI

l\ a-L

Ní1

Ní1
r{i I

Nil
Ni1

N A.L

Ní1

Nil
Ní1

I\al.
I\AI

1. Inches of v/aÈer over the watershed
2. Acre-feet
3. May L-28

4.
5

May 29-June 2L
June 25-July 31
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SURFACE I^IATER STORAGE

Surface \^/ater storage \,,/as

Hill Reservoir. Ridge Dam Reservoir

* ^^'r -'^.i L1 ^ r,ÍaS all other Surf AcerrsBrrðruaç 4Þ

tains the net changes in storage for

,ì"-ina rlrô ñôvia,1 ^F citt¡lrzUUTIITË Lllç Pe!IUu v! ùlusJ.

EVAPOTRANSP IRAT ION

E_ - P - S t 
^S 

t AS i AG t ASl-nsmswss

The monthly estimates of evapotranspiration,

other conponenËs of the monthly water budget

TabIes 9 - 15, expressed in ínches of \,/aÈer

shed and acre-feet

considered only for BaId

storage \,Ías considered

-^.^r**^ .¡^L1e B con-PUr¿U!rró. L4v-

Bald Hí11 Reservoir

Evapotranspiration (Er) vlas calculated by

rã-r ronaina tr'r,.^#¡'¡n I +^ *he f Of m!ç4! Ié!rórrrË ÞYu@L!vlt

v/o

- 1 ^ñ ô r.,.íe¿vrró wr

^ €^ù r é!s rv

over the

(2b)

rh rhe

und in

nr4 f ê f -

The values of E- were calculated on a monthly

1--^,í^ ^r,^^ñf inj+,'.'l'r., ç^T May-July, L969. As índicatedlJd5IÞ CåggP L !lr!LrérrJ ru!

ñrê\zious'1 v- these morrths vüere divided ínto shorter or longer

-arinla ^€ *ine fnr r,¡hieh ^'.ññ^r ^i?atiOn T¡7aS CalCUlated.peII(JCrÞ (JI LrLllçr !v! wr¡!Lrr cvdPUL!4rrÞP!r

An atËempt \,/as made to bring these values back to a períod

of time of one month by assuming evapotranspiration to be

constant during each period. Ratios of the preceding or

€^1'1 ^,,j-^ ^^-"^,¡- .-^1.ied to increase or decrease eAchJ:UIIUWIITË PsrrVUÞ Welç 4yPr

nori nd - F f or May L-28 \.^ras increased by 3/27 of the E.r. Íox"T -r 'r'

May 29 - Jun e 24. E.n f or May 29 - Jun e 24 rüas decreased by

3/27 of its Ef and increased by 6/37 of Ëhe Ef for June 25
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July 31. Evapotranspiration

r^^- r L.. 5/37 of its E_.ueureéÞçu uJ 
I

CHECKING THE I,^IATER BUDGET

Tn order to check the

ril. rrgirL or aII Ene ASSUmPEaOnS

chosen in whích as many storage

a zer o net change in storage.

for June 25 Julv 31 \,{as

r,^+^- L.,.1 ^^+ ç^-wdLg! uuuËçL rvr dLLuLauJ r

*^r^ ^ *^-i^i of tíme \^/asIléus t 4 PsL !v\

components as possible had

The period chosen extended from June 1, L97L to

August 5, L97I. During this time, there r,^/as no net change

ín snorr cover, groundwater storagê, or surf ace \.^Iater storage

Precípitation duríng the períod \^/as L3.98 Ínches

(6338 acre-feet). Streamflor¿ was 6.13 inches (2779 acre-

f eet). The change in soil moisture storage \.^ras calculated

to be + 0.BZ inches (+ 37l- acre-feet). Substítutíon of

Ëhese values and the zero values for Ëhe oËher storage com-

ponents into EquaËion 2b yields a value of Er equal to 7.03

inches ( 3LB7 acre- feet) . This compares with a value of

7,37 inches (334L acre-feet) for E- as calculated from the
-L

-^^ÊL'r-- r,^+^- L.-Å-^þ^ .Fr-I difference of 0.34 inches isUMlL¡I!y WdLe! UUUËçLù. ¡LIE

less than 5Z of the evapotranspiraLion as calculated by the

^L^-^^ i- method.LCLV trgL UIrdrrËE IIr bLU!dËs
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TABLT o

AJ AS
_ r11S

1965 wArER ñtlnnr?Þuu\l tr I

I
u

MONTH SP I,/ O

MAY

JUNE L.64
7 43

4 .97
2253

JULY

AUGUST 2 .86
1297

SEPT "

4.20L z"lg
rgo42 tz6z

-c.30 +0.28 -0.15
- .L40 + L28 - 69

-0.32 -1 .36 -0"24
- 264 - 615 - 108

L .20
556

0.31
L46

0 .20
93

2 .20
ooa

Nil
Nil

t\1r
NíI

NiI
NÍ1

N]. I
Nil

Nil
Àl;1
!ìII

NÍ1
I\AI

N A,L

I\A-L

0.07
31

0.07
32

0.07
32

0.07
31

i\ 1l
I\ 1l

ô n7 L .52
69r

2 .52
1 1 /,').

4.24
L92L

2 482

á.oz
L37 A

+a.2 0 +0.14
+ 89 + 65

-0.41 -2 .42
- 2r3 -L096

+0 .4 2 +I.66
+ 191 + 75L

7.37
aa/, 1

1. Inches of \.{aÈer over

2" A.cre-feet.

rhe watershed.
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TABLE 1O

1966 WArER BUDGET

Aù ÀS
- luù f.t q S

G "T
}fONTI{ r

.L'I¿\ I

JUNE

JULY

AUGUST

SEPT.

3.10
r405

r.06
48r

1 1A

3259

.1 . J4
607

0.48
223

0.18
c?

O. BB

402

0.07
36

L.r5L z.¿to -3.62
l g g2 LLzo -L64L

I\ A.I
N.í t

-n ?q

176

-L.46
- 668

+0. B9
+ 403

114

the \,Iatershed.

