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PREFACE

The International Union of Geodesy and Geophysics
held its first postwar meeting in Oslo in August 9 19480
This important meeting was attended by ten delegates from
Canada g the chief delegate being Dr o J o To Wilson of the
University of Toronto$ who is Chairman of the Councilis
Associate Committee on Geodesy and Geophysics and also a
member of the Associate Committee on Soil and Snow
Mechanic So

One of the constituent bodies of the Union is the
International Association of Hydrologyo This operates
through a number of Commissions 9 one of which is the Com=
mission on Snow and Ice (previously known as the Com=
mission on Snow and Glaciers) 0 The meetings of this Com=
mission were of special interest to Canada in view of the
importance of snow and ice in the Dominiono

Accordinglyp the undersigned was privileged to
attend these meetings as Chairman of the Associate Com­
mittee on Soil and Snow Mechanics g accompanied by Mro Go
Jo Kleing and Mro Po Do Baird 9 both being members of the
Associate Committee o Four Canadian papers were presented
to the Oslo meeting and the Associate Committee has
pleasure in reproducing these papers in this Technical
Memorandum for general convenience o In addition$ the
Committee has been privileged to include also a paper by
Mr o 0 0 Ho Hoover of the Dominion Water and Power Bureau g

which was prepared for the Washington meeting of the
International Association of HydrologY9 held in 1939 9

but was not published at that timeo

These papers point the way to Canadian studies
in the field of snow and ice which are now being planned
by the National Research Council through its Divisions
of Mechanical Engineering and Building Researcho

ｏ ｴ ｴ ｡ ｷ ｡ ｾ ｄ ･ ｣ ･ ｭ ;r D 1949
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REPORT ON EXPEDITION SNOW CORNICE

by

Po Do Baird
ｄ ｩ ｲ ･ ｣ ｴ ｯ ｲ ｾ Montreal ｏ ｦ ｦ ｩ ｣ ･ ｾ

Arctic Institute of North America

and

Dg J. Salt, University of Toronto

Note: An illustrated account of the early stages of this
Expedition was presented to the Oslo meeting of .

the International, Association of Hydrology by Mr. Bairdo
This report deals with the scientific work assisted
financially by the Associate Committee on Soil and Snow
Mechanics of the National Research Council. More general'
accounts of the Expedition are to be ｾｯｵｮ､ as follows:

Journal of Arctic Institute of North America o

Volume 1, Noo 2 9 1948 (autumn}o ppoI07=112

Science Illustrated. Volume Ｔｾ NoD Ｓｾ March 1

19490 pp. 21-26.



REPORT ON EXPEDITION SNOW COHNICE

Expedition 9Snow Cornice v to the Seward ｇ ｬ ｡ ｣ ｩ ･ ｲ ｾ

Yukon TerritorYr conceived and directed by Walter Ao Wood
of New York p was a ｣ｯｾｯｰ･ｲ｡ｴｩｶ･ｰ scientific venture spon­
sored by the Arctic Institute of North America during the
summe r of 19480

It Ｌ ｾ ｳ decided that in view of the international
character of the Institute and of the territory to be
investigated (the Yukon=Alaska border) it was most desirable
to have Canadian as well as American personnel included in
the partYo

An application for a grant was made to the National
Research Council to ensure such participation of Canadians
through the Associate Committees of Geodesy and Geophysics
and Soil and Snow Me chanLcs , Grants were made' equally
through these ｃ ｯ ｭ ｭ ｩ ｴ ｴ ･ ･ ｳ ｾ totalling initially $3000 and
later increased to $40000

The personnel who were able to take part as a result
of this were PoDo Baird of the Montreal Office of the Arctic
Institute)) DoJo Salt from the Geophysics Department of
Toronto ｕ ｮ ｩ ｶ ･ ｲ ｳ ｩ ｴ ｹ ｾ and Ao Bruce Robertson from the Depto
of Medicine of that University as assistant to the geo=
physicist and medical officer of the part Yo

The program of the Expedition was mainly glacio­
logical (under the direction of Dro Robert Po Sharp of the
California Institute of Technology) but also included
studies of the geology and botany of the area and meteoro=
logical observationso Daily reports were radioed to first
order UoSo Weather Stations of measurements taken on instru=
ments provided by the UoSo Weather Bureau and the Dominion
Meteorological Serviceso In addition p local ground control
and ground sbreogrammetrical surveys were establishedo

In addition to the team supported by the above­
mentioned grant)) 17 persons took part ,in the expedition
including another ｴ ｾ ｡ ｭ of three scientists of the National
Research Councilo(l}

The first Canadian party left Eastern Canada in
early June 9 Baird travelling with the leader to assist in
the logistics and initial stages of the establishment on
the glacierp Salt and Robertson travelling via \Vhitehorse 9

ｙｯｔｯｾ where plans had been made to transport them and
Canadian equipment directly to the Glacier by the expedi­
tion aircrafto



The late arrival of this plane,9 which was specially
equipped for the ｯ ｰ ･ ｲ ｡ ｴ ｩ ｯ ｮ ｾ delayed the start of the field
work considerablyo The first landing on the Seward Glacier
was made on June 30 and Baird and MaMa Miller of Columbia
were left to set up camps and start observationso The
remainder of the Canadian groupo after technical and customs
difficulties had caused a change in plans,9 reached the
Glacier July 17 after Baird had left for other erigagemerrt s ,

The logistical arrangements continued to be difficult
and much equipment had to be dropped by parachute instead
of being landed on the Glacier o

