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ABSTRACT R
Elk Islard Nauonal Park 35 kmeast of Edmonton, was created m 1906 pnmanly
for the protecnon of the wﬂdhfe in the i area 'J‘he topography of the Parlc was formed: - S \
largely dunng the recess;on of the Wtsconstn conunental ice sheet. Tt is pnmanly a knob :

and kettlef terrain wrth r_tg,mus lakes and marshes, lar‘gely luvxsohc soils w1th many areas

 of organtc ongrn, diverse vegetattve cove/ d small reserves of low quality groundwater ' o ",B
- jThe study objecdve was to use the avatlable clxmanc and water level data to explatn the aeal .

B and ternpdral pa&ems of water resources w1thtn the Park J '

~ station. The greater precrpltatton in the Park was probably caused by local orogmphtc

I
: -vegetauontypes wrthm the Park. Other techmques to deterrmne potenual

The Thornthwalte techmque was used to detertmne the water balance patterns of Ekk -
Island National Park The potenual evapotransptratton at tthdn*tton Intemauona*h
An'port Was found to be smular to that of the Park and(nuch of the temporal study was

~ done using the long record of this stauon The precrpltatlon for the four years of record for L .

the Park was, on average, 20 percent greater than that at tbe Edmonton Intemauonal A1rport

uplet of a1r currents ovérthe Coolcmg Lake. morame In deterrmmng surpluses .the vaJues -

"for the sumimer months (April- October) and mmﬂsMember—Marchl were. taken . ;

from dally and monthly water balanc'e calculauons msp/ecnvely Six drfferent mmsture Y,

storage categones were used to determme the petenttal surpluses from the dxfferent

o evapouansplraqon Were exammed, but only the Penman techmqne was used asa check on

'the'results based upon the Thomthwarte techmque EEL

Once the yleld pattems were calculated it was apparent the Park expenenced an

average water loss Thrs was consrstent w1th the meaSmed )ake level ﬂuct§aUOns and a

-~

generaltrendtowardslowerlevelsfromahlgh1n1974 L T A

A literature revrew was conducted to: exarmhe thewanous’ methods of controlhn g the .

e growth of ' gae and weeds It is apparent that there 1s httle the Par[c staff can do'to hnut the

Sive .
LA



- management in terms of both quahty and quantny

K N CoTaT - . o
R . -~ - e A 1Y

L

' o Lt Y Ve ) ) . . o

‘ bottoms, tho’ugh effective, would be costly and-against the present Park pollcy'c‘af w mal
o mterfenence to the environment Tne harvesting of weeds isa possrbillty. but it lS the blue-

: green algae which are the greatest nalsance inthe lakes of Elk Island Natronal Park‘ 'l'he

chemrcal control of the weeds and algae has been carned out prevrously on Astotig],.ake in :

the 1960's wrth iny a lmnted success. The drlutlon with’ low nutnent water isa posslble

, altemanve whxch hak l>een shown prevxously to reduce the blue-green algae in the gpkes. R
Wlthm-the Ba.rlc, areas wuh the qu:er water storagp categories have the greatest potennal

for supplymg surplus water for dslunon purposes in the tlner and average years '

|: . 'I'hrs study was mtended to provxde an understandmg of the water balance patterns .

wrthm E'lk Island National Park. It is anncxpated that this study WIll help in water resource .' .

..

(ﬂ,.‘

e,
Y okey
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. . INTRODUCTION

lllNTRODU‘-ON S SN

N
N

The setttng for this thesrs is Elk Island National Park, whichi is 35 kxlometers east

- of Edmonton Alberta (Fig. 1. 1) The Park is located on the Cooloatg Lake Morarne wh1ch .

_ rises some 30 to 60 meters above the rest of thg plain, and which was largely created

dunng the last glac1al period. The vegetatton within the Park is classrﬁed as Boreal *

. MlXCdWOOd and is composed pnrnanly of the poplar assoc1at10n of trees The blophy;ical ‘
- G features arc an unportant factor in the warr balance pattems of the Park in terms of the |
| surplus quahties Wetlands are abundant 1n the Park due to the knob and kettle terram wrth.‘i' -
poor dramage,» whtch promotes thg accumulatron of water in depressrons The function of -

o | the Park at pnesent‘rs to provrde a safe natural settmg for the \vrldhfe, and for the most part\\

pres : ‘t data b se for water relatejl toptcs within Elk- Island Nauonal Park is -
l r (1985) prepared an annotated btbhography on the regxon wh;ch mdtcated

‘ author was mVOIVed in the collecuon of data for a report by Laycock (1986) whxch )

expanded upon M111er (1985) The authors thes1s supervrsor Dr A. H Laycock was *

approached by Parks Canada to axrange for. Masters students todo research W1thm the: Park
o b relatmg to water top,tvUpon consultauon w1th Dr Laycock it was determined that a
- water balance study at Elk Island Nauonal Park usrng emstmg data to prov1de some ©
perspecttves relatmg to lake levels and water quahtxes would be an. appropnate thests toprc
Thts would mvolve estabhshmg yteld patterns for the various land and water surface "
categones and evaluatron of drfferent means of i 1mprov1ng31 ‘

e N,

1mprovement B g e B
- _ S . _ .

To accornphsh the taslq of deterrmmng a water balance, the Thomthwarte techmque

ese y1e1ds for lake .

~ was used (Preclpttatton Potentlal evapotransgrrauon Deﬁcrt + Surplus +/- Storage s A

~ - . :



EDMONTON

pranmy]

) " - ‘
. \ ) a;;w!
i Source: Department of Energy, Mines, and Resources, 1983., Auithor, 1987.
P | o " MR
. Location of Elk Island National Park e
L o o o . - Figure 1.1
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Changé) The' technique itself is easily computed ina bookkeeping procedure which
makes use of readrly avatlable meteorolog1cal data Most of the data use@were from the

Edmonton Internauonal Alrport meteorologtcal statlon with data supplements fromElk -

Island Natgnal Park’weather station and ogher stauons in the area. s

Thts thesrs was not carned out aS‘an exercxse m the use of the Thomthwa.\te

procedure but rather as a much more complex issue. of defimng the water supply pattems of
the Park Thrs was done so that 1mproven§t_t_ts could be made in the management to meet 2 | .

)
r;ge of Park objecnves ’I'he Thomthwa1te procedire is merely a tO\Ol in the 1dent1ﬁcanon :

of the changmg lake, mars

“have expenerl'éed a series of v

. eam,patterns The lakes of Elk Island National Park
. ,ttons 1in quantity and quality during the past 110 years
There was a ma}b; drop i in lake levels and area dunng the droughts in the 1880' |
accompanied by s‘lgmﬁcant burning and I:utnng of th(e area. . MaJor recovery in lake levels

B and quahty took place in the early 1900's relatmg toa series of wet years plus the lower
- storage use categones followmg the ﬁres The pattern since then has been t(wards lower
‘laké levels and poorer water quahty There have been excepuons during wet years when a

. parual recovery of lake levels and unprovétl quahtles was possrble | -

Althoygh the Thomthwalte techrngue was a maJor tool in thlS thes1s, other

s

: techmques were revxewed to see if through use of them, the author could add to thlS

knowledge In addmon, the author sélected several reﬁnements@f the Thornthwaite-

s

oftheaf‘ealandtemporﬁlpattems . o T . g

The rnanagernent of the Parks water resources coulg be conducted through an
alternauve futures approach “The Park pohctes have changed over the years and will

contmue to do so.. For example, durmg the 1950's and 1960's, the polrcres promomd a

tnuch hrgher level o recreauon than is allowed today The determmauon of thewater

3

® -

- * procedure such as multtple storage categones and use of darly data to get a better deﬁnmon '
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balance patterns wﬂl be relauve toa range of managemcnt opuons. rather than Just relativl

\
-~

to wildlife, or evena narrowly defined ' natur settmg

) : +

‘1.200BJ‘ECHVES_" _ - . . o

*. Elk Island National Park has been prone to poor'drainage, stagnant‘waters. and small

urpluses The major obJecuve in this thesis was to define more closely whcre the -

%

surpluses (runofﬂ come from This would‘ be done to deterrmne ways of usmg the

* - surpluses more effectively for recreatxonal use’and w11dhfe The relanonshlp between lngh

L)

.and low surpluses, and vanauons in water quality will be examined. This wo,uld be donc | 4

to determme when the thhest quality surpluses are avaxlable. Once the surpluses are

-—

created, it is nnportant to determme “what happens to.the surpluses Subordmate techmque .

obJecnves necessary to this the51s are as follows i %

1. Presenta physmal and cultural overview of the Park. The overview is mtended to cover
2N the development of tl(e’topography, water bodles, vegetanon,.'and groundwater pattems, 3

andthecreanonofthePark L ’ R

~ * N . .
C2 Report the prev‘lous‘uses of the Tnornthwaite ‘technique to show its suitability for this

‘study. ‘ P

:,

3. Usethe 'I'hornthwalte water balance: procedtge ‘mth 16 ycars oﬂ!ata from Edmonton

\...

Intemauonal Airport to det mine the water balance bt.‘ tlus-leglpﬂ R&tcorologlcal data

B from. $tations surrou_,ndmg Parlc -and data from the nevi' stauon wuhm Elk Island

Nanonal Park will be used as a check on the data from the Edmonton .Intematxonal Alrport
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. lntemational"'Airport.. The two set$ of data, will be combineg g0 form a yearly water ba.lamee
~ with dally data for the summer months (Apr Oct ), and, monthly data for the winter m0nths
, (Nov -Mar') The Park will be mapped 1t{to sorl morsture categones sO as © deterrmne the

E surpluses for each respective category ‘The wetlands wﬂl be allocated the value PE + 1/2 D

to explam the above average evaporatlon frorr; wetlands. , . ’
5. Compare the measurement of potenttal eyapotransprranon usmg the Thornthwarte and

rocedures.

¢ Examine other methods to determine potentiatevapotranspiration. ,
. . v S v . . .

J. Map the Park drainage basins. o S |

’ —8. DISC%S the differen'c,es between daily and monthli;’meteorolo‘gi\cal data in'the water
| 'balanceprocedure | S S o " | |
.‘.' 9, Determme ;'telds within the basins of the Park. © | . R a ; .
“10 Supplement the Edmonton Internanonal Auport meteorologlcal data W1th Elk Island '

. Nattonal Park weather data in th‘e detenmnatxon of yields and lake level ﬂuctuatrons
™ .
11, Compare lake level ﬂuctuauons and dtagrammed water balance pattems asa check on - -

the water balance procedure. . T~ _ .
12 Compare the lake level ﬂuctuauons and calculated y1elds asa check on the water . J '
balance procedure. T e .

13. Examme the dlfferent methods of lake rehabilitation usable in Elk Island Nat1o’na1 Park.
¢

q
-

13 METHOD OF STUDY .

A literature review (Chapter 2)'of the physrcal and cultural aspects of Elk Island

Natlonal Park was camed out to present an overall plcture of the Park and how it came into *
™~ . o .

bemg L v R g .
The Thornthwatte procedme was then used © calculate the water balance of Elk.
Island.Nanonal Park and is the focus of much of the research in tlns thesis. The procedure

to d'e.tertmne a water balance in thig-thesis is outhned in section 3 2.2. Pwo types of. data



” were mcorporated into the water balance procedure, monthly and datly means An tn-depth -

\ ’ DR o * S, s
. 4 ‘ ’ :

/a ' “ ) ' - r "

" ', discussion of the two forms of data can be found in sectton 4, 3 The procedure has been

- - Alterations Were made to calculation of the Heat Budget in the computer program to account '

zndely tested in Westem Canada, and has been used throughout the world with a great deal

of success and accurady A ltterature revrew of other apphcatxons of the Thornthwaate

procedure is contamed in sectton 3, 3. The Thomthwalte and Penman water balance o "

sprocedures were compared, for whxch a Penman computer p:ogram was developed 'l"he

'program adapted darectly froma Ph.D thesis by Verma' (1969), is shown trrAppendtx IL

fora dxfference.m albedo Other. procedures to deterrmne poténual evapoﬁ'ansptratron were -

examrned ina- hterature revrew in secuon 3 5.

" In Chapter 4 the water balance patterns within and around the Park were exammed.e |

o This necesditated the determmauon of water storage values for the whole of El,k Island

Very'few changes were necessary to the

Nanonal Park from a 1 15, 000 scdle air photograph rﬁ'osaktc pr‘ov,tded by Rarks Canada
R
\The water storage categones were mapped from the air photo mosaic anf were cross o

checked by use of air photo i mterpretatton and field checks. A dlstance of .9- 2 2 km

outs1d€ the Park was also divided into dxfferent water storage categories. This was ltmlted .

Y

ing after field checks and air photo
mterpretatton was completed Upon fiel checkmg, it was determined that the majority of

the 50 mm water storage cal’egory should be changed to the 100 mm water storage category

' due to the wet condmons during the summer of 1986 whxch promoted heavy growth of the |

| grasses The only remammtg areas for whrch the 50- mm water storage category 1! sttll

. apphcable include playing fields, and road side grasses The water storage value maps

were mapped by dramage basins from the hydrogeologxcal map in Stem (1976). The ﬁrst

. & . - " N - '.
' PSU Y 3 . ) s
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| basm was suhdmded to produce a more localtzed plcture of the ytelds Thts tnformauon

could be of some importance regardtng short distance water transfer In employment wrth

' V.the Plannmg Dmswn of Alberta Envn‘onment the author has gamed extensrve expenence

{
in the use of an electromc planiméter. It was therefore decrded to’ use this same plammeter

«,

to measure the areas on the water storage value maps The area of each water storage \zalue

| w;thin each basm was totalled. After thevwater storage, categor:y areas were d_eterrmned the ¢

.' 8urpluses for each of the categones were calculated. Sﬁrpluses were determmed for the

.November Marchousm nthly data ,' N

sumrher months of Apnl October usxng dally data and for the wmter months of

%,

~

\.

Thc yields of each basm were calculated once the area and surpluses of the water

1,storage categones had been determmed The Parlg,xxelds were determmed as follows: 1:
, The-total winter precrprtanon was multiplied by the wetland area. 2 The land area -

' surpluses were mult1plled by the respective water storage category areas The results were

1n units of hectare dedimetres whtch is equal to cubtc decametres 3. For the summer, the

. surpl'uses were multxphed by the respecttve water storage category areas. The equatron -

~ Tan explanation of the l/2 deficit value may be found in section 4.2. ,:' '

| ((Precrprtanon Potentlal evapotranspiration + 1/2 Deficit) * wetlandareas) results in.the

summers yteld or water loss from the wetland areas. 4. All the ytelds were added and

“ water losses subtracted to determme whether there were ytelds or net ater losses within

¢
the Park1 '

Lake level data were obtamed from Elk Island Nanonal Par:k records and were, --

‘ compared wrth calcnlated lake level ﬂuctuanons (table 4, 10) To deternhne the calculated

lake level ﬂuctuauons the total yreld or water loss in hectare dectmetres for a basm was

- divided by the basms wetland area in hectares The result in dectmetres was converted to

cennmetnes to be consistent w1th the measured lake level ﬂuctuatlon values obtamed from

a -

.'x\.\
Py
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Elk Island National'Park records. The level fluctuations were calculatéd for only those |

basir;s thh{ augcd lake levels. For examplc. Moss and Astotin Lakes are in Basin 2,

LR )

‘takcn to 1mprove fie quahty of the watcr‘bodxes Based upon the litcraturc review and
water balance patterns within the Park, a discussion of thc yarious methods to improve the

5

water qaality of Astotin Lake was carried out. |
h - Conclusions may be found in Chaptcr 6. This scénon is intended to dlSCLlSS
va}nous 1mprovcrnents and qucshons about the mcthodology of this thcsxs as wcll as
poss1b1e alternauvcs In sectlon 6.2, recommendations for future management- of the water
" resources within Elk Island National Park are dlscussed.‘ Such rgcommcndanons focus
- upon managqn;?:nt decisions based upon water baldnge and ﬁcid observations. A series of
recofnnieridaﬁons bdscd upon a literature search on lake r"chabilita%in methods was also
mcluded An msxght into futurc water supply patterns was given in secnon 6.3. This was
bascd upon prcscnt knowlcdge of the effects of the "greenhouse” gases on the carths
' 'atmospl.lerc and ultimately upon the futdre _viager resource patterns of _thq ;v-orld., This topic
was presented to.emphasiie the need for prcserit and future water resource d?cisions within
ElkIsland National Pk, * -
. F(hr appch’dices wcf: included in ;h_is thesis to corhpléfmcm tl;xc text. Appcndi); I

- - was intended to illustrate yearly water balari&s_using monthly data from the Equmon

. ® Y

1 The 1978 Elk Island National Park Polic.ies.are\currenuy under review by Park Management,

o~
e s

-
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'Internattonal Airport. ®r values were‘taken from these tables for use in o

detexmit‘itng the yearly yte ds withtn Elk Island Nattonal Park .

Appendrx Oisa corltputer spread sheet with the necessary data to calculate potential
evapotransptrauon usmg the\l?enman proeodure The results have been campared tothe , -
| Thomthwatte results in a dxscussxon in section 3.4. In the text of Appendix Ma step by
step description of the Penman procedure and the necessary formulas was performed.

‘ Appendix III was 1ntended to provrde the summer daily waterbalance values
. through use. of daily data from the Edmonton International Airport. These values were
used in the determination of yields thhtn Elk Island National Park. '

The water balance tables in appendtx IV use the weather data from Elk Island

National Park. The record is short because the stanon was only recently opened (1982)



2. PHYSICAL AND CULTURAL QVERVIEW -
* 2.1 INTRODUCTION - |

t

The physxcal and cultural background of the Park and the surroundmg area is
discussed in thls chapter. The gcologx and geomorphology of the rchon will be reviewed
first to indicate how the Park's physxcal charactcnsncs came into bcmg The followin g .
'sectlon on soils is an overview of the major soil subgrpups and where thcy are locatcd

Section 2.3 on hydrogeoTogy isa dqscnpnon of the various water beanng strata under the
Park as well as-the probable water ylclds and qualmes Thc next section is a bnef ovemcw

, of the vcgetauon chaactcnsncs in thc Park and surroundmg area, A cultural hxstory of the

- Park and its surrounding area comprises the last séction of this chaptcr Within the chapter,

the‘bearing that each section has on the Park's water rcsoui‘ocs will be discussed. "

2.2 GEOLOGY AND GE‘MORPHOLOGY | ‘ S

The bedrock surface within the Edmonton distrgt is sculptured in unconsolldatcd
material comprising the Edmonton Form'aﬁ‘on of the late Cretaccous age (Carlson, 1967).
The Edmonton Formation is made up of non-marine shales and sandstones interbedded
with coal seams (Lang, 1974). Efosion during the Tcniary aﬂd early Pleistocene time
largely created the major land form pattems of the Albcna plams The wholc of the Beaver
Hﬂls which includes Elk Island Nauonal Park rcprcsents a topographlc high gfahe
preglacml land surfacc (Carlson, 1967). The preglacial land surface was then modified
durmg the glac1al age (Carlson, 1967). . .

The Cookmg Lake Moraine land forms dre of glac1al ongm and result from the
recession of the last continental ice sheet (Al'berta Envuonment, 1977a). The melnng of the
Tastice sheetin the areleft a mantle of glacial till in the, forni of a ground moraine. Resting

- ontop of the ground moraife, and forming the higher imrt of the Bcavcr Hills \;fhich
includes Elk Island National Park is a large hummocky stagnant ice rnoramc (Lang, 1974)
- The humfnocky moraine on the pre-glacial topograghic high has resulted in Elk Island
National Park bemg 30to 70 m. above the general level of the surroundlng (:ountrysdc.
t ) _ 10
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The varied tdpography, characteristic of a hummocky moraine is teferred to alsc; as a knob

-and kettle type terrain. The variable rehef of the hummocky moraine is mmnly responsxblc‘
for the dxverslty in the plant communities withm the Park (Bxchlmaxer, 1985). Most of the
lakes within Elk Island National Park are in depressmns that have resulted mamly from the
uneven amount of }lacial drift deposned over the area (Lang, 1974):

\
23 SOILS \
~ Soils belc;nging to the Luvisolic ordcr_afc the predominant soils within Elk Island
. National Park. The luvisolic order is characterized by well drained mineral soils. The
hummocky terrdin also produces many poorly dramcd low-lymg and depressional areas
~ where Glcysohc soils havc devclopcd (Crown, 1977). Organic soxls are dominant in the
kcttlc-typc dcprcss:ons (Bxchlmalcr. 1985). The sand and gravel pits within and adjoining
the Park tmvc been creatcdi by outwash deposits and ice prox’i;nous kame deposits. The
sand and gravel deposits, scattered thfougﬂout thc.Park, are shown on figure 2.1 (Crown,
1977). ‘ - o o 4
The predominant glacial depo‘\sits within the Park are unsorted tills that contain

cnough clay to make them only very slowly permcablc The.low permeabﬂlty of thc soils

 has resulted in a fimited mtemal drainage within the Park. The knob and kettle topography .

*

and the hmxtcd internal drainage are responsible for the abundant marshes and lakes.

Pl

2.'4 HYDROGEOLOGY ~ * . '
- The Cretaceous Belly River Forrnaﬂon forms the hydrogcologlcxal basement under
Elk Island National Park. This formauon under the Park is approximately 250 m. thick and
is made up qof sandstone‘,shalc,‘ siltstone, and muds_tone (Stein, 1976). The probable yield
from this formation is 4.5-22.5 L/minute. In gcnsral, thc‘waAtcr quality from bedrock
" formations in this region is poor with the total dissplved solids ranging from 1000 -mg/L to
+ more than 6000 gL (Seen, 1976), The average total dissolved soltdstg the bedrock |




nn I "0 T hel | he 1t —
4
hi
»
| 3
t
e : o e
™o ™
-
Tps4 ‘T
Tpod U
~a
VEGREVILLE 84 v
EOMQNTON 38 km "
. aoose
‘ LAXE
- nwasnor e
: LAXE
Tp.83 T8
e | . )
LEGEND: .
WALTER 5
u OATHIC GRAY LUVISOL. LAKE - a - ::::xmv
i oanxamay TKnsor : L/
) erovuren sutmc saunsor
i oAmcamay soLoneTZ
. ; . 3 s
A SANDAND GRAVEL PITS _ : ! { 3 2 s
Ag.2t l Rg0 KLOMSTARS uab.n

Generalized Soil Map and Location of Sang-dand
. - Elk Island National

avel Pits jn

SOURCE: CROWN, 1976
T
-

Figurc 2.1

</

12



formatlons ranges from 1000 2000 mg/L Ihe areas of hxgh total dissolved sohds contam i
pnmarily hrgh chlorlde levels, and secondanly, htgh sulfate levels (Stem, 1976) '
The Cretaceous Bearspaw Formahon overIays the Cmtaceous Belly Rlver - )

N o _
Formatlon The Bearspaw Formatron 1s approxrmately 40 m thlck and is composed of

o manne shales and mterbedded nonmanne sandstone and shale (Stem,.1976) Overlymg the '
| Cretaceous Bearspaw Formataon 11es the Cretaceous Horseshoe Canyon Formauon The
: '; Horseshoe Canyon Formatxon wh1ch is 100 m thlck on the west srde of the‘Park and O m.
2 thick on' the eastem srde, is composed of‘nterbedded nonmanne and braclqsh sandstones, ’. ' |
shales, and srltstones (Stem, 1976) Both the Bearspaw and Horseshoe Canyon
o -fFormauons suffer from poor water quahty w1th total drssolved sohd values rangmg from
_J,DOO 2000 mg/L and bemg pnmanly composed of sodlum b1carbonate in the recharge
- zones, and sodium sulphate in the drscharge zones (Stem 1976) The probable y1e1d from.: T
. these two. formatron ranges’ from 4 5-22 5 L/mmute Interbedded coal seams are present in
. ! the Horseshoe Canyon Formatlon in'the southwest- co ero the Park. These coal seams
L g are reported to have the: abthty of producmg 22 5-454 L/mmute The coal seams of the .
- Horseshoe formauon haveé?een reported by Stein (1976) to be a,mong the best flqulfers in
jthearea S PSR e '.
‘, }. Regronal groundwater ﬂow wrthm the bedrock is hrmted due to the low 7 |
e permeabxhty and extensrve faultrng of the bedrock ngher rates of recharge and dlscharge. o |
o : through groundwater flow are poss1ble in the surﬁclal deposrts (Lrvmgstone, 1987a) |
S | The surﬁcial deposlts of concern m thlS regron mclude the hummocky morame, v
| : pralne mounds, and trll ndges The thrckness of these surﬂcral deposrts ranges from 10 40
m. w1th depos1ts on the ‘west: srde of the Park berng somewhat'thtcker (megstone, | e
L . Indmdual well yrelds from surﬁcral deposxts arein the 4, 5-22 5 L/mmute ran, ge (thme S

SN 2 2) : T“'ater quahty from the wells is vanable dependmg upon the locatxon

AR
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K The quahty is good in upland recharge areas wrth total drssolved sohds counting less ' "
E thanlOOO mg/L In the lowland drscharge areas the quahty of the well- Water is poor wnh', -

total drssolved sohds rangmg from é: -2000 mg/L (Lrvrngstone, 1987a) The major

‘ canons whrch mctdently reSult in the hardness of the water, are calcrum and magnesrum e
; and the major amons present are carbonate and b1carbonate The sulphate anion is found | .A
v ‘ predommantly in the dlscharge areas (Lrvrngsto’ne, 1987a) A hrgh iron content in the
B _ wateris a common problem in the shallow wells of the regron Iron stammg has been
, found to be a problem wluch occurs at springs m‘ the regron (Stein, 1976) Hrgh levels of
mtrate have been recorded in surficral deposit wells The recommended limit of mtrates in a

sample is'15 mg/L whrle many of these wells have recorded over 100 mg/L in sampl

'he most hkely source of these mtrates is: from ammal and human wastes accordmg to N

-~ .Stein (1 6) ' - _
| ™ utWash sand‘and gravel deposits -northwest'of Astotin Lake and beyond the Park

. boundanes to the West are areas of known greater yields. Other probable hlgh yleld sand |
N ~ and gravel deposrts wrthm the Park are located in figure 2, 2 The known’ deposrts are rated B
W at22. 5- -114 L/rmnute "The watefquahty in the recharge areas of Ahese sand andgravel

' depos1ts is good. The quahues are good because the surpluses in the low atorage sandy

| ,sorls are hrgh and there is much greater ﬂu‘shmg of drssolyed SOlldS Thrs lS in contrast to

most trll areas where surpluses are small and mvolve mostly surface flow (Laycock 1987)
. The water quality is poor in the drscharge areas where sahmues in excess of 1500 mg/L

. n

: have been recorded (Stem, 1976)

2.5 SURFACE WATER SUPPLIES s
. ~ The knob and kettlc topography and the i unpervrous nature L‘of the soil are
: responsrble for the formatron of 220 ponds and lakes w1thm the Park.- The ponds and lakes
K are all very shallow with the largest lake, Asfotin Lake havmg a maxunum depth of 7.6 m - : . |

_(anﬁths, 1979) As a result of the shallowness of the water bodles and the recent

t'.\
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decreases in lake levels, "the symptoms of lake agmg such as aquattc growth algal

blooms, poor water quality, and collapsed ﬁshertes have become more noaceable (Alberta

) Envuonment, p17 1977c) " The pond and lake levels are quxck to respond to beaver.

' actmty and heavy prolonged rains. Due to the knob and kett.le type terram there is no well
o deﬁned stream pattem thhm the Park. In this type of terratn much of the flow (both
surface and groundwater) is in local flow systems into the ponds and lakes where much of
the small positive balance of the land arcas is lost m@e negattve balance, of the wetland T
~~ afeas There is one small stream wh1ch begins in the northwest corner of the Park and exits -
out ‘the cast side. Dunng the dry seasons this stream shrinks to a series of ponds.. The
‘ largest pen'nanent stream w1thm the Park begms at Goose Lake and flows north across
‘ nghway 16 and exits out the east side of the Park (th 2 2) There are numerous channels \
formed durmg the  spring melt penod most of which become marshes or dry up during the
. vsummer In regions of the“‘Park where wetland areas are small, streams are evident i in some

~ seasons of most yeaxs Durtng the wetter years or series of wet years such as 1972 1974,

‘many _more local streams are evtdent. The ponds and lakes durmg these years ar)e prone to b

&
S

overflowing their‘banks.

2.6 VEGETATION T
. The Cooking_Lake area, according to Rowe(1972), is elassiﬁed into two major

forest regions The Coolcing Lake MOrai'ne 'charaeteri-zed by lcnob and ke’ttle'topography is

classified as havmg a Boreal Mixedwood vegetatton cover. The area surroundmg the

| Cookmg Lake Morame is relauvely flat land lower in elc\vatton and clas51ﬁed as aspen-

. grove or aspen parkland (Rowe, 1972) Strong and Leggatt (,1981) reported similar

~ conclusions. ; B

‘f‘he majority of the forest category w1th1n Elk lsland Nauonal Park ﬁts mto the . i

‘ poplar association of trees Tremblmg aspen (Populus tremulotdes) occupy drier sites

, 'thh balsam poplar (Populus balsamzfera ) in more moist locattons The most extenstve
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cover type is the tremblmg aspen because lt regenerates qutckly followmg drsturbances
such as fire or clearing (Alberta Envrronment 1977¢). .

Extenswe stands of: whlte§pmce (Picea gIauca ) exlgted m Elk Island Natlonal
Park pnor to the 1890's when ﬁres removed most of these (Nyland 1966) The 1slanﬁs of
Astotm Lake and,a few other scattered areas tluoughout the Park are the only locauons |
where more than local stands of whrte spruce survrved |
Marshes area dommant feature ot Elk Island Nauonal Park and they usaally surround open

N

water bodies and fill in many depreshrons Vegetauon species of marshes w'ithm the Park

inclide: R
: ; ~Sedges (Carex sp.), cattarls (Typha “lanfolza} bullrush (Scnpus\\lalzdus 5%
spikerush (Eleocharzs sp) slough grass’ (Beckmanmm sp ), rush (Juneus sp. ), _
(Scolochl'da Sp. ), marma grass (Glycerta s.p ) reed grass (Calamagrosns sp.), and blue

grass (Poa sp ) (Alberta.Envuonment 1977c, p. 27)

RN
RN

: ‘Lewis erat r’.il928) 1dent1fy a profile of dommant plants from an open Water body to

adry. upland Typha - Scrtpus > Scolochloa - Carex > Calamagrosns - Saltx "’ >
pbplar forest Envuonmcntal dlsturbances such as grazutg, mowmg, burning, and
flooding can marntaxn earher stages such as reedgrass or sedge commumnes and prevent
w1llow and aspen forest enoroachment (Alberta Envrronrnent 1977c)

The bogs have formed in the mormmc basms sumlar to those occupred by marshes

!

but have more orgamc s01ls and therefore have dlfferent succe,ssronal pattems An example .

of the dommant plants from open water to the dry upland 1s as follows Carex > Betula

Lartx Sphagnum > Ledum - Sphagnum > seedlmg chea > Ptcga - S

Sphagnum. E’ven_tuall_ythe black spruce (Ptcaa manana ). gives way to the"balsam poplar-

(4

Lo

o white spruce f(({st.clima)g t_:,haracteristics (Alberta E.nvii‘onrnerit , 1977¢).

O
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Vegetanon besrde a large permanent water body is much the same as in a mursh
except that the wetland vegetation is restricted to a narrow*ahd along the lakeshore
' ‘(A,lberta Envn‘bnment L ? _
| ~ The type of vegetauon has a great deal to do wrth an area's water balance thfercnt
types of vegetatron are assocrated wrth different moxsture storage categones 1. For

b

example, a closely ' grass cover would typrcally be related to a 50 mm mmstureg‘
storage capacity and a maturmg fore‘st to 2250 mm capacrty before surpluses occur. In

~areas with hrmted storage capacmes, surpluses occur-earlier and more frequently because of

. the lesser recharge idmrement Itis evident that the 50 mm storage capacity area would be

much moreprone to urpluses than the 250 mm storage capacity area. Therefore the type

*

-

of vegetation present in a region has a great deal of tmpacbgn the surplus patterns of that

.area. .

. _ 27 HISTORY -. B . SR
. The first white | men in the Cooklng Lake area were trappers and fur traders of the
) Hudson s Bay Company who came ¢ up the North Saskatchewan River (‘Brchlmater, 1985)

y The earhest permanent settlement in the Cookmg Lake area occurred on the shores of the
K Beaverhﬂl Lake by Metrs settlers in 1870 (Alberta Envxronment l977d) In 1870 thrs l,
reglon was mcor{ ted into the Domuuon of Canada, and as a result of mcorporahon this

pomon of the Prame Provinces was first surveyed tzy G. A Stmpson and M. Deane in>

1883 (Nyland 1969). The Cooking Lake. Morame was the scene of the earliest attempt at :
) conservatlbn in the province of Alberta when in 1892 the Cookrng Lake Timber Reserve

: was estabhshed due to ﬁres caused by farmers cleanng land (Alberta Envrronment

ey

. | 1977d) Dunng the sprmg and summer of 1895 the greatest.ﬁre of the. regxon occured ,

o]

= whlch destmyed nearlyall the umber in ﬁte reglon mcludmg that i in the timber reserve R

w1 A further drscussron oh morsture storage categones may be found in Chapter{l

. P
) .
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‘ (Bichl‘maier 1 985). Fires Were the rnam force which destroyed much of the timber th.at H
grew but were not the only cause for the depletton of the-timber in.the region. Pnor to and e
aftér the great ﬁre of 1895, the sawmtlls removed a great deal of timber for the newly
expandmg populatton (Alberta Envxronment 1977d) o . ’J " Q | "

" In 1898 the limits of the Cooking ] Lake Forest Reserve were redefined by the :'
govemment 1n response to the pressures of settlers and in part relatmg to the dastnbutlon of
past forest fires. The area. desxgnated as forest reserve in 1898 included what is now Elk

a Island Natlonal Park and the Blackfoot Grazmg Reserve (Afberta Environment , 1977d) N
‘In1906 a pan of the forest reserve around Astotm I:ake was fenced off to protect a M
v- herd of namra‘l‘lx occumng elk. Elk Island Park was estabhshed w1th an area of 41 square i
kilometers. In 1913 the area became a: Dominion Park and i in 1930 the Park became

officmlly recognized as EIK Island N‘auonal Park (Crown, 1977). The size of the Park was

.- _ mcreased in 1922 to 1'34.2 square | kxlometers when the remainder of the present park north

of nghway 16 wag mcluded (Griffiths, 1979). The size of the Pagk was again increased
|in 1947 to. 194 2 square ktlometers when the present portlon south of nghway 16 was )
" incorporated (lelman, 1987). ‘ |
| In the early 1900s more settlers arrived in the Béaver Hills when plans were, |
; revealed that a railway was. gomg to be built near there. In 1909 (,he line connectmg

| Wmmpeg and Edmonton was completed by the Grand ’-I‘rnnk Pacific Company (Morrow,' o
1964). I .

In 1910, Alberta s fxrst tree nursery was estabhshed near Qookmg Lake Two ~

-

‘ years later the site was moved to the new. forestry headquarters ‘which wasg” &‘ogated on the

present south bt)undary of Elk Island Natxopal Park. Dunng the years 1919 to 1930 the
4

head warden Charles Balley ant his assistant Freeman Kelly were respon51ble for the:

reforestation of an area of 400 ha. In 1924 and 1929 molt of tﬁe tree plantations were
' . o v oo A e

g
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destroyed by fire. The station of the forest reserve was eventually clos in 1941
(Blchlmarer, 1985) s 4 . | . B
, . .

. The Park at present is primarily onenfed towards the preservauon of the wildlife

,wrthm its boundary A secondary onentauon of the Park is towards thé day-use .

- as possrble and to prevent further change from occurmg within the Park.

',2 8 HISTORICAL REGIONAL CLIMATIC PA'ITERNS

recreatromst who partakes in hlkmg, exoss—country skiing, snowsgoemg. ptcmcmg, and
golfing. There are tvo primitiveé campsxtes, one of which i is open all year round, and one
semi- servrceq campground whlch is only open durmg the summer (Parks Canada, 1985). .

The policy of the Park in keeping w1th Nagonal Park Policy is to kee the Park as primitive
j" P
{

o -

g

The 104 year- water balance tecord for the Edmoﬁton Mumcrpal Airport is shbwn in table

. 2.1 The Edmon _}on Mumcrpal A1rport was used because of its long record compared to the i

short 16 year‘recbrd of the Edmonton International Arrport The results 1nd1cate that there

are groupings of years w1th similar records. From 1883- 189§'the table mdtcates a dry S

‘ penod because of the small surpluses and the large deficits. The period, from 1900-1904

was wet one which caused mapy lakes to overﬂow, The years, 1905-1932 were marked »

4

by dry years wrth interspersed wet yéars such as 1*7 and, 1920 The dry pertod was

followed by 10 moderately wet ears fifom 1933 to 1943 The pqﬁod from 1948 ﬁ11956
was not marked by any wet or dry trends, but contamed both wét and dry years The years

' 1957 1971 were dry years except f'or 1965, and were followed by 3 wet years from 1972- :

1974. Ffom 1975 to 198 ¥k reg}r,mhas experienced mostly dry yearslaw1th_ occasional wet
ool o o o ‘
years mterspersed. l | )
o The water balaxce record is ror areas wrth 100 mm (approxrmately 4 inches) of soil
morsture stomge capacrty aleve! t\q;s;al\of agncultural land rather than forest land. It wrll

be necessary to prepare a record that is miore appropriate for the area under study It can be |

. -suggested that surpluses and deﬁcxts w1ll have been smaller than those shown, except

i < R .
i ’ o
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‘possibly, in a few years after the-major ﬁms of the 18908 Allowance must also be made
for wetland evaporation and cvapotransplranon becausc much of the runoff would have |
becn into local water bodies with little surplus in many ycars for flow out o? the Park.