+0.24 Nil
+ 110 Nil

-0. B3 Nil
37 6 NÍT

-0 .7 3 NÍ1
333 Nir

+0.12 Ni1
+ 53 Nil

-0.46 Ni1
- 209 Nil

0.07 2.sB
32 LL7 2

0.07 3.76
31 L7 03

0.07 3.00
32 L367

0.07 5.22
32 2369

0.07 3'.22
31 1460

N i.l
I\AI

NAI
Ni1

Ni1
L\ 41

NíI
Nil

l. Inches of \dater over

2 " Acre-feet.
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T^Dl tr -i '1

lñuLL ll

WATER BUDGET

}f O NTH P

a 1\1-7Iio/

AJ
NS

ô\t Aò _T

0.33r q.zs
tso2 r93o

AS

Nat
N A.L

-0.86
- 388

- 708

-ô oo

- 450

-0.61
- 276

S

}IAY

JUNE L .49
67 5

L.77
802

JULY

AUGUST 2.64
LL9 7

SEPT. 0.65
295

- 3205

\Ìi.l

NAI

NAI
Nil

NAI
N A.L

I\AI
Nil

0.07
32

2 .04
923

+0.85 +0.19
+ 385 + 85

-0.79 -0.19
-363 - 85

.0 . 0 7 2 .60
31 1180

0.66
300

0.11
51

0.04
2L

0.01
J

-0.74
- 335

-0. 78
- 355

-rì o1

- /, 14.

l\r-l
r\ l- l-

i\ r- _L

l\ r- l-

i\ l- _L

Ní1

0 .07
32

? ca
L7 62

0 .07 4 .30
32 'L949

0.07 2.L0
31 9s0

l. Inches of \,¡ater

2. Acre-feeË.

o ver Ëhe watershed.
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TABLE L2

WATER BUDGET1968

AS
f L ò

AS
ñq

AU wo "T
}{O NT H S

}IAY

JUNE

JULY

'. r o1J. LL .)

r4l-¿+

3. 68
L6'o8

\ xl

2634

1.18
) J¿+

0.65
299

0.89
403

0.76
348

0 .46
209

Nil
Nil

N a.l-

I\AI

Na.L
l\li 1

NAI
l\ 1r

Nil
NAI

5.00
2268

0.07
32

0 " 07

0 .01
31

AUGUST 3 " g7

1800

SEPT " 1.58
1r6

Ní1
Nt l_

L\ l- l_

Ni1
I\].I
Ni1

L644

11)^

+0.07 -0.64 +0.02
+3329L+9

^1^-u.lo -u.rv
75 88

-0.18 +0.03
BO + L2

-0.61 -1.03
- 276 - 468

0.07 2.23
32 1011

0.07 3.49
31 L587

-0.03 -0"44 -0.02
- 14 - 198 11

l. Inches of water over

Acre-feeL.

the watershed.



T^nl r 1at/|JLt r)

}ÍONTH P ^s 
AS AG AS- G--^ E

S u"rr" 1*" \'/s -"s "wo -T

rf Ay l- 1. 801 O. aZ Nit -0.23 - 0.67 ' -0.03 0.07 1.883
î;Aï zB BL42 39s Nit - 104 - 306 - 14 3L 8s2

r"fAy 29- I.g4 0.95 Níl -0.18 +0.25 Nil 0.06 L.324
JUNE24B7B43LNil-80+LL4Nil27598

JUNE 25-g.56 5.45 Níl -0.08 +0.65 Níl 0.09 2.g05
JULY 31 4333 2472 Ni1 - 38 + 293 Nil 39 I 3r5

AUGUST L.9g 0.37 Nil -0.67 -0.82 Nil 0'07 3'03
go2 L7 2 Nit - 305 - 37 2 Nil 32 L37 5

SEPT. 3.89 0.34 Nil +0.16 -0.16 Nil 0.07 s'+l
L763 156 Ní1 + 72 - 71 Nil 32 L574

1. Inches of. !¡ater over the watershed '

2 " Acre-feet.

3. May 1-31.

4" June 1-30.

5 " July 1-31.

1969 I^IATER BUDGET



TABLE 14

797C wArER BUDGET

}IO NT TI P
/\e Ac ^î ^s 

G E-
s u"rr" ^-j¡t ^-\'/s '"s -r+o -T

1MÀv r.62' 7.rl -7.04 Nil -0.58 +0.70 0.07 1'30
7342 3250 -3192 Nil - 265 + 3L9 32 590

JUNE 3.93 2.IL NiL -0.82 -0.35 -0'67 0'07 3'59
L782 g5g Nil - 37 0 - L59 - 305 3r L626

JULY4.2o0.65Nil+0.82.0.60-0.040.073.30
Lgo4 297 Níl + 370 - 271 - 20 32 L496

AUGUST 1.86 0.10 Níl -2.42 -0.87 Nil 0.07 4.98
843 44 Nil -1097 - 396 Níl 32 2260

sEpT. 3.83 0.28 Ní1 +1.91 - 0.22 Níl 0.07 í 'lg
L736 LzB Nil + 866 99 Nil 31 810

l. Inches of waËer over the waLershed'

2. Acre-feet.
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TABLT i5

}ÍONTH P s ÀS"," ts*= aGro" AFôu s 1,/O r

MÀy 0.201 o.ee Nil -L.70 -0.50 -0.04 0.07 L.49
gLz 3gg Nil -.774 - 228 - 20 32 682

JUNE 10.3 6 5.Og Nil +L.7 O +1.57 +0.0 6 0.01 1.86
4697 23rO Nil + 774 + 7rO + 27 31 845

JULY 3.62 0.95 Ni1 -0.94 -L.32 -0'06 0'07 5'06
L64r 429 Nil - 425 - 598 - 27 32 2230

AUçUST 1.16 0.28 Níl -0.06 -1'91 Ni1 0'07 2'78
526 L27 Níl - 32 - 865 NÍl 32 L264

SEPT'3.000.L2Níl+0.46+0.22Nil0.072.L3
1360 54 Nil + 208 + 99 Nil 31 968

l. Inches of water over the r+atershed '

2 " Acre-feet

T977 WATER BUDGET



CHAPTER Vi

ALTERNATE METHODS OF ESTIMATING EVAPOTRANSPIRATION

lhere are several methods which may be used to

estimate the amount of evapotranspiration f rom a ï,ratershed.

Some of Ëhem are:

1. Class "4" evaporation pan measuremenË.

2, Blaney-Criddle formula.

? Ma.,av ç^,,nu1a.

4. Thornthr¿aite f ormula.

5. Penman formula.

6 . Energy budge Ë .

The above mentioned methods produce estimaEes of

PoËential evapotranspíraËion, consumptive use when soil moisture

is non-limiÈing. ConsEanÈs must be applied to arrive aE actual

evapotranspiraËion. These constants are taken egual to the

Tatj-o of the actual evapotranspiration to the potentíal evapo-

Ëranspiration. The consumptive use as calculaËed by Èhe tüater

budget method ís actual evapoEranspiration.
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The correlaLion coefficient is a measure of the

sirengËh of correlat:Lon betr^¡een the actual evapotranspira-

tion and the potential evapotranspiraEion as calculated by

the various methods.

The correlation coeffícient, as calculated by

the slope of the regression line method, has a possible

range of 0.0 to 1.0; i,¡here 1.0 represenEs perf ect correl-

ation and 0.0 signifíes absolutely no correlation.