General studies were intended on the immense accumu=
lation area of the Glacier o Thermal borings were made down
to 204 feet but when achieved (mid=July) the temperatures
found were uniformly zero ｣ ･ ｮ ｴ ｩ ｧ ｲ ｡ ､ ･ ｾ a surprisingly early
dissipation of the winterGs cold waveo Pits were made down
to 50 feet and crevasses deeper than this descended to
obtain ､ ･ ｮ ｳ ｩ ｴ ｹ ｾ melt water,9 and other physical characteristics
of the firno Stakes were also set to observe horizontal and
vertical movements of the firn masso The observations with
which the Canadian party were most concerned were of the
thickness of the glacier o Three methods were tried = seismic p

acoustical (see Northwood above) and radar by Bo Steenson of
the California Institute of Technologyo The latter two were
frankly experimental and the seismic method was expected to
provide a check on their accuracyo

The seismic equipment provided p however p was old and
did not function satisfactorily, considerable difficulty
was experienced in getting sufficient energy into the firn
for satisfactory reflectionso The radar method p using a
somewhat modified apparatus with the antennae buried in the
firn p produced a very reasonable transverse profile across
a small tributary glaciero This method seems the most
promising for future studiesa

The seismic results as reported by DoJ o Salt are
given belows

ｏ ｰ ･ ｲ ｡ ｴ ｩ ｯ ｮ ｳ ｾ

The equipment was assembled on a sled for ease of
movement and test shots were carried on near our campo

Mounted on the sled was a panel of six amplifiers p

an expander control and a circuit control panel o Each
amplifier had a separate 90 volt "Bu supplyo The equip=
ment had been made by The Engineoring Laboratories of
Tulsa,!> Oklahoma.
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On top of the amplifier case was mounted a six channel
camera recorder with oil damped galvanometerso The motor=
driven film ｳ ｰ ｯ ｯ ｬ ｾ damaged on delivery at the Glacier p was
replaced by a crude hand=cranked device o Timing lines were
put on the record everyone hundredth of a second by a vi=
brating reed Which interrupted a light beamo The timing lines
were not well focussed because of a casting which had broken
in the parachute dropo Over the recorder was a light=proof
sateen bag with elastic fitted hand and head holes to permit
operation while preventing fogging of the record papero

To the left of the amplifiers was the tuning fork and
its amplifying circuit to control the timing device p mounted
on a box containing storage batteries for the filament supplyo

There were six large geophones p all variable reluctance
type p damped with British American No o 250 transmission oil.

The charges of 60 percent high=velocity gelatin were
fired by electric blasting caps for seismograph ｵ ｳ ･ ｾ the
caps were detonated by a plunger type of blastero

After working in the glacier outlet area for about
two weeks p hope of obtaining results with the equipment was
abandoned and the equipment moved back to the airstrip camp
where conditions were more suitable for operation and there
was hope of at least slight successo

Results

The seismic work on the South Crillon and Klooch
Glaciers p both Alaskan glaciers (2)9 was carried out when
the firn line was at its highest point and the dynamite
charges were set off in natural occurring vertical water
pipes in the iceD which provide a good path for the passage
of seismic energyo

In the deep firn of the Seward Glacier it was impos=
sible to get enough energy to penetrate the snow cover to
reach a reflecting horizono Investigation in crevasses .
revealed that snow conditions were unfavourable throughout
the upper layers to a depth of approximately 70 feet so
that without any sort of drill rig our work was hampered
quite considerablyo

The available apparatus used for melting holes in
the firn would have been satisfactory but the diameter of
the dynamite sticks was too large to be forced down the
holeo We therefore moved the equipment to the landing strip
and fired the charges of dynamite in crevasses adjacent to
the campo This gave some improvement in the resultso
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Depth Determinations:

We were finally able to obtain echoes from what was
assumed to be the ice rock interface at the camp south of
the landing strip.

The following curves were obtained by plotting the
first arrival time (time of refracted wave) against the
horizontal distance of the detector from the shot point:

The curves in Figure 1 were obtained at the Seward
gap camp;

The curves in Figure 2 were obtained by setting off
charges in a crevasse near the airstrip;

The curves in Figure 3 were obtained by setting off
5-pound charges in another nearby crevasse which had 20
feet of water in the bottom. It was on these records Ｈ ｄ Ｍ ｬ ｾ

D-3, D-4,) and only on these records that echoes appearedo
Even putting the dynamite in a crevasse and tamping it with
snow was not effective.

More than one echo appeared on each of these records
but only one appeared consistentlyu

Echoes from crevasses were eliminated by shooting in
three directions as shown in Figure 4, and noting which of
the echoes disappeared.

Record No.

D-3

D-4

Geophone Detector to Arrival Time
No. SoPo Distance or Echo in

in feet Millisecsu

1 100 384
6 500 384

1 100 361
6 500 363

1 100 394
6 500 393

There is some discrepancy in these arrival times
but the reason for this is the difficulty in finding the
time break on the record. When only the firing circuit
is in operation and only a cap is fired, the time break
appears quite clearly, but when the geophones are in
operation marks appear on the traces very similar to the
time break, both before and after the cap is ｦ ｩ ｲ ･ ､ ｾ this
makes choice of the correct zero time position very dif=
ficult and sometimes impossible. This does not affect
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the ve Loc i.ty de t er-rmne d from the curve but does affect its
intercept time at zero distanceo

A possible explanation of these small peaks over the
record is that movement of the geophone pots in the holes
due ｴｾ melting of the snow causes their appearance on the
records.