A better undcrstanding of water balance pattems through time can mﬂeahow effccnve :

» -
\ various management measures were in mod1fymg water supply and quahty pattenis in thc

Park. ‘ .
' TABLE2.1 A ‘
g . ) }
h ’ Edmonton Municipal Alrport ks
’ Historical Surpluses And Deficits
100 mm Moisture Storage Category : \
. i & . ‘ r ‘ .
o . SURPLUS DEFICIT o SURPLUS - DEFICIT
DATE . (mm) - ™ (mm) .. DATE . - (mm) (mm)
1883 101.6 . 2515 1936 ~ 1016 . - 1549
-84 -0 1016 - 37 _ 0 76.2
85 .- 2.5 - 139.7 - 38 1728  73.7. %
oo 86 0 1499 - 39 88.9 162.6
87 0 - 203.2 - 1940 ._147.3 157.5 .
88 v 7672 356 - 41 - 0 - 1270
89 0 378.5° 2 53,3 5.1
1890 0o o . 43 99.1. - 38.1
- 91 25.4 - 813 7 44 -0 - 91.4
92 -0 127 45 178 ., 1676 °
93 -. 102 * 66 ‘ 46 . . 51 76.2
94 ' 203 132.1 47 38.1 .°91.4
95 ¢ - 51 . 180.3 48 1219 215.9
96 - 203 1778 49 . 0. " 2108
5-97. 0 .2159 . 1950 0 188.0
98 , 10.2 271.8 - 51 27.9 ' 356
99 -0 . 0 52 1432 116.8
1900 127.0 0 - 53 “78.7 . 0o -
1. 1854 0 54 +229 -0 -
2 109.2 71.1 55 35.6 - 1321 «~
3. 7.6 0 - 56, 66.0r 63.5
4 . . 106.7 132.1 \ 57 ., 0 - 254.0
5 v 0 . 160.0 58 17.8 142.2
6 0 188.0 - 59 . 0 58.4
o T 101.6 17.8, %; 1960 2.5 20.3
« 8 0 1829_ 61 -0, . +236.2
9 - 25 7 172.7 . . 62 30.5 < 1067
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N ~ TABLE 2.1 CONTINUED
. ) ( ) 4
y . SURPLUS DEFICIT » . , N\ SURPLUS DEFICIT
DATE . . (mm.) . (mm) ¢ DATE: - (mm.) " (mm.)
1910 ° 0 . . .185.4 63 .51 2337
W . o ., 0 64 -0 185.4
| 12 0 ‘5.1 65 129.5 101.6
13 5.1 35.6 66 . "0 .32
~ 14 - 20.% 0 67 1. 1930
15 152 63.5 68 0 . 1549 -
16 - 0 203 ., '69 0 119.4°
17 61.0 147.3 1970 127 99.1
18 0 813 71 ) 229 . 1778
19 51 . 2007 72 63.5 483
1920 147.3 58.4 73 N0 A - 218
21 10.2 165.1 74 ' 5 38.1
2 0 208.3 75 - 123.0
23 0 1880 76 0o * 167.3
24 0 109.2: 77T .0 53.4
25 66.0 ° 1524 78+« 0 0.
26 0 - “149.9 79 . 494 _ 7}.4
27 66.0 5.9 1980 " . 24.4 849
28 « - 229 o991 81 11.5 94.1
29 7.6 2134 82 . . "50.6 108.3
1980 0 . 2032 - 83 ‘ 0 - 136.4
. 31 ‘0 . 406 -~ 84 ~ 0 158.5
t32. 17.8 190.5 85 95.8 106.4
33 27.9 83.8 86 0 90.9
34 ‘ 86.4 - 483 - . - ‘
. 35 « 914 96.5 '
- v
. | .
_ Source: Laycock (1986)\ . .
- ' . T t
. . ® .’ v
- n k\ "’ >
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‘3. .THE WATER BALANCE

3.1 H\ITRODUCTION

. The focus in this chapter is on the water* bqhnce calculation procedure The
calculation of the water balance procedure is necessary to better understand the water " |
balance patterns throughout the Park for management pm‘poses The ob_:,ecuve in th1s thesis
was notﬁ‘ test the Thomthiwaite procedure agmnSt other water balanée procedures. The
» author tned to use whatever procedures were available to reach the basrc objective of
provxdmg better water balance mformauon for management purposes Testing of the |
- Thornthwaite procedure in Elk Island Nauonal Park would entall much more measurement,
| , and many more years than would be allowed for a Masters degree. The first secu/o‘z -
ascusswn of the Thomthwage technique which uglﬂ! be used in the remaining chapters of
' the thesis. Within this secuon, the reasons for choosmg os techmque and the components

of the procedure are dlscussed Secnon 33isan ﬂlustranon of the world-wide pracucahty

- of the Thornthwaite procedure The next section is a shorter discussion of the Penman

L techmque which i is the main alternative to the Thomthwaite techmque A review of the

Penman techmque wrll be followed by a comparison ¢ of the Thomthwalte and Penman
methods “The last section in this chapter is 3 brief review of other empmcal methods of
deteﬂnming potentlal evapotmnsprranop, whith could lead to the calculations of a water

balance. . @ . A N K
3.2 THE THORNTHWAITE PROCEDURE N

The Thornthwaite procedurehas been chosen for the\determi&ion of the water ~ Nl-o
b‘alance of Elk Island National Park. There are numerous reasons for the.use of the ._
procedure the first of which is a readlly avaﬂable supply of climatic data. There area - -
number of first and durd order weather smuons in close prjoxrmlty to the Park foruse in
makmg and checking the ca.lculauons «The wxde use of the techniqle throughout the

" Prairies would mdlcate the procedures acceptance as a vlable procedure for th1s area If

R A

.thexe are any questions concerning the procedure, there are enough references avaﬂable on

23D ' . B : ‘, g Y
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the Thornthwaite techinique and refmcmcnts of it for particular purposes to solve the
problem. The procedure (hrough use of tables, is easy to.use and docs not require any
lerhhy calculauons, making it look much morc favourable than the Pcnman or Turc

tcchmqucs whrch require Iengthy ca.lculanons Methods such as Penman and Turc require

‘ consxdcr(:z‘c data, and so are ncxther casy to.use or of widespread apphcabxlxty (Mather, \ m_

1984). One main advantage of the two above listed proccdurcs is that they use a g‘reatcr

data base, and with the availbility of the data are more likely to be accufate; In using the

R

two proccdﬁres,‘homvcr estimates are often used for som‘e of the generally unmeasured

terms resultmg in a lower conﬁdcncc in the accuracy (Mathcr 1984). Mather (1984)

accepts that the Thornthwaite proccdure rmght b%lcss accurate on a darly and monthly

* basis, but he contends that the procedures wide usefulness and world Awide apphcabllxty far

-

outweigh its mablhty to reflect short-term changes in wind and hurmdxty

32.1 THE THORNTHWAITE WATER BALANCE EQ.UATIO\N lr

. The tcrm water balance (wa:cr budget) has several diffcrcnt meanings depending
upon the particular scale being considered. For example, on the macroscale, the water |
budget can be used in the same sense as a hydrologlcal cyclc, or annua.l global balancc At

" the mesoscalc, the water budget of a region or drainage basin is dctcmnned. Dctcnmnaqon

- of a water budget for a field of vegetation, a forest stand, or a sjnglc tree would constitute a

- microscale investigation (Mather, 1978). The annual ‘water balance has been summarized

by Mather (1959) as follows:

. . B 3 B
SaRe When the potcnual cvapotransplranon is compared with the

’ prcmprtanon, and allowance is made for the storage of water in the ground
and its'subsefuent use, periods of moisture deficiency and excess are ‘
clearly revealed, and an.understanding of the relative moistness or aridity of
a climate is obtained. ... Undér normal conditions both of these conditions

. will occur during the course of a year or several years at'a place so thata -

)

S S e e . e
1The Peaman and Turc techniques will be examined later in,this chapter.

.

1 T
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companson of the potential evapotthspu:auon with the prectpttanon will

show both a wet or a cold season in which water negd is less than the

available prectpttattonand a dry'or hot season in which the water need

exceeds the Yrectpttauon Under such circumstaneés there usually occurs a

period of full soil moisgure storage when precipitatiog is greater than the

moisture demand and a moisture surplus accumuldtes; a drying period,

when the mdisture in the soil is used by the plants, the soil moisture storage

is diminished, and a moisture deficit occurs; and a re-moistening season,

when precipitation exceeds-water use and the soil moisture storage is

re?en shed. The values of moisture surplus and deficiency as wellasof the °

factors of the water balance can be computed by means of a simple .
balance bookkeeping procedure. '

The principal factors of a water balanoc include precipitation, tcmpcratorc, and .
average day length to correct for season and latitude. The above principal factors were first C
used by Thomthwaxte in 1948 in his determination of a water bala.r\cot The water balance
~ Jof an area 8 may bc\ictermfncd by use of the following formula: o
P=PE-D+S +/- St Ch
P = Precipitation
PE= Poten,tialv Evat:otmnspiration
' D =Deficit
S =Surplus
StCh= Stora”gc Change . _
The equation in effect represents a balance between all forms of intoming .
precipitation (rain, snow, and condonsatlon) on the left 51de and the use of the prec1p1tatton
. mcludmggurfacc runoff, groundwater discharge, surface évaporation and transpuatmn ’
from pléats on the right side. Thc storage change factor on the right side represents the net
addmon to or removal frorn the soxl moisture in storagc in the period under study, Durin g
Novcmber and Decembcr in some years enough precxpttauon will fall to fill and exceed thel
lower moisture storage catcgones. This will result in a net snow detention storage change

in those categories. - “ ' .
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3.2.2 PRECIPITATION -
| Precipitation (P) which makes up the left sids of the water balance equation, is
measured by §tick and Niphcr gauges for snbw,,anc/i by the standard Canadian rain gauge.

The Nipher gauge is used exclusively at first order weather stations which are pﬁmaﬁly

B located at major airports, while the stick gauge is employed at'third order wenther stations.

L J
A third order station carLbe set up anywhcre that a daily measurement can be taken At first

ordcr stations cqulppcd with a Nlphcr gaugc. the total precipitation which is measured
hourly is dctcrmmed after melting the contcxﬁ. whereds at third order stations, the v;ater
equivalent of sndwfall is obtained by div.idirig the ar;lount of snow 'by 10 (Environment
Canadg. 1981). All stations usc,éh,c staﬁdard'Ca;xadian rain gauges, with hourly readings at
first order stati?ins,_ and daily reqdi‘n’gs at third order sia ions, 'llhcrc aré a number of
possible errors in the measurement of pregip"itatiox; whic\i are of some concern.” The source \

@
of error which is’of most concern involves the aerodynarmc interactions b

L

B een the fallmg
precipitation, wind, and thc gahgc and its s{m'oundmgs (Ward, 1975). Thealr flow
around the gauge is speeded up,g:ausmg the falling raire(and cspccmmﬁww) to be carried
past rather than be collected in the gauge (Ward,’l975). o e .-

" Ina USSR Interdepanumental Commitee for the Intemational Hydrological

_Decade (1’9:6.7), gauge catch was found to l:;c underestimated due to wirid, loss of liquid ip

wetting the container, and evaporation from the qéuge before a measurement could be; -

taken. The wind factor was found to be the most prominent. The committec made a

Somnesue g

number of recommendanons for correctmg the prempltanop valucs du:f gauge

undcrcatch It was suggested that:

. -

For liquid precipitation, thc avcragc correction necessary to the rain
gauge reading varies between 12 % and 22 % (it is usually between 14 % -
and 16); for solid precipitatiop, between 20 % and 100% (usually between
40 % and 60 %), and for annual total between 17 % and 56 %o (usually

eetwccn 20 % and 30 %)

-

."



(U S S R Interdepartmental Commrttee for the Hydrologrcal Decade, p “'1 "-'.1 96751“"

P

Wmd wdl also have an effect on the measurement of snew when usmg the- Sthk

4

gaugq Due to the wmd there is the posstblhty of a gr0ss under measurement or over
measurernent of snow r%i‘scd by dnftmgt . e o '

g ‘ Condensanon on cool surfaces from saturated or nearly saturated airis in rnost

water balance calcﬂlanons exther mclu'ded w1th precxpltanon or ormtted on the assumpnon , l

that it is elther small or already compensated for in underesumates of evapotranspu'anon o
(Ferguson and others, 1970) The lack of measurement of condensation upon surfaces isa
potentlal error. Wthh is most pronounc% in winter. The condcnsanon upon surfaces\ ‘
probably balances evaporatxon from snow surfaces and lnmted meltmg Wthh is. also O
recorded | . ' |
The errors m recordm g precxpltanon durm g the summer and wmter are recogmzed

| bat any correctxon factors used would be sumlar for all statlons The empmcal procedures
used are baséd on rnea\sured and not corrected precrpltatlon It 1sprobable that errors on the
precrpltauon srde of the water balance equatron are at least as large as those on the potenual

‘ N
evapotransplrauon side of the equatlon ‘

AN ' . . o = c 4,

¥

v 3, % 3 POTENTIAL EVAPOTRANSPIRATION e
‘ ' qﬁtentlal evapotransplranon is defined by Thomthwmte (p 201 1954) as "the water
B loss . which will occur if at no nme there isa deﬁc1ency of water in the soil for the use of
| ngetanon " ’IJ;e -term evapotransplranon compn-ses two parts evaporatlon -bemg the” :
process by Wthh a llqtnd or a solld is changed toa gas,and transplrauon, Wthh is the ,
process by whxéh water vapour escapes from the hvmg plant prm(:lpally throu gh the leaves .

, and enters the atmosphere (W ard 1975) Evapotransplratlon therefore compnses the total

* e

e 0 . ', : ) . ,
PR 3 R -

Further dxscussxon of snow undercatch may be found in Sectxon 4. 4 3

'v\ . 3
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volume of water transptred from vegetauon and plants, and evaporated from soxl snow.. )

and mtercepted prectprtatlon in any ngen area (W. ard. 1975) Evapotransprrauon o

represents the most important aspect of water loss in the hydrologrc cycle. accountmg for

- as much as 100 percent of precxpnauon in arid climates and 75 percent in humld reglons

(W ard, 1975) In the Edmonton area the average would be about 90-95 percent witha
range of 70—100 percent 'I'he percentage w1ll vary w1th surfaces, such as 30 perccnt for
pavcd surfaces to ﬂmost bercent for some mature forests (Laycock 1987) Tables m
subsequent sections of this thesrs ﬂlusuate the percentage dlfferences in evapotransplranon v
for dtfferent surfaces. - o » o SN
i The forrnula to determme potenttal evapotransptrauon was the result of numerous .,
world—wrde empirical observauons W1th evapotransptrometers and is a best fit conclusron :

The first formula to determme PE used values of mean temperature and relative humldlty

 The formula was refined by Thornthwaite 1n‘<1948 to use meteorologxcal dat@ Whl)ch would

be readxly available almost anywhere The new formula usm g mean temperature and .
average day len gth became the foundation of Thomthwattes chmattc classtﬁcauon of 1948
(T hornthwalte, 1955) The formula has been found by. Mather (1984) to provrde reltable :
values of monthly evapotranspxrauon, .espec1ally if there were no marked monthly changes
in humidity (ie. monsoon Qi/"mate), » ’ | | v
| ‘The formula todete_rmine pgtential_‘evapotranspiration is as follows:

RN

16(10t/I)“ o S -

‘ where t=mean monthly temperature in°C

I an annuﬁ heat index (determmed ﬁ:om the sum | ' ' - ' %,
of the 12 monthly heat index values L
1= iwherei= (t/5)1 514

‘aisa non-lmear functlon bf the. heat mdex equal to
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a,-.-675x 10713 771 X 105I2+ 1.79 x 10-2I+049

_ S f . (Mather, p 69 1984)

Thomthwarte and Mather (1957) developed a series of tables from thrs equatlon to "
determme the pogential evapotransptrauon The tables have made the calculation of thé\
above formula tgtzecessary, resultmg in the sxmphﬁcanon of the water balance procedure.‘

o Cnt1c1sm of the Thornthwaite procedure has been pnmanly duected to the use of
the data used to detemune evapotransprrauon (Chang, 1968) The first and mogt serious

cntrcrsm is that temperature isnota EBQd mdrcator of the energy necessary for

o

. evapotransprranon In the sprmg and early summer much of the. solar radiation is-used to, -

-melt the snow and ice and less energy is avarlable for evapotransptranon W 1ght 1973).

Thomthwarte s estrmates of potenual evapotransprranon tend to lag behmd the

———

measured values due to increases in solar radtatlon precedmg air temperature increases.

The last statement would indicate that potenual evapotransprranon estimates should be |
hxgher in the spnng and lower in the Tall, The day length correction factor would result in

hlgher deﬁcrts 1n the sprmg and smaller defic1ts in the fall(Chang, 1968). The argument

,'i whrch leang (1968) puts fonh may be adequate for a more humld area such as Ottawa, but .

‘,

1s madequate for the Edmonton area The day len gth correction for Thomnthwaite in the

. hrghest sun penod is probably 1nadequate wlule the prevalence of frost in the spnng and |

-}‘
o
>
\

* fall may result m reduced PE in these seasons The two erTors are roughly compensatmg, *
therefore. the daylength correctton has been untouched
A third source of error 1n the Thomthwalte potentral evapotransg;ranon equatron |

stems from the use of darly averages of temperature Evapotranspuanon may be\

N underestrmated during the day if. the mean temperatures are below 0oC but the maxrmum is ,

above 0°C (Chang, 1968) In defense of Thornthwarte s use of mean darly temperature, it
should be pomted out that PE values durmg these days arevery mmute and\can be 1gnored .
as long as the user is aware of them and of compensatmg factors For exarnple, a snow

LB
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‘cover with a high albedo would reduce evaporation through llmmng heanng’fhe angle of"
the suh would also be low durmg she wmtcr which would in effcct hmn the: hcatmg powcr |
of the sun. o 4

In some areas wmd might be an 1mportant factor in the detenmnafron of otcnpal

evapotmnsplratxon In these wmdy environments accordmg to Chang (1968

Thomthwalte estimates and theasured values only agree after a correction faqtor for wind |
“has been applied. This could be s1gmﬁcant for chmook areas of Alber?a, but would not bc
s1gn1ficant for Elk Island Nauonal Park '
A fifth criticism by Chang (1968) of the Thornthwaite esumatcsigems from thefact
_ thatthe formula does riot take into f:onsrdgranon the effect of warm and cool air advection
" on ternperattrre. In re%dns of warm air advection, the air temperature may increase while
the solar radiation and cvaporrarispiratioh do not, while in regions‘ of ¢ool air advec;i'on th‘zz .
esumated evapotransplratmn may not be aslarge as the mzasured evapotransprrauon

ini (1954) found the cool advccted‘alr in Treland during thc winter created smaller

tcs of evapotransplranon than were bemg measured This dlscrcpancy was correctcd
hy Guerrini with the use pf a correction factor durmg the winter. After the corrccnon fa_ctor -
was added, t-hé esﬁmated runoff equaled the measured local runoff. The Penman proccduré

s known to be accurate for a Marine Wcst Coast climate because it is empirical for such |

arcas with a waarm"air advection resulting in a strong posi}ivé tqmpcratﬁre'ahomal'y for the

latitude._ ‘There are no such anomalies in the Edmonton area. T | _}

At times the humidity of the air might become more important than the local

* temperature.\ The writer has allowed for this in water bodies and marshes in dry seasons
. by adding half the deficit to PE rather than subuactingit.l Y

-

- Further discussion of 'thiks‘poir;lt may be found in Section 4.2,
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The wnters approach to the water balance problem has beea to start with the bas:c

Thornthwaxte procedure, and to iake refinements such as, the use of myltiple storage i
levels, and datly data. These tyRes of addmons to the procedure have been found by the

author to be more beneﬁcral than revisions to the PE calculanon proced&re « !

9

. ‘/

o
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| When the precrpltauon is less than the potenttal evapou'anspuatmn, the moisture

within the soil is evaporated from the soil and transpired by plants faster than it can be

replaced If precxpttauon contmue(s to be less than the potenual evapotransprrauon, soil

morsture loss will proceed untll there is no more avallable moisture and aﬂeﬁcrt condmon

exists. When'a soil dries. out, it becomes mcreasmgly drfﬁcult for evaporatlon to occur

(’I‘homthwarte and Mather, 1953). Full ‘potential evapotransptranon 1s not realized durmg

\ o

dry penods while the actual evapotransprrauon is the trde measure. The actual
evapotransptrauon (AE)is equal to the potenual evapotransplratmn (PE) when prec1p1tauon
is greater than PE When precxprtatlon 1s less than PE, the'soil begins to dry out and the
formula PE- D AE results in the true value of evapotransprratton (Thomthwalte and

Mather 1957) -
32.5 SURPLUS | .
In periods when prec1p1tat10n exceeds the potenual evapotransprratron, the excess

moisture that mﬁluates the soil is ﬁrst used to recharge the soil root zone (Mather 1978)

When a specific morsture storage capactty is full, any excess precrpttauon wh1ch occurs is

o counted as moisture_ surplus The morsture surplus does not Temain in the soil but erther

e percolates down to the groyndwater where (1n most cases) it cannot be used by plants, or-
collects on the surface and is subJect to runoff There are no surpluses dunng months

| when the temperature 1s be10w 1 °C Thrs will be true in the calculauon ofa water

AN

balance but groundwater ﬂow near the surface will contmue well after the temperature has

-

“
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but is held in stgrage unnl the sprmg when the temperature nses aboye -1 °C In the sprmg %

the meltwater ) _ trates into the ground when the moisture storage capaerty 1s not ‘

urface and is subject to runoff In terms of sux%)luses, the surface

a

and groundwater flows for most purposes : are not separated Surplus groundwater ﬂows :

(\ full, or collects on
| may be separated from surface ﬂows at natural spnngs which occur throughout the Park

(Flg 2.2). R , . . “/_ a

3.2.6 STORAGE CHANGE STCH _
The last factor in the water halance equation is. the change in storage. In‘the
equanon prec1p1tatron adds to the' ‘soil moisture content while evapotranspiration subtracts

from it. From the two quantmes itis possrble to obtain on a dally or monthly basis a
knowledge of the actual morsture content of the soil (Thornthwarte and Mather, 1955) The

sult of the two quantmes W111 indicate a net clgnge for the penod of study

3.2.7 THE MAKING OF A w,ATER BALANQCE
The first step in detemfining an areas monthly water balance is to plot the mean

monthly temperature as illustrated in line .

' .
P 4

I F .M A M I J A s 0 N D ¥
La1°C -0 -126 20 48 122 131 173 140 71 3.5 -140 57
Ln2 I 6 -0 0 o 94386 43 655747 17 580 0 22.68

}Complete water balance tables using meteorological data from the Edmonton Intemational Airport for the

years 1971-1986 may be found inappendix L.

o
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‘The next step is to obtain the h"cat index (Ln 2) from tabqufﬁ'ﬁb&wmte and
Mather (1957). The, addition of the 12 monthly values glves the annual heat mdex I When

-

the mean monthly temperature is belowﬁ oC'the monthly I value is O.

-,3 I F M .AM 3 ;7 A S 0o ‘N D Yr
Ln1°C  -10. -12.6 20 4.8 122 131 173 140 71 3.5 -140 -5.7
. —Lla3UPE 0 "0 0' 1.0 23 24 31 26 .14 2 0 0
‘ A | - |

The thlrd step 1s to detenmne the unadjusted potenual evapotransplranon fronrtable d
4of Thomthwatte and Mather (1957). The yearly heat index (I) from lme 2 controls; }'hrch
column will be used in table 4. The monthly temperatures from lme 1 are cross referenced
- with the yearly I value to determme the daily unadjusted PE. /A

‘The fourth step in the deterrmnauon ofa water balance is to adjust the UPE from
line 3. This is dorie by multrplymg the proper correcuon factor for month and daylength

. located in table 6 of Thomthwaite and Mather (1957) by the unadjusted daaly PE to give the
‘ adjusted monthly potentlal evapotransprrauon in line 4. -7
| I F M A M i A s o N D T
Ln3 UPE(hth\) 0 (< 0 10 23 24 3 . 26 e 2 0 0
L:4-PE(M5 0 0 -0 345 91.5 979 " r27.4 97.5 445 55 0 0 4991
Ln'S P(mm) 122 125 4.2 46.0 261 656 31.1 914 560 18.8 11.5 24.0399.4
in 6 SC(mm) 122 125 42 115 -65.7 32.3 963 61 1S 133 11.5 24.0°

‘.

a) BRI N, [ . - .
The ﬁfth step is to plot the total monthly preclpxtanon in lme 5 in the same umts as

thePEmhne4 SRR . - ' s

-9

The sxxth step in hne 6isto deterrmne whether morsture supplies increased or |

decreased during the month., This is obtained from the equanqn P-PE. If the value in line

- 6 is positive, it reflects a potential moisture increase, and if the value is negative it reflects a

L
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the,prqccqgre is to insert the dxffcrent
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_moisture storagc capaclty categories which are common to the study area into the water

balance (1). The charagteristics of each mpisture storage category may be found in Chapter

4.

N F F M A M ¥ R
Ln 6'SC(mm) 12.2 123 42 1<1-.5 .65.7 323 -96.3-
- . { . 2
1985 -
203mml 33 13013 1B 0 0 0’
36.43 s5 12.2 125 é.é 11.5

DS 527 323 963
399.4 = 499.1 -,187.4 + 88,6 - .9 7
'J"F'MAMJOJ'
502 somml 50 50 50 .50 o\o .0
36435 122 12.5 42 1i5
D$ 157 323 ° 96.3
3994 = 499.1 - 1504 + 768 -26.17 .
. S N \} . ) |
\ J _F M.‘A M J I
1002100mm100 100 100 100° 343 2 0
3643 S5 122 125 42 s ., M
" b 94.3
399.4 = 499.1 - 100.4 + 76.8 - 76.1 7
S . .

A 8§ O N D Y

13.3 11)5 2400

61 115
¢ N ) . ) “
0 115 13 13 13 :
C11.8 um488.6|"
187.4°

A s$ O N D ¥

3

0 115. 24.8 36.3 50
10.3476.8
6.1 Y 1504
5 o e v
A S 'O N D Y
o . N
0 115 248 363 68.3
oo \
‘ . o768
61 & 400.4 -
. o :

S
£

N



139.92

150mm !

2

pb

139.92

250mm!

03y sS

A

150 150 150 . 150 843 52 - 0

T2 425 42 1187

T \443,

399.4 = 499.1 - 504 +303 - 796 7

7T F M- A M 'SR

~

152.1 164.8 168.8 180.3114.6 82.3 0

14.0

399.4 = 499.1 - 20.1 +0 - 79.6 7

a4

0
(]

0

6.1

el
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11.5 .24.8 363 603

115,248 363 60.3

pos

Yr

303 .

-

504

20.1

The level of moisture in storage at the end of the previous year for each category isy -

 years surplus carry over ('moisture in snow detention storage in excess of soil moisture

recha'rge capaefty) is located at 3. ‘This surplus value is added to the yearly surplus total

for 19§5 (when 3 melts and runs off) The surpluses underlmed at 4 represent the surplus

cairy over from thc present year which will be added to the next years surp}us total. The

* underlined §urpluses are in the form of snoyv w}u?h rests on the surface, an

Y

€ not

-

released until the temperature rises above 0 °C. The present years surpluses are recorded

on the line marked by a5and make-upv the yearly siirplus toial Deficitsvare created after

; me negauve soxl moisture change from line 6 has reduced therstorage level to 0 mm.

* recorded at 2. Itis from this value that the new years balante will continue. The pm\;gpus'

Deﬁcxts wxll continue fmm month to month unnl a positive storage change durmg amonth S

recﬁarges soxl moisture category The deﬁcrts for each month are recorded on the lme

’
.

.’v s
- L

marked by a 6, and are totalled for the year. The final step in makmg a water balance table
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" isPocheck the‘calculations through the water balance equation (7). The total yearly |
precrpttauon from line § is puton the left side, and the total yearly potenual

evapotransptranon from lxne 4is put on t&e nght side of e equatton The tOtal yearly

deﬁcnt of the specific water storage category is Subtracted from the PE, and the total yearly
surplus of the speclﬁc water storage category is added to the PE To determine the storage .
change in the formula, thé December M‘g&yalue of the preTt‘ous year is s'ubtracted from

.the December storage-value of the Wt yéar _ R " 5 4

328 THE SELECI'ION OF METEOROLOGICAL’ STATIONS

The meteorologlcal data necessary for the ’I'homthwmte procedure were obtained
' from the Edmonton Internattonal Au'port station. The Edmonton Mumcxpal Airport weather
Stauon was not ghosen because of the heat island effect over the city of Edmonton and the
lower elevation, The heat island effect over the past tweng years has served to increase the
potentlal evapotransplrauo.n inthe c1ty, resultmg in the International Atrport becorrung a

more representanve station for Elk Island Nattonal Park (table 3.1). Inastudy on the ' |
. chmate of Vancouver by Hay and Oke (1973), it was found that clty climates were created \
by urbamzauon $whrch resulted from a disruption of the natural landscape and atmosphere
The built up areas were found on average to be 1 to 2-°C warmer than the surrounding
countrysxde in any one month wrth a maximum recorded daily dxfference of l 1 6 oC.

The Municipal and International Arrport meteorological records in the form of water

balances are compared in table 3.1. It was expected that hlgher deficits would have been
‘recorded at the Mumc1pal Anpon because of the heat 1sland effect creating htgher '
evapotransprratxon levels. The Mumcrpal Alrport station results produced the htgher o
expected deficits (table 3. 1) It was also expected that hrgher surpluses would have‘been _
recorded at the Internatibnal Airport becauSe it was not affected by the heat rsland effect. In
ithe 20 years of recorck the Intemauonal Arrport station only had 10 years with hrgher

surpluses. 'I'he results in table 3.1 would nevertheless indicate that the heit island effect v

i
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does have some inf]iuc‘uce on‘ the Municipai Airport meteorologicat station data and the
International Adsport data were selected for use in this thesis, - 4

A third order wéather station/in Elk Island Nanonal Park was established in 1982
The lcngth of rccord is too short to show any possﬂ)lc trends but thc Parks da\t‘a has bcen

used as a check on the International: Auppn values (Table 3.2).

L)

2

CTABLE31 . . -
" Water Balances at the Edmonton Municipal and International Airports

STORAGE MUNICIPAL AIRPORT  INTERNATIONAL AIRPORT

: VALUE  SURPLUS DEFICIT . . SURPLUS' DEFICIT
DATE (mm) (mm) . = (mm) (mm) . (mm)
197] 13 109.2 - 264.2 121.9 238.8
o 50 73.6 226.0 99.1 200.7
100 22.9 1753 - 48.3 1499
150 0 152.4 0 . 101.6 #
250 : 0 1524 0 101.6
1972 13 ‘1524 161.3 i 1@7.3 73.7°,
50 1143 124.4 194 . 330,
100 63.5 . 137 66.0 0.
- 150 12.7 . 22.9 17.8 0
C -~ .250 0 8:1 0 0 "
1973 13 88.9 1117 1219  '86.4
50 305 -  53.3 533 «17.8
100 0o 218 . 17.8 - 0
150 -0 % o218 © 152 ‘v 0
250 "0 o2 8 0. -, 0
. ‘ * )’ .
' & ’ '
y 1974 13 - 152.4 - 0 © 1549 154.9
| 50 J1143 - (380 ¢ . 1143 0 ¢ 1160
100, 63.5 38 ©99.1° 1635
. J 150 127 o 1R 96.5 17.8
. 250 "0 0- 279 - . 0
1975 13 95,0 217.0 -« 820 106.0
o , 50 43.0 166.0 450 .  69.0,
TN 100 0 “123.0 . 0 . 24.0
150 0 - 109.0 - 0 24.0
0 -0

250 > ‘0 . 98.0
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TABLE 3.1 CONTINUED N
STORAGE MUNICIPAL AIRPORT INTERNATIONALAIRPORT

VALUE SURPLUS DEFICIT SURPLUS 'DEFICIT
) (mm) (mm) (mm) (mm)
1976 13 249.2 * 75.8 146.6
50 208.4° 38.8 109.6
100, 167.3 - 0 - 70.8 -
‘ 150 167.3 0 - 20.8
| 250 167.3 ‘ 0 8.8
1977 - 13, . 1753 = . 91.8 159.1
50 48.6 102.0 34.9 102.1
100 0 * 53.4 £ 67.3
150 0 53.4 ‘ 67.3
250 0 53,4 -0 67.3
1978 13 135 141.5 151.9
' 50 25.7 67.5 109.3
100 -0 . 90.5
150 - 0 0 90.5
250 0 0 90.5
' -
1979 13 195.7 “99.1 169.0
. 50 121.7 93.5 132.0
~100. 71.4 92.2 82.0
150 22.0 42.2 32.0
250 22.0 0 0
1980 13 1923 ¢+ {915 - 1208
| 50 134:9 - L1047 62.1:
100 84.9 . 10.0 17.4
150 60.5 5 0 17.4
250 56.3 0 17.4
1981 13" 1881+ '82.8 229.8
.50 144.1 48.5 167.4
100 . 94.1 48.5 117.4
150 82.6 8.5 67.4
250 82.6 0 58.9
1982 13 2347 S 211.8 - 189.0
S 50 . 160.7 T 137.8 115.0
- +100 . 108.3 52.4 37.0
150 58.3 2.4 0
250 5177 - - 0 0.
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STORAGE MUNICIPAL AIRPORT  INTERNATIONAL AIRPORT

© . TABLE 3.1 CONTINUED

§

« " VALUE SURPLUS DEFICIT SURPLUS DEFICIT

DATE -~ (mm) - (mm) - (mm) (mm) (mm) ‘

1983 13 1117 248.1. - * .873 - 208.1 -~ 4

50 317 174.1 - 14.2 135.1 . -
- 100 0 136.4 0 120.9
150 0 -, 1364 , 0 120.9
250 _ 0 “1364 0 1209
» ) N ‘
1984 13 143.5 25.7-‘ ' 1443 238.0
. 50. 69.5" 181.9 703 209.0 "
100 0 158.5 . 735 1842
| 150 0 '158.5 0 184.2
< 250 0~ 158.5 0 184.2
1985 13 99.7 193.4 88.5 187.4
o 50 99.7 156.4 76.8 150.4
100 95.8 * 106.4 76.8 . 100.7
150° 45.8 56.4 30.3 50.4
250 0 7.5 0 20.1
. \ ' .

A 1986 13 1137 1786 101.0 150.0
B N 50 46.0 L1369 . 489 94.9
4% 100 0 . %909 0 - 46.0
- 150 0 90.9 0 ,46.0
250 0 90.9 0 . 46.0

. Source: Calculations by Author Using the Thornthwaite Procedure

Yoy
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ELNP
Year Ppt. vPE
1982 6322 499.1
1983 . 5854 5248
1984 5021 ° 520.8
19851, : 5_11.1 3162

CTOTAL 21372

20 percent more precipitation (Ppt.) than the Edmonto‘ltcmational Airport. The

#

2061.4 .

 TABLE32'

2039.4 +20.5

. N . s , “
A Comparison Of Water Ralance Values Between
Elk -Island National Park And Edmonton'International Airpo

¢

Froy the four years of comparison, it is evident that the Park rccci\'/cﬂfon averfe

[

B

I't " ‘ Lo

R

f RN ¢ L EWE

! ’ %.:». g 4 b ﬁ *
EDMONTON o 7TO
- ’ o Efw

Ppt. pE L 'ﬁétl’ ,";’f pE - -
516.4, 493.6  +22.4  +1.1
4094 5298 430 0.9
4488 ' 5171 <+1-1.9 +0.7

3994 8 4991 - *4.3 ;‘d.i «
1774.0 +1.1

i

e

precipitation amounts during the winter at the Edmonton Memational Airport and Elk

IslandNational Park are very similar. The major differences in precipita:ion‘amounts

occured duﬁng the summer (App. I, IV). The potential evapotranspiration (PE) ovérsthc

T} similar ‘\'vith only a 1.1pércent difference between the two

four years was however,-
stations. - f'a\/ .

The yearly surplus and deficit values for the different stations are listed in table 3.3.

~u

*

'y

. Ttis dvident when comparing the Edmonton International Airport and Elk Island National

Park weather data for 1982 and 1983 that tﬂc\‘surpluscs were higher than the deficits in the

Park. At the Airport in 1983 and other years, the deficits were

ater than the surpluses.

This is a result.of lower precipitation levels at the Airport. The lkngth of record however

does not enable the writer to make any predictions and conclusions.

“

. ‘
N d

-
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e
s

e
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There arg other third order weather stations, near Elk Island Nattonal Park mcludmg .

-

B Ellershe Vegrevrlle, Toﬂeld and Fort Saskatchewan ;I'he record from these statrons is
B mcomplete, and therefore unrelrable, resulttng in their hrmted use as a*check on exrstrng

v data from the ﬁrst order Edmonton Internatronal Arrport statton -

o€ kS

_ The Vegrevﬂle weather statron data are not representatrve of the Elk Island Nattonal R .
: J
. Park chmate, due to the drier conditions of the Vegrevrlle at;ea In table 3.3 i it is apparent

' from the’ 9 years of gecord that on average the Vegrevrlle weather Statton recerved the lowest-

| amounts of precipitation. * He Toﬁeld North and Ellershe weather data were found to be

| tmrehable due to mlssrng data whtch 'had 0 be esumated from other statrons The Fort

e Saskatchewan data were not tncluded in table 3. 3 because of numerous gaps. ‘,’,}

: Edrrronton to be affected by the crty s heat 1sland effect In the 9 year ’ of- record 1n table

\ C
The N amao meteorologtcal station is closer to Elk Island National Park and

: Edmonton than the Internattonal Airport. The Namao weather Stauon is close ehough o

u made by Thomt&warte, Mather, and, Carter (19534 whtch covered e Northeast Umted

~ 13\ .

States m 3 maps rndrvrdually deprcted the potennal 2'.vapotrasp1 _ uon, surpluses, and

| deﬁcrts The maps of Southwest Asra pnmar;tly focused ort;Indta » ,d ’_héVC:b’ePn rﬁﬁ-sei" L
S . and expanded upon by local Indtan scholars such as L A Ramdas (1972) The B

i’

oy
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: TABLE 3. 3

Water Balance Equatnons For. Weather Statlons In The

Elk Island Natlonal Park-Area
(IOOmm Water Storage Category) ;

1977 -
Edm. Int.

- Namao

Vegreville
Tofield N.

1978
Edm. Int. ~

Namao

_‘Vegreville

Tofield'N.
Ellerslie -

1979

- Edm. Int.

Namao -

- Vegreville

 TofieldN.

Ellerslie
1980

Edm. Int.

Namao
Vegreville

. Tofield N.

Ellerslie
1981 -

Edm. Int.

Namao
Vegreville
Tofield N.

 Ellerslie

1982

- Edm. Int.

i

- Namao
Vegreville -

Tofield N.

- 5164 = 4936 3?+524+74
" 465.1 = 518:6 - 93 +37 + 2.5

.'@\4367 4905 - 60.8++ 5 +2
" ¥489.1 = 501 %= 74.

3""4575 500.2d 6124+ 20.4-19
6322*—4991 19+1o74+447

al :
s T

Pt
[

Ppt‘=PlE_"-'D+_-Si:'AST‘_ ’

4358 =511.9-673+0- 8.8

_458.9 =544.3 -66.4 + 0 -19
4489 =531 -87 +0+49 ..
510.5 = 536.6 - 42.5+ 19.7 - 3.3

540.6 = 533.9-90.5+0-97.2
558.3 =844.3-29.8 + 0 +44
4253 =534.6 - 118.6 +0+9.3
. 7164 =540.5-0+94 +819
-520.6 = 555.1-52.3+0+17.8

b

429.5=510.4- 82 +92.2-91.1
8-75.7+30.9-42.1
396.7 =504.5 - 1153 +26 - 18.5
4949 = 507.6 - 36.6 + 130.6 +106.7

4419 = 52

\h“\

~3877 5151-1312+257 21.9

6149 = 533.7 - 7.4 + 10 +88.6
601.6 = 561.8'- 9.5+ 4,4 +44.9
4174 =546.2 - 153.4 +0 + 246
623.1 = 548.4 - 45.8 + 24 + 96.5
15632 = 5459 - 61.5+ 0 + 78.8

370.6.= 540 - 117.4 + 48.5 - 100.5-

. 387.5=1563.1-1193+14-577
- 2788 =541.2-2283+0-34.1

3499 = 539.5 - 1659 + 64.5 - 88.2

'3954 5471 893+285 909

d

-~

.
W

oA

" \ .:

0

- Lad

R Y
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“TABLE 3.3 CONTINUED \

1983 _ _ .
 Edm. Int. 409.4 = 529.8 - 120.9 + 0 + .5
" Namao .420.4=548-131+0+34
Vegreville - -516.7 = 527.7 - 40.5 +29.5
Tofield N. 588.4 =524.4'-0 + 31>+ 32.8
- Ellerslie 405.6 = 530.1 - 136.d+ 0 + 12.1
EINP - 585.4 = 524.8 - 30.8 X 129.7.- 38.3
1984 T - g
Edm. Int. . 4488 =517.1-184.2+35+1124
Namao - . 4760 = 521.2"- 126.1 + 0 + 80.9
. Vegreville : 430.1 =523.7-1347+0+41.1 .
" Tofield N.- 520.4'=523.3-79.6+5 +71.7 &
- Ellerslie ' 3979 =517.1-2167+0+ -
EINP 5021 = 520.8‘-‘ 138.3 +
1985 ' : )
Edm. Int.. 399.4 = 499 1 - f0g
- Namao . 4458 = 5229 -4 W
Vegreville 402.5 = 497.8
~ Tofield N.  452.6 = 504.5 -
" Ellerslie - :
EINP
1986 .
- Edm. Int. - -4915 5492 460+O 117
~ Namao , 4573 =541.0- 1050+0+213
. . Vegreville " N/A I o
' Tofield N. N/A
Ellerslie - N/A

ENP . NA

* Source: Caiiculations.by Author using the Thornthwaite Procedure



Thornthweite procedure has been used in Ireland by Guerrini (1972) to determing and |
-+ compare the PE and surpluses with the measured rtver runoff The procedures values were
found to closely resemble the measured values durmg the spring, summer, and. fall but .
dxffered from measured values dunng the wmter A number of revisions to the procedure
were carried out by Guemm during the- wmter penod which let the calculated runoffw\Xx m
resemble the_ measured runo£f. The determrnauon of PE has been carned out in Nigeria -
using the Tl}orntltwaite technique (Garnier, 1952). The object of this experlment was to -
determine the PE of several stat?ons in Nigeria through use of an evapotranspirometer and
by calculations. On ‘a worldwide scale, Leithhv_and Box(1971), constructed a map,of the
world's primary p‘roductiv’ity throu gh correlatlbns with its Th_‘orqthwalte evapotranspiration o
patteins, * v _ - L\‘ | L .. ._ : | \ 0

Onthe North Amend“mtment, Sanderson (1948) used the Thomth\Vatte |
xprocedure to construct maps of potenttal evapotransptratron, surpluses, and deficits of
Canada The data for these maps were gathered from 650 weather stauons across Canada,
;most of whxch had more than 20 years of record. -Sanderson found a close agreement
E between measured runoff and the cornm;tted water surpluses in Canada

Thornthwalte and Mather (1955) tested the Thomthwatte techmque in Anzona
‘Ohio, the Tennessee vaer Basin, and in Virginia and found a very close agreement
. between monthly and annual computed values of runoff and ;neasured values |

- In 1967 Sanderson and Phllhps used the Thornthwarte procedure to construct water

surplus maps of Canada The maps of Canadran water surpluses were were srmtlar to the
.maps prepared by Thomthwalte, Mather\a j Carter (1958) of water surpluses along the
United States border. An early map by Thomthwatte (1944) showmg runoff in the eastern o
Umted States was compared by Langbem and others (1949) with maps of measured |
runoff Langbein and others (1949) found Thornthwalte s results to be quite representanve :

of the measured runoff. o S o e

. ” ' : 0 .
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Baily and Johnson (1972) used tWﬁte progedure to compare the potential

evapotransplratlon of Kansas Crty and Oakl 1s_‘i‘»yas-done to provide examples of

| co.nunental and aritime temperature regimes, and their relation to potential

evapotransplrauon }‘ _
" An apphcatton of Thomthwarte by Muller (1972) served to| 1llustmte the dxfferences
between 1nd1v1dua1 years and a thu'ty year average in five areas of the Umted States Muller} |

(19 @2) stressed the need iYor analyses based on daily, weekly, or monthly datarather than
on tradtuonal averages : Lo N \

In 1976 Phllhps used and t!pdlﬁed the 'I‘homthwmte procedure in Cangrda which -

has a cold weather chmate Phrlhps found there was an underestlmauon of winter funoff
oy

4‘7 ‘and an overesnmauon of spnng ‘runoff when compared to rneasured results A

| mod1ﬁcat10n was carried out which would i increase thg, wmter‘runoff and therefore in effect -

decrease the springvruno“ff The approach was found to eliminate tﬁe wider sWings from

hlgh to low runoff which resulted fmm use of the unmodified Thomthwaite procedure.

g There hmve been numerous uses of the Thomthwaite procedure closer to the thesis

x‘r;-l} v

study area. SandersonQQ54) used Thomthwalte in Norman Wells N.W. T. to compare

| measured evapotranspu'anon from evapotransptrorﬁters with PE calculated usin g the

Thomthwaute techmque Durmg the two seasons of testmg, work w1th the formula o

" produced results in the correct order of magmtude in sp1te of the fact that the length-of-day

correctldn factor for 50 oN was used in the calculatton Laycock (1957) used precxprtatton

' and evapotranspuauon data to determrne approx1mate stream flow pattems in the eastem s

-

'slopes of the Canadlan Rocktes The precrpxtatxon was determmed through use of data .

from meteorologrcal statxons, terhporary precrpltatlon gauges, and topographxcally adjusted

N 1sohyets (hnes Jommg pomts of equal pfempxtatton) The evapotransptrauon was

determined through use of the Thornthwalte techmque ‘The y1elds were deterrmned

v through the equanon Precrpttauon Evapotransptrauon Yleld. Laycock (1957) also ..

f



suggested possible watershed management alternatlves to irnprove the yielcls within an .
.a;-cn; * ' " - | 1' '“\, /".
| Water deﬁctency pattems usmg the Thomthwaxte techmque were ﬁrst determmed
by Laycock in 1964 ‘The results were comptled into moisture deficit maps of the Prame
Provinces. The ﬁﬁdlngs and maps from this report were later used i in 8 report on .
deficiency and surplus patterns by Laycock in 1967 Laycock (1967) primarily used the
Thomthwarte procedure to map the major pattems of drought and moisture surplus in the -
Praxne Provinces. The Thomthwarte procedure was the major techmque used in this
.report, whrle other procedures such as Lowry and Johnson ‘and Blaney and .Criddle were
used as checks on the Thomthwalte procedure Laycock (1967) reported that local stﬂétes
of streamflow, surplus and deﬁcxency pattems on the whole conﬁrmed the pattems
, estabhshed through use of the Thomthwaxte techmque Laycock (1973) used the
: Thomthwmte procedure in the Cookmg Lake Moraine to deterrmne the surpluses and
. deficits of the area, The surpluses and deficits were compared to the level ﬂuctuanons of
Gull and Coolcmg Lakes, whereupon a close correlation was found to &ist between the .
twoformsofdata o 3 o — . !
- Maclver (1966) used the Thomthwaxte procedure to deterrmne surpluses and
deﬁcrts m the Sprmg Creek Basm southwest of Valleyvrew An objecttve of the thesis was
- to dxscuss the vanous.\problems assoctated with the transforrnatton of the forests into crop
| land and pastures, particularly with respect to surpluses. Vanous yvater storage categones .
for different vegetation and soil .groups were included into the surplus' and deﬁcit |
calculanons A number of problems associated with mcreased surpluses were found such
as erosion, ﬂoodmg, and sedxmentanon The 'I’hornthwatte procedure was used to —t
'deterrmne the annual- runoff dunng 1966 and the future potennal post—gevelopment runoff

Kakela (1969) used the Thomthwaite procedure to determine the water balance of

the Yellowknife area. Partlcular attennon was patd by Kakela to the effects of the winter

S




PR : | L L
snow accu_rnalation on the meazured'sp_ring,runoff and the corresponding comp_uted" spring
" runoff. _ o }_ | |
Maclver (1970)«used the Thomthwaite proc':edure ina thesis on the macroclimatic
zonation of Northern Alberta The Thornthwaite technique was used todetermine the
'. regtons potenaal evapotransptranon, and waterdeﬁcxency above the 4 mch Mage
category. ' o o
In 1972, Erxleben studxed the effects of deferent land ke pattems upon snowmelt
runoff in the Whitemud Creek ?asm The Thomthwarte procedure was used to determine
, surpluses whtch were found to be in relattvely close agreement wrth the measured runoff
values. The land surfaces were separated into water storage categones to determine how

- 3 s
the surpluses were taking place.

‘much and’ |
‘Wight (1973) used the Thornthwaite procedure to attempt todef‘tne the average
- . patterns of 'evaporation frorn lakes, and evapotranspiration for certain vegetadve surfaces in
 the Baker Creek Basm near Yellowkmfe N W. T Hallock (1976) calculated the SQll
. | morsture surpluses of the Gregoire Lake Basin usmg 'Ihornthwalte to compare to the
observed stream flow charactenstlcs, and hydrographs The water storage categones were
. based largéy on vegetative cover drfferences In 1977 Wrche completed a thesis which -
used 'I,'homthwalte water balance procedures to deﬁne present and future water balance
pattems in the Beaver Creek Basm near Fort McMurray Yield estimates from the h
procedure were compared with gauged ytelds Dunng the five yeaxs of record, three of the -
years had esumated results wh1ch were very srmllar to the gauged results, and two yea&s
. thh results which were drssrrmlar Woodburn ( 1977) used the Thornthwalte procedure to
detemune surplus patterns within the Cookmg Lake Morame ESUmates 9f snow melt y
runoff for 1975-1‘976 were made usmg Thomthwatte which were &en compared to actual
gauged runoffs. Woodburr_t (19117) reported a high correlation between spring’surpluses
u?tng Thornthwaite and thels.pring to fall lake level changes. An in\te‘ntory of surflcial '



. the Thomthwalte bookkeepmg proced\ﬁi}, It was thought by Park that the Thomthwarte g

cover and assignment of dppropriate moisture storage categories within the Baker Creek

Basin was carried out by l’ark (1979) The values that were derived were then inserted into‘

_ \yater balancqfor the Baker Creek Basin was a close ﬁt usmg calculatec17 moxsture

" storage values based upon a number of eategones ®

MacKenzre (1987), a Doctoral candtdate at the Umversxty of Alberta, is at present
studymg the water surpluses wr\m the crty of Edmonton The surpluses are being

calculated within a range of motsm\mstorage categortes to determine the annual water )'IC]d

. for the city of Edmonton Hurley (1987), a Masters student at the Umver51ty of Alberta, is

conductrng a study on the effect of urbamzatton on surpluses in a new 5 000 acre

development in south Edmonton. The area was dlvided into moisture storage categones .

and yields were calculated to determine the poss1ble capacny requxrements for stormwater

lakes in the development. S I

»
3.4 THE PENMAN PROCEDURE | _

. The Penman techmque is another method of determining the potgentlal
evapotranspiration of an area. Tlus equatlon is more complex than the Thornthwaite . |
techmque and requires many more data fori 1ts different set of parameters. The Penman
equation should be termed "equattons because multiple equauons are necessary to

% %

determine the potentlal evapotransprratxon The data necessary to complete the equations

are hard to find and are not always available, For example there are no radiation datum

avarlable from the Edmonton Intematlonal &p&'& , resulting in data from Stony Plain being

used for Elk Island National Park studies. 0 A Vot
There are three basrc equatlons which make up e Penman procedure The ﬁrst

equation is meant to measure the drymg power of the air and takes the form, o

%

© . Ea=.35(1+U/100)e,-¢)

e e T s
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* whiere Ri is the total i mcommg short wave radiation, r is the albedo cmp coefficient,and Rb |

.49

where U is the wind speed in miles per day ata heightof 2m, Cw the saturgtion vapour

pressure at mean arr temperature (mbar), and ey represents the vapour pressure of the

' atmosphere (mbar), (Ward 1975). In the calculanon of this: formu‘ia, the Goff-Gratch

(1946) formula ﬁas used to measure e . To determine ey the formulaey = ¢, x relative -

hurmdrty taken from Verma (1968) was used. - K L .

'I'he secomd equation called the Heat Budget "provxde;an estimate of the net
radiation necessary for evaporation and heating at the earths surface” (Ward, p. 115,

1975). The heat budget equation takes the form; ’
B CH=Ri(ID-Ry g

is the longwave outgomg radtauon The incoming § short wave radtauon can be determined

from radiation tables, but the long wave outgomg radrauon must be deterrmned from the

7

Jollowmg equation:

-

Rb = 0T (.56 - .09 e,/2)(.1 + 9 /N)
| (Wiche, 1977)

“The GT¢ is the Stefan-Boltzmann Law and is intended to measure the total power

| radlated per unit area of a black body (°K). The € value is the mean vapour pressure of ihe
'atrnosphererémm Hgs and thgn/N equation is a percentage of the acpal hours of sunshme

in relanon to the total possxble hours of sunshine (Penman, 1963). Thei mcormng solar
radiation (Ri) is converted from langleys to an evaporauon equrvalent by dividing by the .-

factor of 59 (1 mm evaporauoq per day 59 alortes/cmzlday) (Verma,1968)

The third equation used to measure the
includes the two previous equations. The third

~

A working exarnple of this and following Penman equatioris can be found in appendix II.



E = (A/a* H + Ea)/(A/o+ 1)
(Wa ard 1‘975)

o L
f\/_; here, A is the slope of the saturation vapour pressure curve for whter at mean air

\

~.

}

\
s

temperature in mm/Hg/°C -and « is the constant ( 62197) of the wet-and »dry bulb -
psychrometer equation. -The ratio A/atis mmegsxonlcss and is in effect a weighting factor
used to assess the relative effects of energy supply and ventxlatron on evaporanon (Penman,
1963) Thevalue H is the heat budget equation, and Ea is the equanon to measure the -
 drying power of the air. |

The Penman equanon to measure potential evapotransplrauon has had widespread
use throughout the world. Ch g (1968), has stated that expenmental evidence has shown
the Penman equats{r to be the best formula if requrred data are available. Recently, Mather
(1975, p.71) nas stated that “the Penman method appears to provide reliable vualues for
daily or monthly evapotranSpuanon under a wide range of environmental conditions”.
Compansons between the Penman and Thornthwalte methods by Pruitt in California and
Washington (1960), 'S‘tanhrll in Israel (1960); Chapas and Rees in Rhodesia (1964), and
Chang in Hawaii (1961) would indicate the Penmén method te be more accurate where

enough input data are avallable (Chan g, 1968). 'I’he equatlon has proven to be effectrve in

| determlnmg PE in marine west coast chmates 1nc1ud1ng Southern England where the

equatron was first tested (Wiche, 1977). "Le%(l%S) in h1§:-doctoral thesis in Alberta
used the Penman prccedure because it was a majo! tech'nique which'was based on the
energy balance and -aerodynamic approaches.

The Penman method has not proven to be the most accurate under contmental

~ climates. The Penman procedure accordmg to Laycock (1987) underestimates P’E ina

conunental chmate Baker (1958) in anesota found the Thornthwaite procedure to be

equal to or superior to the Penman method. In the Beaver Creek Basm of Alberta. Wiche
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(1977)'.}found the Thomthwaite method to be more accu;ate than the Penman method due

10 tlte low PE v.alue"s_'from.the Penman ‘procedure. The Penman procedure is not suited to a

continent‘éi climate due to the large t‘luctuation§ in seasonal temp‘erature. “The solar

\‘ insolation is the dominating variable while meafn monthly air temperature is subordinatedg/

- this equation" (Wiche, 1977 p. 90). The Penman method is suited toa west coast marine
climate where the seasonal fluctuauons in temperature are small, and the posmve
temperatm'e anomaly for thellatxtude is large. (Penman, 1948, La_ycock, 1987). . ,

| A comparison of Thomthwait“nd Penman monthly potential evapotranspiration

totals may be found in table 3.4.: The full yéar was not calculated because the PE durmg
the months wuh a mean tempegature below 0 °C'is zero. The Thomth:vmte procedure from
the 10 year average recorded a hxgher yearly potential evapotransptrauon (Table 3.4). Itis

- apparem thgt PE values are higher from April - June using the Penman procedure, and are .
higher from July - October using the, Thornthwmte procedure (Table 3.4). The Penman -
values were-unexpectedly similar to those values from the 'I‘homthwaxte procedure The
Penman results are sxmtlamo those arrived at by Verma (1968), although no dxrect yearly
comparison was possible, There.i is some doubt by the writer about the high PE values for. :

" April and May when using the Penman procedure. The mean temf)eratures in April and

,‘ Aeax:ly May are near 0 °C which can Tesult in heavy frosts which impede _thc growth of

phnts. Secondly, there is gtill snow on the ground in Anril in centml Alberta which would

increase the albedo of the ground surface relative to summer values. An increased albedo

would decrease the amount of energy avallable to heat the ¢ air.

~ There are a number of reasons as to why the author has‘t'tot used the Penman ‘

* procedure. The first problem stated earlicr relates to the availability of data. “The radiation

data only being found at Stony Plain creates problems concerning the sixxﬁlaﬁty between '

vdufs tece_ived in Stony Plain Eatnd those received in Elk Island\National Park. Using the

~ Thornthwaite procedure, data from Elk Island National l-j‘ark were used as a:ch'eck on the

’
<
-
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TABLE"3 4

Q0

P

mparison Of ':le Thornthwalte And Penman

Procedures in Measurmg Potential Evapotransplratlon

July !
August '
September
October

Seasonal Total

Se otal 7

1978

April -

Ma

June

July

August
September
October ,
Seasonal Total

" August -

September
October |
Seasonal Total

(mm)
Thomthwaitc

41.4 .
83.8

89.8

115.1

108.8

70.0°
22.1
531.0

51.8
79.8
106.1
106.9
- 82.5
57.2.
27.6
511.9

34.5

- 71.8
114.2
123.3
93.8
60.4

533.9

Penman

65.1
98.5
99.3
113.0
79.6
49.5
150

- 520.0

. 70.0

84.3
120.6
103.3

501 6

52
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* , [ TABLE 3.4 CONTINUED .
! -
Year/Month  Thornthwaite * Penman
% ' 1980 - s »
’ &gm a6 55.2 : 70 v
y 83.8 92.6 .
Jude ' 106.1 104.3
. July 115.1 118.7 I
o~ August 86.3 72.4
© A September 54.1 , - 349,
' October 33.1 e 14,1
Seasonal Total ~ 533.7 : . 507.0
1981 - -
Aprl 31.1 ‘ 60.6 . - '
May  83.8 . 859 ‘
June 93.8 - 119.2 ‘
July - 119.2 108.1
~ August . 120.0 L 107.3
L September 70.0 R 4 51.1
H - October 22.1 ¥ 12.6 '
| * Seasonal Total  540.0 . 535.8 | .
1982
. L )
,‘ b : \ }A ugu
LT -,September .
g Qﬁtobcr e,
) To

Avgust. 1 95.7.
. Seprember T '47. - 338
“October. - - = 11 0/ 10.7

,seasgngltpzal_ 51(1,1/ T 5225

Sy S
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S . TABLE 3.4 CONTINUED Ao
Ycar/ggmth Thornthwaite Penman
1985
April . 34eS 57.8
\  May . . 91.8 ~ 1116
June = 979 . 98.0
~ 0 July o 1274 137.3
" August 97.5 84.5
September 44.5 33.2
October 5.5 13.9
Seasonal Total  499.1 536.3
10 Year A‘vcragc o (-
April 37.2 60.6
May . 711.8 - 90.9
June 103.6 . J09.1
© July , 119.6 - 1153
w August 100.9 85.9
" September . 60.9 ’ 39.7
October . - 248 - 12.5
Seasonal Total  524.8 5 14.0

Source: Calculations by Author Using tlﬁ"!’bd'mhwaxtc and Pcnman Procedures

With Data from the Edmonton Intef8ational Airpott Astnual Meteorological Summary 4 .
Produced by the Atmospheric Enwronmc@co ‘.
SN 3
¢ ) 9% .
L] v
i R ,
T ,R|\



| uata from the Edrnonton Internatmnal A rt, whlle w1th the Penman procedure no |
i checks of thts kmd are posnble ‘The next problem w1th the data%oncerns the measurement
. of wmd The Pannan procedure requnes two measurements frdm dlfferent levels; wh1ch )
s arenqt avallable at the Edmonton Internattonal An'port The Penman equauon becomes
’ ’more etnpmcal thh every change in the data to accommodate its use in Elk Island Nanonal
o Park If the Penman. procedure were used and once the potent1a1 evapotransptrauon was
o ‘detemuned the '['homthwaxtebookkeepmg procedure would probably be used to determme

~
‘ the water balance for th,,area m questton \

- | The Penman techmque is onented towards the determmauon .of p?tenua:lf o
’ ! evapotransprratlon whrch alone cannot be ésed to determme a water balance. Potenual »
v _evapotransptratlommust be uscd in conJunctton W1th premp1tatlon and soﬂ moisture *
| avallabrhty to detenmne an areas water balance. |
_ 3 5 OTI-IER EMPIRICAL METHODS | | .
‘There : are other meth@s of rneasunng potennal evapotransplranon bemdes’the S
: 'Thomthwatte and Penman procedures The first of these methods isby Blaney and Cnddle
y ‘. (1950) Ongmally Blanex\/ Cnddle (1950) sought an empmcal formulﬁto relate
i evaporauon to temperature relauve hurmdlty, and day length in areas such as Texas and o
B 4‘" New Mextco In order 0 grve the procedure greater appl1cab1h throughout the world the S
PR _relattve humldlty factor was dropped and the formula U j(flf%as deqved (Penman | ’
1963) In thlS formula, U-- consumpttvg* use of water in‘inches for any penod K= w »
o emptncal consumpnve- use coefﬁcrent a F sum of the monthly consumpuve—use N
‘factors for the penod (Blaney and Cnddle 1950) In Blaney and Cnddle (1950), the
- mtennon in the use of the formula wasto determme‘the seasonal 1rr1ganon requlrement of a
.‘crop provxded the necessai'y chmatologtcal and u'ngatmn data were avaﬂable , o ”

,‘l .

Thxs foxmula, as in Thol'nthwaxte, was mtended for estlmaung the consumpuve use,

- when water supply was not hrmtmg (V\(ard 1975) As in the Thornthwarte procedure




: Blaney and Cnddle assumed,a relauonshxp ern evaporauon and the heanng of the air

. enablmg the use of the mean air temperature as an 1ndex of water loss (Penman, 1963)

There has been criticism of thrs procedure due to its empirical nature “The."

.coefficrent K was empmcally detenmned for arange of CTOpS to qorrect for the 1ength of
growmg season and clxrnath varlauons A range of values was necessary for d1fferent

e geographrcal and chmauc areas. There has also been crrucrsm of the factor F on grounds
that the F value may be applied dxfferently accordmg to the crop and in turn, each crop

' according to its geographrcal locauon This results in d1fferent estiffates of potentral

; evapotransprrauon where 1denncal chmauc condmons occur (W ard, 1975) Greater stress
has been placed on the drfferences of PE with dxfferent plants than in Thomthwane The
‘”Blaney and Cnddlcprocedure tendS' to make too b1g an allowance inthe calculauons for, the

length of day for thls reglon -The procedure works well up to 49 °N, but further north the

‘ procedure is much less accurate. For example, if. theBlaneyLQd.gnddle formula Were used

as outhned it could/l{e concluded that the most northerly part of Alberta. should have the

LA

. best growmg season due to the extended day length durmg the summer Once ,the

, hmrtauons of the Blaney and Cnddle procedure have been 1dent1ﬁed modr-ﬁcauons or :
‘corrections to the pr@dure could probably be made to adapt it for use in thrs area -,

, .(Laycock 1987) The experlmental studles\to make such mod1ﬁcat10ns or correcﬁons are

B L S

'however well beyond the scope of this study. - ‘ ) ‘ .. R N
Another procedure which has recerved some use in the Umted States is by Lowry

and Johnson The procedure involves an equatron whlch is 1ntendec% esumate |

consumpuve use for agncultural lands on an annual basrs (Chow, 1964) In thls B

' procedure, sorl morsture measurements are made in the spnng and would be entered into -

: _the growmg season requrrement calculatlons W1nter moxsture changes mcludmg possxble ‘

surpluses would not be 1ncluded in the calculauons 'I‘hus the procedure is mcomplete in -

et _-terms of an annual,water balance (Laycock 1987) In Laycock (1967), the Blaney and

L%

o9



o Criddle, and Lowry and Johnson methods were tested against the 'Thornthwaite procedure .

o on the Prarnes Both procedures were 1nadequate in provrdmg a water balance for the year, '.
: resultlng in the necessrty to adapt the Thornthwaite morsture storage allowances in the

" sprmg to the above pmccdums\gnce thxs correction was carried out the two methods
‘prov1ded very srmtlar results to Thomthwalte results.
"5 Turc (1954) developed a procedure similar to Penmans’ to deterrmne potential
evapotransprratton The prevrous methods of measurmg potent1a1 evapotransprranon were

| attempts at esnm\aung the rate of water use when the- water‘ supply was non-hrmung Turc
eytook the view that in nature thxs condition is not always a reahty 'ﬁrereby ramfaIl may be ‘
madequate in total or too unevenly distributed to satisfy the condmon of water non-hnutmg
(PeXxman 1963) Based on this premise, “Tuse designed two fonnulas The Tirstis .
rntended 0 relate annual evaporatron from catchment areas to ramfall an¢ arr temperature

\ (Penman, 1003) This formula is similar to‘l.'homthwartes in t_hat it 1s,1ntended to givea - . |
dafa base meastire of evaporatron | | | " et

| | The second and more gpmplex forrnula was intended to apply 1o short penods of

o , ‘time to determme the level of soil moisture cor}tent. “This applrcatlon has been usedto.

% measure water deﬁcrencres in Europe by Mohrmann and Kessler (1959) The Turc

prpéedure ish lengthy one whrch is comphcated and difficult to operate Mohrmann and

Kessler (1959) in their 1 use of the Turc procedure took a number of shortcuts to srmphfy the

procedure One such shortcut mvolved the calculatron of an average dyapotransprratron and L

the use-of preclprtauon as the main vanable Mohrmann and Kessler (1959) found it
necessary o use a large number of observatron statrons to make accurate estimates in_
Europe Alberta there are not enough statrons for this level of accuracy Thrs procedure
has prove to be useful in research basms,\but‘rs not adequate for detenmnmg regxonal R

Lo

_ patterns (Mohrmann and Kessler, 1959)



A procedure developed in the U.S.S.R. by Budyko (1974') is’ srmilar to the

Thomthwarte procedure Because of thrs, only abrief dlscussron wxll be ven concernmg
the Budyko procedure The Budyko method produces an accurate water bahance during the - o
: sumuner, | but is not as useful as Thomthwarte because the motstur,e carry over dunng the
winter is not well detcrmined There is no clear indication of the morstmeqstorége levels
durmg the sprmg The Budyko procedure has been adapted 43 accommodate thls
shortcommg to produce results which are very srmrlat; to Thornthwmte 5. " : -

- The Thomthwaxte procedure has been chosen over other procedures for use in thrs
area as a result of the €omplicated and empmcal nature oE the Penman procedure. the v 'Y

mcompleteness in terms of an annual water balance in the Blaney-Cnddle and Lowry’ 3 @

Johnson procedures, the lack of data and num’ber of observauon stanons for the Turc: e

: procedure, and the sxmrlanty of the Budyko procedure, and the avallablhty of mformatron

-on mmsture storage pattems in thlS reglon of use in the Thornthwalte procedure - A

The focus in this chapter has been to discuss the theory and technical aspects of the

.. ‘Thornthwaite procedure, and compare it wuh other procedures The Thornthwalte ' ﬁ ‘

) techmque will now be used i in Chapter 410 determme the surpluses and yrelds wrthm Elk

L]

'IslandNanonalPark. e RE oo ST




4. WATER BALANCE PROCEDURES o
o IN ELK ISLAND NATIONAL PARK - =

Lo

41 INTRODUCTION S L e
» Drseﬁesron in &ns chapter is focused upon on the water balance patterns wrthm Elk

' Island Nauonal Park, and on the deterrmnauon of the water yields from various basms
wrthm the Park. The ﬁrst pomt of discussion encompasses the moisture storage capacmes
“what they connst of and their related characteristics. The differences between the use of

| darly and gtonthly data in the water balance equations will be discussed in the next section, -

- Sectton A4isa drscusston of the yield pattems w1thm the Park, and the reasons for

| posmve land area y1elds and losses from lakes. The followmg subsectitms discuss
altemauve managernent practices wrthtn the Park and possrble correcuons to the water

‘_ . vbalance procedure used in Elk Island National Park In the next section, lake level data
‘provided by the Park staff are used asa check on the water balance calculattons The ﬁnal
subsecuon isa companson of thé measured lake level fluctuations with the calculated level

'*\

ﬂuctuatrons ‘ ,tq S S 3

4.2 MOIS'I‘URE STORAGE CAPACITIES ' | | ‘ )

; When preetprtatron exceeds the potenttal ev%potransprratron after a drxer penod there .
isa recharge of soil morftfre storage Surpluses occur when this recharge surpasses the@3
capacrty of the sorl to hold any more water, resultmg in runoff along the surface and/or

. seepage down to the groundwater Conversely, when the potenual evapotranspiration 1s
hrgher than the prec1p1tatton and the soﬂ motsture in storage has been expended, deﬁcrts N

w1ll be experienced. This causes all the precxprtanon tobe evaporated andtranspued before

it ean go 1nto morsture storage for use later on. The surface soils wrthm Elk Island Park are

- pnmanly composed of orthlc gray luvrsols fomted in dll (Fig. 2.1). There are excepnons

() thts, such asa scattenng of sand deposrts around the Park which have been noted in

o AN
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Chapter 2, and small areas of Dark Gray and brumsollgray luvrsols (th 2 1). Dueto

' the similarity of the soils within the Park the métsmrerstpra}gcapacrtres wrll be based

pnmanly upon the vegetauon cover and its depth of rd

| igg’._ Yhis procedure has been
carried out prevrously by Laycock (1967) in the Pratnes;l Maclver'(l'*& in the Spt‘lng
 Creek Basin, Kakela (1969).in the Yellowkmfe area, D. Maclver (1970) in Northem
Alberta, Erxleben (1972) in the Whttemud Creek Basm in Edmonton, Wight (1973) i m the
Yellowkmfe area, Hallock (1976), in the Gregoxre Lake Basm, Wtche (1977), in the
Beaver Creek Basin, Park (1979), in the Yellowkmfe area MacKenzre (1987), in the

| Edmonton Rtver Valley, and Hurley (1987) on storm water lakes and others.

The following categories, based largely upon the above sources, are the moisture -
storage capacities which will be used later in this chapter An example of a Park areas
d1v151on into the different water storage categones is illustrated in figure 4.1.

a. Wrthrn the Park boundary there aré scattered areas with paved surfaces suchas
roads and parlcmg lots which rmght typically have 2mm of moisture retentton Runoff will
occur after limited wettmg, but there is some surface detentton resulting in a 2mm storage
value (Photograph 4. 1) 1 Some of thls shower runoff i is ‘detained locally to be later -
evaporated The surpluses over the 16 year period.of study ranged from a hi gh of 409 7
‘mm.toa low of 226. 8 mm wrth an average yield of 305. 5 mm (Table 4.1). The htghest

surpluses and deﬁcrts of alI the water storage categones occurs in the 2 mm morsture

o
3

storage category

’;,.
Y

" b A bare soil with sparse to no cover would typtcally have a mmsture storage
capacrty of 13 mm. Thts‘type of cover would result in evaporauon'from a very shallow
soil depth. Gravelled‘ﬁ and packed trails make up the maJonty of the area represented
by the 13 mm storage capacrty in Elk Island Park (Photograph 4. 2). Due to the low

adws . N " A
g . e : . &
oo R o






~ Photograph 4.1 ‘ “ : S

c o . R -
\

“This photograph ﬂlustrates a combination of 2 mm of storage capacity for the paved-‘

' surfaces and probably 50 mm (100 mm if long grass) of‘storage capacxty for the central
zone. The location of this photograph may be found in figure 4.2.

- —
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. 'Calculated Surpluses in the Respective Water Storage Categories in EIk ™

Island National Park - Using Edmonton International Airport Data *

Daily data for April-October(S),Monthly data for November-March(W) ot

. : o ‘ ~ Surpluses in mm \ D b

o
e N

PP

s - - “Water Storage Catcgorie% (mm.)
| 27 13 50 100. 150 - 250 Wetland" . |
' PE- Ppt a b c d: e f g
1971 W 0. 1234 1233 1233 10Ls . 523 23 0 1234 .
"7 S 5316 2645 " 148.1 844 189 = 0 0 0 -3229
T 5316 3879 2714 2077 120.4 523 23, 0 -199.5
1972 W 0 1417 . 1397 1287 91.7 417 0 O 14L7 .
'S 4969 4361 2462 1138 33 216 93 0 .-60.8
T 4969 577.8 3859 2425 1247 633 93 - 0 809
1973 W 0 752 733 523 254 0 0 0 747
S 516 4974 3195. 1972 833 30:6 306 .0 -18.6
T .516  572.6 3928 2495 1087 30.6 306 0 56.1
1974 W 0. 1603 1583 1529 1159 957 957 = 24.5160.3
3 S 4957 3431 1823 942 421 57 57  57-1546
T. 4957 503.4 3406 247.1 158 1014 1014 302 5.7
TNOF5ST W 0 - 661 641 531 161 O 0 0 66.1
S 4963 3876 1968 99.1 261 = 0 0 0 -1315
T 4963 4627 2609 1522 422 0 0 0 -654
1976 W 0 808 808 728 358 0 0 0 808
S 5299 3714 ,1860% 738 - 0 0 0 0 -1988
T 5299 45804668 . 1466 358 0 - 0 0 -1180
1977 W 0 657 637 527 157 0 0 0 657
C s 5137 3789 2250 1055 257 O 0 0 -170
| T 5137 4446 2887 1582 - 414 O 0 0 -1043
1978 W. 0 688 668 558 188 0 O 0 688
'S 45346 4547 2683 .181.1 982 482 0. 0 -1442
T #3346 5235 3351 2369 117 482 0 0 754
WET0 878 858 748 692 ° 679 179 0 87.8
3527 1877 83 263 263 263 - 0 -182.7
4205 2735 1578 955 - 942 442 0 -949
947 927 817 447° 0 - 0 0 947
35097 317 2185 812 281 0 0 -39.8
36044 40970 3002 1259 281, O . 0 549
. . S
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- TABLE 4.1 CONTINUED -

) Water Zorage Categories (mm.)

2 13- K 100 150 250 Wctland'

PE Ppt. -a - b c . d N- f 8 ,
1981 W 0 704 684 574 485 485 85 0 704
S 546.1'330.5 1754 811 28 0 0 0 -260.7
T 5461 4009 2438 1385 513 485 85 0 -1903

1982 W-. 0 1285 1285 1230 860 360 0. 0 1285 +
S 5156 3919 2378 1580 868 368 06 0 -126.0
T 5156 520.4 3663 281.0 1728 7128 06 0 - 2.5
1983 W 0 527 527, S12 142 0 00 0 527
TS 5319 3447 1967 1294 924 369 0 . 0 -2283
T 5210 397.4 249.4 180.6 106.6 . 369 - 0 . 0 -1756
1984 W 0 668 648 538 168 0 0 0 668
" S 5226 3306 1869 1032 0 0 0 0 -2805
T 5226 3974 2517 1570 168 O 0 0 -2137

1985 W 0 653 - 653 653 . 653 653 188 0 653
S 5172 3305 1615 720 189 189 189 0 -236.0
T 5172 3058 2268 1373 842 842 377 0 -1707
1986 W- 0 747 655 655 402 0 0 0 747
S | 545.6 4230 257.1 1489 - 669 255 .0 0 -146.5
T 545.6 497.7 3226 2144 1071 255 0 0 -7L8

' Source Calculations by Author Using &hc ’I‘homthwauc Procedure
thh Data from the Edmonton International Airport Annital Meteorological. Summary

- Procuced by the Atmospheric Environment Service.

\



Photograph 4.2

Sow

The gravel parking lot is chimi:tcristic of the 13 mm moisture storagé category,
with much of the open woodland in the distance being in the 150 mm water storage
%:ategory (Fig. 4.2). ‘
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. moisture storage capacity, high surpluses and deficits are expenenced in this category. The

surpluses over the 16 year study period ranged from a high of 300.2 mm to a low 137 3
~ mm, and an average yield of 200.9 mm Q'able 4.1).
C. A thin or trampled grassy covér or fallow with some weed growth. in agrlcultural

_ areas weuld have a 50 mm soil moisture capactty The majority of this category would be

° represented by the grass shoulders adjacént to roads, the playing fields, and fields |
mtensrvely grazed by buffalo (Photograph 4. 3). Much of the area covered by pastures
which would normally fall under this category have been allocated to the 100 mm moxsture
storage capacity due to the wet conditions dunng the summer of 1986. In the 16 year

period of study, the surplus range varied from a high of 172.8- mm in-1982 to a low of

16.8 mm in 1984 with an average yield of 94.5 tam (TabldM.1). A water balance djagram

(based on data in App. I) of the 50 mm moisture storage category during the year 1984 is
. shown in figure 4.3. The water balance dtagram is based on’data presented in table 4 1.
d. The cover with a maximum of 100 mm of soil moisture storage would be
characterized by cereal grain crops in agricultural areas and a rough grazed or browsed
incomplete cover including shrubs‘ and herbaceous plants (Photographi4.4). 'I'he golf
course is also representative of the llOO mm soil moisture storage category, because of the
‘oot depth being comparable to cereal grain crops. The sandy ice proximous deposits
within the Park can be allotted to the 100 mm soil moisture category. ‘The latter areas have
good internal dramage resulting i in‘more groundwater than surface water routing of
surpluscs Due to the higher groundwater routing of surpluses, the ice proximous arcas

_ with mature vegetauon would tend to expenence ‘more deficits or droughts than a smular

mature vegetation on different sorls The good drainage results in no surface storage of .

water in (hpressmnal areas within the ice proxrmous sand and gravel deposits. “This

' category can be expected to have smaller and less frequent surpluses than prevrous

¢

-

<



»;

o

a -
3
ELK ISLAND |
. NATIONAL o
I - | PARK
Rep:
% .:l::.'rln

: EN §

. 3 .
. 1 2 3 . s i
] 1 -1 1 s st o
Aet Ingzo KILOMETERS Rgmlﬂglﬂ . s

NOTE: NUMBERS 1.7 ARE PHOTO LOCATIONS SOURCE: AUTHOR 1967 . °

‘Locations of Photographs Taken in Elk Island Nétior;al Pér‘k
L e Figure 4.2

- : - . . »



-

.

g | ; - 6
Pho,:ograi:h 4.3

) ’ . .

-

. This photograph illustrates {é@mﬁinaﬁon of the 50 mm storage category in the well
used grass arca, and the 100 mm storage category in the less used grassed areas. The |

woodland in the distance would be in the 150 mm and 250 mm étciragc categories (Fig. .*
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R exceed the precrprtanon m the summer months resultmg in deﬁcns occurmg when the

S categol'y usmg Edmonton Internanonal AITPQrt data (Table 4 1)

: Lo R T e 717

| categones The a\)erage yteld fromthe 16 year penod of study i 43 1 m w1th a hrgh of f
103 7 mm in' 1974 and a low of 0 mm in four years (’I‘able 4.1). . ) : r '

e. Areas of scrub forest W1th lesser depths of rootxng oran open foresﬁover
would have approxnnately 150 m., of sorl moxsture storage (Photograph 4 5) Th1s cover, N
3 would expenence fewer surpluses, and‘&'ought a httle later in the: summer than the |

prevrous categones The monthly and datly data for the 16 years in table 4 1 1llustrate the o

R prevrous statement w1th a surplus htgh of 102 2 mm, a low of 0 mm in 9 years and an

average yteld of 14, 6 mm. A Water balance dxagram of the 150 mm motstnre storage S

o
ko

category based on data i in Appendtx IIS located in ﬁgure 4 3. ', " L - f S k
| f A mature forest cover ona well dramed sorl could have access to 250 mm of sotl '

morsture from storag,e (Photograph 4, 6) The potennal evapotransprranon w1ll normally

stqéage supply qdepleted Surpluses are rare m the summer months but are possrble in.

wmter months Wwith an above average snow fall JThe cltrnatic potentral w1th1n thrs

S for surpluses te be small and mfrequent and for deﬁctts to be larger and more frequent

The deﬁcxts although larger than the surpluses are smaller than for any of the other p

categones because of the large potenttal evapotransprratton frorn storage 'The year 1974

was the sole year among the 16 years studled Wthh reported a Surplus in the 2.{

PR

\,\-\, e

:- ' : e
R . B '. AN

e £ | Wetlands wrthmElk Isié d Nattonal Park are prxmanly made up of marshes and \

-permanent \vater bodles (Photogra- 4 7)
- ‘ ' Marshes are-grassy, wet mmeral soﬂ areas, penodtcally mtmdated ﬁ"
,pup to adepth of 2 m or léss with standing or slow moving water. Suiface '
- ‘water levels may fluctuate seasonally, with declinirg levels exposm
e dgawdown zones of matted vegetatton or mudﬂats. .

“



.’4. .

, G storage category The vegetau n, to thc rear nght s1de of thc{)hotograph is fore dense and.’..

\ 4

: «‘;«- ‘»: would probably beﬁ thc 250 mm storage category (Flg 4 2) > i ) '; B '1 o
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‘ Tlns photograph dep1cts a wetland (marshAnd watcr body) Wthh will use PE+1/2Das.

5 e

. _therateof potenual evapotransplrauon durmg the summer. The dpﬁzlt valie used will be _
u}ken fro:n thc 150 mm tnoisture storage category whxch 1s the locaf average for the Park o

.' .The vegetanon in the open stands of treesTlose to the maesh would bom the 150 mm .','

molstln*e sto?age category, The closed stands of trees on the hlll in the dlstancc would be in-
' D o . .

the250mmstoragecatcgory T Com .5“
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o ,.,,Marshes charadtenstlcally show zonal or mosaic surface pattems of

. e vegetation, consisting of unconsolidated grass and sedge sods, frequently .
o xnterspersed wgth channels or pools of open water. S
. (Zolta1 1983 P 249) "
. o
; ent and seasonal lakes w1thm Elk Isl
¥ -‘ i .. M & ’ o ' . . " ‘
Nanonal Park. Durmg the sufnmer a Wetland surfa ;ould tend«to have more evaporauon s

. 'h

than the potentlﬁl evapotransprratron a551gned to 1t. The low gbedo of the w&t?” urfac "’}u e;‘? ‘

-y o ,g ¢ ,.‘

would tcnd to allow—a greater propomon of solar msolatton to* be'uzed in the evapOration' i

ofwater Warm dry air from ad_]oxmng areas whxch passes over the lakes and marshes

creates 4 nse in the evaporauon rates to above the normal PE values for the temperatures '

o present Thrs rise is approxrmately equal to 1/2 the deﬁcrt of the surroundmg |
. from which the warm dry a1r is received. The half deﬂcrt value yased upon deficrts in the s
150 mm"ure storage areas (the local average for the Park) The formula, PE + 1/2 D 1

‘ to determme potenual evapotgansptrauon over small lakes was suggested by Hobbs (1967)
_gmd ithas been more w1dely apphed in several subsequent studtes ‘

43 THEUS‘UF DAILY V. MO ]'

3

. 5
L " There are two forms of meteo \oglcal data wlsuch ™ay be used in the Th%mthwaxte
. o l b )

- procedure to determme potenual evapotranspxrauon surplusei and deﬁc1ts Thc first and
‘w - ‘
' pemture, and total monthly 4

. i,.
N B easwst of the two is monthly data, suchas mean"mon Ry

b’a

g precrpttauon values The second form whtch i’nvGN*xore mvolved bookkeepmg
R -y ) ) N
L »‘procedure 1s &ﬂy data such as’ mean datly temperature And total dally preClpltatlon ‘

A Y

" "*' \ 'Ihe monthly data are appropnaté for use durmg the wmter whlen tlmrs httle orno .

potenual evapotmnspxrauon, and only moxsture‘storage recharge and surpluses are -

.. ° . %
v : RSN
) . ° __x “ i ' | ° . '!.’ )
e ]
FE IO . g

- "Morithly and @aity wager balance tables may be found in appendices I and IIT respectively. -
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en masks chmauc B

.{" . recorded During- the summer months the use of monthly data o-
at}amns whic/i may occur during the month.. An.surplus from a moderate to heav storm
\.‘M K y
. evcnt nught not be apparent because evapotransptrauon in the rest of the mopth may be .
large enough to cancel it. A balancmg deﬁcrt may also-be htdden especxally where storage

capacrues are low

The use of da11y data dunng the summer months has made the use qf the

Thornthwalte procedure more sensmve to the cltmatxc pattems of &n area, With the useof ° ', ,

‘ daily data both surpluses and deﬁcrts are possrblc dunng w summer month especrally in, , ‘ ‘_ j N |

" ok
P *1; aﬂ}*ﬁ“
tl&fower storage categories. - . . * ﬁ‘

# ay = «e«mﬁ, ek T s “ﬁ" ﬂ

s g'\

,: <R ‘The p oténtial. ,cvapotranspll‘atlon esnmates usmg the dally data durmg the 16 years of study

are on average 2. 3 mm h],gher than when using monthly.data (Table 4. 2) The hlgher PE . ;".‘n s

estimates occur in par’t dunng the months of October - Apnl Dunng these rnonths the
N R ) cr s
mean monthly terhperature may be below 0°C resulung in no PE estrmate using the °

v itha tempera}slr;a v

: above 0oC whrch would be recorded usmg the datly data thus allowmg PF¢to b:t‘.ri , m 4.

) ) o "‘ },.v ,.
reglstered ) . v '%;' “

'
‘The most srgmﬁcant drfference betweemdarly and monthly data liés-in the surpluses 1,,.,.

monthly data There will be a number of days durmg these months

yt
: and deﬁcrts From table 4, 2 it1s evrdent that surpluses in the lower storage categones . *‘

A @ 13 50 mm) are much higher usmg darly data The average daily data surplus"bver al6 K 5 /‘
_ year record in the 13 mm category was 196 8 mm whcreas in the mbnthly data it was only L/ !

+.121.4 mm. In the 150 mm Category the average da}surplus was 14 5 mm. while the /'
' monthly data showed a 13 1 mm surplus. Usmg the dally data over the monthly data . . he

resulted ina 38 percent greater surplus i in the 13 mm category, and a 10 percent greater C -

\ . surplus in the 150 mm category The lower morsture storage categories (2,13, 50 mmf
- . _

./l

™



‘ : 4 . ' TABLE42
hY
Comparison of Dally and Monthly Weather Data for Yearly

Results Usmg Edmonton national Alrpu't Data
N T (1971 J9e86) . | L
- : Dally Data . , Monthly Da v
o Sto Storage - t% =y
. Surplus - Deficit .« Value Surplus Dcﬁcxt W
- YEAR[PE (mm) (mm.)  (mm.) YEAR/PE (mm) (mm.) * (mm.) =
1971 2714 3849 1971 . . ‘2 1334 ~ 263.3
531.6 13 206.8 308.7 ‘ 525 8 -‘.,' . 130 1219 238.8 o
50 11 2304 . “t 50 99.1 2007 .
j00 488 1615 ¥ 100 482 1499 .
150, 0 111.6 . e 1500 101.6 |
. 250 - 0 109.2: &h’ ©-.250 . 0 - 1016
1972 IR (7 /s o Co
496.9 2°- 3859 - 304.1 - 5029 . 2 . 1659 85.4
#13 0 2408  166.7 - IR 13~ 1473 73.7
50 ° '129.5 553, .. 50. . 119.3 330 .
100 673 0 SR 100 66.0 0
150 93 - 0 . 150 152 0
250 - 0 0. ©.. 250 0 0"
1973 L1973 - o
516.0 . 2 392.2. 3360 5334 2 JA51.0 - 114.2
13 260.7 2119 13- 1219 86.4
50 1087 . 771~ X - 50 533 17.8.
-7 100 30.6 0 - - 100 - 17.8 0.
ct 150 306 2 0 . - 150 © 152 0
o 250 00 0 . T . 250 0 0
S v : o " 8
.. 1974 . o : b, 1974 ) . :
2957 2 ) 33071 5105 2 - 1586 1270 °
13 22310 13- 01549 15409
50 - 141.9 50 1143 1160
100 55.5 . 100 .99.F 635
4. 150 1022 63 . 150 965 17.8
: 250 ‘336 . 0 : . 250 279 - 0
1975 0 -t 1975 : |
- 4963 % - 2 2609 3094 - 470 .2 106.1 ~ 126.0
- 13 151.1 204.6 - L ~ 13 820 106.0
50 - 41.1- 951 STk 50¢e 450 69.0
100 0 51.6 I 100 0 .. 240
S 150 0 . 516 - . 150 0 240
250 0 - 0- "250 .0 0
o ,



Storage

Value  Surplus

. Year/ E (mm.) (mm.)
1976 : )
529.9 ) 266.8

13 146.6
+ 50 388
2 100 0
150 0
250 0
1977 - .
513.7 2 - 2887
S 13 1582
50 41.4
100. 0 -
150 0
250 0
1978 » ’
. 5346 2 335.1
4+ 13 236.9
50 117.0
- 100 . 482
. 150 0
L us250 - 0 ..
e
1979 - :
515.7 2 2735,
13 7.8/ -
50, 95
100 2 .
150 447
‘ 250 0
1980 _ o
530.3 - 2 409.7 -
& - 13 3002 )
50  125.9
100 - 28.1
150 0.
250 0
1981
" 546.1 .2 2438
: 13 - 138.5
B 50 51.3
: .~100  48.5
150 8.5
250 0

Daily Data

o,

A

78

TABLE 4.2 CONTINUED ,
.. Monthly Data -
- ' Storage* -
. Deficit - . Value Sutplus-  Deficit
{mm.) 1Ye1agr4%5 - (mm) (mm). - (mm.).
3446 = 531 2 81.1 157.9
223.4 o 13 . 758 146.6
113.6 50 '38.8: 0 109.6
80.5 100, O - 708
80.5 150 O 70.8
239 - ) 250 0 8.8
e 1977 . ..
3471 '511.9 21158 . 1831, .
2274 C a0 1307 918 159.080
1122 “ 50 34.9 102,17 .
70.4° ‘ 400 "0 - 67.3
70.4 150 0 67.3
704 . 250 O~ » 67.3
3452 - 2 163.5 = 1739 .
. 2418 " 13 1415 151.9 s
153.1° 50 675 109.3
1285 100 '+ O 90.5
1285 150 0 90.5
128.5 250 0 905
3459 . . 5104 2 110.1° ~ 180.0 -
233.1 ) 13 99.1¢ * 169.0.
139.0 50 935" 132.0 -
89.1 \ 100 . 92% 82.0
. 394 ~150 422 32.0
-0 1 250 - 0O 0
g 1980 '
342.6 533.7 2 2245 . 1339
238.5. , 13 191.5  120.8
- 99.0 50 1047 . 62.1
23.2 10 10 % 174
23.2 . 150 -0 5 174 .°
‘ . . 250 0 17.4
| . 1981 -
3854 . 540 2 1048  ,251.8°
2842 . 13 828 . "229.8
1820 - 50 48.5 167.4
1320 . 160  48.5 117:4
- 90.1 - 150 = 8.5 67.4
88.1 ' 250 0 58.9
. y .
«
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Year/PE
1982 |
515.6

1986
5456

9

9 | .
TABLE 4.2 CONTINUED
. Daily Data Monthly Data -
Storage - . '+ - Storage _ :
Value Surplus  Deficit j Value Surplus  Deficit _
(mm.) (mm.) ‘(mm.) ‘ ;lzgeéa;/PE (mm.) (mm.) = (mm.)
2. " 3663 ' 369.2 - 493.6 2 237.8 2110
13 2810 2731 .. .13 2118 189.0
50 172.8 . 171.8 50 137.8 . 115.0
100 = 72.388 709 100 52.4 37.0
150 0.6 46 150 .- 24 - 0 .
250 0 46 - 250 0 0
- S 1983 o
27 2494 36718 529.8 2 9.8 2382
13 1806, 289.6 ] 13 87.3  208.1
50 - 106.6 2153 50 14.2 - 135.1
100 369 1457 100. 0 120.9
150 0 102.0 150 0 120.9
250 0 102.0 250 0 120.9
: . . 1984 ‘ -
2 2517 3792 © 5171 2 166.3  249.0
13 1570  "291.8 - 13 1443 238.0
?8 16.8 195.3 | 58 70.2 231.0--
S BT s/ SR S 100 3. 184.2
10" "8 1963 o150 0 - 1842
2% 0 176.3 ©250 0 1842
S ' - 1985 A » ’
2 226.8 353.4 499.1 2 7 ~99.5 198.4
13 1373 2661 - 13 885 187.4
50 842 . '183.1 50 76.8° . 150.4 ,
100 842  133.1 . 100 % 768 1007 . .
150 377 - 83.1 .150 303 . 504 o
250 \ 0 454 250 0. 20.1
- - 1986 L (
2 2571 3794 5492 ° 2 123.0  183.0
13 "1489 = 260.2 y 13 101.0  150.0
50  '66.9\. 1603 '-' 50  .489 949 .
100 255 93.3 - 100 © 0 - 46.0
150 0 \ 678 'y 450 0 6.0
250 0 - 67.8 ‘ 250 0 6.0

-



Source: Calculations by Author Usmg the Thomthwa.xte Procegiurc with Data frofn ‘ f

the> Edmonton International Airport Annual Meteorologlcal Summary Produccd by the

Atmospheric Envuonmcnt Semcc S .
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'TABLE 4.2 CONTINUED ‘ e
DalyDaa " .  MontiyData
Storage L ‘Storage -, _
Value  Surplus ~ Deficit 4 Valuc Surplus *Deficit
Year/PE /'(mm.)' (mm.) (mm» Year./PE" (mm) (mm) (mm.)
16Year 2 3012 3515 f | 2 ° 1401 1793
Average 13 1968 2470 .13 1215 1631 -
5206 - 50 92.0 1453 518.\3\ 50 729 1135 W
‘ - 100 43.1 88.2 E 100 322 73.2.
150 14.6 64.7 - 150- 131 . 55.6
250 2.1_ 51.0 ‘ 250, : 1,.7 44.7
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exoeed the local mmsnuc st * e 't1es Dunng the cqurse of a month the use of the

daily data would havereco el

would have.

The deficits expen : also ngtch higher when using daily data over monthlyﬁ\
data. This is especially ower storage categories (2,13, 50 mm). The average daily '
data deficit over a 16 yeﬁ period in the 13 mm category was 251.8 mm. opposed to 163 1
mm. when usmg monthly data (Table 4.2). In the 150 mm category\the averdge deficit
usmg dmly data was 67.8 mm verSus 55 7 mm when using monthly data, Usmg the dally
data over the monthly data resulted in a 35 percent greater deficit in the 13 mm category and
al8 percent greater deficit in the 150 mm category . '
o The'use of dally data creates a greater awareness of the climatic conditions ofan
area durmg the spnng, summer, and fall months, whlle monthly data is mére than adequate
for measurmg surpluses dunng the winter months In this thesis the twglorms of data are
" used i in coruupct?ﬁn with eﬂother The, winter months Bave been designated from
November-March whereas the spnng, surnmer, and fall months include April- October
.This was an arbitrary decmon on the wnters part based upon the followmg discussion.
Prevxously in this section it has been stated that the major dtfferences between daily :
and' monthly data were in the surpluses and deficits in the lower water storage cate gories.
Durmg the wmter months there are few dxfferendes between the two forms of data in terms |

*

“of surp ses and deﬁcns For example in table 4 3inthe13 mm moisture storage category R

" the average surﬁlus in March over a 12pyear record usmg da11y data was 16 1 mm whereas

tl)g, average mox;tltly data surplus was 18 1 mm. In November over the same 12 year

r E

.' record in the ! ﬁmm category the datly data surplus was 7 0 mm and the monthly dita it @

surplus was 6.7 mm.. The actual dxffenence in terms of amouhts between the t;o}on‘ﬁ

. ' . .
- » ~ e . ™
. . g




' of data is minimal. When revxewmg the values it should be notEd that the lower storage

+

b

T . o S N L 3

!

categorles were the most hkely to hate the hrghest differences. -
4

Deficits are possible i in the lower storage categories (2 13 mm) dunng the months

-of March and November when using daily data. This is partly the reason\vh y the daily

deficits are larger than the monthly deficits. In table 4.3 if is appar‘ent_ that with an average

| of 1.4 mm of deficit in the 13 mm category, the larger daily data summer de‘ﬁcits are not a-

¥

result of November values. . )
The data used in the Thorthwaite procedure will therefore consist of monthly data

during the winter months (Nov -Mar.) and daily data during the summer months (Ap: -

Oct ) . S

4.4 WATER YIELDS s o L

The determination of}vvater Sdelds within and around Elk Island National Park isof -

some importance when an overall picture of the resource is desired. THe Park and .

o »surroundmg area were drvrded into water basms (Fig 4.4).! The procedure descnbed in the."

. . has beentolower levels.. ’

methodology was then used to determme the yearly yields w1thm the different basins. An . |
average water loss of 371 5 Dm3 for the 16 years of study within the 7 basins of the Park” *

was recorded The range was fronga high yield of 9183 6 Dm3 in 1974 to a low total

water loss of 11, 311 2 Dm3 in 1984 (TaT)le 4 4). There were a number of other years such

as 1971, 1976 1981 1983,1985 whxch also recorded large negative values sumlar to that_

of 1984 An average water.loss would be consrstent with the lake level ﬂuotuanons

1llustrated in ﬁguresé 7 and 4.8. The general trend of the lake levels over the past 16 years |

ars 1972- 1974 could be classed as wet years due to the large amounts of

precipitati illust‘rated n table 4 1 whrch consequently led t0 the years 1972-1974

’becommg hrgh yield years One\wet year amongst a senes of dry years is not sufficxent to

produce large posruve values in yreld For example, 1980 had the: hxghest precxprtauon 4n.

‘ Te
B K . U ow

’ : "
. .. . : S
‘ K . - - - '



. CTABLE43 - -

L -

-~

..Comparison Of Surpluses And Déficits During March

~ | ‘
; / C ¢ A -
v
./l
o “And November Using.
" b e D'aily'Data(mm.)' '
Year/Month " . Surplus Deficit -
L 1971 . e
"~ March © 213 .0 .
.7y _November 11.2°° .0 -
1972 o o
- March' ===27.0 0
' - November 19.3 X ¢
1973 o -
ot S March X9.5 0
, November 563 20
1974 - o
. March 398 .0
November 0 = 2.3
1975 - e
- March 157 - 0
November 0 " 0
1976 o e
. - March 159 = -0~
. - November 0 = 4.8
1977 - . 3
S March =~ 3.7 0 .
' ‘ November - 0 - 1.3
1978 R o
. ~March + 09 %70
6.7

November .26.

March 0 0.
November 0 = 3.9

]

March . 19.5 0 .
13

November 0

o

Jaily And
- (1971-1982)
.~ 13mm. Moisture Storage Capacity

Monthly Data (mm.)

Monthly Data . -

\

6.

Surplus  Defieit

“March 213 " 0 .
. November 11.2 0 )
B ‘ L . . . “ e
March = 30.5 0~
‘November ™ 15.2 0
March 10.7 0
November 2Q.3 0
"March - 40.6 0
. November 0 - 0
November - ‘O _ 0-.
March . 15.9 0,
November 0 0
. . >
March @ 68 ' 0
November 0 4 0
C Mach 52 . - Q,
Noyember- 26.4 0
_ March 83 « 0
~  November 0 - 0
, - . /.‘
_ ~ o /
March = 195 - 0
‘November: 0 -~ -0
J
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: T-ABLE 4.3 CONTINUED - =
W - - Dally Data (mm ) - ‘Monthly Data (mm.) * N
Year/Month ~ . - Surplus Deficit Year/Momh Surplus' Defit
1981 - ‘ :
March 74 0 " " March 118 S0
Novembcr\ 0 31  November 0 ' . 0
1982 f R e o
Co szr‘ch";l‘;\32;l_ 0 ;Mareh. - 32.1 0 )
4  November ‘\0\5\_4' 0 . -November -7.5 0 .
Avg March_ -w—\mm-l-— 0 18.1 0:
( ' 6.7 D -

Avg Novembcr 7.0 14

A}

 Source: Ca.lculauons by Author Using the Thomthwaxtc Procedure ‘with Data from

the Edmonton International Xirport Annual Meteorological Summary Produced by the

Atmospheric Environmenit Service.
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; TABLE44 : Voo s
- Water Yield Totals of Seven% Dramage Basmsv " .
= . " . and Three’Subbasins of Basin One’ . .
A . Wlthll’l Efk Island National Park: ..
LRGN “ 19781986 - -
) . - (Cubic Decameters)
-Daily Data for Apnl-October,‘Monthly Data for November-March- L
Drainage Areas v

: Dramage Areas Wlthuyxhe Park *With Flow ingo*

e e - v - .|  thePark .

Area- - 1 2 3 4 .- 5 " 6(1d). 7-(le). Total
‘ ' R o S ~ :
.(Km2y 1078  37. 47 37.81 1406 1,02 36.89 - 3.41 . 33846
(hecta.res) 10780 3747 3781 1406 - ‘?02 3689 341 23846

4 v ~ . R N
. . S ~ . 'NetFlow -

Year o Calculated Basin Yield \ . Al .

o : M " . Basins
1971 .- -3848.5 -2184.0 -2217.1  -686.7 24.6 -437.2 . 59.6 --9289.3
1972 - 2583.2- 1208.6. 1050.1 . 374.6 276 10139 - 141.9 6399.9
1973 1852.8 . 8979 7432 466.1 265- 6140 /4.2 - 4684.7 .
1974 35215 1118.5° 9942 944.6~—~ f569" 1726.8 . 261.5 8624.0
1975. . -1239.6 -683.1  -723.0 -228.9 14.1 - -287.6 -11.8 -3159.9
1976  -2427.3 -1316.9  -1332.3 -416.9 13.2.  -542.9- --22/9  -6046.0 - -

_1977  -2098.6 -1143.9. -1170.6 -367.7 - 14.4  -4742 -202. -5260.8

771978 -1049.4 -690.3 - -779.5 -262.1. 265 - . 1222 17.5 *2555.1
1979 .-1287.3 -898.7 -963.7 38.9 19,5 4454  °'175.1 *2470.8
1980 836.3 . 886.1 5470 2050 314 578.4 68.1 41523

1981 ~-3776.4 -2134.8 -2127.,0 -603.5" . 14.3- -453.0 ' 554 -9025.0
1982 - 5519, 1711 . 103.7 ° -84.8 342 4724 95.9 1494.1
1983 -3434.2 -1930.1 = -1958.4 . -621.5". ¥21.5 * -466.2 34.6 -8354.3"
1984 °-4600.0--2469.8 +-2443.8 , 1582 ﬁ12'3 -1008.6  -43.1 -11311.2-
1985 = -2596.6 -1835,5 --1857,5 = -:287.1 £€¥717.1 . -802.3  137.7 © -72242 -
1986 11180 -678.4 ~ -759.1 2499 239  -65.6. 355 -2811.6 ..
Avg.(71-86) - - Vo t ‘ Co ,,

- -1070.6 -730.2 "--805.8 -148.0  23.6 ﬁ8.9 75.0 -2628.8
" High 3521.00 1208.6 1050.1 - 944.6- - 569 126.8 261.5 -8624.0
"~ sLow -2469.8 -2443.8 12.3. :

L Source Calculanons by Author Usmg the Thornthwalte Procedure

;4600.9

7582

" Note 1: Referto Figure 4.4 for Location of Drainage Basins

’ Note 2 Table 4. 4 isa Summary Table of Table 457

-

3

¢

1\

=431 -11311.2



S to W
. TABLE44 CONTINUED

. - (Cubic Dccameters)
 SubbasinsofBasii1 "
‘ 1@ 1) . o)
Area (Km2) * 17.1 59.68 31.0 -
- (hectares) . 1710 ' 5968 3102 ,
. '1' . R . . o .- N @ ! ». '
Y T Year., . CalcuiatedBasinYield , "«  «f .
: 1971~ -8279 -2503.7 *-517.0 .
| 1972 451.2— 1518.7 _613.0
. 1973 | 3345 11220 ; 396.0 .
1974 - ‘5124  1781.0 1228.0
. 1975 -262.0 . -753.4\ -224.0¢ N
® 1976 =500.8 - -1499.1" -427.0
1977 . -436.0° -1290.2 -372.0
1978 - -2659 . -7304 -53.0 .
_ .. 1979 3377 -1010.2  60.6
L S 1980 326.1 1132.3 | 377.0
o, .. 1981 . -8Q7.1 -246045 -509.0 -
A . 1982 - - 625 258.0 232.0
o~ - 1983 -7319 2210.0 -492.0 -
. 1984 -936.1 -2868.6 -795.0
. 1985 _-691.0 -2122.6 -277.0 '
", 1986 - -261.2 7234 -133.0°
Avg. (71:86)' -273.1  -772.6 »v-gg.g | :
. High 5124 17810 1228, Y
" _ Low -%-936.1 -2868.6 -795.0 TN /
Source: Calculations by Author "Using the M‘onthly Meteorological Record and
Thornthwaite Procedures in Calculating the Water Balance. : .
Note: Refer to Fiéuré. 4.4 for Location of Drainage Basins. -
t.i
— ’v >\ .
>
- ‘
A . ) ‘Q
£y ) l.
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the 16yea'rsof record but did.not produce as large a yidid s those dun’ng‘ 1972'-1'974 The

" low 1980 yteld was a result of a sertes of dry years prior to 1980 and a need for alarge

"f'I/"-—\axnount of recharge befoxe surpluses could be produced ('I‘able 4.4)." A series of wet years

Y

-

such as 1972-1974 was necessary to produce the htgh posmve ylelds of 1973 and 1974

Theﬁet years in series resulted in arare surplt!s in the extensive 250 mm molsture storage E

Y 1

category (forest) which produced the srgntﬁcant yields of those two years, (’l‘able 4 5. -

s Dunng a wet year such as 1674 itis evrdept from. table 4. 5 that all moisture storage

[

Acapacmes contnbuted ﬂow 6to th?locale wetlands ﬁe wetland losses during the summer .

of 1974 were more th 4\balanced by the prev1ous prec1pttatton amounts, whrch along W1th
the maJor mﬂow, resulted i in the. substantial increase in lake leVels Very little of the y1e1d
however, is ivaxlable in,most years for flow out of the Park.*Most-of the y1eld is employed
“in wetland water level suppoé. and recovery Basm contrtbutmg areas ( to flow out of the -

Park) will range from .almost nil in dner years to- most of the reglon in the wettest years

L)

D

L gy

after overﬂow levels hyve been achieved. : R .' '

The large number of years w1th water losses 1s due in pan to the amount of wetland‘
Mthm the Park (Table 4. 4) It is the water losse,s ‘from marshes and lakes whrch are

kpnmanly responsrble for ah overall basm water loss (Table 4.5). On average 27.3

LA}

| percent of the area within the park is covered by water wrth a h1gh of 32 percent of basin2 -

o and a low of.21 percent of basm 1 (Table 4.6. 2) When thege are no wetlands;or water

* bodies such as in the fifth basm, there are yields every year deprte the dryness or wetness

e

of any one. year (Table 4, 5) Another factor to account for the y with hlgh water‘losses

"~ is the amount of forest covermg the Park The denser mature forest cover ‘which has a 250

mm moisture storage capactty produces a 5urplus only ina sertes of wet years, thus
8

B ,lmuttng the yxelds during average and dry years The area covered by forest within the

dtfferent basms ranges from a hxgh of 84.3 percent in basm Stoalow of 14 percent in’

o

9

e
.
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- oo ST raBLE4s T L

Water Yields on.a Yearly Basis of the Seven Drainage Basins/ .
oo S and Three Subbasins of Basin One Within .

e oAl " “Elk Island 'National Park = , . ~

S "~ . Hectare Degimeters (Cubic Dccamctﬁ!}__ : ’
A . By Water S;torlage‘Catcgorics i o . B !
. B . - . o o ‘
. 'gl 2 13 50 100 - 150 . 250. Wetland(g)! *+  Net
_Basins -a . b ¢~ d ., e f .Winter Summer Yield
" 1 124.8°  83.1 .136.1 284.5 1.8 0 2770.3 -7249.1 -3848.5
-2 27.1 685 -650 .39.7" 1.7 0 , 14759 -3861.9 -2184.0 °
3 .24.4 42 20,5. 413 ° 0.8 0 %27.7 -3736.0 -2217.1
4 0 62. 0 0 °~ 194. 0. 440.5 -1152.8 -686.7
5 -0 45 96 .05 0 - -0 - O 0- 4.6
6, 0 14.5 44.5 460.2 1.3 7 0 . 592.3.-15500 -437.2
7 0 21 12 973 .09 U - 59  -678 - 596
1la] -109 187 253 162 . 0.8 « O  556.5 -1456.3. -827.9
1[b] 108.6 _39.5 -101l.1" 60.1 0 O 1739.9 -4552.9 -2503.7
- e}, 53 249 9.6 2082 -+ 09 0 4739 -12400 -517.2 .
REPIST 77 w7 - | T
\ Basins ~ a b ¢ d N~e .. f g Net
. N P - : - Yield
1 197.5 97.0 1409 ~3444°- 7.2 ° 0 3181.2 -1365.0 2583.2
2. 386 - 80.0 -67.3 481 7.1 0 1694.7 -727.2 1208.6 = .
N 347 49 21.2 500 33 0. 1639.5 -703.5 1050.1
- 4 0 :1.3. 0 ~ 0  T84. 0. 5059 -217.1 .374.6
' -5 0 17.0 '10.0 0.6 . 0 . O 0. 27.6
6 0 170 46.1 557.00.7 54 -0 - 680.2 -291.8 10139 °
7 0" 24 - 1.2 117.7, 3.6 0 298 .-12.8 - 1419
1fa] 154 21.8 262 .19.6 3.3 0 639.1 -2742° 4512
“1{b] ¥ 1544 46.1 . 104.7 72.8 0" 0. 19980 -857.3 '1518.7
) el | 7.‘[‘ 0291 10.0, 2519 . 39, 0 - 544.1 -2335 6#3.2 .
. ' B * e ’ - . '_in , _
T . 5 - 1 -
. \\~ ’ % o
. v -
I~ B T | A
. . ‘ N R . . e ’ X . \, . ‘, Q Ky
. L The wi_r;’tcr value represents the total f?g:;c‘ipitation received by the wetland. . The summer yalue,{e‘prcgnts

- tl;e total precipjtaﬁon received bylhe wetland minus the pptenﬁa%%onanspiraﬁon and half mc‘}.um,rpers. .
L . _'-v R ’ -0 . v ‘ i ¢ ’ - »
deficit from the 150 mm. moisture storage category.”

-

- ‘.
. - . . o .
: ' . . o o
v e ) . . - . . X
. . 1]
o Y- . . ’ ° . ° B
. E— R 1. . ~ i s .
' . . > . . . . . e



TABLE 4.5 CONTINUED
{ Water Storag@i€ategories (mm.)

o2 13 50 100 150 250- Wctland(g) _
a b’ c ~ d c f Winter Summer Net .
. ‘ / : Yield
80.7 - 994 8, ¢ 1665 236 - 0 16770 -417.6 18528 . “
39.3 8L.%% g 233 233, 0 869.5 -222.5 8979 .
354 509359 242 11.0 0 841.¥ -215.2 . 7432
0 75 0 0 2583 . 0 259. -66.4 466.1
0 17.5 8.7 0.3 0. 0 0 0 265 . ¢
0 17.5 40.2\ 2693 - 17.7 . 0 ° 349 -80.3 6140
0 2.5 1.1 569. . 11.9 0 153 -39 847
“15.7 225 228 957 .11.0 0 3279 -83.9. 3345
57.1. 474 913. 352 0 -0 1025 0 -262.3 11220
79 300 8.7 121.8 126 0 279.2° -714 396.4
a b c d - e f g Net
‘ - , v Yield
156.7 % 98.8 1785 551.6  78.1 23299 3598.7 -3470.8 3521.5
341- 815 853 771 77.1° 695.2. 1917.2 -1849.0 . 1118.5
.30.7 49 267 801 36.5 749.3 1854.7 -1788.7 .994.2
0 74 - 0 -0, 8558 61.0 5723 -551.9 9446
o0- 173 . 126 1.0 .0 260 0 -0 - 3569
0 17.3 585 8923 588 672.6 769.4 -742.1 1726:8
0. 2.5 1.6 1886 39.5 28.1 33.7 -325 2615
136 222 ' 332 314' 36.5 3497 723.0 -697.2 5124
136.2. 46.9 1327 -116.6 .0 126814 2260.2 -2180.0 1781.0
6.9 -29.7° 12.6 4036  41.6 711.8.- 6156 -593.7 12281
a .b c A e f g - Net
o . " ' -7 Yield
1200 609 477 - 0 < 0 1483.9 -2952.2 -12396 . -
26.1 502 228 o 0.7 0 - 790.6 -1572.7 -683.1
23 3 72 0 0 . 0, 764.8 -1521.5 -723.0
0 46 0 - 0. 0 0 2460 -4655 -2289
0 10.7 34 0o . 0 0. - 0 14.1
. 0 10.7 15.6 0 0 0 . 3W.3 -631.2r -287.6
~ 0 1.5 04 0 O 0+ 9 .-276 -11.8
10.4 137 89 . 0 0 0 298.1 -893.1 - -262.0r
1044 289 354 -~ O -0 0.. 932.0 -1854.2 . -753.4
52 183 3.4 /,9 Q. 0 253.8 ’-\2051) -224.2

P S
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- *  TABLE 4.5 CONTINUED

Water Storage Categories (mm.) \ . ‘

50V 100 150 250  Wetland @) . - °
c -~ e. Wmtcr _Summer. .Net k

1976
_ Basins

1

[¥8)

f

ﬁ "Yield
0 18140 -4463 -24273
0 966.4 -2377.6 '-1316.9
0 934.9 -2300.1 -1332.3
0 288.5. -709.7 - -416.9
0 0 0 -, 132
0
0
0
0
0
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387.8 -954.2  -542.9 -
170  -41.7  -22.9
.364.4 ' -996.7 ' -500.8
:1139.3 -2803.1 -1499:1.
310.3 -763.4 -427.4

g . " Net ™
Yield
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14750

785.8

.760.0

23415
0
315.4
13.8
296.3
926.4

- 2523

-3816.5 -2098.6
-2033,2 -1143.9
-1966.9 ~1170.6

-606.9
0

-816.0

-35.7
-766.7

g
1\3446 32373 -1049.4 -

822.8 -1724.6
796.0 -1668.4

245.6 -514.8

0

"1330.2

14.4

3103
970.1-

264.2

0
-692.2
-30.3
-650.3
-2033.2
-553.7

-367.T7
14.4
4742
-20.2
-436.0

-2397.0 -1290.2
-652.8

372.4

-

Net
Yield

-690.3 -
~179.5 -,

-262.1

2" 26.5

122.2
77.5

-265.9

-130.4
-53.1
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TABLE 4.5 CONTINUED

Water Storage Categories (mm.) |

50 100

-

() d
107.9 5124
51.6 71
16.2 - 74,
-0 0

7.6 0.
35.3 8290
1.0 1752
. 20.1 29.2
80.2. 108.3

7.6 3749
c d
142.3 . 1529
68.0 21
21.4 22,

0 ‘0
10.1 0.
46.6 247
1.3 52,
26.4 8.
105.8 32
10.1 111
[ d
580 263.8
277 36.
- 8.7 38.

0 0

4.1 0.

\ 19.0 426.

0.5 90.
10.8 15.
43.1 55.

4.1 193

S owLuLLWL MR

cCwoNmL WO

150

c.

34.0
33.6
159

373.0-

R
25.6
17.2

15.9.

0
18.1

[¢ ]

[¢]

POWWAOSWAR
W \O ~J = Ch h

W
o

COO0OOOCOOO mm OOOCOOODOOO my

COCOOCOOODO

»

- Wetland (g)
Summer Net

Winter

+

92

Yields...

1971.1 -4101.6 -1287.3

1050.1

1015.8

3134
0

4214

18.4
396.0
1238.0
337.2

-2185.1

-2113.8

~652.2.

0
-877.0

--38.4

-824.0
-2576.1
-701.6

g -

+2126.0
1132.6
1095.7
338.1

0

454.6 .

19.9
427.1

13353
3636

g

1580.5
" 842.0
814.5
251.3
.0
337.9
148
"317.5
-992.6
270.3

-893.5
-476.0
2460.5
-142.1
0
-191.0

-8.4

-179.5
-561.2

-152.8.

-5852.7
-3118.0
-3016.3
-730.7
0.
-1251.4
-54.7
-1175.8

-898.7
-963.7
38.9
19,5
445.4
175.1
-337.7
-1010.2
1 60.6

Net
Yields -

1836.3
886.1
547.0

- 205.0
314
578.4

- 68.1
326.1

1132.3
377.1

Net
Yields
-3776.4
-2134.8
-2127.0
.-603.5
« 14.3
-453.0
55.4
--807.1

-3675.9 -2460.5

-1001.1

-508.9
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S . TABLE4.5 CONTINUED

™ L]

Water Storage Categories (mm.)

D

[ (S RIS N

[V o )

bt D et

13 50 100 150 250
b° c d \c f
24 1953 3960 - 0.5 0
27 933 553 - 0.5 0
56 294 575 0.2 0

84 . 0 0 5.1 0
19.7 138 0.7 - 0 0
1907 639 640.6 0.3 0 -
2.8 1.7 1354 02 0
253 363 226 02 0
53.4 1452 837 . 0 "0
33.7 . 138 289.7 03 0
b - ¢ d e f

7220 1205 2007 0 W 0
59.6 57.6 28.0 0 0
3.6 181 292 0 0
56 0 0 0 0"
12.6 8.5 04 0 0
12.6 394 3247 0 0
1.8 1.1 &%6 o 0
83 224 114 0 0
43 895 424 -0 0
1.6 . 8.6 1469 0 0
b c d € f
287 190. "0 0 0
1.8 . 9.1 0.. 0 0
31 29 0 0 -0
4.7 0 0 0 0

11.0 1.3 0 0 0
11:0 6.2 0 - .0 0
1.6 0.2 o 0 - 90
4.1 35 0 0
9.8 14.1 0 08
89 - 1.4 0 + 0 0
P -

. LA »
/ L4

]

L

Wetland (g)

"~ Winter Summer Net
" , Yields
2884.8 -2828.7 551.9
1536.9 -1507.0 171.1
1486.7- -1457.8 103.7

458.7 -450.0 84.8
-0 0. 14.3
- 616.8 -6048 472.4
, 270 -26.5: "959
579.5 -568.3 .  62.5
- 18119 -1776.6 258.0
. 4934 -483.8 231.5
g Net
, : . Yields
1183.1 -5125.3 -3434.2.
630.3 -2730.5 -1930.1
609.7 -2641.4 -1958.4
188.1 -815.0 -621.5
0 0 ° 215
253.0 -1095.8 -466.2
111 -479 - 34.6
237.7 -1030.0. -731.9
743.1 -3219.0 -2210.0
202.4 -876.7 -492.3
g Net
' . " Yields
1500.0 -6297.2 -4600.0
- 798.9 -3354.8 -2469.8-
772.9 :3245.4 -2443.8
238.5 -1001.4 -758.2
0 0 12.3
320.6 -1346.4 -1Q08.6
140 -589 -43.1
301.3 -1265.1 -936.1
- 9419 -3955.1 -2868.6

256.5 -1077.1 + -795.3

~
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" Water Storage Categories (mm.)

1}

Source: Calculauons by Author Using the Monthly Data Record and Thornthwaite

Procedures for Calculatin g the Wateg Bal e

!

: Wetland (g)
1985 - 2 13 50 100 150 250 . .
Basin a b ¢ d e f Winter Summer $Ftld
. : ie
104.3 549.2 95.1 4580 29.0 0 1466.0 -5298.2 -2596.6
22.7 45:3- 454 640 28.7 0. 781.0 -2822.6 -1835.5
20.4 27 .14.3 66.5 13.6 0 . 755.5 -2730.5 -1857.5
0 4.1 0 _ 0 318.2 0 233.1 -842.5 -287.1
0. 9.6 6.7 0.8 0 0 -0 0 '17.1
0 9.6 31.2 7410 21.9 - 0 - 3134 -1132.8 -802.3
0 1.4 0.8 156.6 14.7 0 13.7  -49.6 -137.7
1(a] 9.1 12.? 17.7 26.1 13.6 0 .294.5 -1064.4 -691.0
1[b] 90.7 26.1 - 70.7 96.8 0 | 0 920.7 -3327.6 -2122.6 .
1[9] 4.5 164 6.7 3351 15.4 0 250.8 -906.2 -277.4
1986 . :
Basin a b - ¢ d e f g " Net
] : _ ) : Yields
1 148.4 858 121.0 1387 0 0" 1677.0 -3288.9 -1118.0
2 323 708 57.8 19.4. 0 0 893.4 -1852.1 -678.4
3 29.0 43 18.2 20.1 0 0 . 864.3 -1695.0 -759.1
. 4, 0 - 6.4 0 0 - 0 0 - 266.7 -523.0 -249.9
S . 0 15.0 8.6 0.3 0 0 0 0 23.9
-6 0 15.0 39.6 2244 0 ) 358.6 , -703.2. -65.6
7 . 0 2.1 1.1 474 0 0- 15.7 -30. 8| 35.5
1{a] 129 193 22.5 7.9 0o~ 0 336.% -660.7 -261.2
1[b] =~ 129.0 40.7  90.0 29.3 0 0 1053.3 -2065.7 -723.4
1{cl] 6.5 25.7 8.6 1015 0 0 286.8 -562.6 --133.4

-~



Km 2
Drainage Areas Within the Park
Water Storage | 2 3 4 S
Values mm.
a(2) 0.46 0.10 ° 0.09 . 0.00 0.00
+b(13) - 040 0.33 0.02 0.03 0.07
¢ (50) 1.13 0.54 017 . 0.00 0.08- -
d (100) 544 - 0.76 0.79 0.00 0.01
e (150) - 0.77 0.76 0.36 R.44 0.00
f (250) . 7715 23.02 2481 202, 0.86
g Wetland 2245 11.968° 11,57 3.57 + 0.00
3747 37.81 '14.06 - 1.02

Total  107.80.

Source: Areas Computed by Author

TABLE 4.6.1

#

'‘Areas CoVered by the Moisture Storage Catego;ies

Within_ the Different Drgina e Basins of
Elk Island National Park

——

rainage Arcas
With Flow Into
The Pask
&1d)  7(lc)
000 0.00
007 0.01
037 ' 001
880 1.86
0.58 . 039
2227 093
480 021
3689 341

95

Subbasins of Basin | °

@)

0.04
0.09
0.21

0.31

0.36
11.58
451

17.10

1(b)

040
0.19
0.84
1.1§
0.00

42.00

14.10

59.68

. o)

0.02
012
0.08 .
398 .
0.41
23.57
3.84
.

31.02
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2} ' PERCENTAGES OF AREA COVERED BY THE MOISTURE STORAGE
- "% CATEGORIES WITHIN THE DIFFERENT BASINS OF ’

_— - ELK ISLAND NATIONAL I’ARK‘ ) ;"
) o ' ‘ t
_ ’ S - o]
~ .. ; e o 4 Js W ' - Tt . ‘ Wt ' ) ‘.‘ '+ ) ' > !’;"
SR . .‘ o T IDra'inageAr\gas R
R ‘ : o e . | With Flow inte {1/ - . N
Drainage Areas Within the Park N the Park” || Subbasins of Basin 1
) . _ R - : R
o - ot () . Park \(% A (%) ‘
. Water Storage  1- 2 3 -4 57" Total 6 (ld) 7e)| 1@ - 1(b) 1)
Values mm. " : i i
" 0.00 .0.00 | 0.23 0‘68 0.06

27 —=0.24 . 000 . 0.00
o0d9 .- 029! 053 .032 037
1007 029 [-1.23 143 025
, 23.85 54.55 | 1.81 1.96 12.43
1.57 11.44 |.2.11  0.00° 1.28 .

6037 27.277| 67772 - 11.57 73.61
13.01 = 6.16 1 26.38 " 24.08 11.99

0.27 ‘

0.88 .0.05 021 6386
/0 144.. 045 = 0.00 - 7.84 .

2.03 +2.10°- 0.00 . 098 *
s ‘ 2.03 095 60.03 0.0
S£(250)  71.57 61.44 6562 1437 8431 6
: gWetland 208‘2 31.91 30.59. 2539 - 0.00 2

-

[r R VR
cupoobw

e ‘ : ®. . b . .
Tosl 100:00 100.00 00.00 100.00 - 100.00 100 00 100.00. 100.00 100.00  100.00-100.00
s \‘\ - , . ‘ ’. . . . ) ) . : \‘b . ] . .

S

- ' . I : N N hs

" So_urée:j Are’a‘xs ‘Compu_ted'by AlIﬂ'lOl_".



hasrn 4, thh an average of 54 9 percent of }he Park and’ surroundmg area being covered by T

o forest Durmg a dry yearsuch as 1984 it j apparent that v/rrtfhy all of the small yield can{c :

from those small, aneas w1th low wats storage categories (Table 4. 5) The net losses from

the wetland areas was. 33 Sitimes gyéater than the ylelds resultmg in major water level '

. drops. S A : . 'j', ‘,

4» The first basin has befen sub—dwrded mto five subbasms three within the Park and

two outsrde (Fig. 4.4). The’ intent of dividing the ﬁrst basin i 1nto three subbasmls thhln the
", v Park was to 111ustrate tl}e/ d,}fferences in yreld It is evxdent that subbasm lci is thearea. ™ :

where a pOvae riet y’reld is most likely to occur (Table 4.5). For example, in 1980 thxs
subbasm produced a posmve fiet yield whlle the other two subbasms (la 1b) dunn g this
“year incurred water‘losses The major explanatton for the prevrous yleld drfference stems |
from the lands covered by wetlands, water bodxes and the 100 m. 1storage category The

. wetlandsA{nd waterbodies cover only 12 percent of subbasm 1c, wlul’e the area covered by

them i subbasms la, 1b is 26 perc;ent and 24 percent respecuvely The higher the ’_

. per entage of wetlands and waterbodres covermg a basm the greater the water losses

/ o
ithin that basin. The areas thh IOOmm storage‘capacrty is 12 percent in lc, and only 2

| / percent in subbasms la and lb (Table 4.62). The yrelds produced in a basin wrll rise wrth

/ mcreasmg percentages of area wrth a lower water storage category such as 100 mm. From -

v

; the data in'table 4.4 it is apparent that subbasm lb has the hrghest umt area ylelds and’ the

| largest water losses among the three subbasms The large water lfsses are caused by 24 |
 percent of the- areas belhg covered by wetlands, which mclqdes FIym gshot and Walter
Lakes (Fig. 4, 4) The hrgher yields in subbasin lb can be attributed to the lower water

i

storage categories: The yields from subbasin la are the lowest among -the three subbasms
(T able 4 4). There are two primary reasons for the low recorded yield, the first of whxch is

: that 26 percent of the area is covered by wetlands, and secondly, 68 percent of the area is _ -

+ [
e H
2 <

At /“

e
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covered by the 250 mm moisture storage category. These two factors do not promote a
high net yield in this subbasin: ' '

.

There are two subbasms (ld le) which are oumde the Park boundary but are

I3

included in the calculauons because thetr surpluses pass into the Park (Fig. 4 4), From |

table 4.5itis evxdent that the two subbasms have multxpfe years w1th positive ytelds Thrs

“is m part due to the relauvely small area. covered by wetlands, 13 percent and 6 Percem -

AY

‘respecuvely Pastures and crop land (100 mm storage capacrty) are common in these two

';,;subbasms, (24 percent and 55 percent of area) and result in large yields when surpluses

e ll"

pccurm the 100 mm cat‘goryb The ytelds from the 100 mm' morsture storage category are

usually larger than the. water losses of the marsheés and water bodxes resultmg in the =

t1ve yearly yxelds w1thm these two basms ', L

.,g:r:‘»‘f ‘

"‘_'lI"he ylelds frOm the two suhpasmsoumde the Park in certam years partly balance
the; water losses pmduced in the adjacent subbasms w1th1n the Park For example, m 1979
S subbasm la had a water loﬁs of 337.7 .Dm3 while subbasm 1e had a net yield of 17i1
o 7Drn3 (Table 4, 5) Iti is not known how much but some of this *eld sh0uld take 1‘ts way

‘into subbasm la due to the slope of the terram S - - "a.

. .
[ . - ) t " e/
: . . “

‘ In the dry yearssuch—aﬂ97l 1975—77 and 1984 there were few surpluses Within
) the Park. 'I’he surpluses which were present were denved from the low water storage
| categories (2, 13 mmy). These low water storage categones are charactenzed hy paved and :
; 'gravelled surfaces The ylelds in table 435 illustrate the i 1mportance of the low water storage. .
categones to the total yield from the land surfaces. For example in L971 in basm one, |
124, 8 Dm3 was the recorded y1e1d forthe 2 mm rnmsture storage category with an area of ,
46 Km?2, and 265 5 Dm3 was the recorded yield for the 100 mn‘l mox‘sture storage » |
b category with and area of 544 sz g‘he 100 mim molsture storage cattegory producedt

i '_:'only twice as much yxeld as the 2 mm c'ategory, yet 1t is 11 8 tlmes as large (Table 4.6; l)



In 1984, half of the land surpluses came from the 2 2 mm, moxsture storagt‘category which . '
Y
had an area One ﬁfth the size of the other two. categortes (13 50 mm) whtch produced

yields. “The author is not recommendin g the Park be pawed over only that more
management of the loweryategones to maximize the present ylelds for potential flow into

lakes be exercxsed This 1 type of management could mvolve the pavmg and ptoper levellmg

of gravel parkmg lots to 1ncrease.and direct the runoff toa desxred area To accompany
such a pI'OJCCt proper channellmg to accommodate the mcreased runoff should be planned,
and when built, properly mamtamed

Other factors to consider in thefmanagement of waﬁ:r yields include the thmmng and r L
S W7
4 cleanng of brush Th S would have thé function of reducmg the mmsture storage utilization =~
( AN
of those areas. A reducuon of the moisture storage capacity would mcrease surpluses and (

therefore increase y1elds o v 4 '

Ip the management of water ylelds, another factor;o cohstder mcludes the clearin g
of channels and re.ducuon of water-filled dept‘essrons, The cleartng of a channel would X
involve the removal of obstructlve vegetatlon in the channel the i 1mprovement of the
‘ drtches, and clearance of culverts to promote\'te flow of water and reduce ponding, The .
reduction of water-filled depressions rrught only 1nvolve the clearante of a: channel orit, |
m1ght mvolve the dlggmg of anew channel td drain a water-ﬁlled depressron
. A factor which Envxronment Canada Parks is not able to control is the summer '
fallowmg of fields adJacent to Elk Island National Park. The fallowm g of fields in effect N
reduces the moxsture storage capac1ty of the ﬁeld from 100 to 50 mm which causes greater “
surpluses These surpluses at present collect in the. dttches to evaporate, or flow into the ’
- local marshes wrthm the Park These are local 1mbalances relattve to the natural setting,
‘ and nothmg has been done within the Park to compensate for these wetter than nommal
—

condmons It is possrble that these surpluses, and those of the wetter yc'rs in the receiving

areas rmght be dlvened tb Astotm Lake or other water bodresthat m,tght be tmproved in

N )

3 2



| | | 100
. qualitey and better stabiliz,ed‘ levels by the Mldtional inﬂow and ﬂo\w;through. The selection
of possible areas for the collection of the spring runoff from these areas is certainl-y a
| possible method by which water could be cbllected and transported to needed areas a short
distance’ avvay It is apparent that the limlted yields of the upland areas are evaporated from

,

the large lakgfmd marsh areas w1thm most basms 31 most years. If, with limited and
conu'olled dramage, the ratios were to be changed, there could beamprovement in water -
~ supplies in ‘the remalmng lakes and marshes. Park pohcles would probably preclude any
'substantial dfainage: development, but wet areas in and near parking~ playground golf ™
ses, and adtmmstratton areas could be jsduced by better surface and tile drainage. This °,

k)

typeof selecuon 1s however beyond the scope, of this study,
B " . o o
4 4 2 P@SSIBLE YIELD DATA CORRECTIONS ' "

“The Thornthwatte procedure is a ca.lcv.}auon of the water balanoe based on the
relauonshrp of potenual evapotranspiration and: precrpttauon The pfec1p1tatlon in the - &
Thomthwmte procedure is assumed to be’ ram This fact can create errors in the water |
balance pro\cedure m such chmates as that of Elk Island N auonal Park wherevup to half of
the yearly precipitation may fall as snow. In the measurement of snow using the Nipher
.’ gauge such as the one used at the Edmonton International Alrport it is likely that the total 7

'snow fall w111 not be measured . The btggest problem wrth snow gauges is that the snow
catch is less than the actual snowfall This is-caused pnmanly by the gauge dtsturbmg the *
wmd flow around the galge Wthh creates vertical air currents over thegauge onﬁce 'Ihe
vemcal air currents serve to prevent some of the snowfall from bemg caught (Ferguson and
Pollock 1971) Ferguson and Pollock (1971) in compansons of srmultaneous Snow ruler ‘
and Nipher gauge measurements across Canada found that the Nlpher gauge had an \
average undercatch of 16 percent' ;. In Alberta, using data from 200 stauons, Ferguson and -
Pollock esnmated the average undercatch by the thh‘ér gaug’e is 23 percent. - The total *

correction over the US.SR. accordmg to Bochkof and Struzer(1970) ranges from 10

,,?‘ - )

i
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 percentto 50 percent. The correguon was found iq bc most attributable to\ wind-effect error +
in the measurement of snow. For winds up “to 5. ’5 m/s, Goodison (1978a) suggested that '
the catch of the thher Gauge is within 10 percent of the true amount, Studres such as that
by Hare and Hay (197 1‘) would mdrcate that the most hkely source of error in precrprtatron
measurement is in the medsurement of snowfall A low wind speed according to Goodison . :
.(l978a) could result inan overcatch in the Nipher Gauge An bvercatch could result if hardk o
SROW partrcles bounce off the rim and i into the’ collector Snow coul\d also collect on the nm. -
~atlow wmd speeds and b; subsequently blown i mto the collector by a gust of wrnd ‘At
.. temperatures near 0°C wet snow has been observed by Goodrson (1978a) to burld up on 3
the snow collector thus makrng the measurement drfﬁcult
" "Other correcnons to the Nrpher Gauge are-possrb'le to overcomg undercatch Trace '

amounts of snowfall argnot measursd or mcluded in the snowfall record ‘A trace is a

o
v

-water equlvalént total, which is less than 20 mm. Infield observatrons Goodrson
(1978b) conclttded that ovér 80 percent of all observations of precrprtatron Were trate . o'
amounts. Goodrson (1978b) deduced that if all tracg amounts equalled .07 mm the total

measured Nipher water equrvalent would have heen 39 percent greater. '

Two other possible reasons. fog}the'undemtch of rtﬁn and snow 1nclude losses by

| T4 ool P
. .

evaporanon which during the summer amonrrts to’ 6 p&‘cent of the total precipitation
“ (Sokolov, and Chapman,.l974) The contents of the N'ipher Gauge are melted and
measured as'a water equrvalent The adhesron of the water droplets to the\lde of the -
collector results in the measured total being less than the actual total Goodrson, (1978a)

o estrmated that the retention loss averaged 15 +/- 02 mm The amount may seem

mmgmﬁcant, but if theNrpher Gauge is empned frequently, the retention loss could
amount to a srgmﬁtant factor (Goodison, 1978a) A correction factor coujd be added to - ;
the collected data, but itis felt that the data base present in this thesrs is not extensrve

énough to suggest one.



. “ . . .
. . - . . .
. L4
. ' 1
. .
. . ; .
R . : L !
- . R ( . . i
. M N

“' _ .o ) Ty . .’_a . - o 102

Elk Island Nauonal Park is situated 30 to 60 meters above the surroundmé plain

.

s Wthh mc;lud\es the Edmonton Internatlonal Au'port It is p0551b1e that the elevatlon ‘
dtfference between the Park and the surroundtng plain could promote an orographlc.effect

’ whtch could result in hlgher-prempxtatlon-levels in the Park 'I‘wo smnlar situations have

been reponed the first by chhe ( 1977), in the‘Fort Mchrray area where an, elevauon

-d1fference of 400 m between two' stattons resulted ina greater precxprtatlon accumulauon at .

‘the hlgher stauon Hallock (1976) ina thesxs focusmg on the ¢regoue Lake. Basin near
..Fort McMurray found an e'levanon dtfference of 112m ovep 24 km between weather

x ;mauons at Fort McMurray and Anzac Over the long term record PX’IZ&C recorded on

average 9 4 cm more prec1pxtanon than-Fort McMhrray Hallock g1976) concluded that the -

increase in precxpltauon was duetoa local orograpluc effect.

. In ﬁgure 45, itis evxdent-that Elk Island Nat1onal Park recerved more preclpltatmn -
durmg the course of four years than did the Edmonton Intemauonal Azrport The lengthof -

. record for the Park does not perrmt any conclusions to be made, however it does allow the -

LN

writer to speculate on the potenual dxfferences in 'yields and wat losses between the
. Intemauonal Airport and Elk Island National Park data. j o

- The Elk Island'Nattonal Park water balances were used to determme the surpluses,
‘yxelds, and water losses for the period 1982 1985 (’l%les 4. 7 48; App. IV) The -

' procedure to determme these values was the same as that used to detexmme the Edmontdh -

o Intcrnathnal Atrpoxt surpluses, yields, and water loss vaLues. It is apparent from table 4, 9

 that larger yields and smaller water losses were produced when sing Elk Isand Naaonal

Park weather data in place of the Edmonton International Airport data The probable cause.

’ N -
. . 8 -
7 ; g
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" ark and Edmonton Internatlonal Airport (1982»1985)

R ‘ o —

R ' _ . T ' ’ Flgurc 45




-

TABLE 47

104

Ca’lculated Surpluses in the Du'ferent Water Storage Categories

[

\..
‘ .
1982 W.
» _"" . ‘S
) T
1983 W
S
N .T'
1984. W
S
T
1985 W
© S
Tl

Source: Calculations by Author Using thc Monr.hly Meteorologwal Record from Elk Island

Using Monthly Data from Elk Islaid National 'Park

April October(S)November-March (W) .

.
.

‘,

PE ?pt
0 135.0

499.1 :490.7

499.1 625.7

0 ~°75.0

" 524.8 502.6

524.8 577.6

-

- 1954 -

0 657

'520.8 430.8

520.8 496.5

0. 575
516.7 342.7
516.7 400.2

atIonal Park

¢

: Watcr_Stora‘ge Categories (km)

.~'

2

- a

135.0
162.5
297.5

7390

268.4

637

120.4

184.1

57.5
320

895

13
b

129.9 .

151.5
281.4

62.0

184.4

.246.4

52.7
101.0
153.7

57.5

21.0

785 .

‘-D

50

c
92.9
114.5
207.4

25.0°

147.4
172.4

157
64.0
79.7

571.5
. 11.1

686

b
00— ~J -h#

s7.
1
- 68,

<100

d
42.9
64.5

107.4

21.1

108.6 .

129.7
o

oo—n oo

150

21.5
11.1

- 32.6~

Y

250wma§ud

f g
135.0
-8.4
126.6

75.0

22 -

0

0

0

0

0

0 528
0 657
0 -149.6
0 -839
0
0
0
0

575
-203.0
-145.5

bt et
.



TABLE 4.8

Water Yields of the Seven Draihage Basins and Three

-+ Subbasins of Basin of Elk Islarid National Park
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‘Using the Parks Monthly Meteorological Record

Hectare Decimeters (Cubic Decameters)

Water Storage Categories (mm.)

50
c

N ot
w

O\ =—
A OOCOD

RO E

“ 100 150 - 250
d e f
N1
5843 296 0
81.6 292 0
, 84.8. 138 0
0 3241 0
11 0 0
9451 223 0
199.8- 150 O
333 138 0
1235 0 . O
4215 187 0
- d ~ e f
705.6  99.9 - 5253.9
98.6  98.6, 1567.7
025 467 1689.6
) 10947 137:6
13 0 -586
1141.4 . 752 1516.6
2412 506 633
402" 467 788.6
1492 0  2860.2.
516.2° 532 1605.1
-d . el f
762 0. -0
106 - 0 0
1Ll 0 0w
0 .0, 0
01 T 070
1232 0 ' 0.
.164. 0 W%
43 0 0
161 0 0
557 0. 0

2523 -574.5 -238.0

105
\
Wetland (g)
Winter Summer  Net*
Yield
3030.8 -188.6 3940.0
16146 -100.5 1859.6
5620 -97.2 1631.1
82.0 -30.00 784.5
0 - 0 37.4
648.0 -40.3 1671.5
28.4 -1.8 * 246.0
6089 -379 699.0
1903.5 -118.4 22553
5184 -32.3 985.7
g Net
’ Yield
1683.8 -498.4 7661.7
897.0 -265.5 2597.6
867.8 -256.9 2508.1
267.8 . -79.3 14282 -
0 0 90.9
360.0 -106.6 3067.6
15.8 -47 370.4
338.3 -100.1 1182.8
1057.5 -313.0 40529
288.0. -85.2 2426.1
g Net , -
| - Yield
1475.0 -3358.5 -1571.0
© 785.8 -1789.2 -881.0
76Q0.1 -1730.9 -926.5
2345 -534.1 -295.0
0 0 17.3 -
3154 718.1 -239.2
13.8 -314 - 1.1
296.3 -674.7 -336.2
1 926.4--2109.4 -997.2
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0 2.
0 5
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0 0.
1[a] 3.6 7
1[b}- 358 14
1{c] 1.8 9.
Mctzorologxcal Data
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TABLE 4.8 CONTINUED

[}

Water Storage Categories (mm.)

B
~J
g
o
—

50 100 250
c d e f
77.5 373.2 25.1 0
37.0 - 521 248 - 0
11.7 54.2 11.7 0
o . O 275.1 0
55 0.7 0 0
25.4 603.7 : 18.9 0
0.7 1276 . 12.7 0.
14.4 21.3 11.7 0
57.6 78.9 0 . 0
5.5 3.4 0

106

Wetland (g) *

Winter

1290.9
687.7
665.3

2053

0
276.0
- 12.1

259.3-

810.8

22(()\8

Net
+ Yield .
-4557.4 -2718.1
-2427.9 -1591.4
-2348.7 -1596.1

Summer

-724.7 -241.9
0 11.7
9744  -449
-42.6 1113
-915.5 -598.1
-2862.3 -1864.3

-779.5 -255.6

Sourcc Calculations by Author Using the-Elk Island National Park Monthly

a,
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. A Comparlson of Yield Totals for Data from Elk Island National Park
B and Edmonton International Airport
) . i
* 1982-1985 - :
) | (Cubic Decameters)
, o Drainage Areas
¢ Drainage Areas Within the Park With Flow into
. , i The Park
N 1 2 3 4 S 6 (1d) 7 (le) | Total
Area(Km2) 107.8 3%47 3781 14.06 1:.02  36.89 / 3.41 -238.46
(hectares) 10780 3747 3781 1406 102 ,. 3689 341. 23846
| ' Using%lk Islard National Park Meteorological Data : -
-Monthly Data - January~December
1982 ,-3940.0 1859.6 1631.1 784.5 37.4 16715 246.5 10170.6.
1983 7661.7 2597:6 2508.1 1428.2 90.9 3067.6 370.4 17724.5-
1984 -1571.0 -881.0 -926.0 -295.0 17.3  -239.2 1.1 -3893.8
1985 -2718.1 -1591.4 -1596.1 .241.9 1.7  -449 111.3 -6069.4 4‘?‘
| v . ' | o
Using Edmonton Internationat Airport Meéteorological Data
-Daily Data for April-October,; Monthly Data for November-March-
© 1982y 5519 1711 1037 848 342 4724 959 1%04
1983 ‘-34342 -1930.1 -1958.4 -621.5 21.5 ' -466.2° 34.6 -83543
1984 '-4600.0 -2459.8 -2443.8 -758.2 12.3 -1009:0 -43.1-11311.0
1985 -2596.6 -1835.5 -1857.5 ‘ -287.1. 17.1 -802.3 ., 137.7 -7224.2

"Source: Calculations by Author Using Monthly Meteorological Data

* -

/

s



ol

. ' " 108

_ of this result is dixc to the 20 percent higher yearly precipitation levels at the Park rather -

than any differénce in potential evapotranspiration (Fig. 4.6). X
" In comparing Elk Island National Park and Edmonton International Airport
P - :
precipitation levels, it is apparent that the Park réceived over the 4 years of study®n average

of 20 percent more prccipitatibn than the Airport station. The diffcrcnccs'in recorded

" prccxpuanon in 2 of the 4 years was substantial, while in the other 2 years, only minor

differences were recordcd The length of the data rct‘brd is not sufﬁc1cn\§’.conclude which
patterns are typical. Prempuanon levels during a dry year such as 1971, and a wet year
such as 1973 were increased by 20 percent to dcteérrﬁﬁc what effect increased precipitation
levels would have on surpluses and yields. The altered surpluses in table 4.10 when
compared to surplu’s¢§ in table 4.1 were found to be on average 1.7 times greater. In the
dctcrmihation of yields during a dry year, a 20 pcrccnt increase‘in precipitation resulted in a‘
50 pcrccnt rcducnon in total water loss (T able’4.11). Durmg a wet ycar the yields

mcrcased by as much as 2.7 umcs whcn the precipitation is increased by 20 percent, The

20 percent increase in precipitation is intended by the writer to represent an approximation

for the purposes of discussion and not a stringent measure of precipitation differences

between the two stations. -

4

~* . The size of each water storage category is not a constant, but is in a state of

constant change. The major cafégory of concemn which could affect the potential yield in a
given year is thet wetland ca;cgbry. vThis category duriﬁg adry year would shrink and
during a wet year would expand. During a series of dty years 'thc. marshes and water
bodies could decrease in surface area by as much as 20 percent (Laycock, 1986). This 20
pcrccnt called a dm\aid\c\iwn zone by Zoltai (1983) would consist of mudfla‘;s and matth

. ‘ ’ . )
vegetation. The drawdown zone would therefore be allocated to a iumber of water storage
L4
categories. ' A decrease in the surface area of the marshes and water bodies would increas®”

N

the}ields within-the remainder of the park.

»
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Example of the Effect on Surpluses Calculated from. Edmonton Inter_natlonal :

~Airport when Precipitation is Increased by 20 Percent
Dally Data-.Aprll October(S), November . March (W)

<

‘ : Warer Storage Categomes (mm) y = -

B 2 - 13 50 100 150 '250 Wetland

... " PE  Ppt.. ~a .- b -~ d f - g .
1971 W "0 ,148.1 148.1 148.1 126.5 75.9 25-.1 . 0 148.1
'S, 531 6 317.4 1955  113*1 274 0. . 0O 0 -264.8
T 5316 4655 3436 © 261.2 1539 -759 . 25.1 0 -116.7
. 1973 W 0. 9.2 82 . 753 .305. 51 0 0 902
S 5160 596.9 407.7 276.3 . 1099  91.8 . 70.3 0 809
T 5160 687.1 4959 351.6 140.4 _969 : a70.3 0 1711

*\

Source: Calculatxons by Author Usmg the Monthly Mgteorologlcal Record for Edmonton

- Intemauonal A1rport

¢

r
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- Water Yields of Surpluses Increased by 20 Percent Within
the Seven Drainage Basins and. Three Subbasins of Basin One
in Elk Island National Park. : .

' Hectare Decimeters (Cubic Dw{metem)', )

o, !

L I

. Water Storage Categories (mm.) LT
1971 27 13 50 100 150 250  Wetland (g)
Basins - a b ¢ d e, f Winter. Summer  Net
: ~ . SR - : Yield -
1+ 158.1 104.5 173.9 4129 19.3 0 3324.8 -5944.8 -1751.3
2 344 862 831 577 " 191 ° 0 1771.2 -3167.0 -11153
1 309 5.2 26.1 600 9.0 0 1713.5 -3063.7 -121900 -
i 0 78 0 ~0-  211.8 0 - 528.7 -9453 -197)0
b 0. ,183 123 08 - 0 &« 0 - 0 F1.4
€ -0 183 569 6679  14.6 0 7109 -1271.0 1976
7 0 . 26 - 15 1412 &8 0 31,1 -55.6 1306
1[a] 13.7 235 323 235 9./ 0 667.9 -11942 -4243
. 1{b] 137.4° 496  129.3 873 70 - . 2088.2 -3733.7 -1241.9
1[c] 6.9 313 12.3. 302.1 10.3 0 . 568.7 -1016.8% -85.2
1973 i o N o
Basins . a b c d e f7 : _ Net -
. : : : %/'TB "« Yield -
1 -228.1 141.0 158.7 527.1 - 54.1 0 20250 16.2° 4950.2°
2 50.0 -116.3 75.8 736~ 534 - 0. 10788 9676 15.5
3 4.6 7.1 239 766 253 0 1043.6 936.0 ¥Z157.1*
4 e 106 0 0 5933 -0 322 - - 288.8 12147
5 0 - 247 112 1.0 0o 0 0 0 369
6 .0 247 519 8527 - 408 O 433.0 ~388.3 17914
7 0 35 1.4 180.2 27.4 0 189 .17.0 2484 .
1fa]  19.8 317 295 300 253 0 . 406.8 3649. 908.0 ~ -
1[b] 1984 67.0 1179 1114 . O 0 12718 1140.7 2907.2
1[c] 9.9 423 11.2 .3857 288 O

3464 - 3107 11350

Source Calculatlons by Autior Using the Edmonton International Auport
Metcorologlcal Data in the ’I’homthwalte Procedure

%
%
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‘45 WATER BALANCE AND YIELD DATA AND LAKE LEVEL CHANGES -
The lakes withig Elk Island Park are f&d pnmanly by precrpttanon .on the lakes plus

: runoff from the areas surroundmg them. The yield produced by the surroun of

Elk Island Nauonal‘Park in any'one year will havea dtreot 1mpact on the lake levels within
‘a particular dramage basin. The Park Wardens haye conducted water level surveys at six
. lakes within Elk Island NauOnal Park The measurement of the water level mvolves the
| recording of the lake levels on calibrated posts J in the lakes. Wlthrn the Park, three of the-
ﬁve major basins have lakes with dale records. The four lakes for which records were
kept.are 1llustrated in ﬁgures 4.7.and 4.8. Only one\lak from each basm was selected
‘which resulted in the exclusron of Oster and Oxbow lakes frOm the this study. ‘ ,
A-moderately high spnn g runoff in 1971 created a high spring water level within the Park \.
("Figs.4.7, 4.8). The‘levelvdropped,[throughout the rernainder of the summer due to hi{;h |
water losses (based on Edmonton International Airport Data Table 4.4). 'Ihe Water losses.’
: vrmght not have been as large as those shown 1f prec1p1tatton data from the Park had been
;a§arlable In both the 50 mm and 150 mm water balance dragrams, most of the summer
_was ina condmOn of elther sorl morsture utrhzatto; or deﬁcrt (Frgs 47, 4. 8) The
. ’ ;followmg tbree years (1972 1974) could be classed as wet years and resulted in an overall |
:rrse in the lakes from prevrous levels. The unusually hlgh lake levels in the sprmg of 1974
' 1llustr:ated in figures 4.7 and 4.8 were a result of surplus conditions begmrung in the fall
and winter of 1973 in the 50 min category'and inJ anuary of 1974 in the 150 mm storage
category Among the four lakcs,..'Astotin Lake ex'periénced the most‘sev‘eredrop' in level ,
| .durmg the sumimers of 1973 and 1974. The severe drop in level was pnmanly a result of
- | lake level regulatron by the Park Wardens. At the northwest corner of Astotm Lake there i is-

a weir whrch 1s normally closed but can be opened to allow. water to escape ‘The values i in

table 4. 4mdtcate the Park had net yrelds dunng 1973 and 1974. -

[ -



THE QUALITY OF THIS MICROFICHE | LA QUALITE DE CETTE MICROFICHE’
IS HEAVILY DEPENDENT UPON THE =~ DEPEND GRANDEMENT DE LA QUALITE DE LA
QUALITY OF THE THESIS SUBMITTED THESES SOUMISE' AU MICROFILMAGE. ‘
" FOR MICROFILMING. - :

UNFORTUNATELY THE COLOURED MALHEUREUSEMENT, LES DIFFERENTES
"ILLUSTRATIONS: OF THIS THESIS ILLUSTRATIONS - EN COULEURS DE CETTE
CAN ONLY YIELD DIFFERENT TONES THESES NE - PEUVENT DONNER QUE DES
OF GREY. , ' TEINTES DE GRIS. '

@
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Figure 4.7
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The following years (1975-1978) were relatively dry. years.and experienced high
overall water losses as 1llustrated in table 4. 4 This is reflected in the decline of the lake

-

levels ﬂlustrated in figures 4.7 and 4 8. Moxsture sforage utilization and deﬁcxt condmons

© reflected the dryness of the summers df 1975 and 1976. Excepnons to ¢his occured in . 7 p
. August of 1975 and July of 1976 when lake levels rose in all fOur,lakes The steep |
increase in precxpxtanon in the months of August in 1975 and in July of 1976 1ndxcates that
storm events were partly the cause for the lake level increases (Figs. 4.6, 4. 7)
In 1977 the four lakes rose con&derably durmg\he month of May (Figs 4.7, 4.8).
| ngh levels of precxpltauon durmg May created surpl'uses in the 50 mm moxsture storage
category, and provxded recharge to the 150 mm m01sture storage category. Dunu.g the
remamder of 1977, moisture storage uuhzatlon and deﬁcu‘condmons occured as ﬂlustrated
by the decline in the four lake levels (F1gs 4. 7,4.8). " . *
Moxsture storage utlhzanon and deﬁcxt condmons occured dunng the ﬁrst half of
1978 when potential evapotransplrauo; was greater than prempnauon. The lake levels
. reflected these conditions with declines (Figs. 4.7, 4. 8). Towards the latter part of the
summer of 1978 prec1p1tauon exceeded PE résulting,in sofl moisture recharge in both P
storage levels, and surpluses in the- 50 mrm wateér balance dxagram In conjunctlon with the
‘wet summer and fall, the lake levels rose (Fxgs 4.7, 4 8) The surpluses created‘51 the
latter part of 1978 resulted in the high spring runoff of 1979 which raised the lake levels
" considerably from the brevious year. Th/e source for the seco'nd rise in lake levels in 1979
| is unknown to the writer. The water balance diagrarn fn figures 4.7 and 4.8 indicates only
moxsture storage unhzauon and deﬁcxt conditions during the enure summer. Theréisno -
( 1ndxcauon in t}e daily or monthly water balances of major surpluses‘ during August or |
September to cause such‘a Tise (App. I ). Avery heavy local sform evem within the Park
. could.possibly ralse the lake levels consxderably However, no meteorologlcal dataare

'~ available from the Park to conﬁrm this suggesuon There are other possxbxlmes such as
.
.t ’
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beavers and nlan whxch m\'\ght have an effect on the level of a certain lake. There is no
’ shortage of beavers in Elk Island Park Wthh control the level of many of the sloughs -,
thmugh mud dams. There'is a p0551bxhty that the beavers blocked off some or all of the
"lake outlet channels from the: lakes to cause the level rise. Through dxscussxon with Park

Wardens, it is af;parent. that the beavers build their mud dams faster than the-W ardens can

-destroy them. A sgcond for.a lake level increase would stem from'mans cle'aringfof
the channel culverts. This 'v-vouldl cre&e the detention of,water,.and,allow more i’uno_ff 10
occur into lakes downstream e ' |

The smeer o£1979 was moderately dry and this centributed to the lowering of the -
lake\evel from the spnng value (Table 4.4). Unforfnately no record has been kept
concermng channel clearing or the destruction of beaver dams - T

» -

Mmsmre storage utiliza ,uon and deficit condmons durmg the early summer of 1980

A

'xesulted in lake level declines. A small yield was produced however within the Park during
"thxs year (Table 4 4) It was created by soil moisture recharge and surpluses in the 50 mm
| and 150 mrn storage categones and precipitation Upon the lake in the late summer whxch '

resulted in increases in lake levels to above the previous falLlevels (Flgs. 4.7, 4.8)\

L’ Large wqat;; losses within thg Park v&ere experitnced during the years 1981-1985 as
shown in tablé 4.4. In 1981 sbil.\rnoisture utiliza‘r.flon asd deficits in the 5? mm and 150 mm
water balance diagrams caused a lowering of the lake levels in the carly summer (Figs. 4.7,

- 4.8)4 Precipifation exoeeded the potential evapotranspiljation in June of 1981 resulting in a
halt in the decline of lake levels during that month. Thc): high level of precipitation in June
“created an i’ncrease in the levels of Mass and AdamSon lakes, and a levelling off of Astotin
and Tawayik lakes. Moss and Adamson lakes are\small compared to Astotin and Tawayxk

hand are therefore morg likely to be affected b; storr;x events in terms of rising lake levels.
The recharge and surpkuses during thy wmtexj of 12‘81-1982 provided a large ’runoff

in the spring of 1982, which served to increase the'lake levels (Figs. 4.7,4.8). The water
1 o - . *

y
b ~ N AL 8
°
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.~ balance dxagrams xndxcatc a dry spring which resulted in a drop in lake lcvcls«purmg the
month of July, precxpltauon exceeded PE which provided rcchargc and surpluscs inthg 50+
* mm and 150 mm storage catcgoncs A rise in‘the level of all four lakcs occured dunng this

month (Figs. 4.7, 48) IR

There were only minor surphuses in the winter of 1983 which could accourit for the

small rise in lake levels in the spring of 1983. Durmg the months of June and July,

1

precipitation surpassed PE whfich could explain ;:jcreascs in levels among the lakes
(App. IV).. An above average water loss in 1984't€sulted in a decline in the lake levels

™ through the summdP(Table 4.4, Figs. 4.7, 4, 8) The surpluses in the fall of 1984 .

n
4 4

resulted in an early soil moisture recharge.” Thi$ ereated a largc spring runoff in 1985 when
;much of the winter snow was available for runoff. Surpluses occured during thc{pnnng- of
1985 in the 150 mm. moisture storage satggory, whigh contributed to the Yise in iakc levels
(App..m). The water balance diagrams in both the 50 and 150 mm categ;)ﬁcs indicate that
sail moisture utilization and c;cﬁcit conditions occured during the summer of 1985 thch
resulted in a large dcclinc'ir{ the levels of all lakes. The Park cxpcriénccd a l’argc decline in
moisture and v'vatcg levels during thisrsurrsmer (Table 4.4). - | i
\ Low lcycls .of prccipitatiop during the winter of 198571986.created surph:ses in the
50 mm water balance diagram but not inthe 150 mm water balance diagram. Thedry .
' co:ditions of the previous S\oirhmcr nec&sitated_ the full rccharge of the wgtcr storage
categories which rAcsu'lted in the small or lack of _suxplusés. There was onlya small Spring
runoff in 1986 wﬁicﬁ resulted in bclow aw)eragc level increases (Figs 4.7,4.8). Field -
1nvesugauons dunng the s;}nng of 1986 revealed a very small sprmg runoff, Durmg the

“month of J uly the precipitation exceeded the P.E. whxch‘&ated the level increases in the

~—

lakes illustrated in figores 4.7 and 4.8. %,
" The water balance diagrams and kake level ﬂuctué;ionl‘s in figures 4.7 gnd 4.8-

indicate there is a close and direct relationship between the lake level fluctuations and the
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changing weather patterns o{/cr Elk Island National Park. It is apparent that the lake level
increases which occur during the summer are primarily derived from surface flow response
rather than ‘any large groundwater contribution due to the short span of time bct.wéén a
storm event and a lake leve] ;:hange. Any majdr groynd‘wgtcr contribution to the lakes
would show- mQrc scasona?1 lag evenin lqgal.flow systems. The water balance calculations
should be continued in future so that major relationships illustrated in this reporg miéht be
better understood for current t‘na;lagcmcnt planning, ‘

45.1 YEELD CAI:EULATIONS VS LAKE LEVEL FLUCTUATIONS - r | ‘/ |

. A check on thé water balance p@c;du_re_uscd involves the comparian of calculated

~ lake level fluctuations with measured lake level fluctuations. The measured lake level

fluctuation was dctermincd through thc subtraction of the October level from the earliest

Sp{ing level measured. Thé ‘Igsu}t gives an approximation of the lakes seasonal fluctuation

in level in most years (Fiés 4.9,4.10). A possible error would ocCur in this calculation if

the lake levels were incorfcédy r'ncasured, or were not récordcdon the earliest possible day

follbWing the spring breakup. The calculdted lake.level fluctuations were determined by the

division of the wetland area. covering the specific basin from the walter loss of thé water

body (’g ables 4.5, 4.6). The results from both procedures are compiled in table 4.12.  * -
Itis app'arént in table 4.12 that many of the calculatqd'yalues‘ are similar, yet there

are some that are dissimilar. The causes of mesc,‘_diffcrt;nées can take many forms. For

e ) - N ‘,l . -
‘example, in a small study area such as in this thesis, snow drifting can greatly influence the

runoff amounts (Woodburn, 1977). Local surpluses may be extremely large in some areas
du;: to this drifting. In winters of lpw precipitadon snow drifting has its gréatest relative
effect, resulting in surpi{xscs and mnoff in spring where‘it was not expected. This could
r;éult in additional runoff ingo local lakes, which aiicording to calculations should not have
received much. 7 ‘o

: . .

N



" changes than do the different storage categories for the entire basin. The beavers noted in

' '
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" In some years the precfpitation in summer, although resulting in ligle runoff into
lakes can result in substantial direct level chdn ges, Prccjpitation is rarely as great as

evaporation in summer, but when it is large, the evaporation is wsually not extreme becayge -

lhere is relatively little advected heat avaxlable (fonvcrscly. when precipitation is low in

- summer, advcctcd heat from adjoining dry areas will add to the cvaporauon and the spring

to fall water level changes can be large. . ¢
Thc calculated lake level changes would be signiﬁcamfy altered if the precipitation

were actually greater in Elk Island National Park than at the Edmonton Intematxonal

(Airport. With an increased prccxpxta ion the lakes should not have the drastic dxffcrences in

* water losses between measured and calculated fluctuations illustrated in table 4.12. In table

4.13. it is apparent that an increased Park precipitation has altered the calculated lake level
fluctuations, and in some cases has brought them closer to the measured values.
When large differences otcur between measured ir;creases and calculated increases, it is ’
possible that the type of vegetatjon surrounding the lake has more to do with the level}

¢
the previous section with their continual damming of lake outlet channels, could certainly
be cohsidcrcd a factof responsible for differences in level flu?tuation. Otﬁer possible
factors covgrcd previously include the artificial control of Astotin Lake, and ditch clc;ﬁn g

to promote drainage. x ¢
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} ' ¢ S TABLE 4.12
‘Measured Versus Calculated Lake Level Fluctuations
S Of Four Lakes Within Elk Island National Park -
" \ - Early Spnng to Late Fall Level Changes
. Measured - Calculated Measured Calculated , Measured Calculated
Lakes - (om0 (em.) o (cm.) (cm.) . (cm.)) - (cm.)
1971 1978 ‘ 1985 -
Moss - 244 -18.3 Moss - . 18.0 -58"° Moss .~ -23.7 -153.
" Astotin 335 -18.3 Astotin = 4.6 -5.8 -Astotin -, -30.5 . -15.3
Tawayik 244.  "-192 Tawayik - -6.7  Tawayik 241 -16.1
Adamson ' 198 Adamson 12 -7.3 Adamson 232 8.0
1972 * 1979 1986 ‘ :
Moss - -76 - 101 Moss =~ -7.6 -7.5 Moss ' -60 5.7
Astotin & --18.9 10.1 - Astotin =~ -6.1 -7.5 * Astotin =30 5.7
Tawayik -16.8 9.1 Tawayik -0.9 -8.3  Tawayik - -6.6
Adamson - -15.2 10.5 Adamson 1.8 1.1 Adamson 3.0 7.0
1973 | 1980 | " Avg. (71-86)
Moss - 7.5 Moss -35.1 74, Moss - -8.4 -6.1
" Astotin -3.0 7.5 Astotin <127 74 TAstotin -~ -12.7 6.1
Tawayik - -24 6.4. Tawayik -10.7 4.7 . Tawayik -89 - -6.9
‘Adamson 61 130 = Adamson -27 : 5.7 Adamson 3.3 42
1974 * o S L3 S i
Moss -189. 100 Moss =~ 1.8  -178 L
Astotin -39.6 10.0 Astotin -183  -17.8
Tawayik - -82 ¢ 93 Tawayik -22.9 -18.4 s
Adamson . - -49 ° 26.8 Adamson . -20.7 -16.9
1975 1982 I : R
Moss -13.7 -5.7 Moss -6.7 1.4
Astotin =91 8.7 Astotin -6.1 14 :
. Tawayik -134 -5.7 Tawayik 4 0.9
Adamson  -116 -6.4 Adamson - - 2.3
1976, \ W 1983 .
" Moss ~ -6.1 11 Moss 24 -16.1
“Astotin - 4.6 -11% Astotin 1.5 -l16.1
Tawayik 19 -1LS Tawayik 8.8 <169
-~ Adamson -16 © -11.7 = Adamson ~33.2 -174
" . ay B " ) o,
1977 L , 1984 ' | |
Moss -15 9.6 Moss 91 207
. Astotin ~12.2 9.6 - Astotin <149  -20.7 _ :
. Tawayik -98 - -10.1 Tawayik -14.9 . 21.2 : . s
Ada.‘on - =09 -10.3 Adamson . -14.9 212 i e :

. Source: Calculatlons by Author Using the Monthly Meteorologxcal Record and the Lake
Level Data Provided by the Park Staff. * o i o
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“TABLE 4.13 .

Measured Versus Calculated Lake Level Fluctuations
Using Elk Island National Parkiand Edmonton
International ‘Airport Data for-Lakes Within
R : . Elk-Island National Park (Cm) -

——— e

°

" ‘ EINP  Intl Airport =

YearfLake = Measured X?alculated Calculated -
1982 ‘ - . '
Moss -6.7 "15.5 1.4
Astotin - -6,1 155 1.4
Tawayik -4 141 . _09
Adamson - 220, 23
_ . 1983 : ’
b " Moss . -24 217 -16.1
C Astotin . 1.5 21.7 -16.1
Tawayik -, 8.8 217 -16.9
. Adamson . 33.2 40.0 -17.4
- 1984 o ' o '
"Moss - - 9.1 . 7.4 : -20.7
Astotin .. -14.9 -7.4 -20.7
Tawayik  -149 -8.0 - -21.1
. Adamson  -149 - -8.3 -21.
1985 ' o
Moss -23.7 -13.3 . - -15.3
- - Astotin -30.5 -13.3 - -153
+.. ‘Tawayik -24:1 -13.8 - <16.1
- Adarison = -232  .-6.8 -8.0.

- Source: Calculations by, Author t?sing Elk Island National Park
and Edmonton International Airport ‘Monthlx Meteorological Data



5. LAKE REHQILITATION..

5 1 INTRODUC’I'ION " n .
The lakes of Elk Island National Park have very Tittle mﬂow and outflow of water

l‘ ﬂ

" resulting in their stagnant hature. In discussions with the Park Supe cndent Jack

Wlllman, it was stated that eutrophxcanon was thought to be mcreased through the |

. construction of the weir at the north west corner of Astotm L. A review of the present

procedures for lake rnamtenancc are soon to commence (Wlllman, 1987) The prcsT;/

A

stagnant condition has contnbuted to the lakes becommg eutromelc

Eutrophlcatlon refers to the agln g of a water body .which ...occurs o \
because nutrients, plants and sediments reach the lake ip runoff from the
land: ‘As the enrichment process takes place, it eventually produced -
~ diminishing returns in terms of life, and plant$ and aquatic life die in greater
" numbers, adding to the accumulating debris at the.lake bottom.. The lake . -
- TOWS narrower, sh#lower, .and warmer. Eventually, it returns to marsh
and then to dry land. . )

(Canada Water Year Book, p. 177, 1975) A .

‘The water quahty of lakes within Elk Island Natlonal Park is dtrectly related to the ’
amount and quahty of ninoff w1thm the drainage basms 'I’he water baf'ance of the Park in*
terms of surpluses is therefore linked to the water quahty of lakes within the Park Therc is

a wide spectrum of methods which are available to correct eutrophtcatlon in lakes A .

. physical correction of the eutrophic conditions within the iakes of Elk Island Natlonal Park

would 'howcver be against 4 basic Park policy. .

..to protect and preserve the natural process of elitrophication' and/or
successmn of open watir/ bodies, streams, bogs, marshes, swamps, and -
fens. ' , . .

N * S (Parks Canada, 1978, p.6)

If an improved overall lake quality for recreation and w11dhfe were desired, thcn the

Mfollowmg chapter on methods of rehablhtaung lakes would apply. Thts review will entail

* %
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a literature search of present methods to 1mprovc overall lake quahty, and an attempt to

relate these to water balance observanons | |
The possxble mtthods of lnmunglnutnen; inputs into the lakes are exarmned and

suggestions are glven concemmg alternative methods of nutrient diversion. A’ second

approach to rethoving weeds and nutrient rich sediments from the lake inyolves dredging.

‘, ‘The reasons for dredging and past experiences with dredgmg will be discussed. The

| vharvestmg of weeds and algae may be co,nsrdered to 1mprove. the aesthetic character of the

main lakes, and reduce the level of nutrients returniing to the lake sediments.
The l‘ourth metlzod dis'ou'ssed;,,involves the use of herbicides to remoueWeeds""‘and

algae from.tbe lakes in El'klsland National Park. The types of chemicals used their | U

charactenstlcs, and the prevxous uses of chemicals i in the Park and across North Amenca

w111 be'noted. Flush1ng-D11ut10n is the last andp0551bly most feasrble method dlscussed to

' ~_ control ‘tife nutnents within the lakes of Elk Island Nauonal Park The reasons for dilution,

' A'past expenences thh dllutlon across North Amenca, and possrble dlluuon alternatives

within Elk l'sland Natxonal Park will be rev1ewed

52 METHODS OF LIMITING NUTRIENT INPUT

Agricultural land use around the Park seepage from the sewage lagoon adjacent to

Astotm Lake and the wrldlee all contribute to the nutrient loadmg of the lakes w1th1n Elk

Island Nanonal Park. Only one of the factors, seepage from the sewag&‘lagoop could be

controlled (Flg 5. 1) Dunng the wet penods the lagoon has a tendency tooverflow, = °

resulting in a discharge of nutrients into Astotin Lake. One method of reducmg this aspect

-

of nutrient loading would be to divert the sewage away from the lalce through pumping to

~an area more suitable for 3 sewage lagoon. “Thereisa local water diVid'e west of the

adn'umstrauon ofﬁce but diversion of sewage across thxs divide could result in proble S

because of the close proxmuty of the Park boundary Groundwater qualmes could be .

-affected by seepage from a lagoon in this area into the large outwash deposits present.” The
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- pumping of sewage is not a new concept to EIK Island Nanonal Park. On the eastem side o
of Astotm Lake the wastewater from the snack bar, beach area, and campground is dlverted‘ .
- towards a collectron area north of the campground. From thrs collection area the |
o wastewater is pumped across a local water dxvxde to a small water body one half mile B 0
northeast of the campground (Fxg S5:1). Ttis apparent that the efﬂuent is dxspersed from , .
this small lake into nearby marshes The nutnents from this lagoon could not flow into the

Astotm Lake basin due to the local water divide, but could present problems to areas east of H
‘I the Park The flow of surface water from this lagoon:is {n an easterly drrecuon towards the

.

Park boundary and from there, into private farm lands. | ' o

53 DREDGING g
During the vegetatlon penod in shallow lakes the whole water mass can be affected
by the nutnent enrrched sedrments The leakage of phosphorus frem sediments can be
' consrderable, especmlly durm g the vegetatlon penod In the autumn the phosphorus in the j | .

lgke s recycled back into the sedlments (Rydmg and°Forsberg, 1976). The water quality in

" lakes such as Astotin would not be srgmﬁcantly 1mproved by external nutnentreducnon

due to the high level of numeats-already presentin. the lake sediments. In shallow lakes
_such as those in Elk Island National Park, dredging could be con51dered a vrable method of .
v improving the water quality through a-reduchon of the nutrient enriched sediments,_ 'Ijhe -
lake boitom of Astotin Lake is covered with seferal feet og'sofi black mud which is largel'y :
‘made up of semi-decomposed plant 'mattér (Elk Island National Park Records, 1966-

m 1976). Dredgrng in effect deepens a lake and ". decreases the ratio of sediment-
| ~ surface to water volume and eould createa sufﬁcxent volume of oxygenated water to cope |
w1th anoxic condmons" (Alberta Envrronment 1977c, p 89). If dredgmg ofa lake bottom
were camed out, a bottom stratum low in organic nutnent_s would have to be ex.p.osed for ;

th'c_operation to be a‘suclcess (Alberta Environment, 1977c).’ \.

Loe .
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Dredging programs at Lake Trumimen (1 Km2) in Sweden, and Lake Ramsjon (.37

Km2) in Norway were successfnl in improving the water quality through removal of
nutrient ennched sediments. ’l‘he results were encouraging, howcver, the costs of the
projects were hrgh for the small’ lakes with the project at Lake Trummen excecdmg $1
million (Alberta Environment, 1977c). In the early 1960's dredgmg was considered
,econormcally unfeasible for Astotm Lake in Elk Island National Park. If a major increase
in lake use were to be anncxpated another rev1ewqof .the cost of dredging Astotin Lake

L

. should be carried out to détermine its feasibility.

5.4 HARVESTING OFWEEDS AND ALGAE "
“The harvesting of wt:eds and algae involves the ;omplete rerno‘val of plant material.

Eor the hgesnng to be ‘a suocess,' the su.bmerged and emergent vegetation must be cut and

removed from the water' The cut \'/egetation left in the water would decompose and refease.

nutrients back into the water (California State W,ater Quahty Control Board 1967) like 2E

ichermcal treatments, the results of harvestmg are promptly apparent and the water y

c;an be used umﬂédrately after treatment (Alberta Emftronment, 1986). Harvesting also

‘ allows the max1mum conrol possible over the removal of weeds and algae (Mitchell,

1974), Mechamcal methods to control weeds and algae have a number of drawbacks such

as being labour intensive, slow to operateq a‘pgd costly in terms of machmery (Alberta

. Env1ronment 1986). . R - ) | AR |

’

55 CHEMICALS TO CONTR@L WEEDS/AL(GAE AND REDUCE EVAPORATION 7 \' —
The@are a number of chemrcals available whrch could be used to control algae and ‘ [ |

‘subt\xersed wéeds within Elk Island ational Park. The most commonly used aquatxc ’ j R

, jherbxcxde for the conttol of phytoplankton is copper sulfate Copper sulfate has a low

mammallan toxrcny and has proven effccuve in ¢ontrollmg a w1de range of phytoplankton

¥ ~ ¥,

| algae (Mulhgan, 1967). This chemical is Rowever toxic to fish and ﬁsh-food orgamsms at

N ’ ‘ o .
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low concentrations The copp'/er is precipitated on the gills of fish and causes suffocation
(Mulligan. 1967). The copper sulfate herbxcxde is broken down and is usually removed
from thc water ir: 24 hours, although the chemrcal has been shovwn to be persistent for /
several days (Mu\hgan{ r967) The California State Water Quahty Control Board (1967;)
determmed that copper sulfate must be applied before the algal bloom and not during to

- have its greatest effect. In Alberta, Alberta A gnculturc (1978) has recommended copper
sulfate for use in farm dugouts, sloughs, and- mumcrpal reservorrs for contrel of all types .
of algae To minimize the damage to the aquatrc hfe, Gangstad\(1982) has recommended

the treatment of lakes in sections so as to provide chemical free zones for fish.
_ There are a'number of examples in North America .where copper sulfate has been
used with successful results. Edmondson (1967), reported from his studies that copper
~ sulfate treatments. resulted in decreases in the algae. In Lake Monona in Wisconsin'
contmuous treatments of copper sulfate‘to the shore and bay areas resulted in an effective -
: control of the nursance algae (Cahfomra State Water Quahty Control Board 1967) After
complete sewage drversron in 1936, the amount of topper sulfate needed to 20ntrol the
algac was lessened Copper sulfate freatments were carried out with some success in Lake,

Wmmsﬁuam 1n New Hampshire to rec{ ce the algal b100ms (California State Water Quallty I

Control Board 1967). ' 7 N ‘
The application of chemicals within Elk Island National Paﬂ&f been a heated.- -

topic of disc,ussion for some time. Chemicals, primarily copper sulfate have been appﬂed
to Astotin Lake to control-the algal blooms. The copper sulfatc treatments were reported in
the Elk Island Natlonal Park Records (1968) to have some control over the algae, but the
rehef was short hved and treatments had te be repeated penod\really throughout the
summer The supenntendent of Elk Island Nauonal Park T.L. Ross, in 1969

- recommended against any further copper sulfate treatments of Astotin Lake. He reasoried

that treatment of the shoreline would only conml algae for a short time due to winds which
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would carry the algae back to the shoreline. Mr. Ross was also concerned about the ’
chemicals' (OXIClty to fish whlcl}(are the Staple food supply of many waterfowl The Public
Health Engmeermg Division (1969) in Edmonton on the other hand recommended the
« penodrc apphtatlon of copper sulfate to shoreline areas to control nuisance algae. Jack
aganﬁt any further use of copper sulfate to control algae dye to its toxncxty to fish and his
;0pm10n that .the copper sulfate treatments were meffecttve. Upon exammauon of the Park
. records it is aaparent that copper sulfate treatments were discontinued in the late 1960's and |
have notbeen resumed since then.

Other chemicals such as l)iquat, Fenac, Paraquat, and Simizine, have been
approved for use’In lakes by Alberta Environment (1986) for control of al gae and weeds. .
All of these aquatic herbicides create a potential fish hazard from oxygen depletlon due to
the decay of treated vegetation. The herbicides all have minimum time restncttons bcfore
the water may be safely used. These time restrictions range fron\t 24 hours for dtquat to
never fit for consumptron or ﬁshmg with srrmztte Present Park policies would  prevent the
use of chemicals in lakes within the Park (Environment Can,\ada, 1978a). Since chemicals
have been used in the past, itis apparen-t to the writer that 3 great deal of care and "
envu'onmental consideration must be glven whether in future to use chemrcals in the lakes
of Elk Island National Park. Full envu'otglmental impact studxes on the possible effects of .,
,,herbrcrde use within the Park should be carried out before any such herbrcxde program is

i

carried out agam ' . .

K
Y

The water quality of lakes may be improved by another type of chemtcal which in
effect reduces the evaporatxon potenttal in'lakes. The chemxcal hexadeconal has been found
~ tobe an effective evaporatxon suppressant. The thedry behmd the use gf evaporation

| suppresslon chemicals is based on the fact that oils and other compoun(i when placed on

water, create amonémolccular film (Alberta Envrr(mment 1977b, p. 89). This ﬁlm is

-
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peneu;able by rain drops, but reduces the evaporation of the water moleeules from the lake
surface. The chemicat hexadeconal has been chorted to be. tasteless, odourless, and non-
toxic (Alberta Environment, 1977b). The effectiveness of an evaporation supressing
chemical would depend on a number of factors such as wind action, degradation,

‘_- solubility, and method of apphcanon (Alberta Envtronment 1977b). In the best possible
condmons, increases in lakes levels were predlcted at 10 to 13 tm per year when using the
evaporatton suppressant (Alberta Environment, 1977b). This technique has been N
estimated to be expen:ive. It was estimated 20 years ago that the cost of saving one acre-

e

foot of water would be approximately $40 (Laycock, 1987).

.°5.6 DILUTION , .

YA,n alternate method to control nutrients within a lake involves the technique  of

)
»

ﬂu'shing-dilut_ion.. This technique is designed to replace nutx"ient rich waters with nutrient
poor (AlbertahEnvirpmnent, 1977c¢). There have been a number of dilution projects

th}nughout‘Nprth America which have been successful in reducing the nutrients and algae

in the water ' \

. In 1968 water from Lake‘ Diefenbaker was used for dlluuon of Buffalo Pound

Lake The inputs were intermittent durmg the su{nmer and continuous during th winter in

. the first year. The water quality of Butf;alo Pound Lake 1mproved markedly from

chermcal point of view during the fi ty*r pf artxﬁctal water inputs

* total dissolved solids declined from K86 Hig/L to 385 mg/LL in 1968, t0 310 THg/L in 1969

The calcium carbonate; sulphate, chloride, sodlum, and potassium values decreased

dramatically in the first year. The blue-green algat blooms were not corrected during the

” first year of dilution, hut too}c 3-4 years before the blooms were brouéht to sub-nuisance
> levels (Hammer, 1973). _ | | : .
Another projecth S develeped at &}reen Lake ngar Seattle Washington. Surplus

) water in 1962 was divésted from Seattle through Green Lake with the object of diluting the

L ¢

. The

’
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concentrations of nitrogen and pho;phorus, which would thereby limit the growth of algae _ \
(Oglcsby, 1967). Oglesby (1967) compared the data collected in 1959 and 1965-67, and
reported thc occurrence of substantial positive changcs in water quahty wh1¢h resulted from O e
the addmon of dxlunon water. Numgcn and phosphorus lcvcls markcdly decreased and
transpamn’cy unproved significantly. | ' 4

In the 1960s, Lake Washmg' ngar Seattle Washmgton received dxluuon -
treatments. This resulted in an imptovement of water quallty and the dlsappeamncc of ¢
blue-green algal blooms (Hammer, 1973). ‘ . AR

There are a number of methgds by which the technique may be applied to lakes
within Elk Islandh National Park.. The-first mcthod involves the internal management of
. "watcx; within the Park. This would ip?olve t.hc maxh;)iz\adon of water present in and
around the Park. For example, watér could be intercepted from surrounding local drainage
‘basins and conveyed by means of channels or pipelines to lakes within the Park. This
';Nould in effect increase the water supply within the Park while sacriﬁcing the smaller
ponds outside the lake (Alberm Envn'onmcnt 1974). The optunum nme for such a transfer .
would be during the spnng runoff to ensure the highest watcr quahty possible. . A transfer
of water could be cons1dcr9d ﬁgm a seasonal creek which begms in the Northwest end of
Ehe Park and flows 12 a %)uthcast direction out of Ehg Park. In‘ certain high runoff years
such as 1973, 1974, 1979, and 1985, meltwater could be diverted from this creek across
the divide $ Astotin Lake. This project wo:ulld\not be used every year, but would only
operate during years of high runoff. The basin‘g;_-ca which feeds; this creek is made up of | .
an open forest cover. This cover is rclated to, more runoff than a dense forest cover bl.;t R .
with a 150/25:O;mm. moisture storage category. The runoff into this creek during the wét
years would include}runoff from cleared land outside the Park where yi?lds are larger and )
more frequ¢ﬁL The following discussion is-an exémple of a potential transfer gltcmative

. : o v . M- \
between this creek gnd Astotin Lake. The gravity transfer of water by pipe from the creek .
o . -
o . ‘ » g N
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to Astotin Lake \\./ould necessitate the construetion‘of a check’dam in the creek. This would
detain the spring runoff. incr‘ease tac eleveﬁonadiffcrencer‘({lead.)ﬁt\'veen. the (‘:reekand
Astotin Lake, and facilitate its piping to Astotin Lake. A potential location for such a check
dam would basituated south of the Beaver Pond. From this location;-water would be
piped under the focal surface water divide, and highway, and dxscharge close’ to the water ~
mtake near the begch (Flg 5: b) Dlschargmg the water at this location would have the
benefit of increased mixing of the water. The d.lstancevbetween the creek and Astotin Lake
is 1440 m with a maximum elévation difference (head) c;f 10 m. The maximum head loss
allowable for such a distance would be .7m/100m with a possible ‘water velocity of 150

cmy/sec based upon a 1 percent slope. Over thxs distance, a range of pipe sizes from 250

mm tQ 7.?0 mm are available. The quarititi_es of water which can be transferred range from

48 acre ft/day Vith a 750 mm pipe to 5.8 acre ft/day with a 250 mm pipe. Thé p}pe would

need to be larggenou'gh to transport large amounts of water in a relatively short period of

. time (eg. 10 dhys). For the size bfaeelépresent, a'300 mm pipe would be adequate and

could pipe 9.3 acre ft/day.

In average runoff years, projects on similar sized creeks in the area alIowed the.

pumping of water for two days durmg %,:mng at 50 I/s before the creek was too low to

pump water. This type of project would ogly be beneﬁcxal durmg high runoff years when
.10 days of pumping would be poss1b1e (lemgstone, 1987b) - ,

At average pnce fora mumc1pal pI‘O_]CCt of 50 dollars per metre of pipe mstalled
Jhis pro;ect would cost 74 000 dollars (lemgstone l987b)

In terms of unpacts on the level of Astotm Lake for such a prOJect it would take 65

> / acre fect of water to ralse the level 1.0 cm. Over alo day sprmg v(moff period at-a flow
" rate of 9 acre ft/day, thc level of Astonn Lake would be raised by 1 4 cm (Livingstone,

1987b). ’ S
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A second mtemal transfer scheme involves the sacnﬁcmg of snmllerfiakes sou;h ox ,¢ f "1
Astotin Lake on the west side of the Park for the benefit of Astonn Lake ‘U}mrlg thé spnn‘gl x’ ¥ .'4

S~ i
melt penod water could be pumped from some of these lakes (Oster.fAdanisbﬁl Trappen:. ',‘ l' Y

. Paul, and/S’pruce Island) into Astotin bake. The prevlously- menuoﬂéd jakes are a - ' “ v
~.topographically higher than Astotm.Lake which would reduce. the coms of pumpmg wates |
to Astotin Lake The different feeder lakes level changes are pamally detemuned bythe . Y
surroundlng water storage categories, resylting in some lakes having a greater potential for . j
transfer Trappers Lake forexample is suibounded by a mix of forest (250 mm.) and ’
cropland (SO 100 mm), while Adamson Lake is surrounded by forest (250m1m y4nd |

open forest (1507250 mm) It would be expected that Trappers Lake WOuld receive more

runoff than Adamsgn due to the lower water storage categories preseng, around: Trappers 3

Lake The last two transfer prOJCCtS discussed need not be permanenwlmes%ut

&~
be seasonally positioned to reduce the env1ronn‘l tal impact and the costs invalyed'i i,

»

trenching a plpelme A non-permanent seasonal plpelme could also be altemated between

~ different lakes to allow a lakes level to increase. A third interna] management techmque

s

would mvolve the depleuon of small sloughs and depressrons within the Park to improve

runoff to -th;lfc(Wwould in effect reduceﬁe wateF losses due to evaporation
and infiltratipn (Alberta Envitonment, 1974). Further s y eould be conducted onsucha '
plan to reduce the number of small sloughs and depressions. A fourth intenal management .

~N
techmque mvolves the better use of present.low watgr storage categones such as parking

lots (Photograph 4. 2) The water fRom these areas is of good quahtya and could be.ze-

routed through proper leveling and njinimal channelmg towards Astotin Lake. In the main

gravel parkmg lot adjaqent to the Beadh, a tile dramage system could be considered for

directing the surpluses towards an existing ditsh which leads to Astotin Lake. A tile
* drainage system would effectively wjthstand any frost heaving and would maximize the
. I
potential runoff from this parking lot into Astotin Lake,
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The second techmque to obtam water to be used in the dilution of lakes thhm Elk

a Island Nauonal‘Park would mvolve the 1mportat10n of water from the North Saskatchewan

‘ vaer ThlS could be acco‘tnphshed through a variety of altemanves which have been
‘arfequately covered in the EPEC report of 1971, and thc Alberta Envrronment report of
“ 1974 "The size of u‘nportanon proyect necesSary for Elk Island Nauonal Park would not be ‘
‘as large as the projects for the two prev1ously rnennoned reports'but would probably still
.be prohrbmvely expensrvc lemgstone (1987a) has proposed that water from the g
‘ Edmonton—Veguvﬂle plpelme Jocated north’ of the Park be used for Park domestic needs ‘
‘ It i Is evident that only part of this would be consumed, the rest of which would eventually
-'bc added to the local supply - " e ‘ | | :
A thrrd possible, but unhkely source of nutnent poor water for drlut10n would be ‘

- from groundwater Wrthwhe Edrnonton areas it 1s evident that majoﬁ groundwater

. supphes are not present (EPEC Consultants : " Underground reservorrs such as the

: would not be adequate fo;ﬂushmg at, desu'ed rates

It an mcreaso in the recreauonal use,fand an unprovement m the aesthetrc quahty o‘f -

| ;&Astoun Lake is desrred the wate "jﬁuahty_offthe lake will

&
&

}“\’,‘-'; ' L | R i R
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_ 'avaﬁable to stram the algae from the water The chermcal control of the algae isan - | _ |
,'unfavorable alternauve due to the undesrrable en\nronmental effects and the unknown
effectlveness of the chenncals on the algae The. dilutlon-ﬂushmg techmque isa des1rable
altemanve, and 51rn11ar procedures elsewhere have been successful m\yﬁu’ovmg the quahty\
of lake water. An 1nterna1 management scheme would appear to be more favourable 7 -
because of the high costs of constructlon fora water unportauon séﬁeme from the North "
glgatchewan River, and the lack of a sultable groundwater FEServoir in the Edmonton |
region. It should be noted that 1nterna1 flushing would not be effective in all years and that
onl.y iimited improvernent could be anticipated. This ‘may ho'wéver be all that is required -

for the levels of use expected Redommendatrons for future study and proposals for

change w1th1n Elk Island Nationat Park are contarned in section 6.2.
o , »,‘ ; ¢ 3

. & ‘ ’
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6. - CONCLUSIONS AND RECOMMENDATIONS
Y C

°

The Thomthwmte techmque was used in the determmauon of a water balance. for

s, 1 CONCLUSIONS

Elk Island National Park. A hterature revrew of prevrous uses of the techmque was
b ,conducted. and it was found that the Thomthwarte procedure was appropnate for Prairie

. soil rnorsture conditions in tlﬁs area. Data for the procedure were easrly obtainable by the

author from the first ord nton International Alrport weather station, and from other

first to third order 'stati surroundmg the Park. There were, however, few

meteorologlcal data from the stauon at Elk Island National Park for wmch recordmg began
in 1982. In the calculauons w1th the Thomthwaite procedure it is unhkely that major errors
could be made in the bookkeepmg procedure to deterrmnc the reqmred v~ater balance '

values. Errors are more likely in the determination of potenti

transprratron using the
| Penman technique in which the formulae are cbmplex’ : |
' The results using the Penrnan technique were Iovy :
using the Thomthwaxte techmquer.'lfhe-l?enman tex ther procedure besides ¢ |
‘ Thomthwartg wh1ch has had worldwrde exposure .and ccep ane'e‘- 'The f’enman procedure
# was therefore perfomred asa check Qn the 'I'homthwarte procedure Wrth both procedures |
: producmg sumlar results, i it rs apparent that the water balance calculauons usmg | _-
Thomthwa:te are acceptable for thrs area. The Penman tcchnlque was not used further than
for tomparison due to Inmtanons of the data base in Centra]’lberta
The type of surface represented by a moisture storage category was a product of |
i previous studres of reglonal water balance pattems The wetlands during the summer were@
| given the vaIue PE + 1[2 Dto represent the above—average evaporatlon potennaI of those |
surfaees “The higher evaporauon potential is in part due to the wind acuork and . avaﬂabrhty
_ s -"6? 3dvected heat plus an allowance for the low albedo of water surfaces. Through field

@ :'{ k observauons itis evident that many lakes and ponds are surrounded by tall trees which in

W,
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effect create a wind screen. A wind screen could reduce the evaporation potentrau some
wetlands and cancellanon of part of the 1/2 D value This would result in the water loss or |
net yield betng closer to the difference between the pmflplmnon and potential
.evapotransplratlon " S B _‘ ‘4\
Itis apparent from the research (Tables 4.1, 4.4, 4.5) that the surpluses created
‘ w1thm and around Elk Island Nauonal Park dre pnmanly lostto evapotransptratton in most
years. The hlghest evapotransptranon losses occur from the lakes and marshes within the
Park. - Only during the wet years such as 1973-1974 are surpluses lost from the Park in‘the -
- form of surfice flow.’
'KWata balance pattems*are not fauourable‘for intensive recreational use 1n many’
© yearseven in the best,uakes The surpluses can be managed for some improvement in lake '
quahuttes especrall .4 et years, but maJor improvement of the lakes within the Park for
recreatlon in the drier years would be expensive. . | ( L

Y1elds were calculated from surpluses detenmned throu gh use of the water balance

. 'procedure Calculation errors are possible in the determmatton of ytelds but effort was
~ taken by the author to prevent‘them. In the correlatton of measured lake level fluctuations
and calcu_lated lake level fluctuations it is apparent that certam years did not have similar
values. Rather thanqone reason accounting_ for the discrepancy, it is app&nt after the °
discussion in Chapter 4 that thcre are a number of possihilities which, aggregated together, _n B
 resulted in deferences between measured and calculated level ﬂuctg% |

Each of the alternative soluttons (m Chapter 5) for 1mprpv1ng lake quahty could%e
" implemented to a certam extent m\Ellé Island National Park. Aside from the costs the
| degree.of accepted environmental unpact would dtctate which solutton or combmatton of
solutrons could be 1mplementéd Although the focus of thts study has been upon water

i

balance calculation, and some of the pqssrble apphcattons have been noted, a number of

. . e

N ,
. ’ ‘ >
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;jv | .

ernmg future altemanve management opttons relatmg to and leading
1

. < .
recommendatio

from this study nnght be noted

6.2 RECOMMENDA’I'ION S ‘ .

1. In the measurement of precxpttauon over the four year penod at Elk Island .
Nattonal Park, 1t is ev1dent that the Park received 20 percent more prec1p1tat10n than the
Edmonton Intematlonal A1rport. Much of this 20 percent fell dunng the summier months
Itis probable that the higher gauged preapltauon was a result of an orographxc uphft over
the Park. An Orographtc effect could result from the Park rising some 60 m above the
surroundmg plain. Orographic uphft may also be related to the surfac\)e roughness in the

‘ Parlt, which is due to topographic and'vegetative cover variation. The’ rough surface .
creates a frlctional drag-upon surface air which may promote uplift of a faster moving a1r ,
body 'I'his could create a localiZed precipitation event. Further ;st\idy .'on the differentes in
precipitation should be camed out to determine the representativeness of this larger catch.

To detgrmine thls, itis recommended that a series of rain gauges be estabhshed throughout

the Park Tem?ature rmght also be momtored, but smaller vanafion would be anttcrpated

due the sumlanty of the results from Elk Island National Park and Edmonton Intematmnal .

p Auport | ‘ | _

2 There is a great deal of future study possible concerning lake irnprovemerit in

Elk{sland Nattonal Park. A mulnple techmque approach to 1mprove Astotin and other .

maJor lakes should be exammed due to the numerous mterrelated water quahty' problems

- A mulnple tes;hmque programme would involve a reductton of nutrient mputs dredging of

some lake bo oms, harvestmg of weeds and algae and dllunon 'of the lake with nutrient
T
poOT Waier:

e sewage lagoon behind the admtmstrauon ofﬁce 1s p,'one to overﬂowmg,
- Which'in

Vallows numents to flow i mto Astotm Lake. Itis recommended that the
sewage be pumped west of the low drainage d1v1de nearby to an alternate lagoon site where
overflo_w condmons_ are less hkely to occur. A feasibility ‘study on the environmental

[
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effects 'and{costs of dredging some or all of Astotin lake could be examined. The lake
sediments are full of nutrients Wthh must be removed before the algae and weed problems

—eould be diminished. An investigation should be carned‘our to see whether suitable
equlpment is available to harvest the algae from the lakes. Harvesters are available for .

- weeds, but the blue-green algae are the ma]or nuisance in the lakes of Elk Island Nauonal
Park. The fourth part of a programme to rejuvenate the major lakes takes the form of
dlluuon tis recommended that possrble dilution alternatives be examined such as water
1mportanon from the North Saskatohewan or from possible collection. areas outside the

Park. The collecnon of spring runoff within the Park and’subsequent pumping to Astotm , ’
and other maJor lakes would appear to be the most feasrble and least envuonmentally .
destrucnve Surpluses suitable for such transfer schemes would be avarlable only in wet
years such as 1974. Acceptable quality would be attarned only dunng heavy snow-melt
runoffs. In most seasons of most years, surpluses are too small from most areas and too )
low in qual1ty for diversion to be helpful. However, such "ﬂushmg need not be present in
all years to be useful in reducxng or briefly reversmg the eutrophlcauon process in selected
lakes. No long term envxronmental damage can be foreseen through 1mplementanon of the

' rejuvenation programme, while short term envrronmental effects would result from noise of
the equtpment and the burym gof plpes

3. Itis recommended that there be greater management of the low water storage

- category areas such as parking lots to promote drarnage towards a lake or pond rather than'
a ditch where water would stagnate and evapbrate | The low water storage categories (2,13

| _ “mm.) are responsrble in most years for much of the surplus within Elk Island Nauonal

~ Park. After limited wettmg of the surface, the precrpltauon begins to run off resulting ina
good quahty runoff. Durmg the drier years and summer penod% these areas are alone in

producing y1elds The author is convinced that through mcreased awareness of the |

potential surpluses from the low water storage categones greater use can be made of these
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' surp?uses. To accompany such .rnanagement,-there should also be a programme of ditch .
vclearance and selective depression clearing to promote water flow and reduce pondmg

| 4. There should also be increased mamtenance of the culverts ard culvert opemngs .
to promote a water exchange betwecn ponds and Dunng the summer of 1986 the
lauthor saw broken and clogged culverts which created ponds and greatly hampered the’
| flow of water. The installation of drainage tileg within gmvel parking lots to promote )
dramage toa desired destination could be mvesngated To accompany the nnplementanon
of dramage tiles, a proéram of proper levelling within parking lots to promote surface
‘ dramage would'be des;rable

- The number 474 wide range of recommendatrons indicate that there is snll a great

o deal of work to do in the ﬁeld of water resource management within Elk Island National |,

Park. This study is only a small component of the ennre water resource study p1cture but
it could serve as a perspective base and foundation for future studies of specrﬁc actlon
_ programs

6.3 DATA PROJECTIONS AND THE POTENTIAL IMPACTS OF ]NCREASING
ATMOSPHERIC C02 UPON WATER RESOURCE PA'I'I'ERNS IN THE FUTURE

Over 100 years of climatic data are now available for the Edmonton area and most
of the limited but apparent warming mrght be. attnbuted to the expandmg "heat 1sland" effect
of the growmg city. PrO_]CCtJOﬂS into the future might include allowance for future growth
and i 1t mrght be assumed that this region will continue to have wet and dry years m uregular
sequence w1th widely different smplus and deficiency pattems from year to year. Planmng
' for the more efﬁcrentuse of the larger surpluses is recommended |

. We should be aware of a new factor in climatic change ie. the mcreases ,m
atmosphenc CO2 and related "greenhouse gases" such as m‘e&tane, nitrous oxides, low |
level ozone and chloro-ﬂuorocarbons which will result in warmer clunates and changes in

global atmospherrc c1rculanon patterns in the future (EPA, 1984; Envrronment Canada
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1986). Various prOJectxons are now avaﬂable and an "avexage" projection for th1s am.a is - |
that in S(Xfa 100y years the area w1Il have a 22 percent increase in evapotransplratxon. 2 15% |
increase in precipitation, and a 14 percent increase in runoff-(EPA, 1984, pp. 21-23). This
x"egi'cmal‘runoff increase is possible because of im precipitation concentration in the wmter
(11to25 percent mcrease) and sprmg (over 25 percent mcrease’), when evapotranspxranon

K The prempltauon in summer and fall will experience httle change but lake levels
will de\hne seasonally wnh the greatly increased evapotranspxranon (EPA 1984, pp 50-
. . o

The ch'an.ges n:)ted above will be gradual with wet and dry years m irregular

succession. Planning for inqreaaed runoff, increased lake evap‘oration' increased snpply
variation, and mcreasecl demand for lake use can result in an increased i importance in water

: balance understandmg and management
-
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APPENDIX I
THE CALCULATION OF MONTHLY WATER BALANCES FOR -

THE‘EDMONTO,N INTERNATIONAL AIRPORT 1971-1986
Y 4 S
| AW

The tables in Appendlx I have been preparcd to 1llustrate the monthly water balances

- ‘at the Edmonton Internauonal Alrport for the penod 197 1-1986. The results from these

water balances create the major foundauons for further study The surpluses in these tables

0
were used to determine the yields w1thm the different moisture storage»Categones in chapter

4. Lake level fluctuations within. BElk Island NauonaL Park were also determmed once the

yxelds were calculated Water balance diagrams crcated frdﬁdata in this appendxx were
compared to the yearly lake level fluctuations in chapter 4 (Fxgs 4 6 4 7) ThlS was .

performed as a check on the water balance procedure
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EDMONTON INTERNATIONAL AIRPORT i
: WATER BALANCE 1871 . : _
J F M A M J J T TA § 4+ 0 N D  Year
C . .-18.4 -9.8 -89 3.2 122 13.7 15 173 6.8 5 .45 .17.4
. PEmm. o 0 0 254 914 104.1 1143 3143 559 %03 o0 o0 5287
Ppt.mm. 568 2 213 2.3 124 75.7 126.5.90.0 40.4 4}8 23.9 35.8 411.9
- JStChmm. 569 2 213 -231 -79 :28.4 12.2 -104 :18.5 185 230 03858
v - ) i i El
v 2 " st2mm 2 ‘2 2 0 0 . 0= '2\ ] 0 g‘x 2 2
431 Surp 56.8 2 21.3 g 10.2° y 21.9 388 137.8
' Det. : 211 79 28.4 - 102.4 15.5 18.87. 261.9
411.02(825.7:261.9)+133 8414.6 . L P h
13 St13mm, 13 13 13 0 0 6 122 0 ] 0 13 13- :
431 Surp. 56.9 2 213 : o ;oo 3s. 81233
Det. . . 10.1 79 28.4 92,2 155 155" " 240.7
411.92(525.7-240.7)+123.8+3.6 L . . ,
50 St.50mm. 50 50 S50  26.8 0 o, 122 0 0 0 239 80 :
21.3  Surp. 569 . 2 213 s 9.7 1018 N
Dét. , 521 28.4 82.2 15.5 185 - - 203.7 .
411.9=(625.7-203.7)+101.5-11.62. . o : :
_72.1 St 100mm 100 100 . 100 76.9 0O 0 122 0° 0 0 . 23.9. 89.7 _ SR
Surp. .29 2 213 . . N 823
Def. 2.1 284 92.2 155 185 e 183.7 “% A
411.9x(525.7:153.7)+52.3-12.4 . , R - } ' ¢
72.1 St 150 mm. 129 131 150 126.9 47.9 19.5 21.7 0 0 0  23.9 "58.7 L, .
> Surp. . 2.3 : ' 2 23°7 o
. Det. : a " 72.7 155 1585 - " 10007
411.96(525.7-103.7)+2.3-12.4 : :
72,1 St 250 mm. 129 131 152.3 129.2 50.2 21.8 34 0 0 0 239 597
Surp. . . . 3 .0
Defl. , 704 155 155 . 101.4
. 411.9=(525.7-101.4)+0-12.4 : ‘
o . i o
s -
A . EDMONTON INTERNATIONAL AIRPORT 2
: © . WATER BALANCE 1972 . .
: J F M. A M J J A s o -N Yoar
c -19.6 -16.8 -6.2° 2.6 .11 148 13.4 16.4 5.6 2.7 -4.86 -189 ,
" PEmm. . 0 0- 0 17.8_ 981.4 1143 104.1 114.3 40.6 203 0 0  502.8
Ppt: mm. 20.1° 31.2. 30.7- 38.8 49.8 106:4 88.1 94.5 478 107 27.7 {4 560.9
StCh.mm. 201 31.2 .30.7 21.1. -41.6 -7.9 -1 -19.8 7.2 -9.5 27.7 14 :
- ‘ @ :
2 st2mm . 2, (2 @ £. 2 0 0 0 0o . 2 0o 2 2 ‘ .
§7.7 Surp - 20.147731.2.-°30.7  21.1 - : 5.2 25.7 ‘14 - 1686
: Det. ; 39.6 7.9 16 19.8 7.64 & 90.9 .
-559 9.(502 8-gd. 9).106:18 - ; L o
137 SL13mm. #1313 130 0 0 0o 7.2 0 13 13 . <
46.7  Surp.® 201 312 ‘30,7 211 - , . o 14.7 14 149.8
Def... ° ' 288 7.9 16 19.8 2.4 I L
559.02(502.8.74.7)+149.8-18 - R : ‘
" 50 St.50.mm. 50 - 50 .50 50 8.4 0.5 0 0 7.2 0 277 41 T .
9.7 Burp. ©  20.1°.-31.27 30.7 21.1 ' o : . o 11208
= Def. . & v e o 15.5 19.8. ~2.4 To37.7 .
- 559:0.(502.8:37.7)+112.8-18" : ' SN
T69.7 St 100mm 79.8 100 100 100 58.4 50.5 34.5 147 21.9 12.3
" Surp. w11 307 21.1° ' Lo 52.8
DQf ) ‘\.J,,»‘. ° b
. 559.92(502.8:0)+62.875.7 o ‘ S
59.7 St 150 mm. 79.8 111 1417 150 "108.4 100.5 84.5 4.7 71.9  62.3 90 o3 .
: Surp.. - " 12.8 T - 12.8
Def. : -.Q .
559.9=(502.8-0}+12.8+44.3 , : - . a
§9.7 St250 mm. .79.8 111 1417 T62.8 1212 11‘3;3 97.3 77.5 84.7 75.1 10%.8 116.8 . -
Surp. - e ' ' o
. Det>T 0

2 S
: . .
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APPENDIX | CONTINUED ,
. EDMONTON INTERNATIONAL AIRPORT ¢ ,
. WATER BALANCE 1973 ' ~
J . F M A M J 4 A § O..N . D Yo
c -12.4 -11.2 2.9 2,6 11,1 13.9 158 148 10 3.6 -14.8 .12.9"
-PEmm. © 0 - 0 0 17.8 91.4 104.1 1245 104.1 63.5 27.9 0 0 ‘ 833.3
Ppt. mm. 12.2 10.7 - 10.7 46,2 37.1 147.6 87.9 110.5 34.3 33.6 28.7 25.9.5853
stCh.mm 122 107 10.7 28.4 -54.3 43.5 -36.6 8.4 -20.2 56 28.7 259
2 "n.zmm 2 2. 2 2 o- 2 o 2 0 2. 2 2 :
30.7 - Surp 12,2 10.7 10.7 .28.4 " 418 4.4 3.6 °28.7 259 151.2
* Det. i 52.3 34.8 Loo27.2 . 114.1
585 3w(533.3-114.1)+151.2+14.9 - :
13 Sti1damm, 13 - 13 13 ; 13 0 13 0 6.4 0 5.6 13 13
18.7 - Surp. 12.2° 10.7 . 10.7 28.4 30.5 21.3 25.9 111.2 |
: Def. 41.3 23.6 22.8 87.7
< $85.3w(533.3-87.7)+111.2+28.5 -
a1, 7 St 50 mm. . 80 §0 50 50 0 43.5 6.9 133 0 5.6 343 50
* Surg.. 3.8 10.7 10.7 28.4 ! © 10,2 53.7
.Det. ‘4.3 15.9 20.2
585.32(533.3-20.2)+53.7418.5 - .
54 St 100mm 66.2 -76.8 87.6 100 45,7 89.2 52.6 59 29.8 354 641 _ 90 .
"~ Surp: 16 . . ‘ i - 16
. Det, . "0
585°32(533.3-0)+16436 . e
104 St 150 mm. 116.2 126.9 137.6 150 95.7 139.2 102.6- 109 79??;85.4 114.1 140
Surp. 16 - : ot 16
Def. ‘ . 0
588, a.(saa 3-0)+16+38 ’
716.8 St 250 mm. 129 139.7 1504 178.8 124.5 168 131.4 137.8 108.6 114.2 142.9 168.8
Surp. g - 0
Def. "o
588. a.(sas 3-0)+04+52
", EDMONTON INTERNATIONAL AIRPORT B
WATER BALANCE 1974 - . :
: J 5, M A M J J A .s* O N D VYear
c ~18.9 dé{n -12.1 -2.6 8.1 146 181 127 87 6.7. -2.8 -5.9
. PEmm. 0 ¢ q’b 0 26.4 61 1{43 1143 96.6 559 43.2 .0 0 5i1.6
Ppt.mm. 45 T 20.8 - 39.9 14.5 40,1 1186 88.4 488 31.2 4.3 28 '21.3 473.7
St.Ch.mm. ' 45 208 39.9 -11.9 -20.9 2.3 -250 -47.7 -24.7 -38.9 28 21.3
; ‘ S .l . ; : .
2 St.2mm 2 2 2 0 0 @2 o . qQ 0 ‘0 2 2
54.6 Surp 45 208 39 9 - : %os _ 0.8 21.3 160.6
Def. , 9.9 209 ©28.9 47.7 247 38.9 . 166.6
473.7(511.6-166)+166.6- 32 5 . - .
13 St13mm. 13 13 13 1.1 0 2.3 o 0 0 90 28 130
47.2 Surp. 45 20.8 39.9 ' ) 11.1 152.9
Def, ‘ 19.8 23,6 47.7 24.7. 38.9 154.7
473.7w(511.8-154.7)4+152.9-36.1 = .
50° St.S50mm. 80 S50 50 38.1 17.2 10.5 0 0 0 ) 2.8 24.1
*-10.2 Surp. * 45  20.8 39.9 : . 115.9
Del. : 6.4 . 477 24.7 38.9 . 1177
473.7(511.6:117.7)+115.9-36.1 : v
90 St 100mm 100 100 100 88.1 67.2 68.5 43.6 0 0 0 28 24.1 - .
© Sump. 38 208 39.9 ‘ : 95.7
Def. ) 4.1 247 38.9 67.7
473 7w({511.6:67.7)+95.7-65.9 o o«
140 SL.i%0mm. 150 150 150 138.1 117.2 119.5 93.6 45.9, 21.2 0 2.8 . 24.1 -
Surp w35 . zoa 39.9 » R Do : 95.7
" Def. . 17.7 17.7
473.7u(511.6-17.7)495. 7~nvs 9 : . . :
168.8 St. 250 mm. 213.8 234.5- 250 238.1 217.2 219.5 1093.6 145.9 121.2 82.3 851 106.4
. Surp. 24.5 - o 24,5
‘Dot - e 0
473 7-(511 6-0)+24.8-82.4 ]
- .
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- . ‘ln% ) . N -
EDMONTON éNTEnNA?IONAL AIRPORT ‘ o
: ‘ wnr M;.Aucharu N . w
.4 F M RO 0 N D Yonr,@
C 12,1 -15.8 -9.7 o 9 9.; a 4.7 12.4 .
PEmm. .0 0 o .0 76 , 1 0 0o 478 ‘
Ppt. mm. 12 15. 15 30 st . e 24 '8 28 460 -
- M - H
St.Ch.mm. 12 15 15 30 25 5‘ 15~s :g Y ’ 3 L,r 28 _ 5
2 st2mm- 2 2 2 2 0 20 ¥yo., 2, .2 2 2 h '
22.1 Surp 12 15 15 30 S I s ' 3 ¢ - 28 106.1
Det. " ' 23 88 a7 128
460={470-126)+106.1+9.9 : . .
13 St 13mm. 13 13 13 13 0 s 0 8 0 5 11 13
11.1 Surp. 12 15 15 30 ' 24 83
Def. 12 53 41 , 106
460=(470-106)+82+14 , ,
24.1 SLS50mm. 36.1° 50 50 50 25 30 ] 8 0 5 K 37 :
. Surp. BRI 15 30 » ' : 46.1
Det. . | ; . 28’ 41 . 69 -
460=(470-69)+45+14 AR - <
24.1- St 100mm 36.1. 51.1 66.1 6.1 71.1 76.1 18.1 26.1 0 5 11 37
Surp. ' ' - (]
Def. 22.9 22.9 .
460m=(470-24)0+14 '
24.1 S1.:150 mm. . . ' L : ¢
&urp.’ Same as 100 mm. 0
Det. . . 22.9
460=(470-24)+0+14
106.4 St. 250 mm. 118.4, 133.4 148.4 178.4 1‘534 158.4 1oo4 108.4 59.4 64.4 70.4 96.4
Surp. 0
Det. ) .
1 460=(470-0)+0-10 <
f '\‘_ X vy
EDMONTON INTERNATIONAL AIRPORT
WATER BALANCE 1976
J F M A M J- b A s .0 N D VYear
c . -125 -8.9 -8 63 11 12 155 16.2 119 38 -2/ -8.9
, » PEmm. (] 0 0 41.4 838 89.8 1151 1088 70 22+ 0/ O 531
Ppt. mm. - 1.4 21.5 159 11.7 30.2 90.8 74.7 1111 43 9.9 6.7 31.4 458.3
StCh.mm. 11.4 215 1§59 -29.7 -53.6 1 :40.4 2.3 .27 -12.2 6.7 31.4 _
. . . . .
2 St. 2mm 2 2 2 0 o0 . 1 0 2 0 0 g 2
32 urp 11.4 218 158 - 0.3 : 47 31.4 811
L 27.7 536 39.4 25 122 | T 187.9
458 . 3u(531-157.9)+81.1+4.1 e : ;. R
13 St 13mm. 13 13 13 -0 0 1 0 2.3 0 0 /67 13
24 Surp. 11.4 215 159 : 25.1 72.8
e, 16.7 53.6 39.4 24.7 '»12.2:/ 146.8
458.3w(531-146.6)+72.8+1.1 " ! ‘
37 S.50mm. 484 S0 .50 20.3 0 1 0 23. 0 "0 } 6.7 381
- - Surp. 249 19.9 159 o P ., 3.8
. . Det. . 33.3 . 39.4 24,7 12.% o 109.6
*.458.3u(531-109.6)+35.8+1.1 : - J . :
37 St 100mm 48.4- €9:9 858 56.1 2.5 3.5 0 2.3 0 o] 6.7 38.1
Surp. ) . : L " / -0
Detl. - : . 36.9 247 12.2 738 0 g
: 458.3=(53 .8)+0+1.1 " / : M.
37 SL150mm.% . ] . -
" Surp, Same asiOOmm_. ,‘ 0
Del. v N 73.8
458.3=(531-73. e)+0+1 1 : i — ' v
96.4 St 250 mm. 107.8 129.3 145.2 115.5 61.9 629 22,5 24.8 .0 0 6.7 38.4
Surp. P ) S e
- Dat. - 22 122 14.4
_§8 34531 14, 4)+0-58.3 : ' @
T
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EDMONTON INTERNATIONAL AIRPORT
' _ WATER BALANCE 1977 . .
J F M A M J- A 8§ 0 N 0  Year
.c .12 .28 -2.8 6.9 10.4 142 14,2 117 93 4.7 -6.7 -17 -
PEmm. 0 ] 0 51.8 (79.8 106.1 106.9 82.5 57.2 27.6. O 0 S511.9
Pp.mm, 181 2.7 . 8.8 18.9 131.9 125 ©60.7 665 '38 0.4 104 18.9 4358
St.Ch.mm. 18.1 2.7 6.8 -32.9 521 -93.6 -16.2 4  -19.2 .27.2 :10.4_18.9
2 s2mm 2 2 2 0 2 .0 .0 20 0 2. &ix -
. 361 Surp 18.1 2.7 6.8 $0.1 .2 8.4 189 3258
' Def. ' 30.9 91.6 16.2 17.2 27.2 ¥83.1
438. e-unowamnssas , e
13 tLi3amm 13 13 13 ) 13 %9 -0 4 0 0 10.4 13
25.1 Surp. - 18.1 2.7 8.8 - 39.1 . .t 16.3. 91.8
_Det. - 19.8 ©80.6 162 15.2 '27.2 o 159.1
435.8=(511.9-159.1)+91.8-8.8 : ~ -
38.1 SL8 mm. 50. 50 80 17.1 50 0 0 4 0 0 .10.4 29.3
Surp. 8.2 2.7 6.8 19.2 o e 34.9.
Det. =~ .~ 43.8 18.2 18.2 27.2. 102.2
435.8s(511.9-102.2)+34.9-8.8 : » .
38.1 . St. 100mm 56, 2 58.9. 657 32.8 848 0 - 0 4 0 ) 104 29.3
Surp. . - . ) o 4]
. Del. & e 8:7 18.2 3.5 152 27.2 67.3
435.8x(51.1.9-67.3)+0-8.8 ' ¢
38.1 St 150 mm. .
. Surp. Same as 100 mm. 0
Def. - b 67.3
"435.8(511.9-67.3)+0-8.8
38.1 St 250 mm: : :
Surp. Same as 100 mm. 0
" Del. 67.3
435.8=(511.9-67. 3)+o 8.8
.o
< EDMONTON INTERNATIONAL AIRPORT .
. . ' WATER BALANCE 1978 ‘ S
- o £ M’ A M J Jd A s o N D Year’
C <18.2 -13.4 --3.6 4.7 -9.8° 153 16.4 141 99 65 -6.8 -12
PE mm, o .0 0 345 71,8 "114.2 123.3 93.8 60.4 359 O 0 5339
Ppt.mm. 251 8.2 52 16,1 64, 2 40.6 63.6 111.4 141.5 17.3 394 7 .540.6
stChmyp. 281 ‘92 82 -18.4 -7.6 -73.6 -59.7. 17.6 81.1 -18.6 384 7
} 2 st2mm 2 2 2 0 0 0 o - 2 2 [} 2 2
. 20.3 Surp 259 9.2 5.2 S 15.6-  81.1 37.4 7 0 163.5
e Det. ' , 164 7.6 736 59.7 . 16.6 . 173.9
- 540.8=(533.9-173.9)+163.5+17.1 ) ; ‘ : :
13 St {3mm, 13 13 13 0. 0 ) 0 13 13 0 13 13 .
16.3  Sup. 281 9.2 8.2 48 81.1 26.4 7 1415 .
' \ Dal. 5.4 7.6 73.6 59.7 5.6 : 151/9
840.6w(533,0-151.9)+141.5+17.1 i : ,
20.3 _St.somm 50 50 50 31.6 24 0 ) 17.6 50 31.4 50 50
Surp. -, 4.4 9.2 5 2 ‘ : L e 487 208° 7 - 87.5
: N Def. 49.6 59.7-- O . 109.3
v 840.8e{533.9-109.3)+67.5+48.5 L ° :
.- d0.3°- 'St 100mm 54,4 63 _s 68.8 50.4 42.8 0 0 17.6 98.7 80.1 100 100
' 30.8 59.7 - . . ‘ 90.5
3 o
. . 90.5
%, L
- o
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! EDMONTON INTERNATIONAL AIRPORT
] WATER BALANCE 1979 \ -
J F M A M J Jd A S o] N D. Year
c ~16.4 -22.9 -1.7 0.8 8.1 14 18.6 ‘1S 119 8.1 .2.7 .9.3
PE mm. 0 0 0 6.9 63.8 106.1 123.3 101.3 73.1 389 O0 . O S510.4
Ppt. mm. 4.2 28.9 8.3 31.2 364 70.3 .111 409 80.2 12.7 8.6 26.8 420.8
St.Ch.mm., 4.2 289 8.3 24.3 -27.4 -358 -12.3 -60.4 -22.9 .23.2 8.8 26.8
. 2 St. 2mm 2 2 .2 2 0 0 0o "0 0 0 2. 2
44.4 Surp 42 2.9 &3 24.3 o 6.6 26.8 110.1
Def. Dok 254 358 12.3 -60.4 22.9 23.2 180
N 429.5+(510.4-180)4+110.1-11 :
13 S.L13mm. 13 13 . 13 13 0 ) 0 0 0 0 8.8 13
33.4 Surp. 42 28.9 83 24.3 H . _ T 224 991
Det. o 14.4 358 12.3 60.4 22.9. 23.2 \ ©189
429.5+(510.4-169)+99.1-11 ’ .
50 SLS0mm. §0 50 50 50 226 O 0 ) 0 0 8.8, 35.4
27.8 Surp. 4.2 289 8.3 24.3 ' : ' 83.5.
De. 5 38.8 13.2 12.3 60.4 22.9 23.2 132
429.54(%510.4-132)+93.5-42.4 ) ) -
100 St 100mimn - 100 100 100 100 72.6 36.8 24.5 0 0 -0 8.8 35.4
26.5 Surp. 42 289 8.3 24.3 . ‘ : ' : 92.2
. Def. . . 359 22,9 23.2 82
429.5(510.4-82)+492.2-91.1 . . . . .
126.5. SL. 150 mm. 130.7 150 150 150 122.6 86.8 - 74.5 14.1 0 o 86 a%5.4
-Surp. . 9.6. 8.3 24.3 ‘ ) 42.2
Def. : * 8.8 23.2 32
~ 429.5=(510.4-32)+42.2-91.1 ‘ R « ’
126.5 St 250 mm, 130.7 159.6 167.9 192.2 164.8, 129 116.7 56.3 33.4 10.2 18.8 48.6
Surp. : - 0
Def. o 0
429.5=(510.4-0)+0-80.9
4
© o EDMONTON INTERNATIONAL AIRPORT :
) WATER BALANCE 1980 :
J F M A M J J A s O . N D Yoar
c -16.8 -10.2 -7.2 8 11.3 145 155 125 . 9 %9 -0.7 -15.4 :
PEmm. = 0. O 0 §5.2 83.8 106.1 115.1 86.3 54.1 33.1 0 0. 8337
Pot. mm. 24.2 156 39.5 4 43 131.9 69.2 104.8 53.6 11.2 1.2 44.7 614.9
- _St.Ch.mm. 24.2 15.6 .°19.5 '51'2;'40'8 25.8 -45.0 1085 1.8 -21.9 1.2 447
2 st2mm. 2 2 2- 0 0. 2. 0 - 2 . ™2 o 2 2 .
33.4 Surp 24.2  15.6 19.5 . 23.8 .. - 106.5 1.5 43.9 224.5
Det. . : 49.2 40.8 43.9 19.9 153.8
614.9=(533.7-153.8)+224.5+10.5 : :
13 S, 13mm. 13 13 13 . 0 - 0 13 0 ‘13 13 0 1.2 13
22.4 Surp. 24,2 156 19.5 12.8 - . 955 1.5 32,0 191.8%
Def. 38.2 40.8 32.9 . 8.9- 120.8
614.9=(533.7-120.8}+191.5+10.5 ‘ ,
35.4 St 50mm. 50 50 50 ) 0 258 0 S0 $0 28.1 26.3 50
Surp. 9.6 156 19.5 . 585 15 - 24 104.7
: Def. ) 1.2 40.8° 20.1 82.1
614.9w(533.7-62.1)+104.7+38.6 ' . : .
35.4 St 100mm 58.6 75.2 94,7 43.5 2.7 285 0 100 100 78.1 79.3 100. -
‘Surp. . - : 8.5 1.5 . 24 10
Del. - . 17.4 17.4
t 614.9x(533.7-17.4)+10+88.6" . .
35.4 St 150 mm. 59.6 75.2 04.7 435 2.7 285 0 1085 110 88.1 89.3 134 .
Surp. ' S : 0
Det, . 17.4 17.4
) 614.9=(533.7-17.4)+04+98:6 - ,
45.6 St 250 mm. 69.8 85.4 104.9 53.7 129 387 0 108.5 110 88.1 89.3 134
Surp. - o ‘ : 0"
Def. 7.2

614.04(533.7-7.2)+04+88.4

7.2




APPENDIX looNnnuséﬂ

; EDMONTON INTERNATIONAL. AIRPon‘r . ‘
: 'WATER BALANCE 1981 ) x
. J _F M A M J J A S 0 N D Year
¥ -5.8 -7.3 0.1 43 11.2 124 157 18 12.1% 4.1 .0.3 -10.9
PEmm. 0 0 0. 311 83.8 938 119.2 120 70 221 .0 0 540
Pptmm, 4.9 7.8 11.8 9.8 46.9 42,3 157.6 105 33,4 30 3 12,6 370.6.
StChmm 49 7.8 11.8 -21.3 -36.9 -51.5 98.4 -110 -36.6 79 ‘3. 126
2 8L2mm ‘le 2 2 0 0 0 2. o 0 2 2 .2 .
43.9 rp 49 7.8 11.8 36.4 S 8.9 3 12.6 110.7 .
) 19.3 36.9 51.5 107.5 3886 251.8
370, o-Lao 251.8)+110. 7 28.3 - ‘ : : ’
13 S8t 13mm. 13 13 13- © 0 0 13. 50 0 7.8 109 13 ..
32,9 Surp. 9 -18.9 - 27 458 16.5 82.8°
Det. 8.3 369 515 96.5 36.6 229 8
a7oms4o‘zze 8)+82.8-22 4 . , ‘
0. St.5Oomm. §0 .80 §0 28,7 .0 0 384 O 0o 7.9 1{0.9 23.5 _3 .
24 Surp. 49 7.8 11.8 T 48.5
. Det. - 8.2 51.5 . 711 36.8 167.4
370.6=(840-167.4)+48.5-50.5 o . -
100 St 100mm - 100 100 100 78.7 418 O 38.4 0 0 79 10.9 235
24 Surp. 4.9 -7s 11.8 ' ) 48.5
- Def. - 9.7 71.1  36.6 117.4
- 370.8«(540-117. 4)4.43 5-100. 5 ) . s ,
13A. St 160 mm. 1368.9 148.7 1§50 1287 91.8 403 78.7 O [) 7.9 10.9 23.5
Surp. ‘8.5 - 8.5
) Det. 30.8 36.8, 67.4
o 370.6=(540- 57_)+a.5 110.5 : § .
134 St 250 mm. 138.9 146.7 158.5 137.2 100.3 43 8 87.2 0 0 79, 109 235
Burp. . . . v : 0
“ Def. 23.3 36.8 §8.9
370.6 B=(540458.9)+0-110.5
EDOMONTON INTERNATIONAL AIRPORT
: WATER BALANCE 1982
J = M A M J J A s .0 N D  Year
c -23.2 -16.2 -8.6 -0.6 10 152 6.1 13 107 4.6 .8.8 -9.4
PE mm. ()} .0 o 0 78.8 114.2 119.2 90 66:8 276 0 0 493.6
“Ppt.mm, 67.7 12,7 32.1 16.4 27.9 251 204.86 432 358 39.1 9 3  516.4
St.Ch.mm. ' 67.7 12.7 382.1 164 -47.9 -89.1 854 -46.8 .31.2. 116 9 3 o
2% St2mm 2 . 2. 2 2 ] o 2 0 o 2 2 2 .
15.8 Surp 87.7 12.7% 32.¢ 16.4 83.4 9.5 9 . 237.4
Del. , . 45.9 89.1 448 31.2 211
518.4w(493.6.211) 7.4:3.6 8 ,
13 SL-13.mm, 13 13 ¥™3 - 13- 0 0 13 0 0 11.56 13 .13 .
10.5 “Surp. 87.7 12.7 .32.1 16.4 72.4 : 7.5 3 2118
Det. 9.3 34.9 89.1 338 31.2 189
516.4.(403.6-188)+137.840 :
235 st.smm 50 50 50 50 2.1 0 50 | 3.2 0 11.5 20.5 235
. Surp 41,2 12,7 32.1_ 16.4 35.4 . 137.8
. Del. - A 87 28 _ 115
18.4=(493.6-115)+137.8+0 , . ' , -
) 'R%: 100mm  81.2 100 100 100 52.17 0O 85.4 38.6 7.4 18.9 27.9 30.9
+Surp. 3.9 . 32.1 16.4 ‘ 52.4
{yD.f : 37 +37
§.96.4m(403.6-37)4+52.4+47.4 , '
{,;S¢ 150 mm.  61.2 1039 136 150 102.7 13 98.4 516 20.4 31.9 40.9 43.9 .
v Surp. 2.4 - - 2.4
Del. 0
. 514.4m(493.8:0)+2.4420.4 : -
€235 St 250 mm, 91.2 1039 136 152.4 104.5 154 100.8 54 22.8 34.3 43.3 -46.3
T - Surp. o 0
«ﬁ,‘, Del. : 0
BT - $16.4=(493.6-0)+04+22.8 £ i :
. K ’ . TN
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EDMONTON INTERNATIONAL AIRPORT
* WATER BALANCE 1983 ,

J M A M Jd J A ] o N D Year
v C -10.3 -d4 -4.4 48 9.9 136 166 168 8.4 4.6 -4.2 -190.5
PE mm. 0 0 0 345 75.8 102 123.3 1125 841 26 0 , O 329.8
Pt mm. 49 165 19.3 183 10.2 151.1 104.5 12.2 36.2 12.2 13.4 10.8 4008
St.Ch.mm. 4.9 165 19.3 .16.2 -65.6 491 -18.8 -100 -12.6 -154 13.4 10.8
2 St. 2mm 2 2 2 0 0 2 0 ] o 0o 2 2 ’
12 ©  Surp 49 165 19.3 , ' 47.1 - TR 11.4 10,8 90.8
. Del. 14,2 65.6 16.8 100.3 17.9 18.4 1 230.2
409.4=(520.8-230.2)+99.8+10
13 St13mm. .13 13 13 o ) 13 0 0 0 ) 13 13-
10.5 Surp. 4.9 165 19.3 . 36.1 . 0.4 106 87.3.
Del. . .3.2 §5.6 %8 1003 17.9 18.4 208.2
409.4=(520.8-208.2)+87.34+ .5 S
23,5 S.50mm. 284 449 S0 338 O 491 303 O O -0 13.4 24
Surp. . 249 18 14.2 g 14.2
Del. ' ! a1.8 70 17.9 15.4 138.1
409.4=(529.8-135.1)+14.2+, -
30.9 St. 100mm 358 623 71.6 554 0 491 303 0 0 0 13.4 24
) Surp. ; : . 0
Del. 10.1 ~ .70 17.9 15.4 113.4
400.4=(529.8-113.4)+0-6.9 . '
43.6 St 150 mm. 48.5 65 84.3 68.1 2.5 51.6 32.8 O 0 0. 13.4 24. .
Surp. . S o .
Del. ' . ’ 67.5 17.9 15.4 . 100.8
. 409.4=(529.8-100.8)+0-19.6 ) :
46.3 St. 250 mm. -51.2 67.7 87 708 5.2 54.3 355 0O 0 0 . 13.4 24
Surp. - ; ' ! 0

"Del. _ o : - 648 17.9 15.4 - 981
409.4=(529.8-98.1)+0-22 3 :

~  EDMONTON INTERNATIONAL AIRPORT
: WATER BALANCE 1984

J F. M A M J J A S o] N D  VYear
c -7.3 -2.7 -3.1 59 88 14 16.8 17 7.6 1.7 -9.9 -16.9
PEmm. 0 6 0 449 7.8 106.1 123.3 118.3 47.7 11 -0 o 17
Ppt. mm. 255 4.2 13.1 6.6 559 66.2 48.2 30.5 116.3 459 12.5 239 448.8
St.Ch.mm. 255 4.2 13.% -38.3 -11.9 -39.9 -75.1 -85.8 686 349 125 239
2 St. 2mm 2 2. 2 .0 o0 0 0 0, 2 2 .2 2 _
22 Surp 258 4.2 131 . » 66.8° 34,9 12.5 23.9 166.3
Del. ' ) 36.3 11.9 399 75.1 858 - SR T 249.
448.8=(517.1-249)+166.3+14.4 .
13 St13amm. 13 13 13 0 ) 0 0 0 13 . 13 13 13
11 Surp. 255 4.2 131 < . 85.6 34.9 12.5.123.9 1443
‘Def. - <k 253 119 399 751 85.8 -/ 238
448.82(517.1-238)4+144.3+25.4 : ' -
24 SL50mm. 495 50 50 11.7 0 o 0 0 50 50 50 50
Surp. 24.9- 3.7 13.1 : : 18.6 349 12.5 239 70.3
Def. g 0.2 399 .75.1 85.8 ' 201
448 .8=(517.1-201)+70.3+62.4 « -
24 St 100mm 49.5 53.7 66.8 28.5 16.6- 0 0 o 68.6 100 100 100
Surp. s . 3.5 1285 239 3.5
Def. S, . 23.3 . 75.1 85.8 . 184.2
448.8=(517.1-184.2)+3.6+112.4 . . ) :
24 St 150 mm. 49.5 53,7 66.8 285 16.6 0 0 0 68.6 103.5 116 139.9
Surp. o S . 0
Del. ' .+ 233 .751 858 = . 184.2
' 448 8#{517.1-184:2)+04+115.9 : : .
24 St 250 mm. . ' : .
Surp. Same as 100 mm, ) . ) [
Det. ' ' - - L 184.24
448.82(517.1-184.2)+0+115.9 .’ A
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491. 5-(549 2. 46)#0 1.7

* ‘ BDMONTON INTERNTIONAL AIRPORT
WATER BALANCE 1985
: 4 F M A M J J A- 'S8 0 N D Year
c -10 -.12.6 -2 4.8 122 131 173 14 74 38 -14 .5.7
PE mm, 0 345 91.8 97.9 127.4 975 445 5.5 o 0 _499.1
. Ppt.mm. 12.2 1258 4@ 46 26.1 - 856 31.1 914 58 18.8 11.5 24 309.4
8, Ch mm. - 12.2 1.8 -65.7 -32.3 -96.3 -6.1 115 13.2 118 24
2 st.2mm 2 2. 2 2 ] 0 0 0 2 2 ¢ 2 2
36.4 Surp 12.2 128 42 115 , 5 ,13.2 115 24 995
De!. . 8327 32.3 +96.3 6.1 ‘ 198.4
. 399.42(499.1-198.4)+09.5-.9 . : -
13 St1amm. 13 13 13 13 ) ) 0 0 115 13 - 13 13
36.4 Surp. 12.2 12.8 42 118 . 11,7 T14.5 24 885
Del. , §2.7 32.3 96.3 6.1 ‘ : 187.4
309.42(499.1-187.4)+80.5.9 - :
50 SLS mm, S0 50 50 , 50 ) 0 0 0 11.5 24.7 36.2 S50
36.4 Surp. 122 125 42 115 10.2° 76.8
Def. = 15.7 32.3 98.% 6.1 150.4
- 399. 4.3991 150. 4)+7s 8-26.2 : , .
100 St 100mm 100 100 100 100 343 2 0 0 11.5 24.7 36.2 60.2
36.4 Surp. 12.2 - 125" 4. 2 11.5 , 76.8
Def. - 94.3 - .6.1 100.7
: 00.4u(409.1.100.7)+76.8- 7e 2 . . .
130.0 Bt 180 mm. 150 150 150 130 84.3 &2 0 0 11.5 24.7 236.2 60.2
' " Surp. 2.1 125 42, 118§ : . 30.3
! De. 44.3 6.1 50.4
309.4(499.1-50.4)+30.3-79.7" ‘
130.9 St 250 mm. 152,1 164.6 168.8 180.3 114.6 82.3 - .0 0 11.5 24.7 36.2 60.2
Surp. O . - ) A 0
Def. : ’ 14 6.1 20.1
399.4=(4989.1-20.1)+0-79.7 '
EDMONTON INTERNATIONAL AIRPORT 1
_WATER BALANCE 1986 .
J F M A M J J A S 0O =N D Y/ar
c -8.2 -13.2 1 3.9 117 149 152 157 8.1 6.6 -8.9 "-6.4
PE mm, 0 0 9.2 311 87.8 114.2 115.1 105 509 359 0 0 549.2
Ppt. mm. 10.6 6.2 22.4 39.8 58.6 54.8 144.1 197 84,7 20.8 238 6 4915
St.Chmm. 10.6 6.2 13.2 8.7 -29.2 -59.4 29 -853 338 -15.1 238 6
2 sSt2em -2 2 2. 2 0. 0 2 ‘06 2 o 2 2 /
35.5 Surp 10.6 6.2 13.2 8.7 . 27 31.8 218 6. 183
: Det. .« 272 59.4 - 83.3 13.1 183
491.5(549.2-183)+133-7.7 S
13, St 13mm. 13 13 . 13 13 ) o 13 0 13 0 13 13
.28, “Surp. 10.6 6.2 13.2 8.7 - 16 20.8 108 6 101 .
. Def. 16.2 59.4 72.3 .21 150
491.85=(549.2-150}+101-8.9
80 S.SOmm S0 S0 50 50 208 O 29 0 33.8 18.7 42.5 48.5
10.2 Surp 10.8 6.2 13.2 8.7 - 48.9
* Def. - 38.6 56.3 . 94.9
491.50(549.2-94.0)+48.9-11.3 :
60.2 St. 100mm 70.8 77 90.2 98.9 69.7 10.3 39.3 0 33.8 18.7 42.5 485
Surpf' - . 0
Def. ) , 46, 46
491.5w(549.2-46)+0-11.7
80.2 St 150 mm, I
X . - Surp. Snmunoo"\m. o -
“Det. ; 46
491.5=(549.2- 4e)+o 11.7 . R
60.2 St 250 mm. T e
* Surp. Sam0 n 100 mm. 0
Def. 48

Soureo C;iculanons by Author Using the ‘Thornttiwaite Pr :ced
For the Edmonton International Airport Produced by the

ure and the Monthly. Summary

osphonc Environment Service.



5 /APPENDIX 11
THE CALCULATION OF POTENTIAL EVAPOTRANSPIRATION
" USING THE PENMAN TECHNIQUE

{

The P‘e(nman equations to measure poiential evapotranspiration have been applied in
this appendix, whereas in section 3.4 the teclmique was just des_cribe'd. The Penman
procedure wds calculated over a 10 year period, and the results were compared to those
from the Tltomthwaite procedure in table 3.3. A column by column description of the table
in this appendix to calculate potential evapotransplranon 1s as follows

‘1. The month and year of study |

2. Indicates the number of days.in the m‘o'd‘th for use in the calculation of monthly -
PE in column 17. ‘

3. Mean monthly temperature (T)in degrees celcius for use inthe deterrmnanon of

Ew (saturanon vapour pressure) in-column 9 and Delta in column 11

4. Mean monthly relative humidity measured as a percentage for use in the
‘ determlnation of Eg4 —(v,apour .pressure) incolumn 10. -
*5. Mean monthly wind speed in Kmh. o L
6. Monthly sunlngg:s a percentage of the'total sunlight possible (N), which is
obtamed from Envxronment Canada meteorologlcal tables. This value is used in the

v

calculation of long wave radlatton in tlte detemnn@t}on of the Reat budget.
. ¢ 7. 'The amount of short wave'solar insolation (SRAD) measured in langleys and
totalled for the month. This value is obtained from Environment Canada Solar radiation

_/tables. |
8®The temperature varience (tst) represents the lelSIOn of a constant 370 92 by

the mean monthly temperature in degrees Kelvm



\
b

' . ,% | o
« 9 Thc saturatspn vapour gissuyrc (Ew) is determined in this column through the

ongmally taken from Goff-Gratch (1946), and was adapted by Verma (1968) and chhe

(1977). The value 935 is meant tQ represent the average barometn_c pressure.

relative humidity, and is measured in millibars. R

| formula:

% '.""“W
\.m— e " oy T 7 R
s ' et -

163

s R . Y . N
. X A
N \ i 'S

Ey = [@ ((-7.90558*(tsz-1)) +(5.02808 * Log 10 (tst)).

(00000013816 * (10 (11.344 * (1-1/ts1) - 1)y 4

(00813218 * (10 (-349149 * (1st -1)) .1y Log 10 935))
| (Verra, 1968)

The result is in units of millibars. The formula for the calculation of Ey, was

10. The vapour pressure (Ey) is determined through the formula;’ Ed= Ey* '

L) . 8
' 1

(Verma 1968) f" . g

11. The delta value is dete}xxuned through tﬁc formula
Delta = (Ew/(T + 278.16)2) * (6790.5 - (5.02808 * (T +273 }6)) £
(4916.8 * (10 (-0304 * (T + 273.16))) * (. +273 16)2)) + e o

.
UPT .
T

174209 - (130288 /(T +273. 16))) T v L

FPE
N ooy

(Wiche, 1977) NG I ‘, -

3;‘,'.1( s

" The delta value is the slopc of the saturation vapour pressure curve, for Wa,ter ar’

’ , 64_' 1 N 4
8

mean air temperature in mm/Hg/CC (Pénman, 1963). - PRI P

.. Tyt .
Fnl
. .

12. The long wave radiation (Rb) used in the calculation of the heat budgétis

w0

determined through thc formula:

Rb = 00000000198 * (T +273. 16)4) * (.56 - (.09 * SQRT (Ed))) |
*(1+<9*<N>» '
| _ (chhe 1977)
13. The heat budget (H) i is determmed in column 13 through the formula:

H=(SRAD/59)*1-.15)-Rb

Ch e

© i

" ! -

R N

« &



| 164
(Verma 1968)

Thc 1ncommg short wave solar xnmlauon (SRAD) is convcned from langleys toan °
L

evaporation equwalent by dwxdmg by the factor of 59 (lmm; evaporanon per day - 59 | R

calories/cmz/day) (Verma, 1968). In the heat budget equauon the value 1is’a constant and

the value .15 is the average aJbedo of Elk Island Nauonal Park during thc summer (Davxes
’

1963. Landsberg, 1958. Budyko, 1974).

14, The wind speed in Kmh in column 5 is scaled to Mph, and is muluphed bya
wmd correction factor called a Z ratio (.7239360793) taken from Verma (1968) d Wiche
* (1977). The final scaled value is mdxcated by the unit U.

15. The drying power of the air (Ea) is measured by the formula

Ea=35*(+ (U/lOO)) *((Ew *.75) - Eg)

- . (Ward, 1975)

16. The potential evapotranspiration (PE) per day is measured by the/formula:

PE = (( Delta * H) +(.62197 * Ea))/(Delta + .62197)

E

i : ) (Ward, 1975)

'
s

17. The PE per month'is measured by the formula:
PE = PE * (30 or 31)

& " (Verma, 1968)
«  The PE will be multjplied by 30 or 31 days depending on the number of days in the

month,
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' APPENDIX 11
'THE CALCULATION OF DAILY WATER BALANCES FOR .
'THE EDMONTON INTERNATIONAL ‘AIRPORT 1971-1986

\ =)
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~ The first table of appendix Il l:ln example of a monthly water balance using :jly
| data | 1‘11& data were collected at the E onton Intemanonal AlprI't weather statlon e
8] -
totals from thrs table would be added to the other summer rnonths to calculate the summer ~
potennal evapotransprranon prsgxpuatron, an surpluses o
| The second table isa compllanon of the monthly water balances using the daily % |
. ¥ s o '
data dcscnbed in the ﬁrst table of 'this appendlx The totals from these tablés were used u‘ &
conjuncuon w1th the monthly data winter values in the calculat1on of yearly surpluses and
water losses in 'ﬂle 4. 1 ’ S
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s . APPENDIXII. -
. o : EDMONTON INTERNATIONAL AIRPORT
M SUMMER WATER BALANCE USING DAILY DATA 1971-1986
1971 K L Water Storage Categories
s o _ ; -"13 mm. Somm. . 1
PE  Ppt. Month s . D -D
"26.3 .23 April’ 0.3 .23 0 ' ettt | 0
$1.3 124 May | . 78:9 | 0 5784} -0 v_'."‘. g
103.1 75.8 .Jun 41 9.4 34wl 0" .
112.5 126.4 Jul ¥ 3 so.a,“‘ig 168.9: - 4.
1174 10 Aug. 1o 1afs¥ .0 . 107, 73.7 |
54.7° 40.7  Sept . 6132 (-0 27 .
283 49 oz | 05 219 0o 108, g"" . 7.7 1
531.8 272.5 Total 162.3 4072 73.4 T97 7S 0,109
. : BT e ey
;/*97.2 S s
o : 2mm, 13 mm. il 150 mm. ; ° . 250.mn.
PE.  Ppt. Month|{ S D §< D 8 D $. D
‘El 283 38.5 Apr [247 109]218 0 1. 79, o | o 0
85.1 49,9 . May.| 241 57.2) 0.8 32.8 0 0 o o 0
110 106.5 un-| 63.8 873|289 33.7 0 o -0 {'o 0
103.2. 88.3° Jul | 51.3 68.2| 28.7 50.1 0 ‘ .0 . 0 0 o -
111.9 94.4 Ay | 47 62.5]21.7 33.8] 0,00 0 o 0 0F
38.9 47.8 -Sept' | 31, 20.1] 141 q.6 ) o |-.0 .0 |0 0
235 197 Ot 43 179] © 8.7 0 0 o ‘o : 0.
496.9 436.1 Total 2452 304.1 113.8 168.7 *33 553 21.6 0 9.3 0 0
- . $ o . . . “
1973 s B o Water Storage cmegoﬂm R .
. R e 2mm. ° 13 mm. " 50 mm. 150 mm, . 250 mm
- “PE _ Ppt] 'm 'S /D s D s - ol s s bl s . D
23, eu 46.3 34,3 11 [ 233 0 233  oO. 12 - o 12 0 0 0
'86.1" 37.2° May | 20.1 es6| 9 48 0 111§ o 0. o o 0 0
104.7 147.7 Jun |111.3 703|886 459 | 40 27311772 o' | 1.7 0 0 =0
116.7- 87.5 Jul | 50.5 77.5| 208 44.2| 152 . 3.9 [ 18.9 o0 |169 O 0’ 0 -
102.1 110.7 Aug | 87.5 59.1| 41.38- 36.8 48 10.1] o "~ 0 o o | o 0.
60.8 34.4- Sept |.15.8 439 ‘1.6 37 243 C0: Yo 0 0 0 0
22 336 Octulh 20.2 141 Q o__0 0 0« 0 0
518 407.4 -Totdle319.5 ‘336 197.2 21 fg aaw w306 0 0 Q.
1974 o . WaterStor s
v ' Jemm. . 13 mm somm m. -150mm, . .. 250 mm
PE 'Pft.' Monthf s . D 1*s- "0 J|_ 8 D S D .8 D
241 145 Apr | 58 14.8] 57 3.7 | 57 . .0 [5.7 o { 57 .0
83.5 40.4 May | 188 40.5| 48 28.5| O 0 0 ) 0 0
112 1123 Jun | 78.5 74.7 | 545 57.7| 7.9 - 36. - 0. o o o 0
s "114.2 -87.8° Jul | 42.9 67.7°| 28.5 4&3 '28.5™ 9.4, -0 o ) 0 o0
89.86 49.2 Ay | 18.2 58.6| 0 . .40.4] o0 <40 o. o 0. o [.o | o
54.5- 318 Sept | 18.1 43 | 0.7 32 .0, 3% ~ 81l o - o |0 [ o
37.8. 73 Ot 0 . 2858]. 0 221] o 22 422110 4 0 0
- 537 343.1 Tola 23‘3' 7.8 94.2 228.7- 42.1 1396 6.7 532 5.7 4. .87
‘&] . NN ] i . ) . ‘ ’ ! ’ . j
1 975 . . b : ,  Water Storage Categories . o o
el s 2mme T Y93 mmee o S0mm 100 mm. . 150mm.. 250 mm
PE  Ppt." Month| S . D °|].8 = D S D s b | s m s D
19,2, 208 Apr [ 204 7.8 |171 YO 17.1, 0 0 .0 0 o} o - o0
- 73,2 52,8 May |'24.6 453 8.9 23.1| 8.9 0. 0 0 0 ) 0 0
© 102.6 9%7. Jun'| 68 60.1{376 43.5] 06 286| O . 0 ] 0 .0 ]
127.9 ‘88,7 Jul | 32.7 911|116 62 | 0o 134}f 0 - 0 o . .0 | o o
.. 88y 985 Aug 463 397239 254| 0 2541 0. - 249| O 249| 0 0O
.. 83.%2. 114 Septy] O | 49.7|-0 3871 0 148 0 ™48} O 148} o0 0
P gga 241 Ot ] 98 157] 0 119 0 119] 0 1191:0 149 o0 0
L. 498.3 384.7 T 1968 308.4 991 2046 266 951 0 516 0 516 -0 0

- ’g‘,_.-.-..;._..,y. we



L NS

.d

%

. 172

R . . m

T e b ’ APPENDIX {ItGONTINUED x

1978 o - Water Storage Ca,toqorles 5' . ,

. o 2 mm. 13 mm. 50 mm, - 100 mm. ‘ 10mm ' 250 mm.

PE_ Ppt. Month{ 'S - D s 0O s __Db.l s 0] s 1 s 0
41.8 11,7 Apr [ 585 34090 0 181 O 0 0 0 0 o ] 0 .
82.2- 302 May | 8.1 60.1| 0 82| O .331| 0 o |0 0 0 o'}
8d'¢  90.8 Jun | 42.5 40.3| 219 227| 0 227 o0 - 227 o 227| O 0.4 P

112,4 74.7 - Jul:{ 353 7581133 ‘62 0o 401| 0 401| 0 40.1] O 0, R
109.2 111.1. Aug | 65.4 '63.5[31.4 198 0 0 0 0 0 0 o O LY.
70.2 43 Sept | 268 5 7.2 344 o 3.1 0 3.1 0~ 3.1 o - 3.ty

¢ 245 99 o] 24 162] 0O 1461 0. 146] o tae]| o 1481 O 14.6. i:}.‘"

520.9 371.4 Total 186 344.6 73.8 2234 O 1136 O 805 0 805 O, 239 T

' 1977 Water Slorag sategorles LT e

' 2mm. > 13mm. - . S0Omm. 100 mm - *-3_150(3%( e
' ‘Pt M| s D | s D] s o %ﬁﬂf’* (el Y
38;:1 18,9 Af.[ 9 387 pé..e, 245 1.3. 0 % T 0 0

_ 5. 1378 “May [Yorgrtae's B2 14.3% .24 xwo v 0 0 0
106:7 125" Jun | o s42| 0 87 0 50 o 8.2 0 82} 0
107.9 90.7 Jbl | 52.6 ~80.6 | 21.4 483 0 353| o 353 0-4353| 0
84 88,5 Aug | 441 436|183 19.1]| 0 1071 0 107]. 0 . 107] ©
57.7 38 Sept|17.4 *38.1] 0o 12| o0 g | o o .0 o ]| o,

T 278 04 Ot 0. __®7.4] o ~22s| 0 1621 0o 182] o0 - 1e2] 0

513.7 378.9 Total 225 347.1 105.5 227.7 25.7 112.2 0 704 O  70.4 .0
1978 T _ Water Storage Categories - .

) - : 2 mm. 13 mm. 50 mm. 100 mm. ;

PE  Ppt. Month| S' D S D s D K] pil s
341 161 Apr | 57 217 o 8 0 0 0 0. | o
74.1. 64.2 May | 33 423)| 104 275| o o -0 - &F] o
112.7 406 Jun| 66 78.7| o 619 0 512| o 28.6] .0
20.8 63.6 Jul | 31.7 88.9|19.2 784 0 s7.2| 0 57.2| O,
96.9 111.4 Ay | 77 ‘625 67‘; .49.5| 27 447 0 44.7| O
60.1 141.5 Sept [106.2 24 5 o0 .|71.2 o |482 o |.o0
359 17.3, oct | 81 271 -185] o0 d ] o - o 0

534.6 454.7" Total 268.3 3452 1811 241.8 98:2 153.1 482 1285 0
1979~ o - . Water Storage Catagories . -

. . . 2mm., 13 mm. 50 mm. 100 mm. A50 mm, 250 mm. |- .
PE « Ppt. Ménth| s -D g _-D S s D | s D-l- s ©B.|°
17.8 . 31.2- Apr [ 27.3 12.2[ 283 0.2 [263 o0 [263 o0 [263 .0 [.0 o
63 36.4 . May.| 239 50.7|'5.86° 82.4| O° o L O 0 o0 - o | o o
104" 70.3 Jun | 35.2 87.7 | 10.4, 439} © 23 27 o o-f.0° "0 [ o .0
123.1 111 Jul | 65.7 77.8| 327 508 0O 7 0 0.3 0o 0 0" o0/
102.7 40.9 Aug | 12.7 748 1.7 '57.3] o0 81 o .4a886) 0 0-1.0° of [
70.9 '50.2 “Sept | 20.6 41.3| 6.3 27.4| © 21,&1 0 211| 0. 183|.0 0
342 127 oa | 23 21.4f o- 211} o 211 o 211 0 211)] 0 /0
515.7 352.7 Total 1877 3459 83 233.1 26.3 139 286.3 89.1 263 .34 O -0 .
1980 .t . Water smrage Categones .

. S 2mm. _ 13 mm. ‘50 mm. . 100 m;n * 150 mm. . 250 mme
PE  Ppt. Mopth| §° - s Dbl s -.p-|"'s D s D s, D
53.86 4 Apr 147 511 1.3 389 1.3 1.9 ) 0 ) o[ o -0
85 . 43 May | 24 637]| 13 608} 0 808 0o 166} 0. 166 O - O

108.2 131.9 Jun¢|.68.2 46.5) 46 2905| 16 0 | o© 0 0 o |-o 0
116.3 69,2 Jul [+30.3 75-| 9 .451| 0. 8.2 (] 6.8 0 6.6 0 0
465 194.8 Ay [150.1 42.7[125.7 -24:1].66.1 1.5 | 16.1 _ O 0 o [0 0

<#4.9 55.6 Sept } 36.9 35.3 233 135 12 0'{ 122 o0 | 0. 0 o .0,
33.4 11.2 Oct | 6.1 28.4 266] 0 0 ] o 0 0 0 0 0
537.9 500.7 Total 317 342.6 2183 238.5 81 724 28.1 232 0 © 23.2 )g. 0.
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APPENDIX lll CONTINUED
1981 - vy - r Storage Categories _ _. S
‘ 13 mm. WO mm. 100 mm. 150 mm. 250mm. |~
RE. Ppt. s D ) S D ) D D 4
34.7 ‘;ﬂ 28 1477 o. 0 ] 0 0 0 / .0
83.5 48.0 0.8 498] o0 247} 0 (] o 0 0’0
93.1° 42:3 0 378 0 37 1 o 148 o o 0 0
118.3 157.6 60.5 32.2| 28 “11.5 0o 1s]| o o .| o -3
123.7 %:s .0 100 o 82 |0 589 o 433} 0 41.3
70.7 33.4 71 46.8| 0 4880 .468] O 46.8),0 46.8
24130 9.9 - 29 0 0 {0 0 0 ) o_J -
546.1 330.5 31.1 284.2 2.8 182 fﬁg,‘o S 132 0 801 0 881
1982 . Water S(ogﬂqe;Categories, . :
. . 2mm. 13 mm. 50mm; 100 mm. 150 mm. 250 mm.
~PE  Ppt. Month| S D S D S arl.s oD s D S D
227 18.4 Apr {115 158 11,5 4.8 [ 11.5 @l 115 .0 0.8 o [0 0
76,6 27.0 May | 15 83.7,].2.9 526/ .0 175 0 ] o o 0 0
113.2 25.1° Jun 2 '908f 0 ‘88 | 0O 88 |. 0 548| 0 4.6 0 4.6
119.1 '204.8 Jul [154.5 69 [126.9 41,4 | 753 4% | 253 44 -0 _o | o 0
89.7 43.2 A |44 09| 0O 53.6| 0 39 0 0 |-0 .0 0. 0
65 358 Sept | 17 454 53 26.87 0, 13| 0 103 o 0 o " 0
-_29.3 39.1 Oct | 334 236114 6.1 | 0 " "™M.6 0 1.8 0 0 0 0
15.6 301.9- Total 237.8 869.2 158 273.1 86.8 171.8 368 70.9 0.6 4.6 0. 4.6
1983 ', » © . Water Storage Categories .
L 2mm, 13 mm. 50 m. . - 100 mm. 150 mm. - 250 mm.
. PB *Ppt. Month| S "D S o | s p I s 0o_|_s o-| s D
3.1 18.3 Apr | 88 243 55 103 5.5 0 0. .0 o "o [ o )
'74.3 102 - May | 068 59.8| 0 59.2| o 32.2] o 128} 0 6.3 o 6.3
'100.7, 151.1 Jun [109.1 60.7 | 91.3 563.2|543 53.2| 43 5832 0 53.2| 0 532
. 121 1045 Jul | 72.8° 56.3]84.8 326 0 326|326 0 ) o | o. 0 -
1148 122« Ag |- 0 1021 0 102.1f O 99.9| 0 499 | o0. 12.5{ 0 12.5
495 36.2 sSept | 158 29.3| 0o -135| 0 1351 © 13.5| 0 135 0 13.5
- 288 122 ot | 61 1881 o 16571 o \165]/‘0 16.5| 0 16.5{ 0 16.5
©621.9 344.7 Total 213.2 351.3 131.6 287.4 59.8 {47.9 38.9 1457 O 102 . 0 102
. . - - [} . ., .
1984 ) - S Water Storage Categories . g
e : N ) 13 mm. 50 mm. 100 mm. 150 mm. 250 mm.
© . PE " Ppt. Momh _Tg Dl s D s ' D D' ] S D $ D
-.39°9 ‘6.8 “Apr B 32.4| 0 .20 0 0 0o .0 0 0 0 0
66.7 559 May | 27.7 238.3]| 2.8, 272} 0, 10.1| 0O« O 0 T 0 0 0o
104.1 66.2 Jun | 349 703 18 421 ¢ 19.2| o, .10 o 10 0 10,
122 48'2 > Jul | 248" 956] 78 833 0. .88.1| O . 68.4) 0 684 0O 68.4
114.2130.5 Axg-| 1.3 . 90 o 87| o -'88.7] o. 887| o 88:7| 0o 88.7
,40.2J115.3 Sept | 96 27.1.}1 748 135| o0 9.2 ] g2 o 9. 0o 9.2
1295|668 oct 0. 255| 0 6.7 0 - o 0o 0 0 0 0,
522.6 '3343 Total 1858 379.2 103.2 291.8 O 1953 0  .176.3 - 0 1763 0 176.3
T 1985 . Water'Storage Categouies,, _ - —
o o 2mm. . 413 mm. . S50mm. 100 mm. - 150 mm. 250 mm.
PE Ppt’ Month| S D |. s’ B S D S- D S ] s ° D
34.5 48 Apr [ 328 19.3| 189 o0 . [189 .0 189 0 |189 -0 o .0
806 2186 May | 43 753| 0: 665) 0 29.5| -0 o j o .0 |-o0 0
-99.2 65.6 Jun | 302 61.8| 13 435] o 336| o 13.1] o R I
1278 34d Jul | 67 1054 O 1029} 0 - 998| 0 998| 0 62.9|. 0 25.2
966 oW Ax | 503 585|338 378 0 2021 o 22| 0 . 202| 0o 202
45.3 56. sept | 27 16.5] 6.3 105 o o -0 0 ‘0. 0 0 .0
23.2 188 O ] 102 168] 0 -~ 49 0 0 0 0. o o0 0 0
Total 161.5 353.4 18.9 1831 18.9 1331 189 83 0 45.4
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_ APPENDIX Il CONTINUED i
1986 -~ ¢. " Naler-Storage Categories Co _ Y
. 13 mm. 50 mm, 100 mm. 150 mm., 250-mm.
PE  Ppt. Month D -8 0 s ..D S D | S D
. 33.9 39.8 Apr 0, $9 . O 0 0 . 0 0 ) 0
88.4 58.6 “May 46.2 | 29.4 9.2 5.5 0 ‘0 .8 0 0
111.5 o8  Jun s8.5| o 87| o 159 o o 0 0
.14.3 144.6 Jul 23.7' 17 9.8 0 9.8 o 0.2 0 0.2
07.3 19.7 Auwg 876| o 645| o 475] o 4a7s5| o 475
51.3 -84.7 Sept . 263135 21| 0 20| o 201 | 0 201
38.9 20.8 Oct N 1791 111 0 0 0 0 0 0 0
4545.6 423 Total 257.1 379.4 148 "260.2 - 66.9 160.3 25.15 "93.3 0 67.8 0 67.8
E . . o } . .. ~
Source: Calculaﬂons by Author Using the Thornthwaite Pfocedure‘and Data From the :Monthly Summary e, 39' L
i

,'g.!‘



APPENDIX v
THE CALCULATION OF MONTHLY WATER BALANCES FOR
ELK ISLAND NATIONAL PARK 1982-1985

" The following tables ére;ycarly water balancesusi g the Thornthwaite technique
with weath d ta from Elk Island National Park. The year 1982 was the first ycar of
- opcranon f:%on at the Park, thCreforc, the moisture storage levels and surplus cérry
over from the previous year was ta.ken from the Edmonton International Alrpoﬁ‘ water
| balance tablcs: (App. ). The data from tlpcse tables/'were compared with similar data from

the Edmonton International Airport in chapter 3. This was done to determine the suitability

dmonton International Airport data. In c;hapter“‘{, yields were calculated from

uses‘ listed in these table's JA water*ba]ance for 1986 is not available due to an

Ad

1mcomp1cte record from the Park dtrin g 1986.

w3, i o o » £
B "“3"” Ty *“’ <UL
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' ; ELK ISLAND NATIONAL PARK ‘
WATER iALANCE USING THORNTHWAITE Pnocsoun!s- 1902,
J o M J J A .8 (o] N D Year
Temp.C -24. 1e 9 % -o 7 9.8 155 18 129 109 8.4 -9.4 -10.2
PE mm. q%‘ 75.8 1142.119:7 90 66:8 331 0 . 0~ 4909
Ppt. mm. 51.4, 19 - 39 48.6 22,4 2447 87.8 33.1° A5t 108 11.5 8322
StChmm 514 19 49 39 -27.2 -91.8 1285 -2.2 -33.7 -18 106 1.8
2 .su2mm .2 2 2 y 0 2.0 o o0 22
156 .Sup  St4 19 49 ! *1238 o 8.8 978
Det. - 282 91.8 0.2 337 18 68.9
. o5, 2a(499.1-168.9)+207. 544 5. ‘ ,
13 SuLt3mm. 13 13 13 3 0 0. 13 108 0 -0 108, 13
10.5 Surp. 514 19 49 . 39 112.8 9.1 2a\¥,
Del. 142 91,8 229 18 148.9.
,832.20(499.1-146.9)281.4- 1 4 . . K TR
23.5° SL50mm. S0 50° 50 50 228 0 50 478 141 0 108 22.1
Surp. 249 19 49 39 ’ 75.8 - * 2074
Det. CT 69 39 72.9
632.22(499.1-72.9)+207.4-1.4
235 St 100mm 749 93.9 100 100 72.8 0 100 97.8 64.1 46.1 56.7 66— ———
Surp, 429 39 25.% - 107.4
Det. - 19 | 19
832.22(498.1-19)+107.4,44 7 “ o , L »
23.5 St 150mm. 749 ' 93.9 142.9 150 122.8 31 150 147.8 1141 @8.1 106.7 118.2 . o
Surp, 31.9 . 6.5 ’ - ,‘:w."'
Do, P . N B R | @
632.24(499.1-0)+38.44+04.7 2
235 St 250 mm. 74.9 93.9 1429 181.9 154.7. 629 188.4 1862@1@;5 134.5 1481 186.8 v
- Surp. - SO ‘ P v 0
Def, - e o val ]
632.%2(499.1:0)+0+133.1 B L,
' ELK ISLAND NATIONAL PARK (j s , .’
i WATER BALANCE 1983 ‘ E A v
N o J F M A M J Jd A S 0 N© D Year
Temp.C -115 -8.7 -5.3 5.1 10 139 16.8 " 171 8.4 4.6 -4.2 -20.1
-PE mm. o 0 0 355 758 102 123.3 1$2.5 50.9 248 0 0, 5248
.Ppt. mm. 9 169 27 13.2 9.3 2541 1686 9  36.2 12.2_ 13,4 16.5 5884 .
//, StChmm. 9 169 27 .22.3 -68.5 152.1 453 -104 -14.7 .12.6 13.4__16.5 y o
T .~ . A T i * b
Woao2 st2em 2 2 2 0 o 2 ,2 0 2 2 !
20.1 Surp 8 6.9 27 _ 15b.1 ,.u\ 114 16.5 2684
” Def. 20.3. 86.5 - 101.5 14.7 /()e 168.9
"o 585.4a(524 8-2185. 6)+268.447.8 . : S
13 St 13mm. 13 13 13 . 0 0 13 13 o _ o 13 13
9.1 Surp. . 9  16.9 27 : 139.1 45.3 . 0.4 16.5 246.4
Def. ‘9.3 66.5 805 147 126 193.¢
585.4=(524.8-193.6)+246. 4_+7 8 : S
22,1 SLSOmm. 311 .48 50 727.7 o0 50 50. 0 , 0 0 _ 134 299
Surp. ‘249 19 25 39 102.1 45.3 o, . 172.4
Dot 38.8 . 15367 147 i2.8 119.6
- 586.4=(524.8-119.6)+172.4+7.8 - L P SR . :
. 68:2 St 100mm 77.2 941 100 77.7 11.2 100 100 0. : 0 13.4 29.9
39. 62.3. 853 . s 129.7,
5 T : LA 30.8
’,'-n P
49.1
e s297
or'




[ ] L] .
»pmmx:vconnmeo | ,
‘ b | 177,
: LK ISLAND NATIONAL PARK o
- »* WATER BALANCE my : . , )
' J A JA 1,1 A 8§ - O N D Year
‘ Temp. C  -8.2 7 14;: 16 a;w- P4 70 1.8 104 .17 o
! . PEmm, R 48.3 67.8 108.1 1233 "116.6 477 11 . 0. O 520.8
m, - ¥1.4 15 782 852 71.4- 28.3 118.5 54.2 231 12.4 5021 -
- -33.3 104 -40.9 -81.0°:88.3 708 43.2 231 12.4
, :
2 o 2 o o o 2 2 2 2
27.9 3 2

8.4 88.8 43.2 231 12.4 184.1
T od 389 $1.9 883 . 210.4

0 10.4 0 0 0 13 13. 132 13

13

16.9 19.4 o 57.8 43.2 231 12.4 1837
Del. " 20 5 30.5 519 8.3 . SERTY
502.1=(320.8- 191).155 7418.6 . ‘ . - -
209 SLSOmm. 413 50 80 157 <?\1 ° 0 50 50, 50 50 .
Surp. $3 10.4 20.8 43.2 231 12.4 79.7
_ Del. . \1\3 8 51.9 86.3 C- 184
802.12(520.8-154)+79.7+55.8 + 3 "
29.9 St 100mm 41.3 68.3 657 32.4 42.8 1.9 [V 0 708 100 100 100
Surp. - Ty o 14 231 12.4 14
. Det. - .. 50 883 . . 138.3
502.121520.8.138.3)+142105.6 [ : ! ~
49.1 St 180 mm. 60.5 74.5 84.9 51.6T82 21.1 0 0 708 114 137.1 148.5
Surp. ' : B 0 »
p Def. -, ' o 30.8 88.3 ’ 119.1
12(520.8-119.1)+0+100.4 ) .
49.1 !‘L 250 mm. 160.5 174.5 184.9 151.86 162 121.1 68.2 0 70.8 114 137.1 149.5
Surp 3 . . 0
Def. . 19.1 v . 19.1
502.1w(520.8-18.1)+0+.4 N '
) ’ N \ B . /
. : ' , ELK ISLAND NATIONAL PARK
» WATER BALANCE 1985 . . ‘
N TR - - S VR YR 4, A S o N D Y
Jomp. <1022 :13.4 -2.2 43 128 12% 1#3 14 . 69 2.9 -14.8 .7.6
PE mm. 0 0 0 . 31.1 958 97.9 127.4 97.5 47.77 19.3 .0 0 5167
Pp.mm. 7.5 1+.5 3 .2 333 70.1° 49.4 57.8 58.7 31.2 193 33.5 4175
. stChmm 7.5 116 3 11.1 -62.5 -27.8 -78 -39.7 11  11.9 19} a3s °
2 St. 2 mm 2 2 2. 2 0 0 0 (] 2. 2 2 2
3s8.5 Surp 7.5 115 3 1.1 L, -9 11.9.193 33.5 895
Del, < 80.5 27.8 76 39.7 . 204 -
417 5w(516.7-204)+89.5217.3 .- : .
S e, 13 ,SL13mm. 73 13 13 13 0 0 0 0 11 13 13 138
3.8 Surp. 7.5 115 + 3 1., . 9.9 193 3XF 78E.
, Def. 49.5 27,8 78 39.7 . 195
417.52(516.7-195)+78.5417.3 Sy . .
850 SLSOmm, S50--50 50 50 0- 0 0 0 11 22.8 422 50 -
) 355 gSurp. . 7.8 118 3 11 > - 25.7 ,68.6
- » Def. 125 278 78 +39.7 - 6.8 . 158

417.5(516.7-158)468.6-9.8 : o
Toq st 1gpmm q“? 100 100 100 375 9.7 -0 0 11 22,9 422'-75.7 :
35 5 7 11.8° 37 #1014 ) . 68.5-

>

e ‘ . . §8.3 -39.7 : o *108
. 417, 5-1;1L G8)+68.6-59.8 , ' . -
M‘ 1495 St ’59»!!3”'» 150~ 150 1,50 150, 87.5 59.7 0 T 2.9, 432 757, ;

AN Sug), & 7" 11 5 '3 1%.1 ’ . \. f ‘.‘- */ g v{» ‘SQG- e ! T
R - Dot ¢ ' ©.18.3 : N .‘.f? AN .
417, 8=(516.7.58)432.6-73.8 - ) B N s
149 8 SL-250 mm. 156.5 168. 171 162.1 119.6 91.8 13.8 0 17 229 427 \75.7 -
Surp. - . o . - N 0
Det. - o © 259 - ‘ 259 -
417 .52(516.7- 25 9)+0-73.8, N " .

, Source: Calculations by Author Using mé Thomthwaife Procetiure and the Monthly 8umméry Data .
* From Efk lsland National Park Produced by the Atmospheric Environment Sdrvice.
; ) \