The equation for the correlatíon coefficient' F,

is:
r /Y-vl /v-v\o \z\ ¿Ll \ r L /

F= (7)
tffi
\l (x-x)'r(Y-Y)'

WIIç!ç

X = potentía1 evapotranspíration;

Y = actual evapotranspiration.

I. PAN EVAPORATION

MeasuremenËa Ëaken on evaporation pans have been

used to provide estimates of the amounts of evaporation from

lalces and reservoírs" Pan evaporation is considered equiv-

^1^-+ +^ ã^+^nÈ:'a1 ^-. â.^^+drerrL Lu PuLcrrLrd.r svd.p(JLrdrr5PrrdL_LUrl rrr LrrIt; !'Luuy.

The most commorr Ëype of evaporation pan is the

surface pan. Evaporation is determÍned from records of the

T,^rater level changes in Ëhe pan correcËed for the amounEs of

r'Iater added by raínfa11 and by axti-f.íci-al filling.
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Pan evaporation has been measured at rain gauge

ll 32 since L965 for the period of study. MeasuremenLs v/ere

also talcen during L97L at a pan installed near rain gauge

ll 35. Comparison of the records for the tr,nlo pans in I97L

showed the ratio of the average evaporation of pan stations

It32 and ll35 to pan station ll32 as having a range of 1.153

to L.320 with a mean of 1.208. The records at pan staEion

lÍ32 \,^/ere subsequently corrected by a factor of f.208. The

evaporation records are summarÍ-zed ín Table 16. The

coefficients necessary to convert pan evaporation to

acËua1 evapotranspíration for the months May - September

and their correlation coef f icients are shown in Table 17.

BLANEY_CRIDDLE FORMULA

Blaney and Criddle (f950 ) developed a simplífied

formul a f.or estímatíng consumpLive use. Briefly, the Blaney-

Criddle method estímates monËh1y consumptive use by multíply-

iñ^ +^^^¡L^- lhe mean monËhly temperaLure, T_ (of) , theIrIË LUËgLrrg! LIIe ltlçél¡ t¡lvlIL^r!J Lerul/s!aLu!v, 
m 

\ _ / t

monthly per cent of annual daytíme hours, P, and a monthly

crop coefficient , k. Expressed mathematically:

kT^p
cu = r!1 kf

100

where

Tñ*m.r
1nrì monthly consumptive use factor, f.;

consumptive use of \^/ater by crops in
inches for a one month períod.

(B)



TABLE 16

CLASS 
¡IAII 

PAN EVAPORATION

J UI'JE JULY AUGUST

4.16
1BB3

3"83
L7 36

5.6s
2557

3.12
I437

2476

2438

2383

CORR ELAT I OI'I

COEFFICIENT

0.08

0"64

0.12

0.26

0 " 30

0 .43

60

SEPTEMBER

L.7A
to I

2 .98
L349

4.03
L823

2"46
1115

2"r7
979

2 "50
LL32

2 .46
1115

VtrAD

1965

L966

L967

1968

L969

L97 0

L97 L

MAY

^ ^-'l
1'.1A1¿
L T 

=L

s.00
2263

4.14
LB7 7

? ao
L7 63

4 "79
2L7L

4 " 03
IB2 3

6.56
297 L

2660

( q/

2508

5. BB
2666

5.00
2263

4 .43
2008

27 B6

A 1tr,

L926

4 .89
22I4

247 6

6.28
?'l 'l ?

6 at't

z¿t¿y

2340

5 "22
¿JO I

2356

l" Inches of water
2" Acre-feet

PERIOD

MAY

JUNE

ilil v

AUGUST

SEPT.

SEASON

over the watershed

TABLI 1/

cLASS I¡ 
A¡I PAN cOEFF I C I ENTS

PAN
COEFFiCIENT

^ 
/1 

^

0.74

n Õ^

0"99

0.68
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Mean monthly temperatures have been recorded by a pair of

maximum and minimum thermometers at rain gaug e ln 32 since

1965 and at rain gaug e ll35 sinc e L97I. The ratio of the

*"1"^s of Ëhe t\.{o sites to that of síte ll 32 forévet4Ës v4ru9ì

L97L r{as seen Lo have a range of 1.031 to 1.050 wíth a mean

of 1.037. The mean monthly temperatures of siLe ll32 r^/ere

corrected by the above factor.

The monthly per cent of annual daytime hours \^Ias

extrapolated f.or a latitude of 50o40 t 20" north from Appendix

Table 3.1. The monthly consumptive use factors are recorded

in Table lB. The crop coefficients, k, and Èheir respectÍve

correlation coefficients are 1ísÈed in Table L9. The Ëemper-

ature and monthly per cent of daytime hours are found ín

Appendix Tabl e 3,2.

3. MEYER FORMULA

The Meyer formula is one of the many mass-transfer

meÈhods used to estimate evaDoration f rom lakes. As r,^7as the

case wiËh pan evaporatíon, the Meyer formula is assumed to

+ ñ^+^-+-i -'l ^+vañ-^'í¡¡+.ianICPf eùgllL PVLçltLI4! sV4yuLI4l¡Þy¡!aL!vlI.

Mass-transfer methods are based on the fact Ëhat

the rate at which r,,zater molecules leave the water surface is

r^^^-r a-+ +1¡a rõññôt'ôrilre of the \.fater SurfACe and theuEugrlugLtL utt Ll¡E Lçl¡lruç!4tu!

aËmospheric pressure. As the evaporatíon process takes
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BLANEY-CR IDDLE

T,ABLE ]-B

COi\SUMPTIVE-USE FACTORS

\/ËAD MAY

5 .02

q 1?

5.69

( nt

5 .02

s"46

J UI.,IE J ULY AUGUST S E PTEMBE R

L965

L966

L9 67

L968

19 69

L97 0

L97 I

6 .62

6.62

6.5r

6 .28

7 .05

6"72

Á RO

7 .47

7 "L2

6 .89

Â ao

7 .36

6 " 65

J.OU

4.66

5.0r

4.66

4"48

4 .48

4.45

PERIOD

MAY

J UNE

JULY

AUG UST

SEPT,

SEASON

^n^ 
ñ

vi\\/l

QEEF rcl Ei\¡T

0. 36

0.43

0.s6

0 .67

n (o

^ 
troV.JL

6.04

Á lq

6.77

6 .36

CORRELAT I OI\
COEFFICIEI\T

0.20

0"78

0.70

0.4s

0.30

0.L7

TABLE 19

BLANEY-CR IDDLE CROP COEFF I C T EI.ITS
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place, the lowest layer of the atmosphere gradually becomes

saturated and an increasing number of molecules move from

a:-jr to ruater, decreasí-ng the rate of evaporation. An agent

r¿hich tends to carry away the \.{ater molecules as they leave

the rrJater surface is riecessary for continuous evaporation.

The wind is such an agent.

The Meyer equat.ion may be stated as:

E " 
(es - ea) (1 + 0.10 u)

w tlç r g

c onstanË ;

e = saturation vapour pressure corresponding
" to the mean air temperature (in. Hg);

e = acËual vapour pressure of aít;
a

u = monthly mean wind speed at B meters
(mi1es per hour);

[ = evaporation in inches per month.

Saturation vapour pressure \^7as calculated usÍng

Appendix Tabl e 4.L. Actual vapour pressure r¡Ias calculated

from the relationship:

wher e

R.H. = relative humidity;

e = actual vapour pressure;

e = saturaËion vapour pressure.

1q\

(10)
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Mean monthly values of relative hurnidity were obtained from

the hygrothermograph charts. Comparison o f the averaged 197L

values of wínd speed Ëaken at rain gauge lÍL3 and raín gauge

lf 35 wíth those of Ëhe anemometer at rain gaug e lt'L3 indicated

ihat the records at station lfL3 should be corrected bv 0.9.

Although the Meyer equation calls for wÍnd speed at a height

of. 8 meters, Ëhe 10 meter height of the anemometers \.,/as

considered sufficiently accurate for this study. The data

used ín Ëhe Meyer equaËion may be found in Appendíx Table 4.2.

The monthlv results of the mass-transfer method

are given in Table 20. The monthly and seasonal constants

with their correlation coefficients are locaËed in Table 2L.

4. THORNTHWAITE FORMULA

Thornthwaite developed a method by whích evapo-

transpiration could be determj-ned from Eemperature and length

of day. The ThornthwaiËe equation may be written as:

E = c T__a (r1)
m

where

! - eVePV!4L!VrI \UII. l,sr rlrvlrLII ,f ,

c = coefficient;

T = mean monthly temperature (oC);
m

4 - ç^PVrrsrrL o
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TABLE 2t]

MEyER FORMULA (es-eu) (r+0.10u)

YEAR MAY JUNE JULY AUGUST SEPTEMBER

L96s 0.23 0.33 0.22 0.18

L966 0.24 0.29 0.37 0.25

1967 0.r7 0.36 0.43 0.43

L968 0.22 0.27 0.29 0.L7

L969 0.r9 0.20 0.29 0.37

L970 0.22 0.33 0.33 0.27

L97L 0.30 0.24 0.23 0.30

TABLT 2].

MEYER FORMULA COEFFICIENTS

PERIOD COEFFICIENT CORRELATION
COEFFICIENT

0.11

n ?5

0.38

0 .2L

0.L7

0.r7

0"22

MAY

JUNE

J ULY

AiJGUST

SEPT.

S EASON

.c ?'1

o /,4

L2 .68

1/, Oe

1t 1^

0 .22

0.48

0 .27

0. 34

0.06
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in which f = Hear rndex = l' I t*l 
1's1

I 
-lm=l L s J

Both constantse a and c, depend on location. The exponent

rr-rr L^ ^--aluaËed in Lerms of Ëhe annual Heat Index, I,4 ULdy Uç çVc

AS:

a= 67.5 x r0-8 13 - 77.r x 10-6 L2 + o.ol7g r + o.4gz (Lz)

11?\

According to Thornthwaite, the basic equation

reduces to

(14 )

5. PENMAN FORMULA

A simple heat or energy budget, vrritËen in terms of

gains and losses in energy, may be stated as:

H - RN = S + E- + K + N + Storage Terms
I

H = heat budget;

RN = net radiaEion;

S = energy to heat soil;

Ef = energy used for evapotranspíration;

K = sensible heat. transferred to the aí-t;

N = energy used by plants in photosynthesis
(Gray, L970).

(1s )

wrlEt g

g the Thornthwaite method are given

and seasonal coeffícients wíth

^ñ+^ ^'r--^1 in Table 23.EtrLò d!E ËrvEr

l-.t^ ''1 
a

I -" 'mlE= c | . IL'J
The results usin

in Table 22. The monthly

Ëheir correlation coefficí



T ABLE 22

TI.IORI'JTHWAITE POTENTiAL EVAPOTRAI\SP I RATION

MAY JUNE JULY AUGUSÏ

/, 10

1900

). ¿v

2607

17 86

s.63
25 52

5.94
269 3

2634

CORRELATION
C0EFFiCIEi'lT

0 " 45

0.40

n qq

n 2^

ñ '))

67

SEPTEMBER

811

4.¿L
1909

( 9ô

23 57

3.66
L6 59

2 qa\

r587

4 .06
IB4L

3.74
L69 5

YEAR

L96s

1966

19 67

1968

L9 69

L970

197L

2 .4LL
rog 32

? q?

L328

4 .06
18 41

2.48
TLz4

/ \t

tl65

r591

3.46
L5 69

Inches of \^raËer
Acre-feet

MAY

JUi\lE

J ULY

AUG UST

SEPT.

SEASON

/, 10
1900

5.04
228 5

5 .20
2357

L Ol,

L7 86

? ?Â

r5 32

6.10
27 65

< qa

2507

4 .47
2 027

6 .26
2838

6.L4
27 83

4 .6s
2108

4.88
2212

6.50
2947

5.00
2267

t.
2.

over the \nlatershed

TABLE 23

THORI'ITHWA ITE COEFF I C I E|''ITS

PER I OD COEFFICIENT

0.6r

0 .57

0.72

0.Br

0.70

0 .69
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The components of the net energy exchange for a land surface

are illusËrated ín Fígure 13.

If the smaller terms of the budget are neglected,

the heaË balance for short Deriods mav be written as:

H = K + E.F (16)

Penman solved Equation I6 by considering evaporation

from a free water surface in place of evapoËranspiration and

by using aerodynamic equations to determine the proportíon of

ñ^f irf-'1-í-^J L.- ^^^1^ ^r +L^ ^ D ^-¡ K.IIgL erICrBy tlLLLLZCU Dy CdUr¿ Ul LrrC UUrUPUllsrlLÞ t ! ér¡u ¡

The follovríng three formulas are used by Penman in

¡a#-'*¡#-'*a ^+râá^^-'--*-'esELmaErng evapo LransPrra Lron :

H - Ra (1-r) (0.18 + 0.55 n/N) - or^4 (0.s6 - O.Og2 w)
(0. 10 + 0 " 90 n/N) (17 )

a

D-
"T

0.35 (., - ed) (1 + 0.0098 uz)

^H 
- 0.27 E^

A - 0.27

daí1y heat budget at surface (mm. Hr0/day);

mean nonthly exËraterrestial radíatíon
(mm. H, O / day) ;

refLection coefficient of surface:

actual duration of bright sunshine;

maximum possible duration of bright sunshine

(18)