Depth ｃ ｡ ｬ ｣ ｵ ｬ ｡ ｴ ｩ ｯ ｾ ｾ

Assuming a simple straight line reflection path
through a single velocity layer we get for the depth ｚ ｾ

where x is the horizontal distance from the shot point to
the detector or geophone o

t is the arrival time after having applied the
necessary corrections to ito

v is the velocity in the layer

For x = 100 ft. the average t = 380 millisecso and

v = 8500 rt./seeo

Corrections to be applied to to

ｗ ･ ｡ ｴ ｨ ･ ｆ ｩ ｮ ﾣ ｾ ｾ ｾ ｾ ｾ ｣ ｴ ｩ ｯ ｮ ｾ

Usually ti is ｫ ｮ ｯ ｷ ｮ ｾ (ti = the intercept time and is

determined from the graph in rigo 3)0 There is no reliable
value of tl but wd the thickness of the weathered layer 1s
known to be about 60 feet o This was measured in a crevasse
as the distance from the surface to the water table o

Vo from determinations in the gap camp is approxi=
mately 5000 fto/seco (see fig. 1)

Vi is approximately 8500 fto/seco (see fig o 2)

Therefore we can calculate

t 1 = 907 milllsecso

Now t w 1s the correction to be subtracted from the arrival
time and

V.i=Vo
vl+vo - 40&4 millisecso
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Correction to be added to arrival time to correct
for shot point being Ｑ Ｐ ｾ below the base of the weathered
layer.

where t' is the time correction.

L3.E is the elevation difference between the shot point and
the base of the weathered layer.

ｴ ｾ = 1.2 millisecs.

t = 376 millisecs and Z = 1600 ft.

CONCI;.T!SI ONS:

The depth of ice and snow at airstrip camp was 1600 +
100 feet.

From a study of Figure 3 and Figure 4 9 it can be seen
that the seismic velocity parallel to the crevasse direction,
is higher than that at 45 degrees to the crevasse. Record
D-l, shot perpendicular to the ｣ ｲ ･ ｶ ｡ ｳ ｳ ･ ｾ did not provide
enough information to give conclusive results but it does
seem to indicate a velocity lower than that of the other two.

This effect is probably due to the discontinuities
in the ice due to crevasses and small fractures o

While not able to present any long list of depth
､ ･ ｴ ･ ｲ ｭ ｩ ｮ ｡ ｴ ｩ ｯ ｮ ｾ I feel that we have overcome most of the
difficulties peculiar to this area in carrying out seismic
work and anyone who intends doing similar work on ice
fields and glaciers might study these recommendations.

I. If there is any doubt as to the depth of snow
cover over the ice than have a drill rig in your complement
of equipment o A simple heat boring device operated by
electric current from a gasoline driven generator is satis=
factory. If it is possible to dig through the snow cover
then a simple ice chopper made from a wood chisel attached
to a long wooden shaft would be usefulo

2 0 The dynamite has to be tamped with ｷ ｡ ｴ ･ ｲ ｾ if a
heat boring device is used to drill the hole after ice is
reached the water formed will not run away.
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3. The geophones should be watertight and cable
from them should be long enough so that the geophone may
be buried. This prevents shocks due to their dropping
down in the hole as melting proceeds. It also keeps the
damping oil at a fairly constant ｴ ･ ｭ ｰ ･ ｲ ｡ ｴ ｵ ｲ ･ ｾ preventing
it from heating up by the suno

4. Unless it is necessary to use crevasses in
which to fire the charges$ avoid working in a crevassed
zone. Echoes from crevasse walls tend to mask the' first
echoes and the seismic velocity varies with the direction
of the profile with respect to the crevasse direction.
(see Figure 4)

5. Use amplifiers which do not tend to oscillate
as the nB tt battery resistance increases. We found it
impossible with the equipment on hand to prevent oscil=
lations. Cold batteries produce an effect similar to that
caused by old batteries, consequently our equipment was
always oscillating and in the mornings when the equipment
was very cold, having been standing all night, it was
severe.

60 Electromagnetic damping in the geophones and
galvanometers is preferred because of the wide range of
temperatures to which the instruments are subjected.

7 0 Develop the records in a roll film tank (we
did not have one with us at the time but used large
developer pots); it requires much less developer than
any other method and solutions can be kept at the required
temperature mLlch more easily. A box of rockwool is a
useful gadget to put the developer tank in while ､ ･ ｶ ･ ｬ ｯ ｰ ｾ

ment is in progress.

8. Use light portable equipment where possible.
Seismic equipment for use in rough ｴ ･ ｾ ｲ ｡ ｩ ｮ has been
designed and is available.

90 I ､ｾ not think that shielded geophone cable is
essential although some of the hash on the records may be
due to pick up from atmospherics, however, it did not
seem too serious during our operations.
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The glaciological team led by Dr o Sharp intends to
return to the Seward Glacier in May 1949. The establish­
ment of a research station hut on a nunatak at 6100 feet
to enable such future studies to take place year by year
was one of the most important features of the 1948 expedi­
tion Which in many respects other than that of the seismic
apparatus was a trial run of methodsa The foundation has
been laid for a continuing co=operative scientific venture
in a unique and interesting corner of Canada o

10 Depth measurements in the Seward ice fields· by sonic
echo ranging. NaRaCa Div. of Physics ReptoNoa PS-300
by ToDo Northwood and FaWa ｓｩｭｰｳｯｮｾ Deco 19480

2 0 Seismic soundings on the So Crillon and Klooch glaciers 9

Geophysical Journal, Volo 87 9 Noo 496» 1936 0
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CANADIAN SURVEY OF PHYSICAL CHARACTERISTICS

OF SNOW-C OVERS

George'Jo Klein

SUMMARY

During the past two ｷｩｮｴ･ｲｳｾ the specific gravitYg
hardness and other physical characteristics of each layer
in the snow-cover were measured once each week at a number
of observation stationso The aim of the measurements was
to obtain specific data on snow conditions in different
areas which would be useful in many problems and which
would form the basis for future snow studies o The method
and instruments are ､ ･ ｳ ｣ ｲ ｩ ｢ ･ ､ ｾ and the results of the first
winter's observations are presented o
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INTRODUCTION

