VARTATION OF SNOw RESOURCES WITH CLIMATE AND VEGETATION IN CANADAl/ 530-71
By
5. A. McKay end B, F., Findlayg/
Introduction

Snow cover is ths primary source of Canadian water supplies, It forms a vital pro-
tective blankst for plant life and small animals, and at the sama time may menace grazing
animals, It is a source of pleasure to countless sportsmen. It provides a road for many
forms of transportation. As a consequence, information on its regional characteristics are
being sought increasingly. Some broad-scals features of snow cover, as might interest
regional planners, travellers, scologists and others, are the subject of this repert. Here,
at attempt is made to show how commonly collectsd data may be used in deciding resource
management procedures.

Ths nature of the snow cover is determined mainly by climate and therefore it is to
be expacted that it will vary from ons climatic region to another, Igloo snow of the Arctic
bears little resemblance to the wet snmow cover near the Atlantic coast. Repeated thaws
near the southern Limit of snow cover crsate structurss, densities and other situations
which are quite different to those faund in regions where snow covers remain established
firmly throughout the winter, Climatic featurss are thersefore a major factor to consider
in searching for regional variatiens,

Physical features, such as vegetative cover, have a profound impact on climate and
consequently on the associated snow cover, Within a climatic zone local topography and
vegetative cever may produce major local differences in the snowpack, Over vast areas
where topography is not excessively varisble, it is possible to define broad zones of vege-
tative homogensity. Since the naturs of this vegetation is highly allied to climate, the
vegetative zenss serve as a logical basis for thes regional analysis of snow covsr,

TABLE 1

Snow Reqgiens of Canada
(after Potter, 1965)

Region Character Vagetation
Arctic Archipelago 10- month winter = Tundra

median maximum depth 12-15" =
windswept hard snow in west -
20-30" gnow. in east

Mackenzis-Keawatin B8-month winter - Taige-Boreal
median maximum depth 25"

B. C.=Yuken Variable duration - Subalpine,
<4 = 8 months =- Borsal, Taiga
median maximum depth (valleys) Tundra, Montans,
18" in north = Columbia, Coast

$2% in MW B.C.
£.12% slsswhers =
much higher values in mountains

Prairis Provinces <2 months in south = Boreal, Aspsn Grove,
(incl, Peace River hlock 3=4 months in north = Prairie
of B.C.) median maximum depth =
12«-18%" in north
10% in south
1/ Presented at tha Western Snow Conference, Billings, Montans, April 20=-22, 1971.
2/ Canadian Metsorological Service, Teronto.
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Northern Rntario, Quebsc 5«7 months - Boreal, Taiga

and Labrador madian maximum depth 40-60"

Southern Ontario, 4-5 months, except 2 months Great Lakss =
St. Lawrence Lowlands near Lakes ntario and Erie, St. tawrence,
and Atlantic Provinces 3 months in SW Nfld., south Acadian

shore N.S. and Bay of Fundy -
Median maximum depth 10-40"

The Climatic Regions of Canada

On a very broad basis Canade may be considered as having six climatic zones: (1)
Pacific, (2) Cordillera, (3) Prairie, (4) Arctic, (5) Subw-arctic, and (6) Southeastern
(see Fig., 1). While snow cover is common to all rsgions, it is much heavier as a rule in
the east and along the Pacific slopss of the Cordillera. Snowfall is light in the arctic
region, often termed the “polar Desert" but the shallow cover is made dense by wind com-
paction. Tha prairiss are also a region of light snow cover, the pack being frequently
removed from scuthsern Alberts by midewinter Chinooks,

Based upon the measuremants of snow on the ground at climatological stations,
Potter (1965) distinguished sevsn principal snow cover regions which are dascribsed in
Table 1., Thesse regions are essentially identical te the aboveementionsd climatic regions;
howsver, allowances ars made for the differences in snowfall amounts in the boreal forests
in sastern and western Canada. Becauss of the much heavier snowfall which occurs sast of
Hudson Bay it would appear desirable to also distinguish betwesn the sastern and western
climatic regions within the arctic and subarctic, as notad in Fig. 1. Although Potter's
classification is based only on climatic considerations it is apparent that the regions
and the snow cover distribution patterns within them bsar close resemblance to the major
vagetation zones.

Vegstative Cover

Snowfall tends to be mors uniform than rainfall., Howsver, because it is easily
moved by ths wind, snow usually accumulates on the ground in a highly hstercgensous manner,
and it is, thsrefors, difficult te ebtain representative measurements,

For example, the gensral prairie snowpack is fairly uniform, but local variations
in topography and vegetative cover cause major departures from the averaps. Shelter bsits
and buildings causs massive, deep drifts, wheress nearby {isids may bs fairly free of snow,
Well eroded gullies and deszp drainage ditches act as “"sediment traps" collecting snow
which blows or drifts off adjacent fields, for sxample, a check of snow accumulation in
gullies near Resgina in ths spring of 1966 showsd them to contain about 3% acrs-fest of
water (as snow) per 1000 fest of channsl - when the fields were fres of snow, and before
significant runoff had occurred.

Within the forest, accumulations vary according to the typs of tree, density of
forest, number of clesrings, and proximity to exposed snowfields. A solid svergresen forest
is affesctive in intercepting snowfall which may evaporate and not contribute directly to
runoff. A decidupus forest, lacking leaves, permits snow to accumulate on the forest floor,
but arrests drifting such as would pccur on the prairie. Clsarings in conifsrous forests
act as traps and accumulate mors snow than mixed or deciducus forsst. Such clearings are
frequently favoured as snow-survey sites,

Snow cover within the mountains tends to be highly variable because of thes combined
effects of high winds and rugged topography, Slides and unusual deposition causad by local
topagraphy may result in ramarkable accumulations, far exceeding thes annual snowfall. Most
available measurements which are suitabls for statistical trsatmant are for valley loca-~
tiens, whasreas the major accumulation aresas are often at high slevations.

The effects of topngraphy and vegestetive cover have bsen cbserved by Kuz'min
{1960) as follows:
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TABLE 2

Snow Retention Coefficients

(Virgin Soil Equals 1,0)

pen ice 0.4 to 0.5
Arable land 0.9
Virgin soil 1.0
Hilly districts 1.2
Large forest tracts 1.3 to 1.4
River beds 3.0
Rush growth nsar lakes 3.0
Forest cuttings of a radius of 100 to 3.2 to 3.3

200 m, and sdges of forests

Kuz®min noted that strong winds may complstely remove the snow cover from ice, the
coefficiant then dropping to zero. Extremsly strong winds may also denude farm lands, de-
pending on the character of thses snow cover. These values are regicnal averages = tha co-
efficient in an inmdividual instance besing dependent on wind speed and othsr factors, Allow-
ances must be mads for the different catch and retention capacilitiss of sites when treat-
ing snowfall and depth measursments.,

Within Canada it is possible to define many vegstative zonss; however, for regional
purposss thess must be considered on a broad scale. The forest classification given in the
Atlas of Canada (1957) was used in selacting the following elsven regions:

1) Borsal Forsest

2) Subalpine Forsst
3) Columbia Forest
4) Montane forest
5) Coastal Forest
6) Taiga

7) Tundra

8) Aspan Grove

9) Prairis
10) Great Lakes Forest
11) Acadian Forest

In Table 3 and Fig. 2 the broad charactsristics of these zones, their sizs and
distribution are outlined, Particular attention is given to the forest morphology, the
clossness and type of treses, soms climatic anomoliss, for these are important determinmants
of the efficiency of snow retention and melt.

Variation of Snow Cover with Vegstation Regions

The main features of snow cover amenable to nationalescale analysis are depth and
density. Thess do not provide all the desired information, but they are pertinent to many
regional planning problems, The closs rslationship existing between snow cover depth and
density and vegetation on the local scale psrsists even in regional patterns, In Fig. 3
the remarkable coincidence of the spatial gradients of average snow densities in southern
Manitoba to the boundaries of vegetation zones is readily apparent., Such a correspondence
is re-amphasized by comparing national climatic, snow depth and vegetation maps. Snow
cover varies alsc with tepegraphy, but local details are so complicated that regional
analysis is difficult,

Snow courses ate maintained by ssveral agencies, but the records ars publishsd an-
nually by the Canadian Mstsorological Service in "Snow Covsr Data®™, For this report supple-
mentary records were cbtained from the Provinces of British Columbia, Manitoba and Quebec.
For reasons of simplicity, and the exploratory naturs of the study, but also in order to
have an sven distributien of snow courses across the country, this report relates largely
to ths perieod 1961=-70 (1965~70 in ths arctic).

The snow survey data wers used primarily to obtain timewcurves of density (Fig. 4),
but also to amplify on ths store of information availabls from climatologicsl measurements
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TABLE 3

Characteristics of Vegetation Regjons

—UZ—

Approx.
Vegetation Regian Area Location Nature of Vegetation Principal Plant Species
mi’x 10°
Boreal Forest 878 East=wast band through central Clese coniferous tress, White and black sprucas,
Canada. Dry, sunny western and more open on boundariss. tamarack, broadleaf poplars,
moist sastern climates. Deciduous species in burnt-=  birches, Balsam fir and
over areas - varying topo- jackpine in east -~ alpine
graphy and larges muskeg fir and lodgepole pine in west,
areas,

Subalpine Forast 88 Central and south B,C. east Closs coniferous trees in Engslmann spruce, alpine fir,

of Coast Range on mountain lower elevations, hecames lodgepole pine.
slopes 3000-7000 ft. MSL. mors open in higher and

drier areas = similaritiss

with Boreal Forest in north.

Montang forsst 50 South central B. C, Relatively open forest, Douglas fir, Ponderosa pine
particularly in drier rain- in south, Englemann spruce
shadow areas in the south. and alping fir in north,

Coast Forest 50 West coast B. (. Luxuriant, coniferous rain Western red cedar, western
forest, Close cenopy usually hemlock, Douglas fir (south),
but where open - a well de-  Sitka spruce (north),
veloped understorey, Amabilis fir, yellow cedar.

Columbia 17 Columbia Mountains region, Similar to Coast Forest, Coast and Subalpine types.

sspacially windward lowsr but smaller trees. Strong
slopas, Subalpine influence,
Taiga 450 East-west band through Transitional zone bstween Black and white spruces,

north~central Canada.

Boreal Foraest and tundra,.
Very open, often deveid of
tress on highar areas, Tundra
vegetation on ground level,

often lichen lower storey
(Cladonia spp).

{(Cont*d)
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Approx.

Vegetation Region Araa Location Nature of Vegetation Principal Plant Species
miZx 103
Tundra 15125 Northern ans=third of Canada, Devaid of trees except in Varying groups of lichens,
Arsas above 7,000 feet in some shelterad valleys in mosses, sedges, dwarf woody
Cordillera (lower in north). south, Extensive plains of plants and flowering plants,
lichens, mosses, sedgses, etc,
Extensive bare rock surfaces
with lLimited plant colenization,
Surface is often very wset.
Aspen Grove 81 South=central Alberta, Transition from Prairis Aspen and grassss,
Saskatchewan, southern grassland to Boreal Forest
Manitoba, or Great Lakes Forest, Clumps
nr groves of trees where soil
moisture is greatest in south
bascoming open forest in north,
Prairie 102 Southern parts of Prairie Grassland 3 ft, high in Grasses,
Provinces, north and east, 1 ft, high
in southwest, Relief generally
level. Much of area is cultivated.
Great Lakes = 148 Great lLakes - St. Lawrence Mixed forest, predominantly White and red pines, eastern
St. Lawrencs River Valley coniferous. Sporadic clear=  hemlock, sugar and red
forest ings and ssttlements, maples, red oak, basswood,
white elm, sastern white
cadar, aspen,
Acadian forest 50 Atlantic Provinces except Similar to Great Lakes and Boreal species plus red

Newfoundland,

Bereal Forssts., Topography
somswhat variabls but
generally low relief.

spruce, balsam fir, yellow
birch and sugar maple,
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of snow depth. Each time-curve represents the average conditions for all coursss within a
vegetative regien. The Prairie curve hae been estimated prior to February 15 and after
March 15. The Tundra curve has bsen sstimated after May 15,

TABLE 4

Means and Standard Deviations of Snow Cover Density

Vegetation Dec, 15 Jan, 15 Feb, 15 Mar, 15 Apr, 15 fMay 15
Ragion M. 5.0, ™M, S$.D. M, S.D, M, S.D, M. S5,D. ‘M, S,D.
Boreal .17 .01 .19 .02 «20 .03 .22 .05 .29 .04
Subalpins¥* 27 .04 .30 .03 .32 .04 .37 .05 .48 .05
Columbia* .25 L02 .31 .03 .36 .05 .41  L05
Mantang#® .24 03 .27 .03 .30 .03 .34 04
Coast* } «34 04 <37 .03 41 .03 .44 ,05
Taiga .18 .03 .21 .05 «21 .03 .22 04 26 ,04
Tundra .27 .03 .28 04 .30 .03 .32 .04 .33 03 .34 03
Aspen Grove .21 .02 .22 .03
Prairie 021 02 .22 .03
Great Lakass 21 .03 23 .05 .27 04 .33 .05
=3t. Lawrsnce
Acadian .21 .04 .24 .03 .28 ,03

* Values for gnd of month

it is interssting to note that the standard dsviations of the mean course values
for sach vegstation zone are small, considering the relatively few data used (Tsbie 4),
They confirm that this is regional homogeneity of snow density at & specific time of year,
Each weather svent may have a marked affect on ths density of a stratum, and while the re-
sulting pack stratigraphy may sometimes be complsx, by and large ths integrated seasonal
effects on quality are remarkably similsr from year to yesr so that it is reasonable to
suggest ths character of the density at a specific time in the climetic calendsr. This
makes it possible te make statements of value in predicting trafficability. water suppliass
and recreetien ever large areas.

The abspluts valuss and trends demonstrated by the nature of the curves may be ex~
plained by climatic influsnces, principally tempsrature snd wind but alss by vegstativs
factors such as retention, shalter and evaporation-melt opportunities. Anothar facter is
pack depth as illustratsd in Fig., 5, a plot of density valuss against snow depth in a sam~
ple of B.C. snow course data. The incresesed desnsification with depth is net readily appar-
snt in shallow cover zones,

Wind is primarily responsible for pack compaction and ths high density valuss en-
countersed en the prairies and in the tundra regions, both polar and slpins. For the most
part thase arsas have low relief and few sbstructions to strong winds, The effect of such
winds on snow density at Regina is shown in Fig., 6. This disgram verifies that in years
when winds ars strong the snow will be hard and dense. The relations of wind speed and den-
gity may be further assesssd for regional significance by simultensously referring te Fig.
7 (mean daily maximum temperatures within sach vegstation regien), Firstly, it is apparent
that since the temperaturss on the Taiga and Tundra are similar, thsir density differences
are due to the vegetative cover which affects the wind speed, Wind compactien is therefare
conclusively a major influsnce on density. A similar pattern occurs bestween the open pra-
irie and the surrounding wooded zone.

Variations in ths remeining eress (Fig. 7) have a close relatisenship with day~time
air temperatures, Particularly noticeabls are the inflection points en wmany ef the dsnsity
curves, indicating rapid snow water cenceniration towards ths ®ripening® peint as spring
approachss, Within the Great Lekes area the inflection point is in mid-February, in the
Boreal Forest mid-March, while in the Taiga, whesre densities are normally high end depths
shallow, no inflsctien point is apparent. This is alsg trus for the rslatively warm deep
packs near the West Coast in which thers is apparsntly a considerable sterage of frse
watsr.
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Fig, 7 also suggssts interssting regional features. For axample, the snow season
on the West Coast is short on account of the maritime climate, Although the Columbia Forest
is morphologically similar to the Coast forest, it has lower moisturs reserves, being some-
what in a rain shadow; but the snow pack ripening there is
solation. In subalpine areas an early accumulation of snow makes for a greater relative
watear content than in most other forests., Howsvsr, despite
insolation, the ripsning process is slow. The dry interior
tana Forest region have anomolously low moisture reserves,
sibly on account of the open nature of the forest (i.e. hsat transport by turbulence is
more effectivae), and due to the warm sunny spring. Over the Tundra a qreat desal of Llow
angle solar ensrgy is reflectsd from the white surface so that changes in spring are slow.
Shade, shelter and a relatively "dry" snowfall give the Borsal fForsst and Taiga the lowest
densities and smallest changes throughout the winter, Density changes in the Acadian and
Great Lakes-St., Lawrence Forasts are similar, for climatic conditions as well as tree

spscies are comparable,

fast bscause of the greater in-

the advantage of high altitude
vallesys and plateaus of the Mone
Snow dissipation is rapid pos-

It is not clear from this analysis why the Aspsn Grove should have higher densities
than the Prairie, particularly sincs this is in conflict with Fig. 7. The problem may be
one of sampling. However, the snow cover is desper in ths parkland, hence total mass may be

important,

Practical Applications

A knowledge of regional snow density values allows forscasting of trafficability,
water resources, recreation possibilities, and may be indirsctly usad to suggest climatic
variation from place to place a ussful preluds to natural resource development and land-
use planning. For example, water storage in the form of snow may be estimated over most of
Canada from month to month. Table 5 illustrates this procedure whers crude avsrage snow
depths sstimated from Potter's (1965) data, and ths monthly mean densities (Fig. 3) are
used to calculate the equivalent water volume in sach vegetation region. Tha remarkable
volumss in the undervelopsd Tundra, Taiga and Boreal Forest regions are immediately evi=
dent. For example, in February these thrse regions encompass almost 84 psr cent of the
total national snow watsr supplies (excluding ice shsets). The total winter volumes are
actually larger if the water which runs

srn regions is considersd.

TABLE 5

off during mid=winter thaws in southern and west-

Snow Water Egquivalent Storasge in Masjor Vegetation Zones

Zone Area®
{thousands
of square
miles)
Boraeal 876
Subalpine 88
Columbia 17
Montane 50
Coast 50
Taiga 450
Tundra 1,125
Aspen Grove 81
Prairie 402
Great Lakes = 148
St. Lawrences
Acadian 50

Dec, 31

D s-l'{-
1.3 123.3
1.0

1.0

8.7

8.2

1.2 57,5
0.8 158.2
0.7

0.3

1.0

0.3

Jan, 31

D s

1.8 196.1
1.5 22,5
1.3 3.5
1.2 9.3
0.2 22.4
1.5 92.1
1.2 251.8
0.8 10.4
8.5 6.5
1.2 10.3
0.7 4,8

Fab, 28

b s

2.2 258,0
1.3 21.9
1.0 3.4
1.3 1.2
8.2 22,4
1.5 95,0
1.2 226,0
1.0 11.4
0.5 6,5
1.3 31.3
0.8 6,7

*Areas derived from the Atias of Canada, They ars currently under revisw
Forastry Service and will bas modified,

% Dgpth in fest (D)

Storage - millions of acrs-feet (S)

Db

far, 31 App, 30
b s D s
1.9 269,0

0.8 14,6 0,1 5,6
0.2 0.8

0.7 6,7

0 0

1.5 109.2

1.3 302,0 1.3 309.,5
0,2

0

3.5 14,2

0.3

by the Cenadian



Another sxample of the ussful cembination of regional density and depth values is
the production of national water equivalent or snow mass maps., Fig., 8 is precissly this
for the late February period and is based upon space averages of climatological snow depth
values and snow course density valuss over areas contained within five degrees of longi-
tude and five degress of latitude., A very striking aspect of this map is the northwest de-
flection of the four-inch issbath over Keswatin Territory, part of the "Polar Desert", but
where ths shallow snow cover is very denss dus to wind compaction.

Other practical applications would include the production of trafficability maps
and tables, which are very useful data for regional economic planning. However, these tech-
nigues still nesd considerable development and evaluation. Vsgetation has been used for the
basis of discussion in this papsr bscause topographical features are difficult te evaluate
on this scale. Rsgional relastionships of snow and landform, especially factors of slops,
aspact and slavation need te be derived and cannot be ignored for they are very impartant,
At present we have inadequate knowlsdge of basic physical propsrties of snow, measured on
all scales, as nesded to develop sound menagsment programs, -

Steps ars now being taken to permit more complete use of snow cover information
through integration of climatic and survey-type records so as to provide a sound basis for
pelicy and planning relating to this important reseurce.
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