(re)

--L^-^

H=

A

T

fl

N
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oTa4 = mm. H.o /day;
¿

"d = 
?ff:;å . iTn'"' 

Pres sure in the air

E = evaporation in mm. HnO /dry;a-¿
e = saturation vapour pressure at mean air

a temperature (mrn. Hg. );

uo = mean wind speed at 2 meters above
' tine ground (iníles/dry);

[ = slope of the saturatiori vapour pressure-
+^ññ^,ñ+,,ve curve at Ta.LerltPs!dLuÀe uuLvç 4L L4t

Ta = mean monthly temperaËure (oF);

E'r = 
il:r;:äiä:;irarion 

(porenríar) in
Z

The reflection coefficient of the surface r,^/as

assumed to remain constant throughout the season and \^ras

assumed to equal 0.15 (Gray, L970; Munn and Truhlar, 1963;

Eagleson , L97 0) . The actual duration of bríght sunshíne \Áras

taken from records at Dauphin Airport. The wind measurements

at the 10 meter height \rere corrected Eo the 2 meËer eleva-

L!9r¡ Wy UÞE Vf

u2 =,1 x +tr+-É (20)

wher e

u.1 = measured windspeed in miles p er day
^ ..^^+AL Il lEçL.
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All of Ëhe data required ín the use of the Penman

!j^-. ^j-,^- j- 
^-_^-.díx 5.çqudLrurr dLe Ë!vsrr rr¿ åPyçr¡ The Penman estimates of

potential evapotranspiration are summarized in Table 24 and

the monthly constants and correlation coeffícients are given

in Table 25.

6. ENERGY BUDGET

As indícated previously, the heaË balance for

shorË periods may be written as:

fl=RN=K+Et (r6)

where

H = heat budget;

RN = net radLation;

K = QH ensible heat transfer Ëo
È L ^ ^ F* ^ ^ ^ LEne aEmospnere;

F - ^tr' ^eù\î ttf ilizøÅ f^- nrofin'oT qli = enefËy uLrrr¿çu rOr eVaporaLIUn.

As RN is directly measurable by use of net radio

meters, all thar ís required is an estimate of QH in order to

åø+-a emina fìI' and E_. The direCt measurement of QH iS Very
J-

dÍffícult. To evaluate this component, use Ís made of the

ratio of energy utilized by evaporative processes and that

energy conducted to or from the body by Ehe aLr as sensible

heat. In 1926, Bowen attempËed Ëo relaËe this raËio to easily

,, - ^ J¡!rseÞu!çu yu@rltiËies. He concluded Ëhis raËio could be

Å ^^.çÀP!çÞùEu éù.
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VtrAD MAY

TABLE 24

PENMAí\ POTENT i AL EVAPOTRANSP I RAT i ON

J Ui'IE J ULY A UG UST

L965

L966

L9 67

L968

L9 69

197 0

797L

^ --1

IOUY

3.94
L7B6

3.70
L677

1600

3 .4L
L544

3.70
L67 7

2064

4.90
222r

4.4s
20L7

4 .87
2208

4 .32
1958

? oÁ

L794

5.08
2302

4 .46
2020

4 .87
2208

\ <v

^tr^¿L++5

4 .83
2L9 0

J.VJ

2289

¿+.yJ
2233

5 .22
2365

4.72
21 3B

the r^/atershed

0 .49

0"60

0.78

1 ô1

L .21

0.78

3.58
r62 3

3.80
L723

4 .8r
2IBL

r46 4

4.7r
2]-3 5

/, Ê,4

207 6

4 .52
205L

CORR ELAT i ON

COEFF IC i ENT

0.L2

0.45

0 .57

0.36

u .44

0.34

SEPTEMBER

1.59
72L

) 1A
oq?

2.95
r337

2 )R
1034

1 00
902

2 .04
925

2 .22
1006

I . Inches o f rrat er over
2. Acre-feet

PER i OD COEFFICiENT

ÏABLE 25

PENMAN COEFFICIENTS

MAY

JUNE

J ULY

AUG UST

CtrDTOL¡ ¡ ¡

SEASOT'J
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(2L)

r^/here

R = Bowens ratio;-'B

To, Ta = temperature of Ehe T,./arer surf ace
and aiT (oC) respectively;

e = saturation vapour (mbars)
o 

^ ^^^-Juvr!soy-..*Í-ng to temperature To;

e^ = vapour pressure of air (mbars) 
"

Equation L6 then reduces Ëo

RN QH QE = Q (22)

^-J4ttu

RN (r + R,) QE = 0 (23)
IJ

The temperature, To , l{as taken as beíng equal to

the temperature of the \,rater ín the evaporation pans.

Appendix 6 contains the data used in Equation 23. Tables

26 and 27 contain the energy budget results and the monthly

constants and correlation coefficients, respectively. The

correlation coef f icíents f or Mry, June, and the season r¡zere

omitted because only t\.{o vears of data \,/ere available. This

produces a correlaËion coefficient of uníty.

The heat of vap otj-zation \.^/as assumed to be constant

aÈ 590 caloríes / gram of Hr0.

QH l-ro - r"-i
R- = := á 0.64 l-lb QE L"o - urj
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îABLE 26

E¡\ERGY BUDGET POTENTiAL EVAPOTRANSP T RATI ON

YEAR MAY JUNE JULY AUGUST SEPTEMBER

.i

L969 3.67- 3.74 4.73 4.57 2.33
16672 tog+ zr43 2o7z to56

L970 4.27 4.25 4.5L 4.32 2.37
L936 L928 2047 r95B 1073

I97I N.A. N.A. 4.4I 3.95 1.91
N.A. lr.A. L999 L790 866

l. Inches of \^rater over the watershed
2. Acre-feet
N.A. Data noË avaí]ab1e

T þ,BLE. 27

ENERGY BUDGET COEFFICTENTS

PERiOD COEFFICiENT CORRELATiOI'J
COEFFICIENT

MAY

J UNE

JULY

AUGUST

SEPT,

SEASON

0.40

0.68

0 .82

0. 84

I.L2

0,7r

0. Bs

0 .2r

0.27



CHAPTER VI I

DISCUSSION OF RESULTS

Table 28 contaíns a summary of the monthly and

seasonal coefficients, as calculated for each of the alter-

nate meËhods of estimating evapotranspi-ration. Figures I4

20 show a graphical comparison of actual evapotranspiration

calculaËed by the l,rater budget method and evapotranspiratíon

calculated by the a1Ëernate methods with their computed

coeffícients.

The monthly coefficients for the Class rrArr Pan

increased sËeadily throughouË the season and had a range of

0.40 to 0.99. Kohler (L954) srares ËhaË Ëhe Lake Hefner

Experíment produced pan-Ëo-1ake coefficients for the months

Mry, June, July, August and September of 0.35,0.60,0.71,

0.82, and 0.93 respecËívely. These coefficients agree quite

well wiLh those given for the Class "A," Pan in Table 28.

The seâsonal constant of 0.68 also is in close agreement with

those found by oËher researchers (I(ohler, L954).
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LE GEN D

WATER BUDGET

CLASS uAo PAN

BLAN EY-CRIODLE FORMULA
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f

z.

$- 1Þ

;i-
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Freunr 14
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Blaney and Criddle (1950) list four l_ocaliries

which have a seasonal consumptive-use coefficient in the

range of 0.51 to 0.75, for deciduous orchards. The seasonal

coefficient of 0.52 calculated in this srudv falls within

the range given by Blaney and criddle. According ro crídd1e

(f958) the range of the maximum monËhly value is from 0.70

to 0.95. The maximum monthly value of 0.67 resultíng from
+L; ^ ^+--)-- J^rnr-s sEuoy does not exceed the 1írnits of 0 .7 0 Ëo 0. g5 . A

comparison of the computed monthly values with those found

by other researchers is difficulË, as they usually deal with

seasonal constants. The Blaney-Criddle f ormula \^/as d.eveloped

Fnr ir--i -¡f aÅ ^ -.L^-^-!v! !r!!6dLsu erv.vÞr wr¡çrçds this study deals with "naturaltt

vegetation. In general, the Blaney-Criddle constants

increase from May to August and decrease in september.

The Meyer equation or mass-transfer approach yielded

constanËs rang ing from 8.31 to L4.93, wíth a seasonal con-

stant of 11.65. The coefficient normally applíed to Ëhe

Meyer equation for shallow lakes is lf.0 (Gray, Lg70). The

mn¡¡1r'1" +^ñ+^ C^- &L^ at^--^-- Í- ' - 1rrrurrLrrry L:urrsLanLs for the Meyer formula have the same general

trend as Ëhose of the Blaney-criddle method " They increase

from May to August and decrease in September"

Except for the month of June, the constants for Ëhe

Thornthwaite formula have the same trend as the Blaney-Criddle

and Meyer formulas. comparison of Ëhe computed monthly values
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\{ith those found by other researchers is virtually impossible.

The ThornthwaiLe formula \,ras derived to provide an estimate

of potenEial evaporation; no real provision was made to a1low

actual evapoËranspiration to be estimated. The correlation

coefficients given in Table 2B do indícaËe Ëhat the ThornËh-

rvaite method constants are as accurate as those of Ëhe other

metho ds .

The Penman consËants increase steadily Ëhroughout

the season following the general patËern shor¿n by the Class
ItArI Pan coef f icients. Penman sËates that a coef f icíent of 0. B0

should be applíed for May - August and 0.70 for September.

If these constants T¡¡ere averaged, the result would be 0.78

lor the season, which is exactly the computed seasonal

coefficient, although Ëhe May - August average value is .72

and September is L.2L.

The energy budget constants generally fo1low the

trend of the Class IrArr Pan and Penman coef f icienËs. Other

than by examining the coc'reLation coeffícients in Table 28,

it is difficult to assess the accuracy of Ëhe energy budget

consEants. The energy budget has been used prímarily to

esËimate lake evaporaEion and coefficients for use in

esËímating evapotranspiratíon are not avaí1ab1e.

In general, the six alternate methods of estimating

evapotranspiration may be divided into two groups " The first

group, consisting of the Blaney-Cridd1e, mass-transfer, and

Thornthwaite methods, is based :"argel-y on temperature or
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indirecily on solar radiation in estimating evapotranspira-

tion. These methods have constants i¿hich íncrease from May

to August and decrease in September. A "natura1" vegeLa-

tion, rvhich reaches maturity in August and subsequently

feqUlf es leSS weLe! r!¡ ue¡lLçl!uç! r LLLeJ I/!vuuuç Lrr!Þ yrrêfLOmgnOn

of the constanËs peaking in August. The second group,

consis ting of the Class rrArr Pan, Penman and energy budget

methods, is characteri-zed by coefficients which increase

steadily throughout the season. This steady increase in

the value of the monthly constants may be due to the lag of

temperature behind radíation, which arises from the thermal

sËorage of the soil. According to Pelton et. af. (I970) , the

least 1ag error in monthly estimates is ín the period May

to August. The fal1 estimales may be in serious error.

The underesËimatíon of the September evapotrans-

piration by the Penman formula and energy budget may be

explained by a changing albedo or reflectivity coefficient

of the natural vegetatíon in September. The albedo hras assumed

constant throughout the period of sËudy.

In summary, each of the six alternate methods should

provide reasonable estimates of evapotranspiration in the

I^Iilson Creelc drainage basin when the coefficients listed in

Table 28 are used wíËh their respective formulas.



CHAPTER VI I I

CONCLUS I ONS

This study consisted of tr.r'o parts. The f irst part

\^/as the calculaËion of the LIilson Creek \^rater budget during

the months of May to September for the years 1965 to 197L.

The second part \^/as an attempt to derive coef f icienEs,

applicable to the trn/i1son Creek drainage basin, which would

allow actual evapotranspiration or consumptive use to be

approxímated when used with six methods of calculating

ñ^f^-*" ^1 ^--^â^+ç-*^^-l -^F: ^po EenE LaI evapo Lrarisp r_raE r_on .

The calculaËion of the r¡/ater budget required

several assumpËÍons Lo be made regarding such parameters

^-^--*^1+ ^^-'1 *^i^Ê..e^ r--^r^- e-Lc. It is feltéÞ Þlr9wt¡lç!L¡ Þu!I lltu!ÞLuIç, Ë!uurruwdLgl,

thaE these assumptions are valid and thaÈ the !/ater budget

and evapotranspiration (calculated as a residuat)

estimates are accurate.

Each of the six methods, Class "4" Pan, Blaney-

Criddle formula, Meyer formula, ThornEhi¿aite formula,

Penman formula, and energy budget, when used r¿ith the

appropriate coefficient, should provide reasonable monthly

or seasonal estimates of actual evapotranspiration " Each

of t.hese methods, whether direcË1y or indirecËly, are

controlled by the net solar radíation reachíng Ëhe ground

87
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When the surf ace layer of a soil is \"/et, evapora-

tion is indeed governed by atmospheric conditions which are

primarily a result of solar radiation. However, as thís

layer dries out, the rate of evaporation decreases very

rapidly. Evaporation t.hen becomes dependent upon such

things as the relatíve humidity of soil aLr, a diffusion

coeffícient, the capillary conductivity and Ehe hydraulíc

conductivíty of the surface layer (Gray, I970).

From the above factors, it becomes apparenE Ëhat

evapotranspiraËion is dependent upon soil moísture properties

as well as the evaporative capacity of the atmosphere.

Formulas based essentially on atmospheric properties can

never predicate exactly evapoÈranspiraËion Lt soí1 moisture

:^ ^ 1j*-'+-'*^ factOf .!Þ d !!¡ttr L!rrÉ
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SOIL MOISTURE DATA
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WATERTABLE l^ltrLL HYDROGRAPHS L965-L97L
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APPENDIX 3

DATA FOR THE BLANEY-CRIDDLE FORMULA
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VËAD MOi{TH

L965

APPI:it|ÐïX ïABLE 3,2

BLANEY-ÇRIDDLE FORMULA DATA

7" OF MAXIMUM
ANNUAL SUNSHiNE

L966

19 67

1968

L9 69

L97 0

L97I

}IAY
JUNE
J ULY
AUGUST
SEPT.

MAY
JUNE
JULY
AUGU ST
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APPEI'IDIX 4

DATA FOR THE MEYER FORMULA
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(VALUES OVER I,{ATER AT SUBFREEZiNG TEMPERATURES IN ITNIiCS)

lcrn¡rcratrrrc, oC

Tens Units

-'i'l-l
82.0r5 8ri.423

50.307
28. 086
ì4.9fi9

4.757
4 .,rlrs I
I . frs4
2.9iltj
0.7709
0.96.19
0.271i9
,..J,11,9
0. 0f'{)fl8
o. LJ7!)
o.o270:J

91.034
53 . 200
20. s3 I
t3 .!77
s. 129.1

4.372
,l . ti./151

l.8ll
2 . O7i5
0. rì98.5

o . slt27
0.2488
0.,).i(Ì,s
0. 08097

0. 0J380

95. 8.¡¡5

56. 23ri
3t.rì71
t7 .04.1

8.7r92
4.01õ
4.2r.ls
I . ti5:
T.911¿ì
0. rì323
o . soio
0. 2133
O .;S | .l!.1

0.07 I 98
o.iltl
0.02092

100.80
59 . 4!2
33 . ¿)08

18. r73
$ .3'1ri5
3 . lì3¡l
3 .900 1

I . 50{i
1.7n97
o.5720
O .7;i7 I
0. 2002
o.2,r,i2
0.0ri393

r06.16
(t2.7tj2

35. rì49

19.3r;7
r0.0r3
3.379
5./;177
1.371

0.5l70
0.67!7
o .179+
o.2.i7t
o. {)i(;7 t

0.0t612

1ll.(i(;
(iti.2(i4

37.796
20. ô30
1o.722
3.007
:l . s4,e/l
I .248

0. 4rìri0
0 .0 1 :J.4

r 17.40
r;9 . 934
40. 055
2l . 9fì4
11.474
2.437
S.()971
l 13;
L,J6i;.1
0.{2r3
0 ..:;:;,\ll
0. I 4:lri
0 .2tt9ì
0. 0.1.1'111

0.07t!!,
0.01231i

47 .551
zri.430
14. 017
7.O347
5. t73
i .27i;S
2.172
I . .l.l()9
0. 8¡02
1.O.i,1,9

0.3079
o . 4JO.i
0. l0:ll
0 - | .i:ì4
0. 030tì7 0.01838

0. rriorì 
|

O .2lJ:i )

o. oio:o 
i

o.()7975 
|

0.014t3 
I

I

(souRce: ByERS, 1959)

40 17s.777 i77 .802
30 I 

42. 430 / 44. 027
20i23.373 l24.sfil
10 i r2.272 i 13. u910 i r2.272 i 13. u9

+0 lrî.1078 lrì.5{ìrì2
-016.1078 l5.rì:3

l6.t()73 16.li7tio
- 10 

Ì 
2. ;07 

12 .371)
t2.stì27 l2.0.ltt3

-201ì.032 i0.9370
ll.2i.10 11.1:ra)

-3010.3708 10.3421
lo.tjtt9,t )0./tt)33



VSAD MONTH

L965

TEMPERATURE
6-

¡-

46.7
60.1
62 .2
60.r
/,, q

47 .7
60.1
67 .4
6L .2
s5.0

qt o

59.1
64 .3
^) 

2

qq 'l

46.7
57 .0
62 .2
57 .0
55.0

46.7
5r.9
62 .2
67 .4
\') o

s0.0
64 .0
66.4

q? q

50.8
6r.0
60.0
65.0

}f AY
JU NE
JULY
AUGU ST
SEPT.

i':LJ\ Y

JUNE
JULY
AUGUS T
SEPT.

IVlAY

JUNE
JULY
AUGU S T

SEPT.

ì.{AY
JUNE
JULY
AUGU S T

SEPT.

MAY
JUNE
JU LY
AUGU S T

SEPT.

MAY
JUNE
JULY
AUGU ST
SEPT.

MAY
JUNE
J ULY
AUGU ST
SEPT.

L966

L9 67

1968

L9 69

L970

L977

ÄPPËI\¡D IX TABLE 4 ,2

MEYER FORMULA ÐATA

RELAT I VE
HUMIDITY

v
TO

63
66
75
t9
75

60
67
67
72
67

77
59
58
55
58

64
67
70
78
72

6B
70
70
6B
76

oo
68
7I
oo
73

54
7L
1a

7L
69

l=LS
ín. Hg

.32LL

.s243

.5644

.5243

.27 3L

???n
. s243
.6764
.5444
.4369

.4029
qrì?o

.6062

.s644

.5039

.32IL

.4694

. s644

.4694

.4369

.32II

.3882

. s644

.6764

.4029

. 36 3r
qaq?

.6530

.5848

.4029

.5 402

.6229

.397L

r
LA

rrr. LL6

.2023

.3460
/, n a'a

.4L42

.20 48

l AOR

.4532
?orn

.2927

" 3L02
.297 3

.3104
) o) 2.

.3L45

.3951

.366L

.3r46

.2783

.27L7

.3951

.4600

.5VO¿

110r.
.407 5

.4636

.4269

.29 4L

.20r2
?41(

.3814

.4423

.27 40

130

l,{ I i'lD
mnlr

q'1
a?
qq

6.8

8.0
7.0
6.6
6.L
7.4

9.)

7.L
6.8
19.

8.7
7.4
7.r
6.8
7.L

8.0
7.L

7.L
7.2

8.0
7.4
7.4
AO

7.6
q1

6.2
6.8
7.6

/..



APPEi!DIX 5

DATA FOR THE PENMAN FORMULA

t.

IJ1



M
ip

 M
O

N
T

H
Ly

-T
N

T
E

N
S

IT
Y

 
O

.F
 -S

o-
L,

A
R

 R
A

D
IA

T
Ig

iI 
(n

O
) 

ot
l R

-g
on

-t
zq

ru
rR

l

F
eL

¡.
H

ar
.

Ä
pr

. 
7 

.9
H

ay
 

14
.9

Ju
ne

 l
8,

I

Ju
ly

 
16

.8
A

us
. 

Il.
2

S
ep

t. 
2.

6
O

ct
.

N
ov

.
D

ec
.

90
'

80
"

N
or

th
er

n 
H

em
ls

P
he

re

:: 
i]

1"
8 

4.
3

na
 

oì
t4

.6
 

]3
.6

I7
.8

 
I?

.0

t6
.s

 
15

.8
10

.6
 I

 r
 .

4
4.

0 
6.

8
0,

2 
2.

4 ñì70
.

A
pp

st
rn

Jx
 r

ns
lE

 5
,1

.

60
0

1.
3 

3.
6 

6.
0

3.
5 

5.
9 

8.
3

6.
8 

9.
1 

11
.0

LL
.l 

12
,7

 1
3.

9
r{

.6
 

15
.4

 1
5.

9
16

.5
 I

6.
7 

16
.7

t5
.?

 
I6

.I 
16

.3
12

.'t
 I

3.
9 

I4
.8

8.
5 

10
.5

 7
2.

2
4.

7 
'.l

 .L
 

9.
 3

t.9
 

4.
3 

6.
7

0.
9 

3.
0 

5.
5

50
.

40
"

30
'

8.
s 

10
.8

I0
.s

 r
2.

3
t9

 
? 

ì1
4

t4
.8

 
ì5

.2
t6

.0
 

15
,7

16
.5

 1
.5

.8

16
.2

 1
s.

7
rç

 
e 

tq
 

I
13

.5
 1

4.
4

tì 
a 

ì9
 

0

9.
r 

tt.
2

7.
9 

r0
.3

20
"

r0
0

V
A

P
O

R
A

T

12
.8

 1
4.

5
13

.9
 1

5.
0

14
.8

 I
5.

2
t5

.2
 

14
.7

15
.0

 1
3.

9
r4

.8
 

13
.4

14
.8

 1
3.

5
t5

.0
 

14
,2

t4
.9

 
l{.

9
t4

.I 
ls

.0
13

.1
" 

I4
.6

t2
.4

 
I4

.3

15
.8

 1
6.

8
15

,7
 I

6.
0

I5
.I 

14
.6

tr
 

Â
 

19
 ç

12
.4

 1
.0

.7
It.

b 
v.

o

1ì
.9

 
10

.0
r3

 .0
 

r1
 .

5
1"

4.
4 

13
.5

r(
 

1 
ì(

 
I

1s
.7

 1
.6

.4
t5

.8
 

16
.9

20
0

S
ou

th
er

n 
lle

m
ls

ph
er

e

(s
ou

R
cE

: 
cR

ID
Ð

LE
, 

19
58

)

30
"

t7
.3

 
17

.3
15

.8
 1

5.
2

t3
.6

 
12

.Z
t0

.8
 

8.
8

B
,'.

t 
6.

4
7.

4 
5.

ì

9.
6 

7.
5

L2
.r

 
10

.5
14

.8
 1

3.
8

rb
./ 

rD
.o

17
.6

 1
7.

8

40
'

50
"

14
 .

 I 
12

,7
10

.5
 

8.
4

6.
6 

4.
3

4.
I 

1.
9

2.
8 

0.
8

a1
 

I 
t

5.
2 

2.
9

ð.
Ð

 
o.

¿
12

.5
 1

0.
7

16
.0

 1
5.

2
17

.8
 I

7.
5

60
'

70
0

16
.5

 1
7.

3 
I7

.6
II.

2 
I0

,5
 

10
.7

6.
1 

3.
6 

I.9
1.

9 1'
 -

:-
 ::

:-
^

u.
0

3.
8 

1.
3

8.
8 

7.
1 

7.
0

ì¡
 

<
 

r<
 

ñ 
ìq

 
I

L8
.l 

18
.9

 1
9.

3

H U
J

N
)



Apprrurrx FIGURT 5'1 TEMPERATURE VS A

I

I

,or a

q

o

Â

270

285
290
!95
300
305

3r5
s20

(souRce 
r

0.80 1.00 r
' A - ffi, m.m. Ibl.F

CRIDDLE, 1958)

AppElltix TABLE 5,2

\/^r rrtrq nF dr ^4 FOR vAR I ous IEMPERATURESvñLvLv v¡ |J | 

^ 

| v¡\ 
" 

r!ìt v ¡-

Te¡perètu¡e 6 Tul 1æpelature .^ 4
0 ra

' Ål¡e, m dz-l oaY

l.0 .73
I} .5I
12.40
I t ,ô

L4.26

I6.34
17.46
18.60

2t. t5

E H2o/ciay

35
40

50
55
60
65
70
75
80
85
90
95

I00

11..48
11.96

Ì2.94
L3.15
]3.96
1.4.52
r5. l0

IÞ. ¿ù

I7. {6
18 .1.0
L8 .80

Note: Heat of vapo¡lzatlon was ass'ued to be constant at 590
gal./ç¡r of H20.

t.

(souncr: cRIDDLE, 1958)
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APPEi\Ð iX ïABLE 6. 1

ENERGY BUDGET DATA

YEnP M0NTH Rnet
cal/cm.

TS
ec

T-
or

RELAT I VE
HUMIDITYal

/o

Þ
*L^-^u!ud! Þ t¡lud! Þ

Rg

L969 MAY
JUNE
J ULY
AUG.
SEPT.

L97 O MAY
JUNE
JULY
AUG.
SEPT.

L97T JULY
AUG.
SEPT.

7 809
79s0
8463
7950
4L34

8L26
7 666
8303
7872
41,34

8794
7177
3113

'i ô q

14 .3
1R A

2T.B

L2 .0
20 .2
)1 R

20.L
12 .6

18.6
20 .6
L2 .0

9.)
11.1
16. B

10 7

11.6

10.0
17 .8
10 1

L7 .4
77.6

1a I
LI .4

6B
70
70
6B
76

66
6B
7L
66
7a

73
7L
69

13.034
L6.297
2L . B3L
26.LL6
14.588

L4 .0r7
23.67L
26.LL6
¿5.)¿¿
r4.5BB

8"863 .4r4
11.408 .4L9
L4 .845 .1 9 3

17.759 .r61
11.087 .183

9 .25L .269
r6.096 .203
18 .54 2 .228
L5 .525 .2L6
L0.649 .163

No te : May, I97L and June, L977 daËa not

2L.430 75 .644 .332
24.266 L7 .229 .2Lr
L4.0L7 9.672 .0BB
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