Large scale systematic snow observations have
formerly been of three kinds: (a) meteorological measure­
ments of snowfall 1 (b) hydrological snow surveys to deter­
mine the quantity of water stored as snow in river basins
in order to predict the spring run-off, and (c) snow sur­
veys for avalanche control as developed in Switzerland. Of
these, only the latter have been concerned with the physical
condition of the snow o

The properties of different forms of fallen
snow vary so greatly that data on snow depth alone are quite
inadequate for such problems as snow removal from highways,
railways and airports; the development of over-snow motor
vehicles, and the resistance of sleigh runners and aircraft
skis. The scarcity of snow-cover data appropriate to these
and similar problems, some of which are of considerable
economic ｩ ｭ ｰ ｯ ｲ ｴ ｡ ｮ ｣ ･ ｾ led the Associate ｃ ｯ ｾ ｮ ｩ ｴ ｴ ･ ･ on Soil and
Snow Mechanics of the National Research Council of Canada
to conceive the idea of the survey herein described and to
develop the technique and instruments which have now become
the standard in Canada for obtaining specific data or fallen
snow ..

The survey has been in operation during the past
two winters and was conducted by the Meteorological Service
of the Department of Transport and the Associate Committee
on Soil and Snow Mechanics of the National Research Council
of Canada o

In the following description "snow" refers to a
mass of snow rather than an individual gr8in or crystal o

OBJECT 01" TIm SURVEY

The object of the survey was to carry out per­
iodic measurements of the physical characteristics of tl1e
ｳｮｯｷＭ｣ｯｶ･ｾ at a number of observation stations in order to
obtain useful data applicable to a wide variety of winter
problems, especially to those in wIrlch the condition of the
snow is an important factoro The survey was also intended
to provide a basis for future studies of the fundamental
properties of the various forms of fallen snow o
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OBSERVATION STATIONS

Figure 1 shows the distribution of the obser­
vation stations in the 1947 survey.

A fair comparison of the results of several
stations is difficult except when there is uniformity in
the amount of shelter from sun and wind. Because inter­
mediate degrees of shelter are not easily defined the survey
was limited to two types of stations: exposed stations with
a flat unprotected test area free from disturbances due to
trees, buildings, etc., and sheltered stations with a test
area exposed only to precipitation, e.go g a narrow strip
along the south edge of a small clearing in moderately to
heavily wooded country. Only exposed stations were used in
the 1947 survey.

The test area at Old Glory Mountain was adjacent
to the Meteorological Station at the top of the mountain;
all others were on or adjacent to airports.

At Churchill, completely exposed areas are un­
suitable for snow measurements because of the prevalence of
shifting bare patches which are produced by strong, steady
winds. A test area slightly sheltered from the wind but ex­
posed to the sun was therefore chosen at Churchill.

The principal topographical features of each
station are given below o

Arnprior

Churchill

Edmonton

Gander

Goose Bay

Malton

Very flat, open farm land with scattered
wooded areas.

Very flat barren country with practically
no trees.

Elevation 2200 ft. - very flat, open farm
land with scattered wooded areas o

Flat, heavily wooded country.

Flat, heaVily wooded country with low brush
in the immediate vicinity of the airport.

Very flat, open farm land with scattered
wooded areas.



Moosonee

Old Glory Mt.

Whitehorse

Winnipeg
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On the bank of a river in very flat
barren country with some thinly wooded
areas.

Elevation 7790 F't , - surrounded by moun­
tains of approximately the same elevation.

Elevation 2400 - on the bank of a river
in a heavily wooded valley with mountains
of 6,000 to 7,000 ft. elevation within
10 miles in most directions.

Very flat, open farm land with very few
trees.

The elevations which have been omitted in the
above table were all less than 800 fto above sea level.

FUNDAMENTAL CONSIDERATIONS

The physical properties of a material generally
depend upon certain of its basic features such as composition
and structure. Experience has shown that this is true for
snow.

Snow is a very porous materlal D Taking wet
snow as the general ｣ ｡ ｳ ･ ｾ it may be considered to be a mix­
ture of ice, air and water. The relative proportions and
the physical properties of each constituent will therefore
influence the physical properties of the snow. Since the
properties of ice vary with ｴ ･ ｭ ｰ ･ ｲ ｡ ｴ ｵ ｲ ･ ｾ temperature will be
a contributing factor o

The size and shape of the grains which make up
a mass of snow have a considerable influence upon its proper­
ties. New snow, because of its fragile crystals, is structur­
ally weaker than old snow which has grains of compact form,
and the cohesion of wet snow depends upon grain size just
as the cohesion of damp sand depends upon its grain sizeD

The snow grains often become bonded together
during settling. This bonding can add considerably to the
structural strength of the snow.

We may therefore consider the basic features
upon which the physical properties of snow depend and which
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distinguish one form of snow from another to be: (a) tem­
perature, (b) relative proportions of ice, air and water,
(c) average size and average shape of its grains, and (d)
degree of bonding between the grainso

Temperature and average grain size can be measured
without difficulty; the relative proportions of ice, air
and water can be expressed in terms of specific gravity and
percentage free water content, and average grain shape may
be described with reference to a suitable chart such as the
"Grain-Form Density Scale" adopted in the surveyo

The most direct measure of the degree of bonding
is the tensile strength of the snow o Tensile strength
measurements, however, are rather inconvenient for routine
use in the field o A more common measurement is that of snow
hardness although it is perhaps a little less directo

Any layer in a snow-cover can therefore be des­
cribed by ｾ･｡ｳｵｲ･ｭ･ｮｴｳ of:

(1 ) snow temperature,

(2) spec'ific gravity,

(3) percentage free water content,

(4) averae;e grain size!)

(5) average grain shape, and

(6 ) snow hardness o

INSTRUMENTS

The instruments, which were designed especially
for the survey, had a number of convenient features o The
complete set, shown in Figure 2, weighed 16 lbso including
the carrying case o

Snow Sample Cutters

The cutters and knife shown in Figure 3 were used
to obtain samples of 250 cCo volume 0 In determining the
specific gravity of a snow layer, either two or four samples
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from the layer, ioeo, 500 or 1,000 cCo, were weighed at a
time. The soft snow cutter, shown at the left, had a handle
shaped to facilitate rotation about its axis in order to
avoid compressing the snow 0 The removable cover plate was
used only when samples tended to slide out of\:;he cutter
or when the specific gravity of a cohesionless layer was
being determined o The hard snow cutter is shown at the
righto The knife was used to trim the ends of the samples o

Balance

The beam type balance, shown in Figure 4, was ideal
for specific gravity and percentage free water content measure­
mentso It was more accurate than a spring balance and its
auxiliary rider simplified free water content measurementso
The auxiliary rider contained a spring clamp which could be
released by pressing the button on the rider o The counter­
weight at the Ie ft could be raised or lowered to alter the
sensitivity without disturbing the zero adjustment of the
balance o

Hardness Gauge

Various instruments have been employed to measure
snow hardness such as the Swiss "Kegelsonde tl (1) and Nakaya1s
impact cone mounted on a pendulum (2)0 The gauge used in
the survey was a spring balance type similar to one developed
by Eugster and referred to by Seligman (3), and was chosen
because it was very compact and covered an extremely wide
range 0

Two gauges are shown in Figure 5; the one at the
left is the low hardness gauge and the one at the right is
the high hardness gauge o The latter had a spring ten times
as stiff as that of the formero The corresponding spring
and graduated push rod are shown beside each gauge o The
discs at the bottom of Figure 5 had areas of 100 and 10 cm2

and were held in place on the end of the push rod by the
friction of a rubber washer cemented to the back of ･ ｡ ｣ ｾ

disco Two smaller discs having areas of 100 and 001 cm
were permanently attached to the end of the rod o

The gauges were generally used horizontally against
the wall of a test trencho When used vertically, a small
correction was made for the weight of the moving parts o

The reading was obtained by slowly pressing the gauge against
the snow and noting the value on the graduated scale at
which the disc began to enter the snow 0 The hardness, in
gms/cm2, was obtained by multiplying the reading by the



- 20 -

corresponding factor given below.

Disc Diameter Disc Area Multiplying Factor
em. cm2

11.28 100 1

3.57 10 10

1.13 1 100

0.36 0.1 1,000

The low hardness gauge was normally used with
only the 100, 10 and 1 cm2 discs (0 to 1,000 gms/cm2) and
thebigh hardness gau&e with only the 1 and 0.1 cm2 discs
(1,000 to 100,000 gms/cm2). Readings to the nearest half
division were considered sufficiently accurate.

Cup, Magnifying Glass and Spatula

These are shown in Figure 6 ｾｮ､ wer8 used for
observing the size and shape of snow grains. The circles
engraved on the bottom of the cup had radii which varied
by one millimeter steps and formed a scale for observing
Grain size. The spatula was used to place and arrange the
granules in the cup and to break up aggregateso A folding
scale which was used for depth measurements is also shown in
I"igure 6.

Thermometers.

:2ach set of instruments contained twg 100 to -lOoC
mercury filled thermometers ｡ ｮ ､ Ｚ Ｚ ［ ｷ ｾ 50 to -100 C liquid
filled thermometers. F'our' thermometers vii th a 100 to -500C

range would have been more convenient but were not commer­
cially avaf.Lab'Le , The thel'nlOmetel-'s were Lat.or-a t or-y gr-ade ,
12 inches long.

GRAIN=FORM DENSITY SCALE

While there is an infinite variety of snow grain
forms, the important feature is the degree of compactness
of the shape of the grains. This feature has been given the
name "grain-form density".
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The scale of grain-form density used in the sur­
vey is shown in FiSure 7, and ｡ ｬ ｴ ｨ ｯ ｵ ｶ ｾ the classification
is more or less arbitrary this does not in any way detract
from its usefulness. ｬ ｾ ｷ ｡ ｾ intended to be ｭ ･ ｲ ･ ｾ ［ a scale
of the degree of Gompactness of grain s1Lape and not a class­
ification of the various forms of snowflakes and snow grains.
The purpose was to provide a simple scale of grain shape
which would indicate the texture of a snow layer vheri bot.'h
averaGe shape, as described oy the appropriate class in the
scale, and average size of its grains were giveno 1be
criterion of grain-form density was taken as the relative
structural strength of the grains or crystals due to shape
alone. Each class refers to many different shapes of grains
but all shapes in anyone class have approximately the same
influence on the properties of a mass of snow. VJnile the
classes may not be uniformly spaced an attenpt was made to
arrange them in proper order. A description of each class
is given below.

Class

A.

B.

c.

D.

E.

Description

Very slender needles, and plane crystals with very
slender rays and not more than three pairs of
delicate branches per ray_ 1his class is limited
to new snow crystals of very slenier proportions
and open pattern.

Plane crystals of new snow with many delicate
branches, and very feathery hoar cr:rstals.

Plane crystals and needles of new snow having some­
what more substantial form than classes A and B1

and partly settled snow grains of similar struc­
tural strength.

Plane crystals and needles of new snow having
still more substantial form than class C1 and partly
settled snow grains of similar structural strength.

Hexagonal plate crystals of new snow or hoar and
cup crystals of hoar. The plato crystals may
or may not have various forms of small notches
in their sides or small extensions at their
corners.

New snow crystals in the form of columns having
a length to Jlameter ratio of four or less, and
partly settled snow grains of similar structural
strength.



G.

H.

J.
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Graupel or soft hail, ioeo, snowflakes which
have received a thick coating of rime during
their fall to earth. Flakes with thin to ｭ ｯ ､ ｾ

erately thick coatings belong to the class
preceding G in which their shape including the
rime deposit would place themo

Grains of settled snow and old snow with crystal
facets. The facets are produced by sublimation
and their presence indicates that no recent
melting has occurred.

Grains of settled snow and old snow with no
crystal facetso Grains which have lost their
facets by abrasion during drifting or by melting
which mayor may not be followed by freezing,
and hail belong to this class.

The above classes can usually be identified very
easily although the facets of class H are sometimes diffi­
cult to recognizeo A method which will serve to demonstrate
the difference between plasses Hand J is to observe the
amount of sparkle when direct sunlight falls on a sample of
old snow. If facets are present, they will give a distinct
sparkle effect; the fractures of broken grains are seldom
flat ahd will not produce such clear cut reflectionso

PROCEDURE

The procedure followed at each station has been
described in detail in Report MM-192 of the National Research
Council of Canada (4)0 An outline is given below o

At each station a suitable area of about 500 sq.
ft. was selected for the weekly and daily observations. A
depth gauge in the form of a post marked off in inches was
set up at one edge of the test area.

Weekly Observations

Once each week a new test trench, about 3 ft.
x 3 ft. was dug down to the ground and the boundaries of
the snow layers were located by examination of the sec­
tion or by preliminary hardness testso Air temperature D

total depth of the snow-cover and the depths to the layer



boundaries were measured, and snow temperatures hardness s
average grain size, average grain shape and specific
gravity were determined for each layero Percentage free
water content was only determined when the snow temperature
was very near OOG. and then for only three or four represen­
tative layerso Each trench was filled in on completion of
the measurements.

Daily Observations.

Observations of air ｴ ･ ｭ ｰ ･ ｲ ｡ ｴ ｵ ｲ ･ ｾ total depth of
the snow-cover, average size and average shape of the grains
in the uppermost layer, wind speed, amount of sunshine, and
the amount and kind of new precipitation were made each dayo
These were intended to establish continuity from one set of
weekly measurements to the next o

Most of the daily and weekly observations were
made at about 10:30 and almost all of the remainder at
about 15:30 local timeo The aim was to obtain approximately
the daily mean value of air temperature o

Some observers reported wind at the time of the
observation in miles per hour, while others used the Beau=
fort Scale or descriptive words o ｆｵｲｴｨ･ｲｾ the amount of
sunshine was reported either in hours of sunshine for the
previous day or as "overcast" 9 "partly c Loudy!", "clear",
etc o for the period since the last observationo This var=
iation was no fault of the obser-ver-s , Report I,iM=202 (5)
was subsequently issued to ensure a greater degree of uni=
formi ty in the following winters I su r-vey s , 'lhese amendments,
however, were not in effect during the 1947 surveyo

Description of the Measurements

Most of the measurements were quite simple and
were made in the usual wayo A few, however 9 require further
explanationo

The temperature of a snow layer was always taken
at the center of the layer thicknesso Fardness s grain size
and grain shape measurements were generally taken as average
values for the layer.

Grain size was taken as the maximum dimension (X,
Figure 7) of a single graino

Whenever new snow contained ｧ ｲ ｡ ｵ ｰ ･ ｬ ｾ the average
size of the graupel, as well as the average size and shape



of all the other crystals were recorded, ･ ｯ ｧ ｯ ｾ G 1 02, B 3 00;

otherwise only the average size and average shape were re=
c or-de d ,

percentage free water content was determined by
a simple calorimetric method o From 300 to 400 gmso of hot
water, between 50 and SOoC, were placed in the balance
bucket and its weight and temperature were measured o The
balance was then set at zero and again balanced using only
the auxiliary ridero A sufficient quantity of the wet snow
was added to bring the temperature to between 5 and 150Co

The mixture was stirred to make sure that all ice particles
were' completely melted o The final temperature and the weight
of snow which had been added were then determined o The
percentage free water content was found by the use of ｮ ｯ ｭ ｯ ｾ

grams for the following equation:

where W =weight of wat er-, gms,

S=weight of snow ｾ gms,

Tl = initial temperature of wat er , -c,

T2 =final temperature of water and mel ted snow ｾ :)C 0

No corrections were made for the loss of heat to
the air or for the thermal capacity of the bucket which was
made of aluminum and weighed slightly less than 50 gmso

Wind speed, amount and kind of precipitation and
the amount of sunshine were obtained from the records of the
Meteorological Station adjacent to the test area o

The total depth of the ｳ ｮ ｯ ｷ ］ ｣ ｯ ｶ ･ ｲ ｾ the depths to
the layer boundaries and the amount of precipitation were
measured in inches and wind speed in miles per hour = the
standard units in Canada o The characteristics of the ｳ ｮ ｯ ｷ ｾ

however, were either expressed nondimensionally or were
measured in metric units to facilitate comparison with the
comprehensive Swiss researches in snow mechanics o
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RESULTS OF THE 1947 SURVEY

The results discussed here were obtained at ex­
posed stations during the period from the middle of January
to the middle of May 1947 0 They clearly demonstrate the
value of surveys of this kindo

In order to facilitate analysisi the observations
were plotted as graphs, examples of which are given in
Figures 8 to 130 These graphs retain practically all details
making it possible to examine the conditions under which
certain changes occurred o They also reveal general trends
and disclose features which might otherwise escape notice o

General Results

The results of all the stations taken together show
several notable features of a general.nat-ure o

Air temperature and wind had a decided influence
on the condition of the ｳ ｮ ｯ ｷ ｾ ｣ ｯ ｶ ･ ｲ ｾ while the effects of
sunshine were relatively small o The flow of heat from the
earth appeared to cause some changes in the snow. structure
ｰ ｾ ｲ ｴ ｩ ｣ ｵ ｬ ｡ ｲ ｬ ｹ in the lower half of the ｳ ｮ ｯ ｷ Ｍ ｣ ｯ ｶ ･ ｲ ｾ Isolation
of the effects of any one ｦ ｡ ｣ ｴ ｯ ｲ ｾ however y is not feasible
because it is the combination of factors which is most im=
portant o

Wet snow conditions were surprisingly rare and
were almost entirely confined to the short period of the
spring thaw represented by the final steep slope of the
ｳ ｮ ｯ ｷ ｾ ｣ ｯ ｶ ･ ｲ depth curves shown in Figure 140 At Gander the
main thawing period occurred late in Februaryo

The maximum rate of ablation occurred at Goose
Bay early in JV;ay when the snow-cover depth decreased 20"
in two day s ,

One ｩｮｾｨ below the surface the snow was harder
than 100 gmsa/cm in 70% of all cases o Only rarely did the
depth of moderately soft snow at the surface exceed 10 inches o

Generally most of the snow-cover and frequently all of it
had reached or passed the settled stageo

The most significant characteristic of a snow
layer was hardnesso ｈ ｡ ｲ ､ ｮ ･ ｳ ｳ ｾ together with shape and size
of grains would, in nearly all ｣ ｡ ｳ ･ ｳ ｾ give a fairly com=
plete description of the layer o
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Table I gives the range of specific gravity and
hardness for the different kinds of snow ｬ｡ｹ･ｲｳｾ

There were relatively few cases of wet settling
snow - often called "wet new snow" = and therefore the figures
for this type should be regarded as only approximate o

The dividing line between settled and old snow
was arbitrarily taken as 1 ｭｲｾＮ erain sizeo

Types 5 and 6 often contained depth hoar - in
fact some layers were almost entirely composed of hoar
crystals.

Snow Condi tions at the Difft..rent Stations

The ｴ ｯ ｴ ｾ ｬ depth of the snow-cover at the differ­
ent stations has been plotted in Figure 140 It should be
noted that at Goose Eay the ｳ ｮ ｯ ｷ ｾ ｣ ｯ ｶ ･ ｲ depth was much
c::,:reater than at Gander which is only 400 miles south-east
of Goose Day. Gander and Goose Eay are about 30 and 130
miles inland respectively. The small amount of snow at
Gander was due to fairly mild weather with the occasional
rain o

1118.1 ton and Arnprior - about 200 miles apart -
had quite different snow-cover depthso Temperatures and the
frequency of precipitation were generally ｳ ｩ ｭ ｩ ｬ ｡ ｲ ｾ ｢ ｵ ｴ the
amount of snow ｷ ｨ ｾ ｣ ｨ fell at Arnprior was usually twice
the amount which fell on the same day at Maltono The depth
curves for the two stations have approximately the same
general shape.

Air temperature and wind
station are presented in Table 110
refer to that part of the month for
ｳ ｮ ｯ ｷ ｾ ｣ ｯ ｶ ･ ｲ depth curve in Figure 14
line.

speed data for each
The values in the table
which the corresponding
is shown as a solid

The snow conditions at the different stations
are sunwarized beloNG 1he figures for snow hardness are
all in gms/cm2 and "settled snow" refers to snow which
has reached or passed the settled stage, i.e., settled
snow, old snow and loose granular snow.

Arnprior

Conditions near the surface varied from fairly
soft snow to very hard crust. Classes Hand J were about
equally common and the snow layers were usually separated



by" thin ice sheetso The hardness of settled snow layers
generally varied from 30 to 1,000. During the latter half
of 1.C:arch there was a thick spring crust - hardness 8,000 ­
at the surface.

Churchill

strong winds caused drifting and blowing snow
on completely exp0sed areas. Most of the snow at the test
area was deposited by the wind; only about one quarter was
due to direct precipitation. The wind rapidly transformed
new snow into settled snow which, since temperatures were
very ｬ ｯ ｷ ｾ was always class H and had considerable sparkle
in bright sunlight. There were never any ice sheets ｢ ･ ｾ

tween snow layers which made it difficult to pick out the
layers by eye.

The snow at Churchill and on the Barrens has a
reputation of always being extremely hard but this was not
entirely supported by the measurements - possibly because
the test area was sheltered a bit from the wind. The hard­
ness of settled layers generally varied from 100 to 1,000
with a few subsurface layers up to 4,000 hardness. On ex­
posed areas the snow may have been as hard as that at
Winnipeg where wind and temperature conditions were more or
less similar. No extremely hard crusts which are formed
by melting and freezing were found during the test period"

The size of settled snow grains increased with
depth in much the same manner as shown for the lower half
of the snow-cover in Fie:;ures II, 12 and 130 This was more
pronounced at Churchill than at any other station - possibly
because of the absence of ice sheets between snow layers.
The coarse layers near the ground, however, were generally
fairly hard and dense and could not be described as "loose
granular snow".

Edmonton

The entire snow-cover was relatively soft due,
apparently, to the exceptionally low winds. Only one hard­
ness reading of 600 was obtained - all others were 400 or
less. Temperatures were fairly low and while crusts were
reported these were seldom ice sheets. All settled snow
layers prior to March 14th were class H.

Gander

Since there was very little snow at Gander, rela­
tively few measurements were obtained. Wet spring snow with



coarse ｧ ｾ ｡ ｩ ｮ ｳ Ｙ spring crust and ice were most common 0

Goose Bay

Goose Bay had the deepest snow-cover of all the
stations with the exception of the one on Old Glory Moun­
taino Temperatures were moderate and strang winds were
common 0 From the start of the measurements until the end
of April there was a layer s 12 to 15" thi ck Jl of loose gran­
ular snow - hardness 40 to 100 - near the ground, and through­
out April there was a fairly thick crust - hardness 2,000
to 4,000 - at the surface or immediately below freshly
fallen snow. The hardness of all other settled snow layers
was between 100 to 1,000. The high winds caused new snow
to settle rapidlyo With only a few exceptions the settled
snow was of' class J and thin ice sheets between layers
were very common.

Malton

During the last two days of January a 4" layer
of hail fell accompanied by rain. This layer became a
crust - hardness above 10,000 - which was present in the
snow-cover until the spring thaw begano There was also a
solid ice layer on the ground which gradually increased to
Ｓ ｾ Ｑ ｉ thickness at the beginni!lg of the spring thaw. The
hardness of all other settled snow layers was between 100
and 1,000 0 Settled snow was generally of class J and the
layers were usually separated by thin ice sheets.

Moosonee

Up to the end of March there were no ice sheets
between layers in the upper half of the snow-cover, but
there were some in the lower half which may have been formed
during the early part of the winter when the temperatures
were not quite so low. Prior to the middle of April there
was a layer of loose granular snow near the ground and all

settled snow was class H. Thawing conditions began about
the middle of April and resulted in very hard snow of class
J throughout the snow-cover depth o

Old Glory Mountain

Relatively high temperatures ｣ ｡ ｾ ｳ ･ ､ neTI snow
to settle very rapidly. Practically all layers had very
coarse gr-a Ln s of class J unci there were many Lc e ehe e t e ,
some fairly ｴ Ｑ Ｇ ｬ ｩ Ｇ ｾ Ｑ ｜ Ｌ 1)etween the snow layers 0 The h ardne s s
of most layers was between 100 and 1,0000 Toward the end
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of April the entire snow-cover became wet with a hardness
range from 20 to 3000 The maximum free water content
during this period was about 15%0

Vfuitehorse

Settled snow layers were class J with hardness
ranging from 20 to 1,0000 Ground temperatures were lower
than air temperatures indicating that the weather pre­
ceding the tests was appreciably colder than during the
test period o The results obtained at Wbitehorse, there­
fore, may not entirely represent snow conditions in that
area o

Winnipeg

steady winds and low temperatures were very common
with the result that the entire snow-cover, except for an
occasional thin layer of new snow at the surface, was hard
wind packed snow of class Ho Both hardness and specific
gravity were definitely ｨ ｩ ｾ ｬ for class H, the hardness
varying from 200 to 8,0000 The snow grains at all depths
and particularly near the surface were appreciably smaller
than found elsewhereo A number of thin crusts, some of
thern ice, occurred between snow layers but they were not
as common as at most other stations o

CONCLUSIONS

The results provide a great deal of general in­
formation about snow and the variety of forms in which it
occurs on the ground, and clearly demonstrate that surveys
of this kind yield data WIlich can be of considerable assis­
tance to both users and designers of winter equipment 0

The 1947 survey gives a fairly clear picture of
snow conditions on exposed areas across Canada o Subsequent
measurements may alter this picture to some extent, but
the consistency of the results indicates that the general
outline will not change appreciablyo If the survey is ex­
tended over about four winters it should provide a ｲ･｡ｳｯｮｾ

ably complete picture o

The results show that snow conditions on un­
sheltered ｡ ｲ ｾ ｡ ｳ Ｌ such as airports, are generally fairly hard
and that the hardness of the snow on the Barrens, in spite



ｯｾ its reputation, is not ereatly different from that on
wind swept areas in most other parts of the country. In
fact, the hardest form of snow, Le., frozen spring crust,
did not occur at Churchill during the test period nor for
some time prior to the tests.

ａ ｬ ｴ ｨ ｯ ｵ ｶ ｾ little would be gained by increasing
the number of exposed stations, the value of the survey
will be increased by the addition of an equal number of
carefully selected stations sheltered from both wind and sun.
It is hoped that the survey will be extended in this dir­
ection.

The instruments, grain-form density scale and the
general method proved to be entirely satisfactory. The
system of weekly measurements supplemented by daily obser­
vations produced excellent results and made the best use
of the observer's time and effort.

The method used in the survey provides a simple
means for defining the physical characteristics of a snow­
cover. It appears to fill a general need which has ex­
isted in many problems associated with snow.

ａ ｃ ｋ ｎ ｏ ｗ ｌ ｅ ｄ ｇ ｅ ｾ ｦ ｦ ｩ ｎ ｔ ｓ
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TABLE I

Grain Specific Hardness
Size Gravity gmso/cm2

mm,
Type of
Snow Layer

Jsual Usual
Min. Max, Mine Maxe Range NIine Max e Ranb!e

10 Dry New Snow 0 02 7 0048 011 ,07 - 010 005 20 1 = 10

20 Dry Settling Snow 002 5 009 022 010 = ｯｾｵ 5 200 10 = 100

30 Wet Settling Snow 002 5 010 024 015 - 20 ｾ ｏ 100 20 = 100

Class H

40 Dry Settled Snow 002 1 020 033 023 = 030 25 8[;000 80 = 800

50 ｾＬｾ ,. Old Snow 1 7 020 ,,34 023 - 030 50 9fiOOO 80 = 1:;000

(excluding 6)

6 0 Loose Granular Snow 1 9 all 030 018 = 028 15 200 20 = 100

Class .T
"

70 Dry Settled Snow 002 1 020 ·043 025 = 035 25 6 9000
100 = 6 9000

8 0 Dry Old Snow 1 8 020 053 025 Ｌ ｾ 045 50 20 9000 100 = 20fiOOO

90 Wet Old Snow 1 4 028 052 035 = 050 20 500 50 = 500
>-

V.
tv
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CANADIg.N INTEREST IN SNCvl MID ICE HESEARCH

The Domdnion of' Canada ｂ ｴ ｲ ｾ ｴ ｣ ｨ ･ ｳ ｢ ｾ ｴ ｾ ｾ ･ ｮ ｴ ｾ ｾ oceans»
the Atlantic and the Pacific, from the ｢ ