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ABSTRAbT

'anrovement of water supply and water quality in the.Cooking
Lake Moraine near Edmonton is the key to more intensive recreational
use and otner uses of the area. One of the ways of improving both might

;-be found in better snow management. To accomplish this an improved>
method for estimating regionai and local patterns of snoufalk)is needed
so that snowmelt runoff can be estimated.

Thete are three main parts in the study. The first is a review
of the landform vegetative-cover, meteordldgical data and‘other factors
that might affect snowfall and snow drifting patterns. The second
involves the use of LANDSAT 1 imagery and’ ground truthing in various ways
to map snOwéall and snow drifting patterns on the moraine.l' The third

' part coutains an analysis of these patterns usiné Thornthwaite techniques
in determining local and regional water balance patterns.

Snow depth and density studies .were: conducted at 12 sites witn

‘aint. Rose snow sanpler.> These sites were-identifiedvon photographic
) . o,

plates.

-

Based on the information obtained from the snow surveys,

Py

Thornthwaite water balance calbulations, and: LANDSAT I imagery it was

possible to estimate runoff potential. ‘Calculations of potential snowmelt

4 4

runoff were made for several areas_pn the moraine. -

<\

- . & .
1LANDSAT 1 imagery was discussed under five subheadings- " Scale
1:1,000,000 LANDSAT 1 Imagery, .Sgale 1”250 000 LANDSAT 1 Imagery,
Density Sliced LANDSAT I Imagery, Yri-Color Projected LANDSAT I Imagery
and Water Balance Relationships and LANDSAT I. Imagery. :

P

> iv



. - \
“ ‘ . '
\

.The procedures employed in thfs thesia, with the modificationa ‘

suggested should be useful in future investigations of snow distribution
patterns. With more in-depth 1nfoénation about these patterns it may be
possible to manage snowmelt runoff for botﬁ’water supply and water

quality in the moraine and in other areas with similar problems and

opportunities.

A
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_ of eskaating regional patterns of snowmélt runc£f using remote senéing

'~ to recreational-

e I ‘o .
Chapter 1°

INTRODICTION :

One of the most dynamic geophysical features of Planet
Earth is the ever~changing snow-cover. No other wide-
., spread soil material on the earth's surface is deposited--
. and is removed--so quickly (Meier, 1973, p- 1). :

\

' The purpose of this study was to deve10p a more accurate means

3 . ~

’techni&pes. The.afea selected for>§;hdyIWas the Cooking.Lake Moraine

~twent_yéf\xir'e miles east ‘and south-east of-Edmonton (Plate 1).. The

area is a hummocky dead-ice moraine with widespread sloughs, minor

_depressions and deep forest soils.

Therg are maJQr water quantity and QUAIity problems relative

aciliﬁy development and to other uses of the Cooking
Lake Moraine. Re3 oration'of the'lakes on the mofaine to levels andﬁ

QMélities_experien;sg\1n a relat1ve1y wet per1od early in this century -

is a widelf hup§0rted‘gfjective. A pipeline from the North Saskatchézan'i

River (near Devon) ‘to’ Miquelon ‘Lakes and a cascadlng system to other

\

,lakes was one of the prOposed solutions to. the water quantxty problems

; (EPEC 1970). Pipellnes could be built and ma1ntained at a substantial

’

cost to theugpblic. A‘less expensive'alternative mighp'be found in
better management of regional snéwmelt runoff each spring and in use

K

“of regional or nearhy surpluses. ..

/
[
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The objectives for this study we?q: , : .

]

1. To establish what variations in winter snowfald are present in the

L
Y

Cooking Lake Moraine area; . ‘ e

2. To develop a procedure using LANDSAT I hnagery for determining

snow concentration and distribut1on patterns,

v

3. To investigate the relatxonship between LANDSAT 1 images' tonal
vhriagions and snow.concentratién and distributiOn,patterns;

b, To experiment with various enhancement devices to maximize dis-

.crimination of snow cover variations;
5.+ Ta compare regional snow moisture recharge capacities and snow

‘water ¢ontent levels required to proSuce.runoffg

- ‘\

N

&, To investigate the relationship of snow concentration and distri-

bution ‘pattgrns to soil moisture storage capacities so that runoff

potent:ial might be "est‘imated.
Interpretatlons from the LANDSAT I lmagery were’ made ‘with two

ma jor assumptlons in mind. The first assumption was that snow concen-

tration and distribution'patterné,vould not vary appreciably.from
'January 10, 1975 to.April 10, 1975. This was a necessary assumption
because the April 10,‘1975 LANDSAT 1 imagery could not be obtained :

(Refer to Chapter V for details). The‘secohdfaséumption’was that

meteorological ‘data for thguégmodEOn International Airport combined

with 1975 winter snow depth #n4 water content measurements taken w{gh a

‘Mt. Rose snow sampler would be :epreseﬁtative_ofdthe major patterns
in the Cook1ng Lake Moraine. s

; .
The bases for water quERCy and quant1Cy studxes for the



Cooking Lake Moraine developed out of public concern for lake 1mprove;
ment. Historically-the:éookihg Lake Moraine has experfenced rather
large fluctuationé in watervquality and quaﬁtify. In some instances
man hag played a major roie.in these fluctuations. The following

N
‘cﬁabter 1s\a review of studie# elsewhere that might serve as.Qases‘

for the analysis of these problems.



Chapter II

REVIEW OF LITERATURE

2

This chapter ié a review of the literature pertaiging to the.
Cooking Lake Moraine, and _an explanation of the enhanéement tgchniques
used to show snow concentration-and distribution p#tkerng with LANDSAT %
imagery. The chapter is subdivided into four pafts: Geological
History, Settlement, Lake Levels, and LANDSAT I Imagery and Snow
Drifting.‘

. ) ‘Geological History
.

"During the Pleistocene epoch,”a continental ice sheet

. originating on the Precambrian Shield in Keewatin Tefritory advanced

-

from the northeast hng_cbﬁezed the region at least.thice" (Bayrock,
1962, d}rginal'hotgs on Surficial Geology mép'83H). The second

advance and trecession; in late Wisonsin time, formed most of the local
rec . < , . hed, most

. -~ . .

t0pographib.featnréa of the‘CoDEingTLake Moraine. " The Cdbkihg Lake
S Ce (

 Moraine is a "hummqcky moraine: . . . till composed of'ﬁixed c1ay,

silt and sand, with pebblﬁsrand bouldefs;llenses of sand,‘gr;vgl and
local bedrock; generally mof;-than'bo feet fhick;.tOpography undhlating
to gently rolliné" (Bayrock,” 1962, marginal notes on Surfical Geology
map 83H, Figure‘l), The aréa to the south-west of Joseph Lake; is a

"ground moraine: . . . till composed of mixed clay,.silt and sand,



with pebbles and boulders, variable in thiickness, but generall& less
than 40 feet, topography level to ﬁndulaging" (Bayrbck, 1962, mafginal
notes on Shrficial Geology map 83H,AFigure 1). Most of the Edmonton
district surficial materials are formed on a bedrock surface sculptured
in pooriy consolidated materials, which comprise the Edmonton Formation
of late Cretaceous age (Carlson, 1967, p. 5). An erosional remmant of
this material served as a base for the Cooking Lake Moraine and provided
much of the regional relief. The district was comprised of three main
formations: the Edmonton, the ﬁearpaw,_and the‘Pale and Variegat;d
(Figure 1I). Carlson (1969) provided an in-depth analysis of the
bedrock topography in '"Bedrock Topography and Surficial Aquifers of
the Edmonton District, Alberta'. Since glactatibn Fhefe h;ve'$een vefy
few topogtapﬁical changes on the moraine. Thé relatively dry climate
combined with the‘Lack af a major river.haé helpe? to keep erosion and
depééition to.a minimum. Mi;or filling, though;\has occurred wifh
vegetation, in most of the sloughs. | |
. Cooking Lake loam is the preéohinant soil of the area
(Figure III). This loam and other soils such as.Uﬁcas loam, Falun}”.;
loam, Angus Ridge 1oam, Camr;se loam, and otﬁers are all present 6n;
_the Cooking Lake moraine. For an in-depth stﬁdy of these soils refer
to the Soil Survey of Edmonton Sheet-(83ﬂ) 1962, by Bowser,
K jearsgarrd, Petéré, and Wells;‘Gfey3W6odgd Soils and’Tﬁeir Management
by fhe Universify'of AF§erta, Faculty of Agficulturegland'Qanadiap

> -

Soil Science by Atkinson.
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Settlement
f
"About 18 miles east of Edmonton lies a hilly area which some
'

people call the Cooking Lake Moraine, while othegé‘use the old Indian
name Beaver Hi@lé (Amisk Wachee)" (Nyland, 1969, p. 22). It was
assumed that thé origin of the name "Beaver Hills" came from the Beaver
Indians who inhabited the area. About 1780, the Blackfeet Indians
passed into the Beaver Hills regi;n during their migration from the
south eastern prairies, and later the Crees invaded a;ﬂvforcea the
Blackfeet Indians from the Beaver Hills. There was an abundance of

game--bison, mooée, elk, deer, éucks, geese; and swans--on the Cooking

Lake Mor 2. Those ricﬁ hunt ing grounds led to a number of conflicts

-

among the various tribes living in the area.

By 1895, the Cooking Lake Moraine was sp&?sely inhabited by
white settlers;' They cleared the land and burned the trees. Some of
the fires were blown out of control, destroying large stands of natgr#l

forest. The Edmonton Bullet.in described the destruction on May 9,

1895. '
The worst of the matter is that many settlers look upon this
wholesale destruction of timber as something commendable and -
to the advantage of the country in making more land available
for settlement. Even 'in those parts of the country that are
open, only a very small percentage of the land is actually
cultivated, so that there is no necessity for destroying the
timber wholesale., (Nyland, 1969, p. 22)

According to Nyland the rain had put tﬁé:fire out in August of the same
. year. In October of 1895, the fire was reignited and the flames

crossed the NorthVSaskatchewan River, burning on'northward; leaving

only small stands of trees., Some of the settlers had a more constructive -



11

idea for the natural.surroundings. The first‘tree replanting conser-
vation’praetites origlnated in 1892; by 1898 tne'flrst ranger'station”’
on the mor¥ine was established and during 1910, the first tree nursery
inﬂdlberta was established on the shores of Cooking Lake (Nyland,t

-

1 1969) ..

Lake Levels

"In 18@5'botn?Beaverhill Lake anditbe lakeslln the mpralne
were df&, but heavy ralns in 1875 restored the water'levels” (énvironment-d
Conservation Authority;Al971 p. 2). Appendfx A, indlcates'the" |
progresslon of lake level fluctuatlons as calculated by Laycock in an

article-entitled’ "Lake Level Fluctuatxon and Climatlc Variat1on in
ot

Central- Alberta" (1973) \The years 1883 and 1888 were the only years

N

prlor to 1900 which showed a surplus and a posxtlve lake level change.

There are<coﬁf11cts in the'llterature concernlng lake level:fluctuationS'

Afrom5190b~193d. Research by Acres West Lﬁnlted indicated that the E

blakes were in satlsfactory conditlon for most uses unt11 the 1930'
when water levels declined~steadily and the‘lake quality»began to

deterlorate (Acres Western Lunlted 1971) The surplus and v‘i“pi‘w'
deficiency patterns presented by Laycock Append1x A, showed that

.from 1900 .to 1904 there was a maJor rise 1n lake levels.. Also,
surpluses in: 1907 1914 1917 1920 1925 and l92] combined w1th a.
-negative or very minor lake level change dpring the rema1n1ng nineteen

years (1900- 1930) indzcated that nelther a stat1onary pattern nor -

inadequate lake’ levels existed=for most'recreational,activities.
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r
Stanley Associates Engineering Limited in a réport entitled "Water

Inventory and Demand Dfaft Report", (1974) agreed w1th Acres Western o

N

Lhnited, that thijiakes were in good condition be fore 1930.‘1' f~ ZV'FT 5

1t was apparent from reviewlng EPEC' s “and. Stanley Associate s -

lake level graphs thatthe lakes on the Cooking Lake Moraine havejbeen_‘

fluctuating continuously. Both EPEC and Stanley Associates uSed~tnese

.

-gtaphs to indicate a qontinual receasion in lake leVels, even though L
data used to construct these graphs were.very limited. ;Fo;.example‘ o
' most of,the<data-§or Cooking Lake-wefeiéstimated from interuiews.uith.

- local residents;;‘%Qt-Ministileakes less‘tﬁanatﬁo yeats of data were

3l availaolewthus;rendering.any conclusions‘made ftom:these graphs to;
.describe lake“nattetns in the l93§'s'meaningless.i N

For Miquelon’Lake,'negative.laké'level'fluetuations have

'occurred ds a direct result of man s activities.v-

- .
row

* No mention of a noticeable drop-in lake levels was made until
1925. A settler had’ slightly deepaned the outlet of the lake,
but the big blow did not come until 1927 when a water shortage -

_in.the Camrose town: reservoir was temporarily ‘solved by . digging
a canal through the height of land south of Miquelon Lake to
divert water into ‘Stony Creek. There appears to have been no
permission given for this diversion. Thé move .was, to say the'

‘least, ill adv1sed (Nyland 1970 p. 22).

In{teality”the small drainage oasin of the'Miquelon‘iakes suffeted ‘
seuefalidﬁyvyeafs (approximately ld) andlthusmuasﬂunable to witnstand
.theldtainage‘draft put on itobf tne_ditch into tne éamrose'Creek'Basin.n;'
»d&When inl1928 tnerake'level dfopped'lowef tnan7the cont}ol ueir, thefd.
;canal.uas”dug deeper:with the'help.of'heavy machinery uhciilah_;he '
'iineignteOf the‘land the canal was close to 20 feet deep" (leand, l970;n'

. Pe 22). In 1971, Nyland went on to say, tnat'Calgary Power had dug,a
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ditch which dra@ged ﬁiqueloh Lakes 16 feet (Nyland, 1971, Public
Hearings).._Célgéfy<Ppwér.cou1d noﬁ'be blamed for-thekentire 16 foot
"~ drop in_lake ;eVelé, pérficularly when lake levels dropped well below
the ditch during the ngwt'few yearéq o
Deforesfatioﬁ caused.by fires and land clearing has had an
vf'effec;‘on land use on the'Coning Lake Mofaine; In many areas fhe .
‘"'“parkléndﬁ was changed into grain'fiélds aﬁa pastufe i;nd. The effects

. of deforestation on water retention capacities have been debated.
) . V4 . . o
Deforestation' and topographical changes associated with land
cultivation and the advent of modern civilization in the water-.
shed and surrounding areas has resulted in the deterioration of
water refention caplbilities of the watershed, gonseduéntly
‘ground water storage and water tables in the watershed have been
falling (Zuzak, 1971, Public Hearings, p. 7).

n

Zuzacaiso accebted Nylaﬁﬂ's explanations about falling lake levefs.
Nyland ﬁaﬁed iand'clearing oéerations and élodgh drainage proje#ts»l

in the watershed as having adverse effects on:rﬁnoff. ‘"These»preQiouslf
;imbered>lands used to ﬁréviae a're}i;ble source of wgterlfo;_the
,spring;'in the_lake, bhiéh ﬁow flow onl& interﬁitténtly".(Nylaha,1

1970;‘p. 25). :Iﬁ the author's opinion, deforestation would add to

lake levels due to a decrease in soil moisture storage utilization
by plants. Dropé in yearly precipitatibn patterns, in this case,

appear to have had a greater effect on lake levels than did deforestation.:
It has been suggested that the clearing and bufning of forest
cover in.the Cooking Lake basin has resulted in lower flow into’
the lake. In. principle, such ¢learing and burning would result

*° in a reduced soil moisture consumptiom and thus in yield
increases, particularly in a sub-humid region such as this. In
practice, the extemsive burnjing before}1900'probably contributed.
to-the  very heavy yields of the wet years that followed because’
of the reduction in consumptive use (Laycock,.1973, p. 89).

: ' : g P
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Similar variations in thought (non professional versus professional)
typified much of the discussion in the literatnre available about
the Cooking Lake Moraine.
Major intereet in the water quality and quantity problems-
of the Cooking Lake Moraine. resulted in a series of studies beginning
in the late 1960{5. In 1969, the Conservation and Utilization Committbe
: o s TmE L
of the Alberta Department of the Enviromment in c00peration with the
,Cooking Lake Area Study Committee[established a conservation area.
:In:the fall of the same year Nyland presented a description of the
Moraine's settlement, fires, forestry, recreation,lprecipitation,
and water levels in an’article entitled "The Dying Watershed". The~
article provided a detailed review of the history of_the’Cooking'Lake
Moraine, bntvlacked reference to‘in?depth‘water studies which would be
_required for. the type of conclusxons whlch ‘were drawn. ™
The watershed can_be restored then the beaches will come to'
‘life -again and the fish. will return to be enjoyed .by man and
‘beast. Grazing areas can be placed under proper managemént
and possibly support more cattle than is now the case.” Those’
soils most suitable to trees cam be replanted to the benefit
of wildlife, for recreation and to help restore thé balance
- of nature. Both the people of the city and: the rural residents
~can only benefit by such a scheme (Nyland 1969 p. 38).
L During the remainder of 1969 and 1970 a number of reports were -
published concerning the.Cooking Lake_Moraine, Many of the publications_
- dealing.with‘the Cooking'Lake Horaine were'repetitive_and would'add
blittle to this review. ' |
Enyironmental Planning and Engineering Consultants (EPEC)

of Edmonton, Alherta produced the first c0nsu1tant's repOrt on June 10

1971, entitled "Economic Analysis of the Cooking-Hastings Lakes".
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The report was developed at the request of the Water Resourcés Division,
Department of Agriculture, Province of Alberta.

More specifically the study was to incorporate the investigation
of three areas. Firstly, a verification of the authenticity

of a petition calling for "Action to Reclaim the Beaverhill:
Watershed" presented to the Environmental Conservation Authority
in the fall of 1970. This was a requirement in order to be able
to determine the validity of the petitioner's alleged concern
respecting Cooking and Hasting Lakes. Secondly, an investigation
as. to the possibilities of improving the conditions of the lakes
through internal water management and/or the importation of water
from sources outside the Cooking-Hastings watershed. This
necessitated an examination of possible schemes and their rami-
fications. Thirdly, an economic analysis identifying probable
costs of possible schefes. and identifying benefits that could
accrue in various sectors such as recreation as a result of
improvement to the existing conditions of the lakes (EPEC 1971,
p. 1- la)

During the fall of 1970, a total of 598_peopie_stgned‘e"
petition cailing‘for "Action to Reolainvtne Beaverhill Wetershed" (EPEC,
1971,np. 5). Oniy 284 eignaturee uere available“and'of those on1y1222
.thea legible names and eddreSSes.‘ A questionuire was sent to 25‘ | ‘
indivioualsjonAthe iiet:. 24 pe0p1e comptgted the questionalre. The:""
results of this questlonezre were presented to EPEC by Ealley, Director
:of the Water Resources D1v1810n, (Appendix A page vii of the EPEC report)

Unfortunately or fortunately dependlng on how the results were to be

\f‘used it was found that twenty of those’ pet1tioned owned property in . the

o

Cooklng Lake Moralne.b Most property owners would enjoy an opportunity
to:%ncrease their_property values. The pr;ces were:1ncreaslng and will
undouotediy’continuevto grow as development oceurs'(Tabie ). in_ali.

. instances the_meaniincreasebin'purchaeelprice:Qée 36;2“perCent-

and the properties-were.resold'in an average of 13.5:months.
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Table 1

'PRICE INCREASES FOR SELECTED PROPERTIES

IN STRATHCONA COWNTY |

" Percentage

_ o Purchase Selling . Holding Increase Over
Location Size Price _Price_. Period . Purchase Price
(Tp./Range)  (Acres) (s) - () (Months) ;
51/20 161 8,700 16,000 38 . 84
51/21 - - 161 12,000 . 18,000 . 38 50
51721 - 161 8,350 - 10,000 23 17
- 51721 161 - 2,500 © 3,668 ¢ 1 Y
51721 . -lel 1,912 © . 13,700 c6 15
- 51421 ‘166 - . 19,000 = 16,000 19 60
51/21 601 . 67,000 . 87,500 - RN VS 31
51/22 40 © 30,000 35,000 3 IR b 2
51722 . 6 . 5,500 - 7,500 1 - 36
52/22 .3 4,400 - 6,500 3 48
- 52/22 o038 .11,000 - 12,000 -2 - .9
. 53f22 200+ 10,000 10,800 -8 . 8
5321 . . 20 ‘6,000 6,800 2 e S 13
54/20 - 1s9 - 5,500 " 9,500 -~ 29 .13
15 ©35.

- s4/20 .- 161 - 3,700 - 5,000.

“Source: Acres Western Lﬁnited, 1971 "Alternafive Land Use Evaluation
Cooking Lake and Hastings Lake Area'. g ' '
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In many instances EPEC seemed to lack adeouate hvdrologlcal
information. "Water balance relationships are mdch better establ ighed
~and the effects of the watershed management are much’better»known pro-

fessionally, than is 8uggested ln the EPEC’report" (Laycock, 1971,
Public'Hearings, p.l79) |
Hydrologxcal matters were not the only subjects in the EPEC
-report to.receive criticrsm. "We are of the oplnlon that the economic
analysls of Cooking and Hastings Lakes prépared»by EPEC Consulclng
.Ltd.'shOuldinotfbe the'bases for‘the decision‘on whether Or'not to

B 1nvest in restoring the water levels of. these 1akes" (Lefrancois,

1971 Phbllc Hearings p 46) The report was narrowlyvmultiple-

',purpose with consideratlon of recreatlon, cottage development, res1dent1a1

development, commerc1al development, and waterfowl needs.: EPEC'
strategy, whlch almed for nultiple means, but did not: achleve them for
raising lake 1evels, was represented bv three p1pe11ne schemes (A Al
and B) for pumping water from thelNorth Saskatchewanvklver to varlous )
. p01nts on the Cooklng Lake Moralne (Flgure IV) ln l97l the direct
costs were estimated to be $4 128 840 for scheme A, $4 408 680 for
scheme A','and‘$7 971-160 for scheme B.. If a ch01ce of one of three.
p1pe11ne schemes had been made 1n 1971 it appeared trom a review
- of the Public Hearlngs that scheme B would haVe been favored If this
.‘-declslon had been made it would have been based almost totally on R
(estlmatlons rather than fact. - Mayon Dent - of Edmonton stated, "In our.43

‘opinlon, the recreational benifiis would be” dramatlcally lncreased

- by using scheme B~over scheme A”s(Mayor Dent 1971 Pub11c Hearings
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p; 13). The Fish and Game Department endorsed scheme B (Chyhkzi 1971,
- Public Hearings) 'Tentatively however I would opt for No. 6
in the list that I have, or.plan "B in,the EPEC report" (Laycock,
_19%1, Public Hearinge, p. 83). 'The oiace of intake for scheme B near
Devon would result.in fewer pollutants being present than for schemes
A or A', "The problem.of‘high bacteria counts in‘the-North'saskatchewan
River downstream of ﬁdmonton is well‘knonn, and it has been the subject -
of much discussion alreadyvat these_Hearings" (Simpson;>1971, Publ ic
Hearings, p.-bh). | )
Four years‘later Gallup (1975){ after'conducting intensive

water quality studies stated thatlin'raising'the level of water on
the Cooking Lake Moraine the only effect would be.to create large
sloughs out of smali ohes FGallup,_1975,.Cooking_Lake Management
fCommittee Meeting) In the same year Underwood 'MoLellan and.nssociates
Stated ”That while the 1eve1 of Cooking Lake may be raised, giving
bmore area for boating, the .water quality won't be changed much"
, Q(Ednonton Journal, 1975) ’

| | Laycock in 1971, and in 1973 suggested internal modification
of 1ake levels using drainage of one of the larger lakes such as Joseph
-Lake and‘of 1ocal depressions as a means Of restoring Cooking Lake |
and ‘Hastings Lake.‘ Laycock 1ndicated that the cost for this type of
" internal management would be approximately one tenth of that of the -
.'plpeline schemes.. In a 1973 article, several other alternatives were

~suggested by Laycock one of ‘these was to pump water from adjoining

basins, such -as Little and Big Hay Lakes, in the spring into the Cooking

. *
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Lake Basin and using Looking Back Lakerand other water bodies‘as~etorage
reservoirs to extend pumping seasons. P 3
I light of Callup's and Underwood, McLéllan andiAssoeiate's
statemehts, epending approximately $8 million for massive pumoing from
the North Saskatchewan-ﬁiver_did ngt. appear to‘be the best.alternatqzea'
Also, .if conatruction cost increases parallel many of the 1'.n<‘rease.‘;‘,.,,{r
for the Corp of Engineers nrojects in the United States, or dredglng‘
operations on the St. Lawrence River, the costs may double or triple
before completion of the projedtr’ )
The second consultants report wae:presented_to the'Cooking

Lake Area Study Management Committee on'dotober 1, 1974, -by Stanley
Assoaiates'Engineering Ltd. The report was entitled "Water Inventory .
Vand Demand;-Draft Renort". .Tne Stanley Aseoeiatee' Reoort oame closer:

to developlng a multiple purpose and nnltlple means approaeh to the water .
_ qnallty gnd quantlty problems wh1ch the Cooklng Lake Moraine now endures.~
.The Stanley Assoc1ates study 1ncluded research but there are many

‘ instances where they employed research as a tool. wlthout adequate thought.v
"A detailed analy51s was carried out on Hast1ngs Cooklng, Mlnlstik

and MIQUQIOn Lakes to determlne the c0rrelatlon,:1f any, between raln-:
fall and lake levels - for 1972 (Stanley Assoc1ates Eng1neer1ng Ltd.,
-1974 p. 40) Three years earlier at the Pub11¢ Hearlngs Kellerhals
»sa1d that f1ve years of hydrolog1ca1 data are needed before concluSLOna
could be drawn (Kellerhals l97l;‘Public Hearlngs); The Stanley
Assoc1ates report was,tln many instances, based on. only one. year s

<A

__data. Two 1nternal dralnage schemes were presented by the Stanley L
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Asaociates, the draining of sloughs and other -small pockets of water
and the draining of one of the lakes in the moraine. Their conclusions
were, "In view of the relatively large water volume deficit calculated
for the moraine it is r“obable that*such a scheme would only_ntovide-

a small percentage of the volume of water required to'just Stabiiize
the "lakes at their present level, and have a high cost benefit ratio"
(Stanley Associates Lng1neer1ng Ltd 1974 P 103) In some years
this may be true, but in years of above average’precipitation, such as
1974, large volumes of snowmelt runoff would be -available for internal
management schemes.

The cost OE inCernaL’water management’would.he small compared
to piping water from the North Saskatchewan River. zIn‘most years.
stabllzatlon of lake leveis (for Cook1ng and Hastxngs Lakes) could ‘be
obtained by'internal management of snowmelt runoff and by dralning
some 510ughs and small 1akes..

The purpose of the report was centered around the Dodds
Thermal Plant.

It has not been p0851ble to carry out the .in- depth study we
' .orlglnally env1saged. Th1s was due to two reasons. Flrstly,
© time constralnts were 1mposed on the study by the meed to
.investigate the possibility of a multi-purpose. p1pe11ne being
construgted .to serve ‘the needs of the proposed Dodds Thermal
Plant and the Cooking Lake Moraine. The time constraints
(were) being nmpOSed by the meed for Calgary Power  to have
a decision on. such a scheme' by March 1, 1975. Secondly,
paucity of datd has precluded 1n—depth analysis of the
_situation with respect to the. hydrology of the Cooklng Lake
Moralne (Stanley ASSOClateo, l974 pe 2). .

Scheme B from the or1g1nal EPEC report had been: altered to include -

the'Dodds Thermal Plant. 'One gets the meress1on that both may have

1
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been influenced by a prior knowledge of government desires to have a .
strong.case for a pipeline through the area to serve thermal power
developmdnt to the east' (Laycock, 1974, p. 10). |

At a'meeting of the Study‘Management Committee, October 11,
‘197A, Laycock, the co-ordinator of the University of Alherta's Water-
‘ResourCe Center Lake Area Study.Program; presented objections pointing
out the inadequacies in the report. Deeprose, the Chairman of the'
.meeting, suggested that Laycock be contacted concerning elaboration of
polnts raised at-the meeting. He was contacted once, a week Iater,’

\

concerning groundwater aspects of the report. 'Laycock then’prepared

LY .
o ~

a paper highlighting certain aspeCts of the report<and presented it to
_Stahley'Assoaiates. "Our Study Program group was not satlsfled with
vrhis degree ot contact at least partly because we had suPplied some
dof the background research data Ealmost unacknowledged) which we ’ |
'believed had been 111-used in the interpretations and conclusions
given in the: draft report" (Laycock 1974 P 1.

“ If 1ake levels Were ‘to be raised, -the cheapest most efficient

method should be employed In the author's 0p1nion better management‘
‘of snowmelt runoff -and -the sacrlf}cing of one or more of the lesser

used lakes would provide  a viable solution in most years. If more
7 water was needed thelhittle hay hake'drain flow to the south of the

: Cooking Lake Moraine, could be . used in the sprlng of each year. Thls
could be complemented with flow . from the Clearwater Creek and the Irvine
Creek Basin from the west, and the Katchemut CreekuBasin from the;east,
which could be pumped'to various points o the moraine. Thus the )

purpose of this thesis was to develop a more accurate means of
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estxmat1ng regiozfl patterns "of snowmelt runoff using remote sensing
on and ‘around the Cooklng Lake Moraine. LANDSAT I imagery proved to

be an efficient tool from which snowmelt runoff could be estima;ed.

_ LANDSAT I Imagery and Snow Drifting

i ‘ B
. "Snow cover is the primary source of Canadian water supplies”

‘ (Mcéa& and Findlay, 197i, b. 17). Snowmelt and spring raina are
substantial sources of runoff (Layc0ck, ‘1971, Public Heariags, p. 80).
The amoUnt of snowmelt'runoff ialmost years, determides much of lake
- level fluctuatlons on the Cooklng Lake Moralne. Obviously.there are
-other factors affectxng lake level fluctuatxons, such as summer rains'-'
and euaporation, but in average and ab0vé average snowfall years snow-,
melt runoff’ causee the greatest lake 1eve1 fluctuatlon.

To properly manage this resource, there is a need for
cont inual synOpcic data on’ snow.distribUtiOn.patterns. I"Contlnuous
monitoring of the hlghly varlable snowcover is possrble only from
satellltes" (Meier, 1973, p. 1). Research by Wendler and Carlson (1074)
supported the contentlon chat LANDSAT I Lmagery could be used success-
fully to monitor snowmelt. | ‘

The major compllcatlon wlth LANDSAT 1 1magery was cloud cover.

‘ Yet, there are a numbe1 of 1mages avallable for the fall and w1nter

perlods of each year except 1974 when only two cloud free rmages were

- .

N

in April of 1974.
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A number of snow surveys have been conducted using remote

sensing ﬁaphn1ques. Meieii_(1973) evaluated LANDSAT I imagery for

-
it

mapping and detection of changes in snow cover on land and on glaciera

(Northern Cascades in Washington). Meiers found that under favorable

conditions the mapping procedure used was reliable to nichin-four
percent of ;hE snow covered area. Meiers (1973) monitored drainage
basins»by usrng,the‘Stanford Research Instifute console to'electronically
suoerimpoee_basin outlines on”imagery_and by using video density slicing
‘to measure areas. A zoom transfer scope was also used EOvtransfer»td
information”from 1:250,000 prints to standard tooographical»maparrlil
) Barnee (19?3) evaluated the applications of LANDSAT I imageryei.
for manping enow oovervin nOOntadnous regions of the wesoern United .
ﬁStates (salt River‘Project'in Arizona 1973). Barnes found.that band
3 ( 6 to .7 um) was the most useful band for detecting and mapping

: mountaln snow cover (Barnes 1973). Barnes also found xhat the

.near infrared band-(?) proved ‘to beouseful in de;ecxing areas of
melting’snon;‘A " | |

| fhe.nydrologie1charaoterispies'of.snon'eovered;:errain with
‘thermal infrared;imagery (Near'Cape bieoovery; 211esﬁéfe_i;1gnéi were

investigated by Poulin (1973)@ ‘"The'energy that:penetrates:tnelsnow-
A .
over land is e1ther absorbed or reflected at the snow/soil incerface e

while at a snow/ ice interface a. sxgnlflcant port1on of energy continuea o

‘to.be transmltted into and through the ice" (Poulin, 1973, p. 5)

i?A Several graphs ‘were presented showing the thermal conductlvity of snow
5‘".'.".
Nyl

compared to sea 1ce, fresh ice, frozen s11t and clay, and frozeﬁ

3 .
sandy s11t to add signﬂflcanCe to his«prev1ous‘statement.‘ Poulin'

Y

i
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-

~indicateg,¢hat a satellite would be- the preferred vehicle'for obtaining' .

thermal imagery, but with present systems the noise level would cause
. : - i Iy . . '
large temperature differentials. e . -

The majority of the articles published om remote senSing and

snow surveys deal with the mountain environment consequently many of

the 1nvestigators found problems w1th slope angles, cloud cover, - sn0w :

depth and accessibility. A complete List of publications with

references to the use of remote\se031ng for«snow surveying was pr0v1ded

s

by the Canada Centre for Remote SenSLng (Appendix B)..

Based on‘the_rev1ew of-literature, several remote‘sensing

i

systems were found to be superior for snow surveys. A radar‘system
and a microwave radiometer system (antenna systems) produced the most

useful images and printouts available for snow surveys. These systems
3
could be used to display the general snow cover and could be adjusted

. .
R

to penetrate the .same sriow cover to calculate snow depth (water content

*

measurements would have to be made in the field). A thefmal - infrared

scanner (Optical system) could be used to prov1de detailed 1nfonmation
s ~

: about var ,ing. degrees of snow ripeness and water content. ’Computer

p - - . LN

Aprintouts from~LANDSAT'magnetic tapes provided a digitized'format of

'the study area.ﬁfThe "Imager lOO"*sorts digitiied data and is capable -

sy

[

of 1dent1fy1ng the spectral sxgnagpres of a target and}of sorting'

W’ o, -
the digrtal data to‘discriminate and provide an Lmage prediction, through

,u
. i

correlation analys1s, ‘for the occurrence of a particular target.
‘The remote sensing sYstems'listed represent some of the finest

presently available, in capabilities for a snow survey and also some of
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t magnetxc tapes prov1de cont1nual coverage, bUt the user must have

' access to a compute; (comparable to an IEM 360) and in- most cases a :

;_-Or 130;cm;of snow,’ Plate53); ' Durlng the winter of 1974-75 drlfting

26

e B R A

-
. -

. the most-eipensiVEmto>useLThe»microwave radiometer, fradar?,and thermal

infrared systems are’ presently u»rd 0n1y on alrcraft platforms, making_:

continual coverage very expensive‘and t1me consumfng. The LANDSAT

‘computer_technlcxan,.both'of whlch"are expensive.. An Imager 100 system

'R

i uouid cost.as‘muChlasrone million doIIars;"The.only such system‘in.ﬁ X

Canada, xs 1ocated at the Canada Centre for Remote Senslng in Ottawa._

; For these reasons it ‘was - unpOssdble to 1ncorporate any of S

those systems 1nto the scudy. Consequently, avallable equxpment had - ,3 g”

" to be used (a denslty Sllcer and a eolor add1t1ve v1ewer) . e

A major dlfflculty 1n mapplng snow patterns from satellite'

1magery was snow drlftxng. Thxs was especxally true on the Cooklng

B

Lake Moralne. In 1ts 1nit1a1 dlstrlbut1on, snowfall is more unlform

than ra1nfa11 (McKay and Flndlay, 1971 Western Snow. Conference)

"However because }t 1s ea511y mOved by the w1nd snOW<usua11yrpccumu?‘j

lates on the ground 1n a hlghly heterOgenous manner, and 1t is, thete- A :
fore, d1ff1cu1t to obtaln representatlve measurements" (McKay and

Flndlay, 1971 Western Snow ConEerence, p. 18)

Phy51ca1 features play -an 1mportant role in snow concentration

‘and dlSttlbUthn patterns on the Cooklng Lake Moraine.. Plate 2 isfa

photo of an’ Open flat w1ndswept sectron of Hastings Lake (Mt. Rose.:

- snow sampler 1nd1cating 11 1nches or 27 5 cm o£ snow) On the . south hi.'

\ sxde of Joseph Lake, trees prov1ded a natural snow fence (56 inches

+
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Piate\2

:Q;?'.. : -Windswept Area of Hastings Lake
. ' Plate 3
Sﬁow:Diifting'PaEferﬁs on the'SOuth .
" side of Joseph Lake
N '
- .\'\
C :
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-'withinvand behindttheAnaturai.anow fencestuaa the haées‘for much of the
~ spring runoff. ]

The. snow pack’ tended to be fairly unlform in relationship
‘to‘topograph1c and veg(*ation varlation on the Cooklng Moraine (author 8
. field work during 1974-75). .The amounts-varred from north‘to southlon
';the moraine, but the snow tended to be constantddn heteroéeneoue'zonea.’

"The close relationship existing betneen,enou coyer.depth and density |
and’vegetation'on the~loca1 scale persiste.even in.regionai_patterns"_;
(McKay and Flndlay, 1971 Western Snow Conference, p. 19). chKay and
Flndlay further stated "It is interestlng to note that the standard
| dev1at10ns of the mean course value for each vegetatlon zone ‘are small
conslderlng the relatlvely few data used" (McKay and Findlay, 1971
Weetern Snow COnference,-p. 19).? If this is true, as it appears to’
he, it uould-mean a'higher percentage level‘of.predlctahillty-for
"snmeelt runoff on and around the Cooklng"ake Horaine; |

The majorxty of the Cooklng Lake d%gﬁdne is covered by a

thick growth of. p0plars.v

Areas predomlnantly in aspen generally .denote dry, well<

' ‘drained’sites. These may or may.not be groundwater recharge

. areass However, any snow accumulated in these areas has a

" high infiltration opportunity.- Even under rather intense .~ -
cultivation to remove this vegetatlon the surface runoff
from these areas is slight.. If all were managed as recharge
areas, the probability of ‘improved ground water regime. would -
be high' (Swanson and SteVenson 1971 Western Snow Conference,

p. 67).
Swanson"and SteVensons'.report pertainedbto the eastern slopes of
~ Alberta, a more humid region'than the Cboking'Lake Moraine. Yet,

thelr suggestion to develop recharge areas to nnprove the groundwater'.“

reglme could play a 1arge rote in an 1nternal water management scheme'
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for”the_Qooking Lake.Moreine, if depth of.rooting,wes chanéedehy
changes_in vegetdtive cover. |

| Before an 1nterna1 water management scheme could be developed
for - the Cooking Lake Moralne there are several unportant factors in
need of consideretlon- Flrstly, regxonal and locaI variations'in
»annual precipltatlon patterns must be outlined usxng existdng
;nformation serv1ces; secondly, background data onnthe.effecté of mejor o
etormvtracks topographlcal varlat1ons, and wind dlrect1on should be
analyzed as to thelr effects on prec1p1tat10n patterhs. Chapter I1I

‘

'prov1des a descrlptlon of these factors as, they appeared ;g relate

3.
wWped
'’

A to the Cooklng Lake Moraine.v'




- Chapter IIT -~ - .

REG;ONAL-ANblLocAL‘vAﬁIATIQNS IN TOTAL PRECIPITATION

.,Theuemphasislln thls chapter.was'placed Onﬁregional and:
_:1oca1 varxatlons in: total annual prec1pitation patterns. Maps; tables, -

and LANDSAT I imagery were used to 1dentify’ the patterns'as they

;ex1st on and around the Cooking Lake Moralne..

..

The.meteorologlcal record Eor=the Edmonton areaﬁiélaa.
-Tmoderately long one but 1tvls for stations near, not w1th1n the moralne.
bfA meteorologlcal stat;on was’ deneIOped at Fort Edmonton, and obeer~’
vatlons began-on July-ll 880 (Env1ronment Canada, 1974) The station
was ‘moved to several different locatlons and flnally closed in 1942. '

f'After that t1me the meteorolog1ca1 data was obtalned from the Edmonton

Induatrxal Axrport Statlon.'. The Edmonton Industr1al Alrport ig:on

;:level ground surrounded by the c1ty of Edmonton (Environment/ﬁanada,'d

'1974) R
faycoeﬁ-éunmed un;tnedneteorologlcal:datafforlthenﬁdnonton:ef
.“etatlon in the following, S S s
o Let us review the . 90-§ear record for Edmonton from 1883 to 1972
We find that the _average water balance for areas with four inches

« storage (again an average. value) .is 17.6" Ppt. = (21. 0" P.E. -
4 6" D) + 1.2 S. +/-0" St. Change (Laycock 1973 PP 88)

Laycock used Thornthwa1te s water balance equatlon in this

long term average water balance for the-Edmonton station. -With‘



.
»»Thornthwaite's waterfbalanceTequation it was-possible~to calculate
'Ja balance among 1nc0m1ng prec1pitat10n, potential evapotranspiration

'water deficxt, water surplus, and 5011 moisture storage changes o

(Thornthwa1te,vl955)
A brlef_deflnition of the-varlahles:

-Precipitation = drizzle, rain, -dew, snow, glaze, and frost,
- which falls to or forms upon the earths surface.

Potential Euapotranspiration 5.the'tota1famount of.water_whioh,
might be transpired and evaporated by the vegetation with
the energy supply available if moisture isn't limiting. -

Deficit = the difference between potential evapotranspiration
and the ‘amount of moisture that is actually avallable for
evapotransplratlon. ' PR SR :

Surplus = the amount oﬁ 1ncom1ng moisture -in excess of demand
-when soil mpisture storage 'is fully recharged to root
- depth. . This 1nc1udes both surface and groundwater flow.

Storage Change = plus or minus" changes 1n soil moisture °
storage in. the budget. period.’ Changes in snow detention

storage may be 1nc1uded

This formula was used to show water ba;ance relationshlps for
_three soil moisture-storagéﬂcapacities (Iable &) on-the Cooking Lake '
’._usrainé.' The assigned’soil moisture storage.capacitiesfused were:
vd:A inch (10 cm) representing small grain CTops . and closely grazed

¥

pasture land 6 1nch (15 cm) represent1ng mlxed SCrUb forest and wooded
pasture and the 8 1nch (20 cm) representing mlxed closed forest cover.
- The m‘n;her_'ff -soil moisture storage capaC1ty div1s1ons w111 vary from one
‘ area{toftheznert. For example, a’1/2 inch (1 3 cm) storage capacrtyv
may'be used for‘intensively‘deveLOpedhurban areas:and 2 1nohe§ (5 cm)

'storage capacxty for suburbs ‘where 1arger areas are devoted_to lawns;

A IO inch (25 cm) capacxty would be appropriate for more: mature forest



‘statlons (Plate 4 Tables 2, 3 4, 5 and 6)(metric conversions'”

‘ Vegrev111e CDA.' The'average soil moisture_storage capacities,.for

:7'storage 18V81.1 The records “for thev£lk Island Park statlon dated from

| c0ver.ﬂ Almost all of the area- under study can be classified using

;’the 3 intermedlate classes noted because the urban areas are too small

to. be separately 1dent1f1ed and dense, mature forest growth is present

only_rnoa.feWusmall grov~s. Refer to ThornthWalte, Laycock and Verma

: for'factors involved inufornulating s0il moisture storage capacities

for yarious'soil'complexes.

:To better enwision climatic variations on.the:Cooking‘Lake~

‘Moralne it was benef1c1al to rev1ew the yearly water balance equations

'fbased on Thorn@hwaite procedures (1955 1957).for five-sUrroundlng'

'Appendxx D) The statlons were the Edmonton Internatlonal Airport

";the'Ednnnton InduStrial Alrport, Edmonton Namao, Camrose,band

?the areas surroundlng the statlons were assuned to be f%tr 1nches 80

' .that climat1c d1fferences m1ght beastressed in comparxson. The yearly

o N .
{

;,water balance tables presented ere cg puted for the four inch (lO cm)
o ¢,

J

1967 to 1975 but no year had a complete twelve nnnth record. The'

data for the Minlstik Lake station were also 1ncomplete. Water balance

'~tab1es for the Elk Island Park statlon were thus omltted.-

Because reglonal oomparisons cannot- be made on the bases of

‘one’ station, ther@was 11ttle need to con81der the meteorological R

-Adata for the Edmonton station before 1950, except ‘to show long term

variations (Chapter 11, Climatlc Varlatlons for the 90-year record)

- Several conclus1ons were reached based on analysis of‘the water balance

equation tables for the five Stations..,The mostrapparent'variation
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_T#ble 2
Water salance»for Edmonton International Airportv1962—19?4
-(Thorn;h&aite procedures.using four inches storage)¥
- Precipitation | = (P.E - D) + Surplus ‘TStorage Change
1962 21. 4" Co=o(21.2m - 3y 204 -1.9
1963 16.6 = (21.8 - 5.9 )+ .6 o+
1964 17.6 = '(19.5 - 3.6 ) +'o ‘ +1.3
1965 22,3 = (19.5 - .6)+ 43 -9
1966  16.3 - (188 - 1.7)+ .4 -1.2
1967 3.2 - 198 - 7.7+ .3 s 8
 %1968‘ . 13.8 o= (1.1 - 3.6 ) + 0 . 3
1960 is.z ; = (19.4. - 3.6 )+ 0 E : +2;4 
1970 17.5 | | = .(20.2 - 3.8 ) + 19 + .2
1971 . 16.2 - 0.4 - 5.7 )+ 2.0 -5
1972 - 22.0 | = -(18.4 -0 ) N 2;4‘ ,','. +1.é.~'
'1973  23.0 = (2001 -0 )+ 2,0-' "_-" ¥ 9s
1974; 16:7 = (20.1 - 2.5)+ 47 “3.6
Averége s = (19,8 -- 3 )+ 16 - ;2_1

* See Appendices for metric‘cgnvefsions.-'

Source: Atmospheric Environment Service Monthly Records.



Téble 3

Water: Balance for Edmonton Industrial Airport 1950- 1974

(Thornthwalte procedures using four inches storage)*

B
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Sk See Appendlces ‘for Metrlc ‘Conyersions.’

. Precipitation (P.E. - D) + Surplus TStorage
1950 - . <12;9‘ (20.5 - 7.5) + 0 - .1
1951 20.4 (19:5 - 2.2) + 1.5 +°1.9
1952 16.4 (23.3 - 6.2) + 1.7 - - 2.4
1953 25.5 (22.5-0 )+ 2.1 + .9
1954 19.9 (19.9 -0 )+ .7 -
1955 20.1 (229 - 5.8) + 1.2 + 1.8
1956 2017 (22.5 - 3.4) +.2.5 + 1.5
1957 13,1 (22.3 -10 ) + 0 + .8
1958 RS TS (4.3 -7.2)+ .8 - 7
1959 17,6 (21.0 - 3.7) + 0 - + .3
1960 19.6 (22.6 - 2.4) + 0 . - 6
'196;;-‘ 12.4 (23.5-10 )+ 0 - - 1.1
1962 18.4 (22.2 - 4.6) + 1.0 -2
1963 13 (23.7 - 9.9) + .2 - .6
1964 16.1 (22.8 - 8.0) . + 1.3
1965 2l.4" | (21.7 - 4.2+ 4.8 - 9.
- 1966 15.5 @ts - 6.1) + 0 -2
1967 15.4 (22.7°- 9.0) + .7 + .7
1968 13.4. (22.2-7.9)%0 -9
1969 - 18.9 (22.7- 5.0+ 0 B
1970 18.5 (26,1 = 5.6) + .4 R
1971 15.8 -« j(2§,7'4 8,85;4 1.6 . +'.;3
'1§n 2031 = (215 - 28) 2 f'Aj
1973 21,9 - (L8 - 9+ 0 B Y12
1974 20.8 C(a1.2 - 1.6+ 2, 5. o al.s
Average 17.8 -(22~3 = 5. 3) .9 -l
"Source' Atmospherlc Env1ronment Serv1ce Monthly Reéords...



Water Balance for Edmonton Namao 1957-1974

Table‘é»\.\.~ :

(Thbrnthwéite procedures dsing four inches storage)f

Precipitation

1

~ (P.E.

- D)_+'Surp1us

.fStorégé'Chénge

1957
1958
1959
1960 .
1961
1962
"1963
1964
1965
1966
1967
11968
1969
1970
1971
1972
1973

1974

14.0
17.9
18.1
18.9
17.6
16.9
11.5
15.9
21,1

15.2

160

SV
17.9 -
17.5.
15.9
20,2
226

2108

(21.5-10 ) + 0

(22.1.
(18.6

(21.2

(21.7

(21.5

. (22,2
(22.1
©(20.7

(19.6

© (20.9
(19.9.
(20.8
(21.3
'(21;8;
- (19.8
@L.e
- (20.8

7.2)'+ 2.5‘
‘1.4)‘+‘1;3
1.7) + .8
5.3) + 1

- 6.6) + 3.2

7.7y + 0

- 3.9) + 5.4

1 8.9).+ .5

5.2) + .4

L7) * 1
4:5) + 1.6
7.4y 4 12
*2}0i + 3.1

e ro
_1f§5 {'3,8:-'"

w

+
N

1
-
S e e e e
BN S T - NV SV
NPT

i

Vo
Sn T

-% . -

(W)

2

;
)
-
*» ..
R Y

P
v .

i

Average

17.3

(21.0

5.2) + 1.4

Source: Atmospheric Environment SerViée Monthly'Re¢ord§;f'3

* See Appendices for Metric Conversions.



(Thornthwaite procedures using-four inches storage)*

Water Balance for Camrose 1951-1974

Table

5

- .37

1y

- Y
Precipitation = (P.E. - D) + Surplus tééorage-cﬁange

1951 16,9 = (19.9 - 3.9) + .9 + 3
1952 C13s = (21.8 - 7.1). 4 0 Y4 1.2

1953 18.6 .= (20.2°- 2.7) * 0 .o L
1954 220 v = (18.4-0 )+ 3.4 + 2.
1955 16.2 = - =,7(20.7 - 5.2)'+ .2 + -.5.‘ .
1956 67 = (204 - 3:8) + -6 - .5 -
1957 15.1 = (2Ll - 5.8).+ 0 .3

1958 1.4, = @r4-10 Yo “o
1959 16.5 w5 (20,0 - 5.5%.% 0 * 2
1960~ =n - | -

1961 -- - --

1962 - - --

1963 -- - -

R LT S -- --

s e - -
1966 - 182 . <= (2006 - 3.0) * 0 + .6
1967 -I3.4 C = (B3 - 95+ 7 +9

1968 a0 = (0.2-5.8) %0 S -
1969 18.1 = (26 - 5.9)F .2 +.2.2 s
1970 16.9 = (2.4 - 6.8):+ 2.5 - 1;2‘

4971 .14.3. a = (21.5598.2) * L4 A

1972 20.6 T o 0.5 3.2 v 3 - .2
1973 '28{91‘ T= (20.3 - 0 )+ 5.3 + 3.3

Ctera. 2001 L = (201 - 3.8) * 7.7 - 3.9

Average 173 " = (20.7-5 Y+ 1.4 L+ 2

'Source} Atmospherié Environment Servﬁcé.Monthly Records. -

"* See  Appendices for Metric Conversion.



Tablew6;

Water Balance for Vegrev111e CDA 1964-1974

(Thornthwalte procedures u51ng four 1nches storage)*

38

+Storage Change

* - See Appendlces for Metrlc Conver51ons.

Preéibitation  = (P;E. D5'+:S§rp1ﬂs  3
5' 1964 13.8 = (20.1 i8,1)'4,¢,‘ | 4149
1965 18.5 = (20.1-1:9)+ .8 'j5 ;:5-
. 1966 11.2° - (2.4 s.é)f+.o- -.i.a f
1967 e - (20.2 9.1)'+ 0:_ .
1968i. L 142 = (18.9 'AlS)_}_o' - .2
1969 13.4 = ‘(21;4 - 8.5)+0 - .5
1970 15.1 S (20,6 - 5.9) + 0 TIRRA
1971 - 14.3 = (30.8 - 6.0) + 0 -3
1972 ('. 15.7 =  (;9.2L 3.9) + 6 -2
1973 2i}§~ = (20.7 - .9) +'o’_ S T
1974 .151§ . ;t:gig.é;.‘;;7);f i,é)//;ﬁl - 2:5
Avérage ' 15;o.f = (20.2 ~5;6)'+2_;;< --‘ ‘.+7' 1
’ Sources."Atmotheric’Eﬁvironmeﬁt Service Monthly Records;v
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\\\‘
_occurred at the Vegreville\CDA station.b Comparisons-show that the

Vegreville ChA station trailed the other stations in total- precipi-
tation by 2.3 tof3.2 inches (5.8 to 8 cm). Further comparisons showed
that the Vegreville ch station haddthe second‘largest deficit (-5,6
inches.or 14 cm). o - R | |

The largest average.annual prec1pitation was received at -
'che Edmonton International Airport (18 5 inches or- 45 5 cm) - The
Edmonton International Airport station differed from the Vegreville
CDA station in the total average deflclt (3 inches or. 756 cm. smaller)
surplus (1.5 inches or’3.8 cm larger) and storage change (.4 inches
or 1 cm larger) | :

| Part of the variation in’ total annu!l precipitation was.

Caused by the location of ‘the station, and by the type of gauging
equipment used.. The Edmonton International Airport Edmonton Industrial
Airport and Edmonton Namao stations are’ first order stations (since -
1960) with nipher snow gauges. The Camrose and VegreVille CDA stations-
?_are decond order stations and snow content is' estimated to be one inch
of- water to ten inches. of snow (2 5 cm to 25 cm) This could account
for larger or smaller amounts of regional snowfall on and around thei'
' Cooking Lake Moraine than was indicated by average calculations for
the surrounding stations. S L x;' 4‘.’ '1~:f,,_

"To compare meteorological data Since 1961 \for the'fiVe
stations, it would be necessary to uselthe ten to 6me ratios for the -
snow data;at;the three airport stations;‘ Due ‘to the amounts recorded ‘

using a nipher gauge and the ten to one‘ratio;fthepactual precipitation
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-y
~
o™

. . - , . . , oy
_was probably greater than was. indicated using the two gauging technfﬁues.

N

. The Edmonton Industrial Airport station is located'on level
ground and is subJect to a heat island effect by the clty of Edmonton.
. This is 1nd1cated by the average potent1a1 evaporatlon calculations
for the statlon (22.3 1nches or 55.8 cm) which are higher than for any

of'theiother stations. It was then assumed that variations in total - -

precipitation*would'occur on the Coohing Lake Moraine."

Three factors whlch may create varlatlons in snowfall patterns.‘
_ on.and around the Cooklng Lake'Moralne are: the paths of the maJor |
storms, topography, and w1nd directlon. The.flrst'two factors,.storms
_ and topography, d1rect1y affect the amount of snozfall.' The third »

. e
:,factor,hwind'd1rectlon ‘tends to alter the dlstrlbution patterns of

rhp snow by drlfting 1t. o

In July of 1964 Kozub, of the Department of TranSport .

~Meteorolog1ca1 Branch publxshed a report entltled "Heavy %nowfalls at

™ i

‘ 'Edmonton' : In thls report Kozub classifled 41 snow storma !§i°h

.occurred between 1944 and 1963 (Table 7) Kozub found that the

.

maJorlty of the storms fell into two categories. Surface Type_I
f(12 storms) and Surface Type III (19 storms) The urface Type I

. storms were characterized by low-pressure areas near or on the Brltish '
S 3 . .
-Columbia coast 11ne, whlch had been statlonary or had moved 1n slowly .

I

from ‘the. Pac1f1c Ocean (Figure V). The centers of thls type of storm"



Table 7
-~Nmeer-of Snbwstbrhs‘of Var tous Ranges,
"In Inéhes, By Months at Edmonfon, Alberta, -

In the Winters 1944-45 to 1962-63 *

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

o

Total

25cm  -27.3

11,0 -11.9
27.548-29.8

12,0 -12.9

©.30.0cm<32.3 .

©10.0" <10.9

9 6 3 2 - 22 5 8

13.0" -13.9 -

- 32.5cm-34.8

14.0" -14.9

. -35.0cm-37.3

- 15.0" -15.9
37.5cm-39.8

16.0" -16.9

& 0;m—42.3‘.-

. Scm" 44 . 8

18.0" -18.9.

jn ~17.9

37

31

21

1

45.0cm-47.3 , o o o ‘ _
‘ 27.22 10 12- 2 - . 3 10 1419

. TOTAL

119

" Source: Kozub "Heavy Snowfalls at Edmonton™, 196&4. -~ =

% Séé‘Appendiqés“fQ:'Metric Conversions.’
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,Atended:to,pass slightly south'of‘Alberta. The Surface ‘Type III storms
jwere characterized by the movement of a low or @ trough through
Alberta at the surface (Exgure VI) 1ndicated by ‘the arrow starting at
.Vancouver.~ With the‘maJor,snow storms, 31 out of 41, following
.these-patterns it was apparent that these storms'had a random effect
on precipitation On'and-around.the Cooking Lake‘Moraine. Kozub?s

h study.is'only'one of several dealing>with.preclpitatlon'pattermslfor-
the Edmonton area{ “Referhto Longley, Whtstance-Smith, Sohrom, the |

\ Atlas of Climatic Maps;‘and Erilebeﬁjﬂand Potter for'more.in depth: ‘

' researchﬁpertaining-togregional preclpitation variations. It was,,i‘

\55.'impossible to dehict }ny significant.regionalforecipltatlon uariatfons,
for the Cooking Lahe horaine; fromfthe;r researCh{ ;Thus,_the;pgrpose

"of this study was.to deVelOp a-more accurate means of estimatfng'

~regional patterns of snowmelt" runoff us1ng remote senSlng technlques.’
B

. ‘,_;~f Effects of summe r sEorms appeared ‘to’ play a smaller role

.indpreclpltatxon‘varlatlons_on and'aroundgthe Cookrng Lake‘Moralne.
Burrows; in a study.entitled "Heavy Rainfalls at 'Eldmonton’i vanalyzed
60 storms occurlng in a perlod extend;ng from Aprll 21 - September 30
(1950 to 1965)  "Surface, 850-mb, 700-mb "and 500-mb charts were
carefully exam1ned for each of ‘the 60 storms of 0. 75 1nches_or\more,.'

v-startlng about 24 hours ‘belore commencement of rain at Edmonton"
(Burrows, l966,_p. 5) Burrows found that an'average of four storms

a year with greater than .75 1nches (1. 9 cm) occurred durxng the

summer’season;’ Kozub llmited the snowfalls he 1nvest1gated to thoee

,'deposiging at least one’ inch on. the ground (Kozub 1964). Storms

R



Figure VI -

Paths of |hn-._Lows_ of Type 111. Storms

T~ Fort Smith v

N ;. . ;\\ e ,
" Prince Ggo.rge\ o \ SR | o ? :
A | i
L

OVoncou;iel; 1 N\ {
~. - * tethbridge - )

. e Y . : :
Seattle . T — .. —\~L
. N

__ Greot Falls \ .

Spokane :

]
MJ._-L—.;“
Kilometers? __}° -~

Source: Deporiment of Transport Meleorological Branch

\\ . . \Forf 8215017 . _‘ : '\ A.l .-._..__ ___ . . .

4

A

r R



.patterns.

'f'mfactors w i

45

.o

- originating in'the,&est produced the most frequent heavy rain storms,j’”
‘ wh11e heavy rain Storms from the north occurred very seldom (BUrrows,
'1966) Snnilar patterns. were present in the maJor snow .storm tracks.

Burrows also found that the storms producing the most complete»rain

cover over a large area, deve10ped from a cold low in the southwestern

~Unl&9d States. Kozub did not, 1nd1cate one type_of‘storm which produced»

S

“more complete snow cover than other storms. Refer to the previously

RV , : : N e - . o
indicated sources and to Reinalt-and Longley for a more complete

. backgrodndyv‘ R D B ' S
o - : C ' : EQ#QEEQDEXA v : f'-.i“ (/(f~‘

[

TOpography probably plays a smaller role in regional precipi- :

tatlon patterns on . the Cooklng Lake Moralne thanvstorm tracks. TOpo-

{

' fgraphy it appears, does play an 1mportant role in larger reglonal

bf'?‘-

The Edmonton Industrlal Alrport 11es 2200feet above sea level

_4and the Vegrev1lle CDA statlon is approx1mately 2084 feet above sea level
a very small‘varlatlon;h Hastlngs Lake, d1rect1y between the two statlons

-;18 2418 feet above sea level d1rectly in the mldd}e of the Cook1ng

;Lake Moralne (Flgure VII) " The . Moralne peaks at-approxlmately 2600 feet
',:20 m11es (32 kllometres) to’ the south. Total prec1p1tatlon patterns

"from the west to the east side of the Cooklng Lake MoraIne are probably

14 5

affected by tOPOgraphlc Varlatlons. This may. be partlally

lxlllustrated by comparlng the VegreV1lle CDA statlon s total annual‘-'

.prec1pitation record w1th the - other four statlon s records.. Other o

affect reglonal variatlons in- prec1p1tat10n patterns are.'

L )
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discussed in articles by Laycock and LOnéley‘. A method,'which may be
used to indicate tﬁe,eﬁfects of regional variatioﬁs in snow depth and
water content.patterné,'on the Cooking Lake Moraine and.serrounding
area is presented~in Cha-ter IVL .

Topographical variations'play an important role in the
duration of snowmelt runeff. The.daily discharge‘data illustrate this,:

in hydrograph form,‘angi the"‘"’ X

R R

Bl strate the significance of snow-

melt runoff as companed to ! 'f?r the Whitemud Creek mear

-

: k: PR e
* Edmonton, and the Vermiljhag: % ¥ Vegreville (Figure VIII).
| The thtemud—Cr.tk‘ = f\eiéeﬁpasité'IAZ equare miles

(367 8 square Rilometres) of beve&*éd £ill plain with lacustrine

A

dep051ts in the north. The Vermlllon River BaSln (376.Square'm11es
or 973 8 square’ kllometres) is composed of much the same type of

dep051ts with many ‘more b:oad shallow depress10ns.>'

It is apparent from the hydrograph that the Whitemud Creék
has a much hiéber{flpw»théﬁ‘thatVof the VermilionARiver;f The Whitemd =

Basin is a‘smalié{\s§stem,:ﬁhich exper ienced é'flashy runoff;pe?iod )
after storage capacities had been recharged. The Yermilion River
- S A
,Basiniexﬁerianced-a similar.peak flow; but due'to tﬁe.greater size
. ~3

of the basxn and more depre551on storage the flow is extended over a
' longer perlod. The Cooklng Lake Morazne (approx1mately 700 square
mlles or 1813 square kllometres) hasg approx1mate1y Ewo or three times

as much, depression storage as . the Vermlllon Rlver BaSLn (hunmncky

‘

7‘mora1ne versus a- ground mpralne) Heavy tree cover and lack of-a major

- creek or Tiver system to draln the moralne impedes snowmelt runoff._
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Hydrograph for the Whitemud Creek and the Vermil ion River Basins
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It is pos31ble to estlmate the snowmelt runoff perlod as beginning

a week later and contlnulng as’ much as -a week longer than 1n elther

of the‘two smaller basxns\ Most of: the snowmelt on- the Cooklng Lake -

Moralne, after soll moisture storage capac1t1es are recharged is left

to be-evaporatedﬁfrom ponds»and land_surfaees,

Wind.

The thlrd factor whrch probably affects varlations in total
prec1p1tation is w1nd dlrectlon.- The prevalllng monthly w1nd dlrectxons e

’kfor Jahuary Aprll 1975,fat the Edmonton Internatlonal Alrport werej~

. Y . . 4}’[ ) . '
»January West North Westwdkbruary South March East South East,‘and
-;Aprll South East (Env1ronment Canada, l97 s

Predomlnant w1nds to.some exten

;ﬁdoiaffeet'thellocalized.l'
snonfall concentratlon and distrlbutmn patterns on thg Cooklng Lake
Moralne by Lnduclng driftlng. Although the major1ty of the drrftlng L
'tprobably takes place frOm more localxzed w1nds._ These" w1nds are_:. e
"probably altered by topography and vegetatlve cover, thus causrng a
.var1ety of Snow drlft patterns to occur ohfthe moralne. This can be
| shown 8@ revrew1ng a denSLty sllced LANDSAT I Image. Dens1ty slicing
; accentuates pattern dlfferentratlon patterns on the Cooklng Lake Moralne.}g
MaJor as well as nlnor drlftlng patterns can be detected on .
flate-S Note the following. the lrght gold areas, predomlnantly |

: along the east southeast borders,of the lakes, represent areas of '

: maJor bulld-up, the lrght giuﬁ%ﬁn the lakes have shallow w1nd swept,
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Legend For Plate 5
: Lo,ca].‘i.'z_éd’ Drifting Patterns Indicated on-a Densify Sliced
Band 5 LANDSAT 1 Image o the Cooking Lake Moraine =

cloud cover (biue)’
2 - '-minor snow build- -ups (gold)
3 - d‘eﬁse tree cover (black)’

b - _,r_'najor‘ snow bu11d-ups (brlght gold)

A

5 - major snow bu11d ups at the forests edge (green)

6. r 've:.é'y dense tree cover (red),

o

Miles i

Kilo_me_tres;_‘_g__‘_n_;_,;_L.f-l o R o S RN
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snow cover; the mediﬁm gola density lgvels.are minor build-ups of

drifted snow; the black and red areas indicate thiéﬁ tree cover (red
the thickest); and. the green; which borders much of the black aféas,
 539ws'maj . sSnow buiidQu s on the edg~ of =nd in the firsf few‘QarAS

of the forest cover. All of the above snowfall congentration and dis-

tribution patterns are discussed in Chapter IV,



o Chapter'IV

MAPPING OF SNOW CONCENTRATION AND DISTRIBUTION

PATTERNS WITH LANDSAT 1 IMAGERY '

| “:Four methods of mépping snow patterns wi;b LANDSAT I f-i\\;,;'
imagery are discussed 1n this chapter.' The Yirst method 1nvolved -
the use of a black and white (s%ale of 1: l ,000 000) ‘band 7 . fi~_ z%“
LANDSAT I print combined with LeVels I and 11 of Andersons' Land Use ﬂ@#%
Clas51f1catmon System.A The remaining tbree methods 1nvolved the use jv 3%
of Andersons' ‘Level II categories, Thornthwaites' soil moisturg,
;storage levels and a zoom transfer sc0pe.t The enhancement technlques

Y

-used were : enlargement denSLty slic1ng, and tri color projection.
: ‘ &
These procedures and conclusions based upon thexr use are discq.ged

. : ' PRI ' . t
o . ) . . . .

Scale 1:1 ,000, 000 LANDSAT 1 Imageryv»

under five subheadlngs'-

o

{{Scale l: 250 ooo LANDSAT T Imagery R U
»,4Density Sliced LANDSAT I Imagery .
g

Tri Color Projected LANDSAT T Imagery : r" L. vf

n

t'Water Balante Relationsh1ps and LANDSAT I Imagery
The April 10 1975 LANDSAT I imagery was not available,
i therefore, April 10 l975, snow depth and water content data were used

n conjunctzon with January lO 1975 unagery. TE? reaqgns for this
» -
substitution are discussed in Chapter V under ‘the subheading "Problems B

PN L — : 9”

.



.‘pos1t1ve prints at a- scale of approxlmately l 1 000 000. n this N

- snow cover were " af;ost non-existent at thls scale. Light cloud cover

1these cagggﬁfles., Conceivabl*, Aqgerqonﬁs.kevel I.Categories 03 -:'
' . "y . .

"~ 53

Encountered Durlng.the Study".
7 . o - f L
_'Scale.l:’l.OO0,000»LA.NDS_AT I Impgery .

gt

The standard form for LANDSAT I 1ma§ery s black and whibg

;study black and whlte p051t1ve tranSparenc1es at an approxlmate scale

| of 1 1 000 000 were: used for Lnterpretation purposes.' For. lllustrative

o ,\!'.4

» purposes LANDSAT 1. Imagery, such as- Plate " were presented'in the fonn

of black and thte prints whlch were made from the pOSltlve transparen-

L.

“cles at same scale.~ The dark areas surroundlng the lakes represent

.heavy dec1duous tree cover on Plate 6 Lake boundarles were easlly

. Ve
/

mapped, except on’ the west side of Beaverh111 Lake and the southwest

’;stde of Joseph Lake.: In both 1nstances the lake: surfaces blended in

~

with-theisurroundlng snowcovered-farm'land;“ Tonal variations in the

o

'was also apparent southwest of Cooking Lake._, : f f_ ‘.'f‘

The land u5e patterns outl1ned on the f1rst overlay (#1)

-were ' c1a551f1ed with Andersons' Level 1 Class1f1cat10n System (Anderson, -

RS

' 1973) iny three categories were used 02 - Agricultural land

VO& ‘*Foert Land and bS - water (‘ppendix F\ The boundaries for the»'

- v
three c%tigotxes were drawn without supplemental information (maps ,

and low xtgbzirhotography)* as Anderson suggested._ Only general land:

use: patterns for ‘the Codk?' ke Mor"be could be identlfxed us;ng

-

. - ‘;,‘. "‘.
: -t s
D T A
- A ".x'(»":-,";
SreT ; . AR W .
PR v o “y Lot -



<01 ,Cfépfand_ahd.Pastupe

02 Agr iculcqral' I.Va\n.d}

Kilometres. v 3 ' |

g

Legend For Overlay 1

Anderson s Level I Land Use Classification

i
P .

-04’_Forest'£énd

05 Water

Legend~For Overlay 2

: Anderson s Level II Land Use Classification .
. 3 " .

02 Lakes

03 'Miied Forest Land_”

o

Legend For: Plate 6 N9 .. T
BRI 'q:'-".“-f.““'vb' 7 * L IR e

: . . S
Andersons' LeveL I nd Level II.Land Uee Classification

o~

. » o
‘on a Janaary fo 1975 LANDSAT 1 Image e ;;;

L4,

Scale l 1 000 000
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N

Rangeland and 06 = Barren Land might have been used These categories‘

-'were not- readlly adaptable to the Cooking Lake Moraine for two reasons-

firstly, there were only small scattered areas which represented the

'.categorles; and-secondly;»the sub-categories for each of the Levél I
i categories were more representative of land use variations at lower

,"latitudes.‘n ol T

'j It was’impossible‘to estimate runoff potential'with Level 1

categories. It was possible, though to make runoff potential estimates
W ;

'by combining actual ground measurements with cla351ficat10n based on

’

'Anderson s Level II categories by associatlng 5011 m01sture storage

o

'ncapac1t1es with each category. The dJV1810ns used were Agrlcultu;al

land 02 - Ol = 4 anh (10 cm) capac1ty, Forest Land 04 - 03 (mixed

scrub forest thh small ponds and sloughs) = 6 inch. (15 cm) capacity,

'Forest ‘Land 04 - 03 (mixed mature stands ‘with dense crown cover) =

-

'>‘“8 inch (20 em). capac1ty, and Water 05 - 02 total lake area."“

' ~’0nc‘he 3011 moisture storage capacities and -land use relation-

fships had been estlmated the next step was to calculate the total ‘area’

<

*uhencompassed by each‘fgqaage capacxty.ln the study area. The study area‘

- “

'»ﬂrepresents the section of the 1mage that was densxty Sllced for intensive ‘

'.study. The next step was to relate snow depth and water content data

' (taken with a Mt. Rose snow sampler) to each 3011 m01sture storage level.

’.This ‘can be done for larger areas than the one represented by the. study

. e .
area, ‘but. once the area exreeds two Square 1nches (12 square cm) dis-4

' [

I _tortion on the image occurs. rhis is not a serlous factor when the image

"ins used only for land use cla851fication purbose.‘ If.relationships,

.- .2 - - - P .
,,.gp ST . . UL
- - . - M L . . I N N . . -'_. » X - . N



i udescrmbed in the prevrous sectlonﬁg It was necess>¢ -

gu

56

.though, are to be drawn({between these images' and- density sliced images,

to determine which aregs are‘encompassed By eaéﬁ»deAsi;y le&el;}serloue-
errors in area oercen ages could occur.. For_diacnssion'oq_imag;... -
.-distortion reter to hotogrammetric Engineering anngemQFe'sensing"
Hay edltlon‘1975 £or an article by WOng. ﬂ*a' 't”';‘ L |

U51ng this proeedure ‘comblned w1th Thornthwalte water
balance tables it ‘was possible’ to estlmate runoff ootentlal ,rhgsg::7“
data were omltted from.the dlscussion“because‘more acchrate calcnlationgu.
.were obtalned u31ng a larger scaled 1nage. ThlS 18 dlscussed under

.[the next subheadxng‘"Scale l: 250 000 LANDSAT I Imagery”.

Scale1:250,000 LAND'SA'I"' 1 .'Iinag;e.ry

v

"The‘January‘lo- 1975 LANDSAT I Lmage was enlarged four
'tlmes (sxxteen txmes in area) from approx1mate1y l :1 OOO 000 to
| ‘1 250 000 to enhance the tonal varlatlons in. the study area. This

Was necessary tO decrEa;é“"r(gzhln area percentage calculatlons for {1~~Z '

each 5011 nnlsture storage capac1ty. At thls scale the resolution :

'f_was st1ll good with only'mlnor scan“‘ines appearing on Cooking-and_ ‘

PN
A\

) Hastings Lakes (Plate 7) o \ :

;,: . The enlargement was ﬁade from the same black and whlte N

e posxtlve transparency (approxxmateiscale l 1 000 000) as the print g
. N \ B .

. S »" . )
negatlve_of the\transparency so that\arpoaitive.pfint;eohld‘then be:
- made. - . o Co -

o

- In this Jnet.ncevthe sharperfboéndary?dlstlnctlonermadefit3




I - Legend Fot Plate 7

Andersons' Level II Land Use Clasn‘fic,t ion

January 10 1975 LANDSAT 1 Image - : .;“

‘_Scale 1: 250 000 i'ﬂ _..-}_‘ s

01 -CerpLand and Pas ture e s
02 ﬁ%kes . e L
103 Mixed Forest Land' - ' . . -
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RS

subheading "Water Balance and LANDSAT I Imager"riater in. thlS chapteﬂ.

-

TA‘incn (lO'Cm) capacity, Ferestlland'(mixed scrub forest with'smallij'"

vstudy are?‘or to, make allowances for the drifting patterns in théﬁ,,,,j

, L ’.

1
ot

papsible to determine finer boundary distinctions for each soil moiefnre;

stor?ge capacity._’Anderson’s Level II-categories.werefagain'used td;wx‘-

relate soil moisture storage capacities fo land use patterns, The ° ..

. divisions used were: Agricultnral land (crop andlpassnre lands)7024b1 élx

ponds and sloughs) 04-03 -6 inch (15 ¢cm) - capacity, Forest land (mixed ’

mature stands with a dense crown cover) 04-03 =8 inch (20 Cm) capacity,
* L PR

) and Water 05302 total lake area. " oo ’A . "i. }uf?

‘ . : .
- . . . —

By usxng the prqcedures, for. estimating rUnoff poteitial

outlined in the previous section, more reliable percentages were

.

Tables showxng these results are presented and discussed ,under thH‘

- ’l

One major pioblem that enlargement alone could not overcome'

NS

+ o
° d

1t was imp0551b1e to detect the extent of ®now drifting patterns in the

.Thornthwaitegwater balance tables. & method for overc??ing this obstacle-r
h 8

)

.8'

is discussed under the next subheading "Density Sliced LAﬁDSAT I.Ii;gery".q'..

C L ‘,.,_,.,ai
. . . -"*‘
Den51ty Sliced LANDSAT 1. I@gg_;ym

tr
“

it
»,—,~

The density slicer used in-zhie study was a Spectral Data _
L ¥

»Corporation model with' a 32 false color level capability. Thﬂk density

PRI
]

: obtained w1th LANDSAT 1 1magery at an, apprqximate sga}e of l 250 Odb.. 3‘ ’

. o _ i,
' was detection of the lack of uniformity in the snow cover. Consequéntly,‘a

i



w ' T T e g

- slice% is located at“the Albe&ta Remote SenSLng Centre, Edmonton,

| Alberta.‘ The major advantages with the density slicer is opportunity

‘

to ohserve the image be ing split (step by step) into asfmany as 32

" ... -._

w A ) ' v . ‘ ..‘ g
55139 color ls&els. , oy oL . : L ;
X ;if. '; A@ter testing sEVeral various false color combinations, of :;q,
- w T » X ; e
“w

o the 32,den91tv levels, the settings used were 1-16 28, and 29 Theae-‘

_ settings gave the best cé%telation béf”_€n~2he density levels an -he -

) “',: . [ .
» actual snow patterns-om the Cooking Lake Moraine.. These settings were

employed throughout the study.onzall-bands of LANDSAT 1 imagery.

Wgere close inspectipn of stadﬂa?d LANDSAT 1 images did not

< . .
A

~-show .snow drifting patterns, density s11c1ng did (Plates 8 and 9). For

g o . ) . 3!

example the light blue aréa (#1) on Plate j, band 5 represent'~onov LTI

which.has~dr1fted and. has a high reflectiv1ty (leﬁying a smooth, crys*’ .
o, . . L .

E?lized surface) in the vioibfe portion of the electromagneq§c~6pectf

.v M 4 n.

The high reflectivity.was 1llustrated by the cloud cover, in the lower "’f
. b .

leﬁt hand cornﬂt of the photograph : ing recorded 5t the Sathe: densi&y

. s ‘,'-',e" e »
Q band 7, showed saveral

r ' ' .
level as thefsnow cover. . In cOntrast P13

densiny variations w1thin the same cl’pded areag Some ofgthe variation

wa.s ca%sed by photographic proces.smg, rather than actual sur.e

variationsq Refer to- the legend of each Plate for a degcription of the

»

false color density levels, which are listed numerically -on each

- e, ) ..,

__« . . . PN .

photograph.

.o Te better enviSage the density level variations the density

fff slicer was adjusted to enlarge the section of the 1mage repreeenting the o

}7f main study ‘area (Plate 10 and 11). On Plate 10 for example, the various

.o

BN
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drift ing patte.rns on Cooking Lake can be eaaily separdted. "The blue area’
. 9 '
represents shallow wmd 3wept sndw, while the medium gold and light gold

M »

colors represent areas wh-ere t.he snow ha(accumulated (ligh‘e gold repre.-.

i’ sents l:he largest accumulations) The separation of drifting pat:terns '

o were not as ev1dent on Plate ll as; they were on Plate 10 Fpr example,
. (13 ’ o
djensity level variations were more distinct on Plat;e 10 (band 5) A than '

¥
they‘ were on Plate 11 (band 7).. This was especralLy true of the densic:y

leyels on COOking Lake. Further comparisons 1ndicated that Plate 10 o
‘g, band 5 illustrated ts'xe b§st density distinctions, as they ir’bturn N
“ \ related to the actual gg;ow rpatterns observed during field work One - .., -
[4 oW . L 6& o

reason .for }:he contras in Plate 10 and Plate ll was ChL lack of open

water or melting snow which would increa*se the tonal ‘responSe in the

)

near infrared (band 7) - On January lﬁ975 the,‘;temperature vsae -24°F . ,

Q'\?

v,

( 31 C) a the Ed@’onton International Airport, cons’ecﬁently, no melting

j “-. . & .'
3‘? wae taking place. DOminant reElectance occurred in the visible portion %

H

.mpf :\1 spéi?trum (band, 5) It should be noted that on January 9 1975,

the average wind speed was 15 miles pet hour f?om the WNW at the Edmonton .‘
v' .

Internatlonal Airport, causing fresh drifting 1n the study area..‘ i. . RN

o K} ..
’ _',,' The approximate lake boundaries and Snow sampl ing sites welﬁﬁ’ .
: outl ined on Plates 10, and 11 Distinction tof e:cact. lak; boundaries and '
St ) pe et /‘ N - L
. sno‘w s;mplingks:ite locatxons was not possible becéuse‘of two compficatiQns;
.'t:be first complfcation resulte:I ‘frbm the curvattxre o the "I"V monitor 9
\ ) from‘which th‘35'mm photographe were takew. The second cdmplicat ion 5
| result d from the overlapping of similar density levels on the photo-"‘ _

v
L )

graph whlch in some cases made separate distinction of \pouna’ariea

I B}

-
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impossiblc (for example, it would be difficult to distinguish a lake

surface from a snow covered ficld if they were side by side).

\ <

Using actual field mcnsureﬁents faken with a Mt. Rose snow
sampler on April 10, 1975, it was possible to relate these readings to
the‘falso color density levels, Plate 10 was used as an example;

_ The next step was to make aﬁ overlay from the January 10,
1975, b{ack and white LANDSAT 1 positive‘transparcncy (band 5), which
could be.ovcrlaid on PlateiO (errlay 1). The overlay was ccnstructed
using a‘zoom transfer scope, which enabled the author to make the
necessary boundary aﬁjustments. The purpose of this overlay was to
show the varying soil moisture capécities in relation to the seven
density lévels. A grid system was used to determine what areas were
encompassed by each density level. The area distinctio;s were made to
the nearest .6 of a square mile.(1.6 square kilometres).

. These égrcantage measurements were ﬁot'madé with the instru-
mentation available on the density ;idcer for two reasons: Firstly,
the percentage readings fepresent the total area of that density being
displayed ofi the TV monitor; The density levels cannot be‘broken
down to show just the densities représenting lake surfaces as apposed
to those reﬁrésenting fafm land. Secondly, distortion OCEUr ! along
the borders of the image as it was displayed on the TV monitor.
Distortion was caused by small cracks in the screening material, which

o

allowed light to pass thprongh and shadows to occur ardund the edges.

r

Due to shadow intcrference on the sides of the photographs it was

necessary to reduce the size of the study area from 350 square miles to
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224 square miles (906.5 square kilometres to 580 square kilometre;). .
The area is outlined and labeled "Study Area' on Plates VI and VII.”

Because cach band of LANDSAT I imagery depicta‘; different
portion of thé c¢lectromagnetic spectrum (.& to 1.1 microns) slightly
different tonal pattérns app;ared on each image.‘ ﬂy\t~ur1ayiﬁg and
registering ecach band of imagery the cohple&e 'wna1 paLr«—n for an

-

area could be observed. A method of accomplis-ing t%is - discussed

~

under the next subheading "Tri-Color Projected LANDSAT I Imagery'.

¥

, Tri-Color Projected LANDSAT 1 Imagery "

-

"The Additive Color Viewer ﬁ%qvideé a simple and effective

means of analyzing and evaluating multispectral imagery" (125,11§74, ¢

Data Sheet 9). The additive color viewer used in this stddy was a

-

Spectral Data Corporation model (located at the Federal Forestry Building,

.. . >
Edmonton, Alberta). This was the only viewer available for use at the--

time this study was conducted. In the author's opinion the 128 Corpora- ¥

Eion's additive color viewer is superior to the Speqt;él Data viewer
in every aspect and would have contribﬂted,ﬁore to the study.
April 15, 1974, imagery in’70mm‘form,‘was.used to illustrate

a complication encountered with deep‘snow; Th; majof coﬁél@cation was
the lack ofvland use patterns that could be getecged viégally. iny.,
band 4 and band 5 were availablé for the AprillIS, 1974 scene.

On PléFe 12 band & was falsely colored green and Yand 5 was
falsely colored red; both were set on max imum 1ight infensftx. The

0

fuzziness at the right and ‘bottom of the photographs was a direct result



. . .Legend for Plate 12 ~

Reglonal SnOw and Land Use Pattern Variations Using
A Tri- Color Pro;ected Igage Combinmg Bands 4 and 5

Band 4 false colored .gre'.e;'l - maximum light intensi'ty

- Ny

Band 5 false colored red - maximum light intensity

-

o

Miles OL___? .

Kilometres 0._.45
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Legend for Plate 13

-~

* Regidnal Snow and Land Use Pattern Variatioens Using
A Tri-Color Projected Ir;zage dombining Bands 4 and 5

A
.

Band 4 false coloréd green - half light intensity.

P '

Band 5 false colored red - maximums light intensity

Miles .'0'. -.5
‘ .

‘Kilometres O._..S' o N
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of a lack of fine adjustment instrumvniatan m the model of Viewer
~N

used. v

‘

Urban and forest patterns were enhanced with these settings
~ (outlined®n Plate 12 and Plate 13), while lake boundaries and tonal
+ bhoundarics for snow cover were almost non-existent in the study area,

making it impossible to extract pertinent information concerning snow

-

patterns with those settings. The author found that snow exceeding
* 30 inches tended to cause a washing out of tonal response in all forms

of LANDSAT T imagery used except when enhanced by density slicing.
RS

Plate 13 reprcéfnbs\thy same bands as before with a different
filter scheme. Band 4 was filtered green and scet on half light intensity,
;hilc band 5 was filtered blue and set on maximum light intensity. Tonal
5oundariu%7were51mprovcd over those in Plate 12 (noté foresg batterns)

n]lowing/énrc information about land use patterns to be extracted. Even
(N N
so, the usefulness of Plate 12 and Plate L3 in this snow study was

\

questionable.

The problem of deep snow camouflaging land use patterns could %

v have b€en eliminated with an additive color viewer in which proper registry

ahs S

could Pp obtained. With proper registry, enlargements could have been
—

¢d to_ increase the tonal variations in the land use patterns. ?fy;,»*’

sity slicing of all of the bands used in the tri-color prdjections and

?w-\\§\;§lccting the band which best depicts the desired variations would be
the next step (Plate 14). (Note the reduction in the rumber of density
patterns.) If drifting patterns are constant from one year to the next

the biuc area would represent the heaviest snow cover.
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Legend for Plate 1&7 ¥
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Regional Snow Patternlvé}Iﬁf’Qns Using
A Density Sliced Bapd 5 LANDSAT 1 Image

on Apfil 5, 1975

1 - Deep accumulations of snow

2 - Minor accunulations of snow
k AY

3 -'Windswept snow

4 - Dense tree'cover
. \
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Following the procedures outlined in the previous section, overlays

for either land-use patterns or don;‘ty levels which represepted snow

/ : ' « ¢ X . ) o
cover could havd Yeen made using the zoom transfer scope. ‘
N s
L4 " ~
0 l- A v
By using the viewer {n this manner a more accurate relAtion-
. / N .

3 <

., ship cuuld_be'd(awn among land use patterns, storage level patterns,

-

and snow pattérns. With the additive color viewer the' user has the

benefit of all the bands of one image laid one over another, prodacing
, e

. , r g ’ P -
better tonal distinctions. -:/’ , ‘ :
S h v

4 3!

o

Water Balance RelationsHips anQﬁLANDSAT 1 Imagery
. BN

.

L4

Compar isuns showing the abplicaﬁiohs of a LANDSAT I image '

in its standard form (black and white, 1:1,000,0060 print) .and art ifmage ..

cnhanced through density slicing were used to determine water balance

patterns on a section.of the Cooking Lake Moraine. Black and white .

8
Y Dot

- N . - : o
LANDSAT 1 imagery, in its standard .form wad the basis fdr all* imter-
\ '
pretations made in the study area.  \\ . * ‘ »
& " E o .

* Black and White LANDSAT I Imagery in Standard Form , <

RN

w

: . Anderson's Level II Classification categories were“used to 7 -

~

relate land/use patterns to soil moisture storage capacities for the

study area in the followimg monner: ‘Agricultural land Ol = 4 inch. ¢

.

(10 cm) cuapacities, Forest land 03 (mixed scrub forest with small ponds

and sloughs) = 6 inch (15 cm) capacities, Forest land 03 Amixed mature

&

stands with a dense crown cover) = 8 inch (20 cm) capacities, and 02 =

/
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»total lake area (Plate VI, overlay }).~ Approximately four percent
(an estimation based on ficldwork) o{(:;e study area would fall into the
2 indh (5 cm) soil moisture storage capacity. It was impossible to
detect areas of 2 !rﬂf (5 cm) starage level large enough (greater-than
.3 of a square mile or .8 of a sqgarc‘kilometrc, half GS}I size on ghe
graph) for mappiggjrom the imagery and consequently thi;hcategqry was
omitted. Water balance tables (following Thornthwaite procedures) were’
preparcd to establish sdrplus and deficiency patterns for each storage
IQQCI;(Tnble 9 ér metric Table 9A). The potential soil moisture storage
. levels (with gnowmelt) were below the 4 inch (lO‘;m), 6 inch (15 cm),
and 8 iﬁch (20. cm) storage capacity levels in April, 1975, where éverage
. °
snowfall was present.. The dry summer and fall of 197A.caused a debletion
of moisture levels in each storage cafegory,

Storage level types'and4the total lake area in the 224 square
milesor 360 square kilometres study areca are shown‘inATable 10. These ¢
are related to éqowmélt water ﬁontgqt, Ehe bercentage area encompassed
within each of the storage capacifies, and the poteﬁtiai surplus of
snowmelt waters.‘ The snowmelt water content figures used were the means
of thé (Appendix D) readings obtained at eéch field'site that peftained‘
ko fhe given soil moisture storage capacity. The potential snowmelt
water surplus calculai:ions. i? acfe feet, were the sums of the moigture
~available in each soil moisture storage type at the end of October (1974)-
_and the snowmelt water évailabig in each type area in April (1975) minusd
the’ storage capacity. The figure obtained represents the available

- -

surplhs for each storage capacity. Finally the potentiff surpluses of

-

....~“~. o ‘
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' Table 9 ’
Monthly Water Balnﬁcc For Edmonton International Airport
| June fo December 1974 ~
June July “Aug. Sept., Oct: *Nov.' Dec. Annual /
°F . 58.2 59.2 44.9 47.7 44,0 26.9 21.3
1 5.04  5.34 4.1 2.32 1.54 il _
UPE + .10 .11 .09 .06 .05
PE 4,49 4,52 3.38  2.23 1.8 19.08
“ppt.n 4.59  3.48  1.92  1.23 751 .84 18,65
S.C. 10 -1.04 -1.46 -1.00 -1.21 .11 .84
4.00St.4%  3.17  2.13 .67 1 .95 ~
€.92)Surp. 5;@8.
JDef. .33 1.21 . 1,56
6.00St . 6" 5.17 4,13 2.67 1.67 = .46 .57 1.4l .
(.92)Surp. . ) 5.08
Def
8.005t.8"  .7.17 6.13 4.67 3.67 2.46 2.57  3.41 >
(.92)Surp. | '
Def \
Table 9A
Monfhly Water Bala Jor Edmonton International Airport
Py to June 1975 ' '
5$Jaﬂ.\{: Fgb. Mar. Apr. May June
°F _ 10.2 .6 14.5  30.4  "49.2 55.3
1 \ 2.64 4,19
UPE .07 .09
PE" i 2.79  3.67
Ppt." .48 .60 .67 1.17 2.06  .4.04
s.C. .48 .60 .67 1.17  -.73 .37
(.96) st. 4" 1.43 3.03 2.64 3.8l 3.08 3.45
 (.95) st. 6" 1.43  3.03 2.64  3.81 3.08 3.45
3.89%  4.49 6.33 5.60 5.97




Table 9B

Monthly. Water Balance For Edmonton International Airport

June to December 1974 \

74

———n\

June July Aug. Sept. Oct. Nov, Déc. Annual
o les 15.1 1o 8.7 6.7  -2.8 2549
1 128.02 135.64 104.39  58.93 .39.12
UPE 2.5 2.79 2,29  1.52  1.27
PEcm 11.2 11.3 8.5 - 5.6 3.45 »
Ppt.cm 11.5 8.7 4.8 3.1 43 B -2
5.C. 225 =206 =37 -2.5 3.0 2% 2.1 A
10.00St.10cm 7.9 5.3 1.7 . .28\ 2.4
(2.3cm)Surp. 12,7
De f e s .83 3.0 3.9
15emSt.15cm 12,9  10.3 6.7 - 4.2 .1.2 1.4 ;T;‘\*\E :
(2.3cm)Surp. ~ o 12,7
‘Def ‘ |
20cmSte20em 17.9  15.3 © 11.7 9.2 6.2 6.4 8.5
(2.3cm)Surp.t 12.7
Ne f ’
, ITable_QC
- Monthly Water Balance‘For Edmonton International Airport
Januéfy to June 1975 (Metric) | .
Jén. Feb. Mar. Apr. May June
°¢ : o -12.1 0 -15.8  -9.7  30.4  49.2 . 55v3
L ' . v
UPE \ ’
PEcm 3 6.97 - 9.17
Ppt. cm 1.2 1.5 1.7 2.9 5.15  10.1
s.c. 1.2 1.5 1.7. 2.0 -1.82 - .93
(2.4) St. 10cm 3.6 5.1 6.8 9.7 7.9 8.8
(2.4) St. 15em 3.6 5.1 6.8 9.7 7.9 8.8
(8.5) St. 20 cm) 9.7  1l.2  12.9  -15.8  14.0  14.9
k ;
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1)

snowmelt water for all storage capacities and the lake surfaces were

calculated. It was assumed that soil moisture storage levels onm the
- . . . - . - ' .

Caoking Lake Moraine would be equal to those at the Edmonton International

A\

Airport. \
. N A\

The large‘va}iﬁpion in snowmelt water content from the.stx-\
inch (15 ém)'stéxage capacity to the eight inch (20 cm) étarage
[y R
apacity ﬁasba result of two variables: First fhére were many small
openings (small}pastures' small sloughs, and small ponds) combined with
sparse tree growth in the 6 1nch (15 cm) storage capac1ty area, fhese

combined towinduce drifting in the 6 inch (15 ¢m) storage capacity.

Secondly, the number of sﬁggling“sites for the 6 ingh (15 cm) storage

capacityiwas very limited as compared to the humbep o pling sites

in the 8 inch (20 . cm) cagacity (refer to Appendix D). Thege calculations
were also made assuming that average snow depth'and water content measure-

ments, for each storage level, would be representative of the area. This

was not a totally correct assumption because the 5nOw cover was not

_ ,
uniform.

From Table 10 it was possible to calculate how much snohmelt
4 . ' . e -
water was contained in each soil mo&sture»storage capacity on April 1

1975 and 1its relationship to the totél area-sampléd; The objective,was
“ -

to determlne ‘what effects snow patterns. had on snowmelt runq\ff. To- do

thls the areas snow drlftlng patterns had to be mapped, and estlmated.

The potential &ield of»snowmelt water for the lakes was calculated

without considering a different evaporation rate.!.Assumi g this each'’

N -

lake would have risen five inches as a result of winter showfall, aside
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October
Snowmelt  Soil Potential
Storage Water Moisture %.of  Surplus in
" Capacity Content  S! »rage Total  Surplus Area  Acre Feet
LN 4,9" or - 4.9" 9 34.3 7,785.6 T
6" 7.6 ‘ . 46 8.06  2.06 4.9 1,205.9
gn 3.9 2.46 6:36 0. 44.0- 0
/‘L/i/kea/_\\ 5.0 0 0 5.0 16.7 9,975.5
S == -
i
‘ Table 10A
. Potdntial Surplus Snowmelt Water Avajlabre in the Study Area
in April of 1975. (metric)
October .
A Snowmelt  Soil Potential
Storage Water - Moisture . % of Surplus in
Capacity ‘Content Storage Total ~ Surplus Area Acre Feet
10 cm" 12.3 cm O cm 12.3 cm 2.2 cm 34.3 961.1 -
15 19.0 ° 1.15 20.2 10.5 4.9 148.9
20 9.8 6.46 16.3 6.3 4420 0
Lakes 12.5 o .0 1 12.5 16.7 1,230.5. #
\\ “ |
i -
., :

o
|

-

Table 10

76

Potential Surplus~Smotmelt Water Available in. the Study Area

in April of 1975




-

from runoff from land surfaces. This would have left lake levels 1.4

inches (3.5 cm) below the ievels at the end of'Apr{H 1974, again without
>consider;:g funoff from land surfaces. This statément was based on
Thornthwaite calculatibn for poteﬁFial evapotranspiration (18.4 inéhes
or 46 cm) and precipitation (12.9 inches or 32.3 cm)lfor the period of
May to October 1974. It should also be noted that there was prqﬁably

a éréater gfoundwater storage lag fpr }4 than in 1975 bécause of
increased precipitgtién during the winter of 1974.

There would also have Bée&xéreater amounts of storage recﬁarge
in the 8 inch (20 cm)‘storagg capacity than the calculations indicate’
due‘ o runoff from the 4 inch (10 cm)uand the 6 inch (15 cm) storage
capadfity areas. A portion‘of the surplus snowmelt water available in the

4 sflch (10 cm) and the 6 in¢h (15 cm) storage capacities shown in Table 10,

would have been utilized to recharge the 8 inch (20 cm) storage capacity

o

Bugglies. .

Density Slicing

.
}
1
.

' ) \ .

Under the subheading 'Density Sliced LANQSAT I Imagery',

procedures for enhancing images of snow concentrationm and distributian
‘pattefns were discussed. These procedures were used to show snow

pattern variations for soils of different moisture storage capacities

(Plate 10, Owerlay 1).
Table 11 was used to show the total areas, snow depths; snow-

melt.water contents, and the amount of snowmelt water available for soil

1 N
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& ) ik
Table 1l1¥ ; i
Snow Depth, Water Content, and’Potential Snowmelt Water
Available for Soil Moisture Recharge and Surplﬁé
N .

in Each Coler Density Level
on April 10| 1975

V. Y N N

Dens'ity - Water Jotential
Level Total Area Snow DeptH ‘Contcntp Snowmelt Water
1 25.2 sé. mi. 9.4 inches 22.8 Fnchcs 3,679.6
- 33.2 11.9 4,2 7,526.4
18.0 24.9 ‘ 7.6 7,263.6
78.0 7.3 3.9 16,307.2
31.0 15.2 4.1 6,857.4
T 32.6 25.5 A 8.2 '13,717.8
6.0 18.7- 6.2 2,222.1
* | ; J )
Table 11A
Snow Depth, Water'Content, and Potential Snowmelt Water
Availabie for So}l Moisture Recharge aéd Surplus
in Each Célor Dénsity Level
. - ‘\\fn April 105.1975 (hétric) .
Density ' ‘ - Water * Mtential
Level - Total Area Snow Depth Content Snowmelt Water

1 65.3 sq. km.  23.5cm 7.0 em  453.9
2 88.6 . 29.7/"” 10.5 . 928.4
3 46.6 623 . 19.0 ' 895.9
b 21103 w33 Sy 9.8 2,011.5
5 82. 38.0 110.3 - 845.8
& ° 87.0 63.8 ©20.5 1,691.7
7 15.5 46.8 - 15.5 ©274.1

~



h

relationships. o

. ' : N L

< ~

"moisture recharge and surplus in cach of the seven density level classes.

The snow depth and water content meQQuercnts were obtained by relating

dcnsxty levels (by color) to actual snow mensurements at snow survey
.

sites for April 10, 1975 (Plate 10). Appendix E was used to ghow o

ISR

density levels, snoh depth and water content relattlonshipsa
. ) . .

’ N . . .‘l‘,-
The next step was to relate the predetermined soil moistu}e 19

H

.
.9

storage capacities for each'land use (taken from subheading "Scale
Vot :

1:250,000 LANDSAT I Imagery") to the various density levels to determine .

’ - s \’)
percentages of areas in each. Percentages were obtained by ustng the’

same grid system as before. Table 12 is a summary of these inter- .

Table 12A was-used to show potential sutplus snowmelt water ‘
. N . .-~. ‘
for each storage capacity and the lake -surfaces by‘iﬁage density”levels.

. .

Surplus figures were obtained by adding the moxstunﬁ avaxlable in each

storage capacity at the end of October (1974) wlth the snowmelt water

available in each density level and then by subtracting each storage
capacity from each total. The figurés obtained represent the available
surplus for each storage capacity by.density level,AvAgain the final

¢ >
step was to calculate potentlal acre feet of surplus snowmelt water for

Tthe storage capac1t1es and the lake surfaces _by density level (Table 12B)

From Table 12B it was possible to infer that .the 4 ‘inch (10 om)

Pl

storage capac1ty areas were affected noticeably mote by snowdriftlng N

EY

than the other two storage level areas. This is shown by the lack of

storage moisture at- “the end of" October (1974) and the 1ack of surplus

in Apr11 1975 thus the potent1a1 sunplus snowmelt water shown in Table 12B

e
R

/



Table 12

T Areal ReL?ﬁionships of Image De

to Soil Moisture Storage .

nsity

Lake Classes

..

80

Density Love : 4" or 10 em 6" or 15 cm 8" or 20 cm Lakes

! 20.1% L - 1.5% 17.1%
2 ’ 20.1 29.7
3 ) -- 1.6

=4 15.4 15.6
5 21.9 10.9
6 19.5 18.8
7" 3.0 6.3

Table 124
’  Snowmelt Water Plus the End of October's Soil Moisture Storage .

‘! in Exéess of Storage Capacities for Each Image Density Level )
Dgnsityl . ¥ .
Levels - 4" or - 10 cm 6'" or 15 cm 8" or 20 cm Lakes cm
1 0o . o0 0 0 0 0 2.8° 7.0
2 " 0.2 .5 0 0 0 0 4.2 10.5
3 3.6 9 2.06 315 2.06 5.15 7.6  19.0
4 o, o 0 0o 0 3.9 9.8
5 - ,rnjfy .2 0 0 0 . 4.1 10.3
6 V4.2 10.5 2:66, 6.65 2.66  6.65 8.2  20.5
7\ 2.2 5.5 0.66 1.65  0.66 1.65 6.2 15.5
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4
“~\t> ’ © Table 12B

/

Potential Surplus for Areas in Each Image Density Level

and Each Storage Capacity - April 10, 1975

Acre Hectare Agre Hectare Acre Hectare Acre  Hectare
Density Feet Metres Feet Metres. Feet Metres Feet Metres
Levels 4" or 10 cm 6" or 15 cm 8" or 20 cm. Lakes cm
1 0 0 o o0 0 0. 955.0 117.9
2 164.7 20.3 0 0 0] 0 2488.1 307.1
3 0 0 761.7 94.0 1396.9. 175.& 242,5 29.9
4 0 o o0 0 0 0 1213.5149.8
5 89.7  11.1 0 0 0 0 891.4 110.0
6 3354.6  414.1 0 0 950.8 117.4 3075.0 379.6
7 -270.3 1 33.4 0 0 0 0 779.1 96.2
Total 3879.3 478.9 761.7 94.0 2347.7 289.8 9644.,7 1190.6

N Table 13 ‘
The COmp?fathL Surpluses Indicated Using Standard and
Density Silclng BaSed Calculatlons
Storage 'Capacities : Standard* Density Sliced™s
4 inch | ' 0 acre feet’ 3,879.3 acre feet
6 - 0. < 761.7 ‘
8 . 0 , . 2,347.7 -
tkes G amoe olean
. - =
=, : - Table 13A
Comparitive Amounts of Surplus Snowmelt Waté} Between Standard
and Densitf Sliced Calculations Assuming No gfecipitatiqn
_Variation in the Standard Columm '

Storage Capacities Standéxd __Density Sliced
10 cm - 0 hec;;%e metres 478.9 hectare metres
15 | 0 . 94,0
20 s .0 . 289.8
Lakes 953.1° 11906

‘Assume no prec1p1tation distribution variation or drifting. .
**Assume drifting and preéecipitation dlstrtbution var iation.



rcpg%sents drifting. From Table 12B it was possible to determine in wﬁat
storage cépacities and iﬁ what density level “areas snowfall had accumulated;
assuming that esrabI{%hpd snowfall concentration and distr%bﬁtién patterns
would not chnnge‘dramaticnlly from January 10, 1975 to April 10, 1975

(snow dépth and snowmelt water éoﬁtent measurements are considered to be

the only variables).

w

The level of accuracy was lower than the calculations presented
show. The calculations were computed with a calculator and rounded off

to the nearest tenth (for the values available).
te

The differences between standard water balance calculations
assuming no precipitation variations and density‘flicing based calcu-
lations, wﬁi?Nprecipitation variations were considered, are shown in

Table 13

By referring back to Table © and the storage capacity values
. v . .

" for April 1975, it was possible to determine that there was no surplus
water available in any of the storage caﬁacity areas. Thé acre feet

of potential surplus snowmelt water shown in the standard column for

the lakes were calculated by adding together the precipitation from

November 1974, to April 1975, and then proceeding to calculate acfe feet

of surplus water (evaporation was not considered in these calculations).

« v

‘Larger variations could have been expected in normal (50" or

v

125 cm) or above normal snowfall seasons.

The largest variation otcurred in the 4 inch (10 cm) storége

level, 3,879.3 acre feet (478.9 hectare metres). Table 14 was const;dcted

2 . -
to show the uniqueness of this remote sensing.technique in detecting

N2

-
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differences in snow patterns (primarily drifting),

'By combining Table 11, Table 14, and Plwe 10 the author was
able to determine exact éreas, within the 4 inch (IO_cm> soil molsture
storage capacity, where surpluses would occur. For instance, measufe-
able snowmel t runaff would occur .in 57% of the 4 iﬁch (10 cm) soil
mo isture storage level areas (primarily due to drifting patterns).
Thus, with this remote sensing procedure it was possible to estimate
areas ha;ing surplus &again possible runoff) not only for the entire
area of each s;il moisture storage capacity, but also for each portion
of these areas (Table 14).

The procedure was taken onc step further to calculate snow-
melt runoff potential for two small areas, one surrounding Joseph Lake
and one surrounding Hastings Lake (17.6 square miles or 45.6 square
kilometres and 19.3 square milgs or 50 square kilometres,respectively).
Maps Qerc prepared showing the soil Eoisture storage capacities for -
the areas surrounding each 1aké (Figﬁres IX and X).  Ovérlays were then
prepared to show the seven density levels as they relaféd to‘each soil
moisture storage capacity and to the lake surféces (as ‘shown in Table 14).
These overLa;s were constructed with a zoom transfer Scope located at .,
the Alberéa Remote Sensing Center. By using the overlays in conjunction
with Table 12E (sHowing the poéent;al acre feet of surplus.snowmelt
water it was possible;to determiﬂe snow patterns for each lake and its

surrounding area.

The next step was to calculate the area encompassed by each

™~

soil moisture étoragé capacity as well as each density level (following



v ‘ : Table 14
Potential Acre Feet of Surplus Snowmelt Mer in the Four

Inch Soil\Meisture Storage Capacity Areas on ‘April 10, 1975

" Potential Acre Feet of

-~

~ v oW o

~
A

. . Snowmelt : Surg)lus
Density Level % of Area  Water Surplus Snowmelt  Water ,
1 20,1 2.8 inch O 0 |

20,1 4.2 .2 To164.7

0 7 0 ' 0

154 g 39 "o o

) ;o RL.9 4.1 .1 89,7

: 19.5 8.2 4.2 3,354.6

3.0 6.2 2,2 270.3

' _ Table 144 ‘
Potential Hectare Metres of Surplus:Snowmelt Water in the 10 cm/
.Soil Moisture Storage Capacity Areas on April 10, 1975 (metric).
) ’ Potential Hectare

‘ § . Snomnglt .~ Metres of Surplus
Density Leve %> of Area  Water Surp}us Snowmelt Water
1 20.1 >7.0 cm 0 0
2 20.1 10.5 5 20.3 o
3 0 o o 0
4 15.4 9.8 0 0
5 21.9 10.3 .25 11,1
6 19.5 20.5 10.5 ‘Tl?%l

7 , 3.0 15.5 5.5 33.4




Legend for Figure IX

.

O

. . s
The ‘Potential Soil Moisture Storage Levels for the Joseph Lake Area

/ﬂfﬁ~?;\?;ZF\(ﬁO ¢m)  Crop and Pasture Land

»

6 inch (15 cm) = Mixed Scrub Forest Land Combined with

Small S oughs and Pgnds

& inch (20 cm)’f‘&ixed Mature Forest with

The

—
1

Dense Cover

Legend for the Overlay

Dengity Level Variations Representing Snow Depth.and Water

For the Joseph Lake Area on January 10, 1975

2.8 inches (7 cm) water content

with 4.2 inches (10.5 cm) water content
Density level that represents 24.9 -inches
with 7.6 inches (19.0 cm) water content
Density level that represéhté 17.3 inches
with 3.9 inchds (5;8 cm) Wate£ content
Density levgl that represents 25.5 inches
with 8.2 inches (20.5 cm) water content
Density level that represents 18.7 inches

with 6.2 inches (15.5 em) water content

(62.3
(43.3
(63.8

(46.8

= Density level that represents 9.4 inches (23.5 cm) with

N ’ /
= Density level that represents 11.9 inches (29.8 cm)

cm)

cm)

cm)

cm)

Content

»
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'Figure IX
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Figure 1X
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Legend for Figure X
The Potential Soil Moisture Storage Levels for the

< Hast ings Lake érea

inch (10 cm) * Crop and Pasture”Land
inch (15 cm) = Mixed Scrub Forest Land Combined -
with Small Sloughs. and Ponds

inch (20 cm) = Mixed Mature Forest with

e

Dense Cover

Legend Fqr the Overlay

g

The Demsity Level Variations Representing Snow Depth and wster

Content for t‘llasti.ngs Lake Area on Januaty 10, 1975

= Density level that represents 9.4 iﬁchésv(ZS.S cm)
with 2.8 inchés (7 ém) water content —

= DenSit& level that reérésgnts 11(9 incheg.(29.8 ;m)
Witﬁ 4.2 inches (10,5 cm) water content

A='Density level that represents 24.9 inches (62.3 cm)
with 7.6 inches (19.0 cm) water content:
. ‘ . . - .
= Density level that represents 17.3 inches (43.3 cm)

gith 3.9 inéhes'(9.8 cm) water content

= Density level that represents 25.5 inches (63.8 cm)

e

;wifh 8.2 inches (20.5 cm) water content P

° T

= Dansity level that.rep;esentst8:7 inches (46.8 cm)

yi@h,b;?’iﬁcﬂgs (15.5 cm)_water'content
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Figure X .
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procedures outlined in the discussion for 12). Tables 15°and 16 show
: S n \

By combining the total calculations in Tables 15 and 16 with

the/results of these calculations.
actual field measurements it was. possible to calculate acre feet of {"
" surplus snowmelt water contained in theAéoil moistute storage capacity
by density level. Tables 17 and 18 show these calculations for both

Joseph and Hastings Lakes.

»

| Noteable Variaiions in potenfial acré feet of surplus snowmelt
water for the soil moisture st;rage capacitié; occu;red between';he
Joseph Lake anq‘the HastingsbLake aréas. The 1arge;t vari&fion in a soil’
moiséufe level occurred in: the 6 iné&f(IS ;m) capacity, 29.0 acre feet
(3.6 hectare metres) for Joseph Lake and 148.4 acre fégt (18.3 hectare=
metres) for Haétings L;ke. Most of tﬁ% variatioh was'dge to diffefences‘
.in lénd use patterns, which 1guéed é variation in drifting'pattefns
from Jose§h Lake to Hastings Léke (farmland to forest iand respedtively).
-Thes; var{F;ions had marked effeéts.on sgow drifting patterns in the‘tﬁo
study argasg,_?qfhexample the frees surrognd{qg HéstipgS'LAkg‘ACCéd
as‘natural sﬁow fen;es,‘thus accumulétiﬁg more ‘snow éh;n the
agricultufal land (4" or 10 cm) surrounding JosepH‘Lake. Yet, comparisons
of'tge 4 inch (iO'cm) at Joseph Laké to the 8 inﬁh (20,cﬁ)'ap Hastingé
Lake'by'density level; showed that more snowmelt surplus could be expected
from the agriéulfural land (4.7 square miles) than from the forest land
.(7.4 squaré miles)(Tables 19 and 20).
bd t For Joseph Lake -and the surrounding area, measurablé_sufpluses

occur iﬁ 3 density levels. For Hastings Laké and the surrounding area

N

i



Table 15
The Percentage Arca §f Soil Moisture Storage Capacitiés
in the Density Levels as bqpicted oh LANDSAT I'Imégery
' for the Joseph Lake Area

T

.. Density Levels 4" or 10 cm 6" or 15 cm ° 8" or 20 cm Lakes
1 8% - 21% 12y
2 16 . R § 30
3. 5 - 28 14 1
4 34 72 45 - 11
6 ? ' -= 9 20
7 ¢ == -~ - SR ¥
3 1 T
Table 16

The Percentage Area of Soil Moisture ‘Stoyvage Capacities
*in the Density Levels a's Depicted on LANDSAT 1 Imagery

for the Hastings Lake Area

N '
Density LeQels 4" or 10 cm; 6" or 15 cm 8" or 20 cm. Lakes -
1. 30% 16% 13% 20%
2 8 .5 - 3 .25
3 11 21 s 17 1
4 40 | 46 54 : 9

» 5 _— . - . . . __‘ -

6 1 12 1 30
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o . Table 17

Potential Acre Feet and Hectare Metres of Surplus Snowmelt Water.

From Each Soil Moisture Storage.Capacity‘Area Surrounding Joseph Lake

»

Stofage Levels s Acre‘Féet . Hectare Metres
4" or iO cm . 177.4 : 21.9.
6" or 15 cm - " 29.0 R
8" or 20 cm ': .. 0 - | :  '?0
Lakes ; ' ' 1,971.2 = 24303\
) .
ot Tablg 18

Potential Acre Feet and Hectare Metres of Surplus Snowmelt Water
From EacP Soil Moisture Storage Capacity Area Surrounding HastingsnLake

» -

StoqageTLevels < . Acre Féq; | " Hectare Metres
4" or 10.cm ' 16647 - 20.6
/ 148.4 . 18.3

6" or>15 cm
8" or 20 cm .0, o , -

" Lakes | 1,389.6. S LS




« .

Table 19

Patential Acre Feet of‘Surplus Snowmelt Water Contained in the Four Inch
foil Moisture Storage Capacity Area Surrounding - Joseph Lake ‘on April 10,

1975
, ) Potential Acre Feet
Density Level % of Area  Water ' Surplus of Surplus Snowmelt Water
1 38 2.8 0 o
2 , 16 4.2 2 30.0
3 B T 168.9
4 Y 3.9 0 0
5. 0 0 0.1 0
6 -7 8.2 .42 275.9
7 o o , o 0 _
.
Table 194"

- Potential Hectare Metres of Surplus Snowmelt Water Contained in the 10

Centimetre Soil Maisture Storage Capacity Area Surrounding Joseph Lake

‘on April 10, 1975 - ’ i
o ' . ‘Potential Hectare Meires
Density Level % of Area Water . Surplus of Surplus Snowmelt Water
1 38  7.0cm 0 0
-2 . 16 R io.s - .5 ‘ 3.7
3 | s 190 - 9.0 20.8
W TR 9.8 - 0
5 0 . o o 0
6 7 J20.s :10;5 3401
7 Y 0 0 0o




Table. 20

Potential Acre Feet of Surplus'Snowﬁelt<Water Contained in the Eight

Inch Soil Moisture Storage Capacity Afea Surrounding Hastxngs Lake
< on April 10, 1975

.

Potential Acre Feet of

Density Levels 7% of Area Water  Surplus Surplus Snowmelt Water
1T 13 2.8" 0 0o v, - |
B . R TR
2 3 4.2 0 0 %
3 _ 17 7.6 2.06 360.5
A 3 54 3.9 0 0
5 . 0 0 0 0
6 - 13 8.2 2.66  355.9 (”/
7 0 o " o 0 , ’\f‘*\\////|
[
Table - 20A

Potéhtlal Acre Feet of Surplus Snowmelt Water Conta’ned in the Twenty .

4Centhetne 50113M01sture Storage Capacity Area for the Area Surroundlng
Hastings Lake on April 10, 1975.

Potential Hectare Matres

Déns&ty Lévelﬁ % of"Area | Water Surplus °~ of Surplus Snowmelt Water
1 13 7.0 cm” O ‘ o
2 3 : 10.5 0 0
3 17 19.0 5.2 44,5
e s - 9.8 0
“ o o - O .0
6 13 20 6.65  43.9 .
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measnreable surplus occurred from only 2 density levels. The 8 incn

(20 cm) storage capacity around Hastings Lake nad only 59% (4.7 inches
or 11.7 cm) as much sS:plus moisture available as did the &4 inch' (10 cm)
storage capacity (7.9 inﬁhes,or 19.7 cms) around.ioseph Lake. This was
primafily the.result of land use variations (in drifting Patterns)-and

a moderate~snowfallb(l975) combined with a dry summer and fall in 1974.
ConSequéntly, each storagejlevel was kespt below its full capacity.

In the past it was necéssary to have a net work of weather
g-auging statléns, whlch would be representative of soil.moisture storage
capacities for the exact runoff pocentiallcalcnlations. Yet, it was
possible'tc show the variations in ;urplus on the antire moraine (Table 10)

. .

as well as in select areasv(Tablesf19 and 20) within the moraine. By -

combining remote sensing procedures, outlined in this chapter; with

w-

Thornthwaite water balance tables (Table 9) it was $0351b1e to- determlne

the effects of snow drifting patterns on- potentlal surplus levels of
the Cooklng Lakc‘Mo?alng (Table lZB), , ' -

Under che'precent clccumstances, witnla sunatitUted image,”
the water balance calculatldnslpresentéd'are naakly based yet they .

represent a Slgnlflcant improvement over previous calculations made

‘for the Cooklng Lake Moraine. Other researchers who have used Thornthwalte_

water balance equations and tables to explain snow patterns in this

- region are MacIver,‘Landals, Wight, Erxleben, and Kakela. Other

excellent soyrces dealing with runoff from snowmelt are the U.S.

Army Corp of Engineers (1956) and Garstka (1964, refer to Bibl iography).



Chapter V-
PROBLEM. ENCOUNTERED AND RECOMMENDATIONS

The purpose of this chapter is to provide background'information
: . ¢
concerning the problems encountered during the study, to propose .

solutions to those problems, and to recommend several methods which
would add significantly to further studies. The chapter ‘is organized

under two major‘subheadings: Problems Encountered During the Study

and Recommendations for Further Snow Survey Studies.

a
v

l Problems-Encouh;ered During the Study

-

vThe‘major'prpblem encouﬁtgred was attempting tb obtain the'April 10,
1975 LANﬁSAT'I image. On the morning of April 10, 1975 the author took
snow depth ahd water content measuréménts on tﬁe Cooking Lake Moraine.

It was a sunny, cloud free day. Accordingly, the author bglievéd that -
a quality LANDSAT I image could be obtained. After sending eight

. letters (four to the EROS Data Center and four to the Canada Centre

>
v'“‘

for Remote Sensing), making -two long distance paohe calls, and'yaifing
seven months for replies,‘thevauthdr was.infofmed that the imaée could
not be ob;ained. Ms. Jean ﬁeffernan,-ﬁahager of théZOrder Desgk for
Space Imagery, at ghe.Cahada'Centre for Remote Sensing;'called,>saying
that the April 10, 1975 LANDSAT 1 image was not available because it
had been deemed of too poor qdality to prin;_and the magnetié-taﬁe'ﬁad

92
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/

been destroyed (Heffernan, nhone call, l975);lwith-the magnetic tape
desgtoyed, the image could not be obtained from the CCRS.

’ ‘'Two days after Ms. HeEfernan called Mr. Leo A. Braconnier,,
Acting Chief, User Servlres at the EROS Data Centre, callcd},saying

-M
that EROS may no longer Shlp LANDSAT I or 11 imagery Qf dda to

T

anyone, anywhere without flrst orderlng from Canada (Bracconier phone

2

call, 1975). Braconnier explained that Canada,had'sought to’ ‘stop the
U.é. from selling LANDSAT imagery of Cangﬁa (Brazil'has soughtlthe same
type of injunction). Braconnier was not able.to confirm the ekaht-date
that no additional imagery‘of Canada could be scold, but did indicate
that the April 10, 1975 images would not be shioped. .

The last option.was to enlarge a micro film image produced
by Donald Flsher and Assoc1ates Ltd., Prince Albert Saskatchewant
. These images are not photographically corrected for. distort ion andlare
usually of poor qua}{igt' The image wae "noise'" (disfortion) free
over_the study area, but‘it was of sueh poor tonal quality that the
enlargement was not uaeable.” Consequently, it was necessary to substitute
the January 10, 1975 image for the April 10, 1975 image.

) - Problems encountered of leseer importance were: image quality”
’.def1c£2nc1es, 1nadequate tonal contrast on black and white prints,
enlargement 31ze, color brlghtness on 35 mm photographs, and the . -
laok of gauging stations on the Cooking Lake'Moralne. After acquiring
the LANDSAT I 1magery available for the study area (up to and including
the January. 10 1975 imagery) ‘it was found that EROS's and CCRS! inmge '

quallty varled greatly. In every 1nstance, the 1magery from EROS was

S
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of superior'quality, clarity and definition,

Tonal cﬁptrasts on a black and'white print made from a
posit}ve tranébarency and color brightness on 35 mm photography creatgg///
problems. An example éf the propleps encountered involved thevDeéember
I5, 1974 image used in Chapter I.U It appeared from the ﬁriht that Ehg
entire a;égrwa; under a.blaﬁket oNysnow. In realtty, there was lés;
than an ian of snow én the stud; area (personal field ;o;k and snow
pillow readings from the Edgpﬁf@hflnternatiphal Airport). The technician,
who ppinted th? photograph, used toé high a light intensity. . The calor
prints were dull because.of a low light intensity used d;ring printing.

The size of enlargements Qarfed dramatically with the desired
fcéle. A 1:506,000 priﬁt.of.an entire tANDSAT image fs approximately
24 inches (60 cm) by 24 inches (inclyding the border), while a 1:250;000
print is approximately 48 inches (120 cm) by Aé inches. In bothvcasés,
the print.gould be too large to.be iéélqded in the normal text of a |
pagef. In sqﬂg survey étudies where 1arge‘areas are involved, overlays
| depicting lana gée ;ﬁd snow survey siteé cqé Be made from enlargements ..
;n¢ photographicallg reduced to fit into the text.

The lack of weatﬁer gauging stations (températufe and ﬁrecij

pitation) én the Cooking Lake Moraine made it necessary to calculate
© Thornthwaite water balance tables with Edmonton International Airport
data. This was an adequate arrangemént, but not an ideal’one. If time
M ~

and funds did exist,, a network of weather gauging stations wogld be

benéficial in the study‘érea.

e
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Recommendations for Furéher Snow Survey Studies
3, “\\

Althéugh it is impossiﬁléijf\{he average researcher to

: cﬁange governmental policies, there arg\égvgral steps which can be
taken. ‘Firstly, a trip to the Canada Centre\¥9r Remote Sgnsing (or
EROS Data Center) to familiarize oneself Qith thé\equipment, facilities,
and key personnel who could aid in the study, woulé‘b; beneficial.

Secondly, a standing order for all magnetic tapes;\asvthey become

\

. i \
available, of the study area would save time and anxksty. This type

of order can be cancelled for specific dates with a phéne call if

\

cFoud cover was too extensive.

The magnetic tapes should be incdrporaﬁed into the snow
survey. The tapes can provide a digital computer pfiﬁtout from which
land uée patterns can be related to soi} moisture rechafge levels.
kThe key magnetic tapes (those just p;ior'touthe runoff) should be
taken to. the CCRS and displayed"on the Imager 100, in a falsely col&red
digitalvformac.  The Imager 100 would enable a greater degree of

accuracy to be obtained in the larger study areas.

S Intgnéivé field work on the days of satellite passage is
recommended. - A network of predetermined snow survey sites should be

set up by reviewing: the previous winter's ‘imagery with a density.
slicer. 1In this manner, snow concent¥ation and distribution patterns
e b . 3 | : .
SEal T Y C :
edtablished so that an appropriate number of field sites

and locifions could be determined.

A skilled phocd-technician, who has adequate laboratory

facilities; is a necessity for any remote sensing study. The photo-
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.technician can control definition, tone, and uqiformity in all forms
of photography.

The final recommendation would be to have a low level flight
(multi-baﬁd) flown just prior to the major snowmelt period. The flight
should be aligned with the passage of Fhe LANDSAT'sagellites. Comblete
coverage of a small study areais esseﬁtial, in lafger study areas,
high level flights could be aligned with predetermined transects to. ,
incorporate as many snow survey sites as possible. This would give
an excellent base from which iﬁFerpfetation could be made.

- If some or éll of the previdué recommendations would prove
to be too Eostly, the procedures Qsed in Chapter 4 of this thesis
can be used. Complete preparation, execution of field work,‘énd photﬁjk
graphic processing, as outlined in Chapter 4, would cost approximately
$500.(gxc1uding salary and publication costs). Since the majof
objectives had to be-narrOwéd from regional to local precipitation
patterns it was only possible to indicate local drifting patterns
and to estimaté theif effects on the water balance of the étud;;a a.
If the study was enlarged‘t_o include regional vaf;i;tions in preci}
tation patternms thé costs would increaSe préportionately wi;h the

e
size of the. area-being studied.



Chapter VI

SUMMARY AND CONCLUS IONS

Water quality énd quantity problems aré widely preseﬁt

on the Cooking Lake Moraine;.making it unfit for many recreational

aétivities. Several water importation scﬁemes inQBlvipg»ﬁipelines

were proposed for the improvement of water, supplies but these involved

large cost for limited ;etﬁrn.

— Alternative proposélsiinvolving better management qf local ¢
/\\ji;;;z;‘éupplies appear to have .promise, but they must be studied more
“ thorogghly. Some of thesg iﬁvolve manag%pent ofvsnow distribution
'pétterns uéihg.rempte senéing techniqueé. R  ‘ ,

‘Some of Ehe factors.which may affect 360wfa11 concentration
and distribution patterﬁs Qn'tﬁe Cooking Lake Moraing,~were.cons;defed
to be contributing factors iq ;ome Qnowaii vari;tion patterns |
(}elgtiyebto five local cliaate stations). The snow accumulation
patterns from theée storm tracks might bé'heévier 6nbsome pbrtioné of

4thé moraine than other'ﬁbrtions. .Topogrgphic'différenées may be
responsible for Qa}iations’in precipitatiqﬁ»pattérﬁs, ﬁut without
local long term Qéathéf gauging stations and appropriate imégery
(late Qinter)“it was impbssiblé terstaBIisH_pqttefﬁs on a régiongl
scale. vstrﬁné winds (especially WNW at the Edmsnton InFer"étionai
Airport) have COptributed ‘to vériaﬁion in snow distribﬁtion'in~ldca1 ,

‘as well as regional patterhs of drifting.

” - «
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Four bo51c technlques for determlning snowfall distributidh -
patterns were described. The techniques used were.: Interpretationr_
of scale 1 :1,000,000 LANDSAT I hmagery, Enlargement to scale
1 250 000 for LANDSAT I Imagery and more intensive LnterpretatiOn,

ensity _11c1ng of LANDSAT 1 Inagery for separation. of snow depth

categorles, and tri-color prOJected LANDSAT 1 Lnagery. The most -
accurate results wére-obtained by using a combination of LAND§AT 1
positive transparencies, density slicod images, field daﬁa, topo;
éraphical maos, and enhancemeot with‘o zoom trgnsfer scope. The snoo
’pafterns (tonal)‘on LANDSAT I imagery at a scale of 1:1,060,000 were
almost non-existant, but by-cOmbining eniarged LANDSAT i imagery
. wioﬁ AnderoOns' Level IIQCIaosification Syooem the_potehtiai for
snowmeit_rqnoff‘pétterns was estihatod.

Enhancemenf by density sliéing provided the b;st separation
of snow concentr;t;oh and dlStrlbUthn patterns on .the LANDSAT 1 ﬁnagery.
These snow patterns were mopped and ré&ated .to potentlal snowmelt
runoff var1at1ons for the study area, and for two more 1ntensively
studied parts of the study area.. The run:§f potent1a1 was also

estimated for'several soil moisture storage capacities.

o The major pfobiom encountered during the‘stooy wao the
q.attémpt'to obtaih_the April 10, 1975>LANDSAT.I hnagos. f?he.images

| were not évoilaole for .two regsons;~ Firstly, the Caﬁada.Centre for
RemoEé,Sensing in Ottaga, ﬁad clasoified.the imagoooof the Cookipg
Lake Moraine. for April 10, 1975 as being of too4poo£ qoﬁlity to print,’

' . ! . : .
consequently, they destroyed the magnetic tape. Secondly, the EROS -
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Data Center, at Sioux Falls, South Dékota, may no }onggr sell LANDSAT

imaééfy\of—Canéda to anyone, anywhere. This-arrangéﬁ;nt Qas Sdﬁght

earlier‘this year (1975) by Canada. Substitution of the-Janu§rf 10,

1975 images for the April 10, 1975 images was ;he best option available.
ﬁ;sed on'thé problems encﬁuntered in'fhis Sfudy three |

recommendationsiwere made: Firstly, visiting Egg Canada Céntre fo:'

Remdte Sensing to‘familiafize the researchéf yith theﬁequip&ént,

fécilities,.and Egy'personnel that might aid in.fhej?esear;hérfs

study. Sgcondly, maintaihlng a_s;gnding order. for all'maghetié .

" tapes of the study aréa, as they become available, could assure

LS

Aobtainiﬁg'tﬁe iﬁage. This would speed up thé pro;essiﬂg'of d;ta
for iﬂterbrétatiqn. Thirdly, -having a iow lgvel flighgx(md$%izgéna
 idéa1iy éide 1§oking'§ﬁr£orne_radar) fléwn prior to the major snowmelt P
'peridd (in coﬁjunétién with a LANbSAT passage) would é“ﬁﬂiﬁ/”“’t uéegblé
imagery would bé availasle;' | ' » )
‘ Thé purpose of this study was to déQelop a more accurate
ﬁeans qf estiy;ting regionai_patternslof snowmglt'ruhoff gfing remote

sens ing tecﬁniqués.‘ To ful fill the purpose of the study six objectives

were formulated as the basis for research. o . &_

Objectives -

h The fifst'objective was to establish what variations in.

rs ' : : .
winter snowfall are present’in the Cooking Lake Moraine area. This .
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objective was not fulfilled completely for two reasons: f{rstly, it nas
A impossiole-to'obtain the April 10, 1975 LANDSAT.I imagery. This made it
Hnecessary to use January.lo, 1975 LANDSAT 1 imagery in conjunction with .
.April 10 1975 snow depth and water content data. In making thie
substltutlon it was necessary to assume that snowfall concentration and
dxstrlbutxon patterns would not vary appreciably from January 10, 1975
to Apr11 10, 1975. Secondly, snowfall in 1974-75 (to January 10 1975).
was much 11ghter than normal and the major regional variatlon at that
stage appeared to be due to dr1ft1ng rather than to snowfall dlfferences,
T.thus_Lt was decided to focus upo:[drlftlng effects. With greater |
snowfall more apparent regional. dtfferences might have been present

and the procedure should not be dlscarded for use in other years.

To develop a procedure u31ng IANDSAT I Lmagery for deter-
m1n1ng snow concentration and distribution patterns was the second
..obJectlve. With .the aid of a density sllcer (us1ng settings 1-16, 28,
and.29), a zoom.transfer scope, ;nd positive transparencies of
LANDSAT 1 imagery it-was possible to.fulffll this objective (for
local patterns).ﬂ A posltive band 5 transparency was used as a basis
for density slicing procedures and;as a basis for the mapping of
snow driftinéjpatterns,) The:drifting:patterns were'mapped:from
density sliced prints with a. aoom transfer scope.

| The dr1ft1ng patterns were establlshed and mapped on clear
overlay material. The next step was to construct maps. showxng reg10na1
soiI moisture.storage capacity~patterns. The overlaxs were‘placed.'

over the (area surrounding Joeeph and ﬂastings Lakes)umaps angfk,
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_ relationships Qere eétaﬁlished; Thus it was possible to determine the
effects éf snow dfifting on a vafiety of scales Qith LANDSAf I image;x.
These procedures should ﬁa&e bgen supplemented witﬁ more field data.
The data should héve been equally iepresentative of all of the color
density ievels‘ﬁsed. |

Thé-third objectiye(was.to investigate the reiationship
between LANDSAT I iﬁaées‘ tonalnvariations and snow cénéentr#tibn '
and distribution.batterns.- Comparisons of LANDSAT.I_imagery at
scalés.of 1%,000,000 and'l:ZSO;OOO Shdwed iiﬁtlé or nb variations
‘in the snow cover. The major.contribution of black and white
LANDSAT prints was their use as base maés.fof determining land use
pacte}qs.'ohﬁe the land uée patterné had.béen détermined,‘rélationf
ships-were dréwﬁ betweeﬁithose patterns aﬁd thé.éoii moistﬁre
storage caéécitigs‘Ofvthg.study érea. It was then possible to.esfimate
pdféntiél snowmelt runoff for each area on the moraine. | |

fo experimentfwichwvariQUS enhaﬁcement devices to maximize
ﬂaiscriminétion of.Snow,covér variations was the fourth objective,

Three f§rﬁ$ of-enhﬁncemeht_wefé used in this study;'enlérgeménﬁ;

density.slicing,'and”tri-cold: projection. Enlafgeménf ﬁrovided_a
'bettér scale base map for distinguishing land use patterns on the
Tﬁraiﬁe."Den;ify_éiicing combined yith snowisurvey data provided

'ia-Ba4Es. for thchAsndw drifting patterns could be mapéed. ?Problems
iﬁ registry. rendgfédvtri-color préjectio;s nearly useless in this
sfudy. 1f tﬁe'registry‘ ;ould'have beéﬁ improved a useful_ﬁnage

might>ha§e,been obtained. -
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o \'4
i,

The fifth objective was to compare regional 3011 moisture
. v % . .

recharge capacities and snow water content levels which were required
1 . -

~

to produce runoff. Long term water balance tables wereicalculated’
(Thornthwaite.precedures) to show precipitation patterns for five
weatuer gauging stations surrouuding the moraine. They were: the
Edmenton International.Airport, thelEdmonton IndUStrial Airport,
Edmonton Naﬁao, Camrose, and Vegreville CDA stations. Variations’in>

gauging equipment (nipher gauges” for the three Edmonton stations and

stick measurements for the Camrose and Vegreville stations) made

coﬂparisons after 1960 difficult.

Monthly water balance tables were- calculated for the

Edmonton International Airport ‘station. These tables were'hsed to

determine the amount of water needed to recharge the soil moisture
storage capaeities.'_These data were‘Compared to April 10, 1975 field_A
_measurements. Potential surplus water calcg{ations -were then made to;

~determine the amounts of runoif wthh«COuld be expected in each area.
J < \

- By combining the expectei\runoff\datavWLth maps’ derived from den31ty
N ««/ .

sliced imagery it Y?S p0531bLe ‘to separate. areas of different runoff

potential from one another. It was also poss1ble to estimate ggtential-.

surplus snowmelt water within a given storage capac1ty and break that

data down into as many'as eeven different components (by colqr density
level); This.objeetive was tul}illed-forilocalizedVareaSa ~
‘™ - The final objective was to investigate the-ielationship_ofh
snow_concentration and'dietributién patterns to soil moisture Stqtaée g
capacities so that runoff potential migpt Be eetlmated. Thie was.

N
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' aceomplished for.} 224 sqeare mile (586 Square kilemetres)'atea of
the Cooking Lake;Moraiﬁe. By averaging~the‘data obtained'from the
'snew survey sites ‘and relating that data, to the seven density
levels, it was possible .o estxmate runoff. .This procedure was
also used bn_two small areas w1th1n'tbe ma jor study area, the area
surrounding JosepH Lake and the area surtounding Hastings,Lake;
\{ The major difficﬁlty with thie portiohAof the study'Qas
the limited numb_er ofl show survey sites used, co_‘sequ’en_tly, some

density levels were represented by five or more sites, while some

o~

levels were regresented,by ae tew as three sites. . Yet, with limited
data it was possible to‘shqﬁjrunoff ttends'in the study area.

Many snow eufveys and investigations of drifting patterns can
be'coﬁpleted dtt1izing the technidues and procedures  described in thi
thesis. ‘Particularly, it has been posstble to shéwbthe effects of
- localized drlftlng ‘in the Cooklng Lake Moralne area. It should be
p0531b1e to. expand the mapplng of snow patterns to a reglonal scale
based upon "the procedures outllned in Chapter IV More complete snow-
meltfrunbff're}atiqnshipgacould also‘be determined. Future researchv“
IShould'be thertéken to.turther refine the techhiques_and‘procedJQes
epon'which;thia thesﬂﬁfts based and to reinforce andAexﬁand ite.

. )
- conclusions.
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APPENDIX A

© Surplus and Deficiency Patterns for Edmonton 1883-1972,
. Westaskiwin 1921-1956 (33 years), and North Cooking Lake 1921-1929 (7 years)
~ usfng Thornthwaite , .ocedures (1948) with an averagé soil moisture.

storage capacity of four inches

Edmonton -~ inches
Surplus Deficiency . Lake Level . Change*
A B c '

1883 4.0 9.9 -10.9 + 1.1 +13.1
1884 O 4.0 - 6.0 - 6.0 - 6.0
1885 0.1 . 5.5 - 8,2 - 7.P - 7.6
1886 O 5.9 - 8.9 - 8. - 8.9
1887 © 8.0 - -12.0 - 12.8 -12.0
1888 3.0 1.4 + 0.9 9.6 * +18.9°
1889 0 14.9 -22.4 - 22.% -22.4
1890 0 . 0 0 0 - 0
1891 -1,0 * 3.2 - 3.2 - 0.8 + 2.2
1892 0 +5.0 - 7.5 - 7.5 - 7.5
1893 0.4 2.6 - - 3.5 - 2.3 - 1.1
1894 0.8 5.2 - 7.0 - 4.6 - 2.2
1895 0.2 7.1 -10.5 - 9.9 < 9.3
1896 0.8 7.0 - 9.7 - 7.8 - 4.9
1897 9 8.5 -12.8 - 12.8 -12.8
1898 0.5 10.7 -15.7 - 14.5 -13.3
1899 0O 0 0 0 0
1900 5.0 0 + 5.0 + 20.0 +35.0
190; 7.3 0 + 7.3 + 29.2 +51.1
190 4.3 2.8 + 0.1 "+ 13.0 +25.9
1903 0.3 0 + 0.3 + 1.2 + 2.1
1904 4.2 5.2 - 3.6 o+ 9.0 +21.6
1905 0 6.3 - 9.5 - 9.5 - 9.5
1906 © 7.4 -11.1 11.4 -11.1
1907 4.0 0.7 + 2.9 14.9 +26.9
1908 0O 7.2 -10.8 ‘108 -10.8
1910 © 7.3 -11.0 - 11,0 -11.0
1911 o0 0 0 0. 0
1912 O 0.2 - 0.3 - 0,3 - 0.3
1913, 0.2 R Y - 1.9 - 1.3 -+ -0.7
1914 0.8 f0 0.8 3,2 + 576
1915 0.6 2.5 - 3.2 - lab + 0.4
1916 0 . 0.8 - 1.2 - 12 - L2
1917 244 5.8 - 6.3 . 0.9 + 8.1
1918 , © 3.2 - 4.8 8 - 4.8

(]
SRS
*

Do
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(Appendix A continued)
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(Appendix A continued)

Surplus Deficiency Lake Level Change*
0.2 9.2 -13.6 -13.0 -12.4
1964 o 7.3 -11.0 -11.0 11.0
1965 5.1 4.0 - 0.9 +14.,4 +29.7
1966 0 . 5.2 - 7.8 - 7.8 - 7.8
» 1967 0.7 7.6 ~10.7 - 8.6 - 6.5
1968 0 6.1 - 9.2 - 9.2 - 9.2
1969 0 4.7 - 7.1 - 7.1 - 7.1
1970 0.5 3.9 ) - 5.4 -.3.9 - 2.4
1971 0.9 7.0 - 6.3 - 3.6 - 0.9
1972 2.5 1.9 - 0.4 7.1 +15.6
1973, ' ' '

“*Lake Level Change; A. Assuming no drainage from areas surrounding
the lake; B. Assuming drainage from an area three times as large as the
lake; and C. Assuming drainage from an area six times as large as the
lake. Lake evaporation is assumed to be P.E. plus 1/2 D, thus the net

level change without inflow would be 1 1/2 D-§.

Source: Laycock, 1973,



APPENDIX A - Metric Conversion

Surplus - Deficiency ~ Lake Level Change*
: A -~ B. c
1883 ~ 10.0 24.8 -27.3 + 2.8 +32.8
1884 0.0 - 10. -15.0 -15.0 -15.0 ,
1885 .3 13.8 -20.5 -13.8 -19.0
1886 0.0 14,8 ~22.3 -22.3 -22.3
1887 0.0 .20.0 -30.0 -30.0 -30.0
1888 7.5 3.5 + 2.3 +24.8 +47.3
'1889 0 37.3 -56.3 . -56.0 -56.0
1890 0 0 ' -0 0 ' 0
1891 2.5 8.0, - 9.5 - 2.0 .+ 5.5
1892 0 12.5 -18.8 -18.8 -17.6
1893 1.0 6.5 - - 8.8 - 5.8 - 2.8
1894 2.0 13.0 -17.5 -11.5 - 5.5
1895 .5 17.8 -26.3 -24.8 -23.3
1896 -~ 2.0 17.5 -24.3 -18.3 -12.3
1897 0 21.3 -32.0 -32.0 -32.0
1898 1.0 26.8 -39.3 -36.3 -33.3
1899 0 0 0 0 0
1900 12.5 0 +#2.5 +50.0 +87.5
1901 18.3 ¢ +18.3 +73.0 +127.8
1902 10.8 7 + .3 +32.5 +64.8
1903 .8 0 + .8 + 3.0 + 5.3
1904 10.5 13.0 + 9.0 +22.5 +54.0
1905 0 15.8 - -23.8 -23.8 -23.8
1906 0" 18.5 -27.8 -27.8 -27.8
1907 10.0 1.8 + 7.3 +37.3 -67.3
1908 0 18.0 -27.0 -27.0 - -27.0
1909 - .3 2.7 -25.3 -24.5 -23.8
1910 - 0 ' 18.3 -27.5 -27.5 -27.5
1911 0 0 0o 0 0
1912 .5 - .8 - .8 - .8
1913 - .5 "~ 3.5 - 4.8 - 3.3 "- 1.8
1914 2.0 0 + 2.0 + 8.0 +14.0
1915 - 1.5 6.3 - 8.0 - 3.5 + 1,0
1916 0 - 2.0 - 3.0 - 3.0 - 3.0
1917 . 6.0 14.5 +15.8 + .4 +20.3
1918 0 8.0 -12.0 -12.0 ©  -12.0 .
1919 - .5 19.8 -29.3 -27.8" -26.3
1920 14,5 5.8 + 5.8 +49.3 +92.8
1921 1.0 16.3 ~23.5 -20.5 -17.5
1922 0 20.5 -30.8 -30.8 - -30.8
1923 0 18.5 -27.8 -27.8 -27.8
1924 0 10.8 -16.3 -16.3 -16.3
1925 6.5 15.0 -16.0 + 3.5 +23.0

Y
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(Appendix A continued)
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-&i/ © APPENDIX B
Available Reference Material Pertaining to
Remote Sensing and Snow From the Canada
Centre for Remote Sensing

(Source: Canada Centre for Remote Sens'ing)

Baker, D.R. Remote Sensing of Snow FleLds from Earth Satellites,
May, 1971. : :

Barnes, J. et al. The Application of ERTS Imagery to.Mapping Snow
Cover i the Western United States, January, 1974.

{J. Evaluate .the Appllcatlon of ERTS--A Data for Detecting-
d Mapping Snow Cover, May, 1973.

Bar,

Barnes, J.C. Satellite Surveillance of Mountain Snow in the ‘Western
Un1ted States, June, 1969 ; :

Barnes, J.C., Bowley, C.J. Use of ERTS Data for Mapping Snow Cover
in the. Western United States. March 1973. ‘ :

Benson, C S. Snow Cover Surveys in Alaska from ERTS- l Data, March "1973.

Bryan, M.L. Fresh-Watér In Interpretation‘from ERTS Imagery, 1973..‘

Byrd, R.C. et al. Snow Measurement Using" Mllllmetre Wavelengths
September, 1972 :

AL}

-Carlson, R.F. Break- up Characteristics of the Chena River Watershed

Central Alaska Dec., 1973.

Carlson, R.F. Break up Characterlstlcs of Chena Rlver Ba51n, July,
1973.

Deselm, H. R., Taylor, T.W. Vegetatlon Boundarles on ERTS- 1 Imagery.

Dmitriev,. A Y. et al. Practical’ USe of Aircraft Gamma-Ray Survey of’
Snow Cover in " in the USSR. Sept., 1972. o
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Edgerton, A.T., Strogryn, A. Poe, G. Microwave Radiometric Investi-
gatlon of Snowpacks. July 1971. : S : ‘\_N_\g

Forestry Report, Canadian Forestry Service Northern Forest Research
Centre, Remote Sensin Earth Resources Technology Satellite._
October, 1973.

Golding, D.L. Sn0w Cover and Melting Snow from ERTS Imagery. June;'

1974.

Grasty, R.L., Loijens, H. S., Ferguson, H L. An Experimental Gamma-
Ray Spectrometer Snow Survey Over Southern Ontario, Dec, 1973.

Haefner, H. Status Report on the Current and Future Applications of
R.S. Techtology in Switzerland, May, 1971.

~

Hope{ G. et al. Microwave Radlometry and It's Appllcatxons' Part 3,
Hydrology, Oceanography. Feb, 1972 T : '

H0warth,.P.J., Woo, M. A Pr*llmlnary Evaluatxon of ERTS- I Imagery
for the Interpretation of Sn0w Cover S. Ontario, Aug., 1973.

JItten, K, The Determinations.of SnOw-Lines From Weather Satellite
Pictnres. Sept.,gl970.T : :

Kaminski, H. Snow and ‘Ice in the N. Polar Regions Abolation

. MeaSurements from Sat. Photography, 1966-1972, Mérch 1973,..
\ iRy

Kennedy, .M.; Sakamoto, R.T., Passive. Mlcrowave Determrnantlons
of Snow Wetness Facters. April, t966.

“Kukla, G.J., !hkla H.J. Increased Albedo in the Northern HemISphere.
February, 1974. . 1 e :

Leeman, V. et al. The NASA Earth Re'sources Spectral Information
‘ System A Data Comp11at1on. ‘May, 1971 :

L1nlor, w.l. Snoupack Water Content by Remote Sen51ng. Sept., 1972.

- Kondrat' Yev, K. Ya. et al. Spectral Albedo of Natural Grounds.
July, 1966. ) .

~

'L01Jens, H.S., Grasty, R L. Aiborne Measurement of SnOw-Water S
Equivalent stng Natural Gamma Radlatton Over S. Ontarlo.'
1973. :

Martiner, J. Evaluation of Air Photbsjfor Snowmelt-Runoff‘ForeCéSte.
. Sept., 1972 ’ :

| . 3 ] ,
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Masry, S.E. The Analytlcal Plotter as a Stereo-Mlcrodens1tometer,
Aug., 1972. : :

‘Meier, M.F., Applicatxons of ERTS Imagery to Snow and Glacier
Hydrology, May, 1973, . . .

Meier, M.F;, Edgerton, A.T. Emissiqn;Characteristics of Snow and
- Ice in the'Micr0wave‘Range, Dec., tz;o.
Meier, M.F. Measurements of Snow Cover stng Passive Microwave
" R#dlatlon. Sept., 1972.-

Meier, M.F., Edgerton, A .T. Microwave, Emissions from anw-—A Progress
Report, May, 1971. = - q .
McGinnis, D.O. Satellite Detection of Melting Stow and Ice by .
" Simultaneous Visible and Near Intrared Measurement. Oct., 1972,
oy R
Peck, 'E.L., Bissell, v.C. Evaluatlon of Snow Water. Equ1va1ent by
Alrborne Measurement of, P3531ve Terrest-Gamma Radiation, Oct., 1971._

»

Poulin, A.0. Hydrologic Characteristics of Snow-Covered Terrain Prom
Thermal Infrared Imagery.fDecﬁ; 1973. a

. ¢

Tavernier, R. Relatlon;hlp Between Snow Cover and Dlscharge & Water
Quality of Watergheds, Ardennes Belglum, Nov., 1973.

1

Vickers R S., Rose, G.C. High Resolutlon Measurements of- Snowpack
Stratlgraphy Us1ng a Short. Pulse Radar. Oct., 1972.

Vonder Haar, T.H. Measurement of Albedo over Polar Snow and. Ice
. Fields Using Nimbus-3 Satellite Data. Dec., 1973,

Weller, G}.Survey of the~SeasonaIISnow Cover in Alaska. July, .1973.
Wendler, C., Carlson, R., Kane,:D. Break-u aracterisths,of'the

- Chena River Watershed, Central Alaska, Dec., 1973.
) : , S

Wendler' G Sea Ice Observatidn by Means of Satellite.'March 1973 T

Wiesnet, .D.R. Detectlon of Snow Condltlons in Mountalnoﬂs Terraln.
Sept., 1972 ' ‘ ‘

Snow’ Enhancement Te hnlques. March 1973.:
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APPENDIX C

‘Table 4
_ Water'Bélance For Edmonton Namao A 1952-1974
(Thornthwaite procedures usihg 10 cm_storagé level)

Metric Conversions

. _ : ‘ tStorage
Precipitation = (P.E.cm - Dem) + Surplus cm Change cm -
1957 35.0 | = (53.8-25) + 0 + 6.3
1958 448 . = (55.3-18) + 6.3 + 1.3
-1959 45.3 L= (46,5 - 3.5) 4 3.3 -1 .
1960  47.3 = (53.0 = 4.3) + 2 - 3.5
1961  44.0 . = (56.3-13.3) 4+ 2.5 -+ .5
1962 42.3 = (53.8 - 16.5) + 8 L3
1963  28.8 . .2 (s5.5-27.5). + L5 - .8
1964 39.8 = Gsain v 0 0+ 3
1965 52.8 = (51.8 - 9.8) + 13.5 . - 2.8 -
1966  38.0 = (W9.0-1Ls) + 13 - .8
1967  35.0 ' Y= (52,3 -22.3) + 1.3 + 3.8
1968  36.0 . = (49.8.- 13.0) + 1 \ - 1.8
1969 44.8 = (52,0 - 11.8) + .25 +7 4.3
1970 ,'43.8": = (53.3-11.3) + 4 | + 2.3
1971 39.8 = (54.5-18.5) + 3 + .8
1972 '50.5 , = (W9.5- 5) + 7.8 1.: + 1.8
1973 56.5 ' = (54.5-- 1.5) + 0 4 als
1974 545 = (52.0 - 2.5) + 9.5 - - 4.5
43.3 . = (52.5-13) + 3.5 + .3

Source: Edmonton International Airport Monthly Meteorological Records. -

b Y
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APPENDIX C
| Table 2
Vater‘Balance For Edménfon International Ai}pdrt 1962-1974
(Thornthwaite brocedurgs using 10 cm storgﬁé-level)‘; F
, ”'“\g\\gier?c Conversions |
: ’ o - . ' i Storage
Precipitation. . =  (P.E.cm - Dcm) + Surplus cm Change cm
1962 $3bem (53,0 - .8) + 6.0 - 4.8
1963 . 41.5 = (NS -ru8) + 3.0 - .3
1964~ 44.0 | '='\>((A9.8 - 9.0) + 0 v
1965 ‘55.8 = (48.8 - 1.5) + 10.8 - 2.3
. 1966 40.8 - s '('47" - 43 v L -3
1967.  33.0 . _ = (49.5-19.3) + .75 + 2
1968 34.5 = s - 9) o+ 0 - 1.8
1969 45.5° o~ L (41‘3'.5_-' 9 + o + 6
1970 51.7.'5, v = (5045 - 9.5) + 4.8 + .5
1971 40.5 = S14.3) 7+ s - 1.8
1,<'972' 55 o= (6 . 0) + 6 + 3
1973 ,§7.5 L =_(._=>0,.3->o)" + 5 + 2.3
C1o74 468 = (0.3 46.3) ""_'11‘.‘8A co
, : . _ g | _
7.5) o+ 4.2 -..8.

S

"

Source: Edmonton International Airport Monthly Meteorblogical'kécords;
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APPENDIX. C
Table 3
Water Balance ForyiEdmonton Industrial Airport 1950-1974
(Thornthwaite procedures using 10 cm storage level)

Metric Conversions

v

- ' ) - *Storage
Precipitation = . (P.E.cm - Dcm) + Surplus cm Change c¢m
1950  32.3 = (51.3-18.8) + 0 - .3
1951 51.0 | = (48.8 - S.5) 4 3.8 + 4.8
1952 41.0 - Y= (58.3 - 15.5) + 4.3 -6
1953  63.8 = (56.3- 0) + 5.3 + 2.3
1954  49.8 . - (49.8- 0) + 1.8 - 1.8
/1955 503 ‘ = (57.3 - 14.5) +° 3.0 + 4.5
1956 50.3 = (6.3 - 8.5) + 6.3 + 3.8
19s7° 32.8 . = (55.8-25 & 0 o+ 2.0
1958  43.0 = (60.8 - 18) - + 2.0 - - 1.8
959 44,0 ' = (52.5- 9.3) + 0 + .8
1960 .49.0 o - = (5.5- 6) + 0 . - 1.5
1961 3.0 . = (8.8-25 + 0 .- 2.8
1962 46.0 = (55.5 - 11.5) + 2.5 - .5
1963 13.5 = (59.3-248) + .5 - L.
T1964 403 = (57.0 - 20.0) + 0 o+ 3.3
1965 53.5 = (563 -10.5) + 12 - 2.3
1966 38.8 = (54.5-15.3) + 0 - - .5
1967 38.5 . = (56.8 - 22.5) +- 1.8 -+ 1.8
1968  33.5 = (55.5-19.8) + 0 - 2.3
1969 47.3 = (56.8 - 12}3) + 0 o+ 3.3
46.3 = (603 - 1)+ 1 Y

1970
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N

(Table 3 Contiriued)

: : ST TStorage
Precipitation .= (P.E.cm - Dcm) + Surplus cm Change cm
1970 39.5 - = (59.3-22) + 1.5 + .8
1972 50.8 | = (53.8- 7)) + 63 T - 23
1973 54.8 = (54.5 - 2.3+ 0 : o+ 3
1974 52.0 - = (53.0 - 3.5) + 6.3 - 3.8
- ‘g LR . : o
S gbls (55.8 - 13.3) + 2.3 . + 0
o & . ,
Souréégﬁ,sd L: - ,-*-1§f:Airporc Monthly Meteorological Records.
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Table 5

- Water Balance For Camrose 1951-1974

(Thornthwaite procedures using 10 cm storage level)

. Precipitation

s

Metric Conversion

li

(P.E.cm - Dcm) * Surplus cm .

120

fStorage
Change cm

!

1952
1953

1954

1955.

1956-

1957
1958
1959
1960

1961

1962 .

1963

1964

1965
1966 - -

1967

1968

42.3°

33.8

46.5

55.0

40.5 P
41.8 |

37.8

28.5

41.3

45.5

33.5

34.0

1l

(49.8 9.8) + 2.3

(54.5 - 17.8) + 0
(50.5 - 6.8) + 0
(46.0 - 0) + 8.5
(51.8 - 13) i + .5
(51.0 - 9.5) + 1.5
(52.8 - 14,5) + 0O
(53.5 - 25)  + 0

(50.0 - 13.8)- + 0

(51.5 -
(53.3 - 23.8) + 1.8 *

- ~~
wn

o

n

,
o
&~

N

+

(=]

- 1.3

+ 0

"+ 3

4 2.8

+ .5

+ 1.3

.

- 5
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. . » fStorage

Precipitation = (P.E.cm - Dem) + Surplus cm Change cm
1969 45.) = (54,0 - 14.8) + .5 + 5.5
1970 42.3 = (56.0 - 17) 4 6.3 7
1971 35.8 = (53.8 - 20.5) + 3.5 ST
1972 515 = (52.3-"8) + 7.8 | - .5
1973 . 72.3 = (50.8 - 0) S+ 133 + 8.3)
1974 50.3 = (50.3 - . 9.5) + 19.3 - 9.8

£3.3 = (51.8 - 12.5) +

3.5 + .5

r7

P2

o

Source: Edﬁ%nton International Airport Monthly Meteorological Records.
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APPENDIX G
- .
‘ \_TabLe 6 . 3
X Water Balance for Veg?éy%lle ch 196&-1974.
(Thornthwaite }.ocedures using 10 ¢m storage level) .
Metric Conyersion ' ,
: . .- . fStorage
Precipitation = (P.E.cm - Dcm) + Surplus cm.  Change cm
1964  34.5 - (50.3 - 20.3) + 0 + 4.8‘ B
1965  46.3 = '(50.3 - 4.,8) + 2 - 1.3
1966 . 28.0 = (51.0 - 22.3) + O I
1967 29.5 = (50.5-22.8) + 0 + 1.8
1968  35.5 . = (47.3 - 1173) + o' - .5
1969 335" = (53.5-21.3) + © - 1.3
1970 :-3jlé = (51.5 - 14.8) + 0 + 4
1971 16.3 = (52.0 - 15.0) + 0 - .8
o2 393 = (48.0 - 9.8) + 1.5 - s
1973, v753.3. = (51.8 - 2.3) + 0 + 4.3
1974 iéﬁé.d - (498 - 9.3) * 4.8 - 6.3
— - _ -
37.5 = (50.5- 14) + .8 + .2

Source: Edmonton Igternatfonal Airport Monthly Heteonoiogical'Re

B,

»
<

4
x

cords.

\
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APPENDIX D

The Number of Sampling Sites Used to Obtain Average Snow Depth

and Water Content #ta For Each Density Level

v.’\x

Density Level Number ol Samples Average Depth Average Water Conten

1 A

2 3

3 » 4

4 j 4;

5 ‘ ' 4
~¥~-‘

6 e

7 S 2 .

5.4m,

11.9",

24,9,

17.3",
15.2";
25.5",

18. 7,

23.5cm
29.8cm
62.3cm
43.3cm
38.0cm
63.8cm

46.8cm

2.8", 7.Pem ﬁ!.

4.2", 1045 cm d

7:6", 19.0 cm )

3.9", 9.8 cm

4.1", 103 cm

8.2", 20.5 cm "
-

6.2", 15.5 cm

N

Source: April 10, 19715, Fieldwdrk by the author.

N

.
\?‘

(&
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Density Levels Ranked in Order of. Snow Depth and Water Content

Water Content

Density Level ' B Snow Depth
6 L | .25.5 inches, 63.8 cm 8.7 inches, 20.5 cm
-3 t7;~ . ;‘"Kéé.? inches, 62.3 cm 7.6 inches, 19.0 cm
1 L‘. ‘A ‘;.‘ ~ _,—:.. . ) ] o
7 ‘/.%f,“tJ ,{?” - 18¢7 inches, 4@:& cm 6.2 inches, 15.5 cm
> . i .‘g‘ . PN .-
,‘*"ﬁg‘;.pﬁrﬁ ; - N -11.9 lnchgse 29.8 ecm 4.2 inches, 10.5 cm \
’ R R L : "
Lo s fﬁﬁu(fdng o .15.2-inches, 38.0 cm 4.1 inches, 10.3 cm -
e e » o o
‘?-”Aﬂ“;’l"“ B 17.3 inches, 43.3. cm 3.9 inches, 9.8 cm
R 1% SRR : : ' :
I 5 - : :
. hlgg' 9.4 inches,.23.5 cm 2.8 inches, 7.0 cm
d‘ = o qr'l,"“_:.,'y ) v,.: " .
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" APPENDIX F

Land-Use Classification System for Use

With Remote Sensor Data

&vell .

0l.

02‘

03.

S04

Urban and Built-up Land.

Y~

0ol.
02.
03.
04,

05."

- 06.

A _’ :
:;;ricultural Land.
@
Réfgt}éﬁd._f -
thest.iand, .% |
Wétef. | °
Coa

© 05,

07.

08.
09.

01.

02.

03.

04.

ol.
02
03.

04. :

- 0l

0z,
03.

o1,
02,

03.
04.

L LA
N . S o
11T : AR
i . . v D

“Transportation, Communxcatxons and

L4

Residential. T N
Commércial and services. ;
Industrial.

Extractive.

Utilities.

" Institutional. ' .
Strip and Clustered Settlement.
Mixed. o
~ Open. and Other. - . )
\ . .
Cropland and: Pasture. ~ ' ;‘*9 A

Orchards Groxes, Bush Fru1ts, Vineyardq

and Horticultural Areas. . T
.Feedlng Operatxons. - : r..
.Other. ' ’ *
Crass.' !

Savannas (Palmetto Prairies)
Chaparral., . ‘
Desert ShikH L SR
. s . . . v j‘.,‘{:
,“-.." . ."““",J“ s
.DecdeOUS. S 4
EVergreen (Conl!b!nus and Others)

Mixed. *
o

Streams and Waterways..
Lakes. . .
Resgervoirs.

Bays and Estuaries.
Other. s .



06. Nonforested Wetland.
L ol.
02.
s .
07. Barren Land. J
' -~ 01,
: 02.
03.
04.
05.
08. Tundra.

o1.

t Snow and Icefields.
‘ i . 01...

' O

09. Permanen

B

-

- Source: Geological Survey Circglér 671.

L]
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Vegetated.
Bare.

Salt Flats.

Beaches.’ :

Sand Other Than Beaches.
Bare Exposed Rock. -

Other.
. , )
Tundra.™® -
5 . L : S
L2 o " &
Permanent Snow and Iceffeldas:. . ‘
) . . et o Ty
3.!’} " DAY ,~‘,1
ki VNS K N
. ,«-’3&3’.‘":'{_ \
ik 2R
\ ‘:,
* , ’{. v"
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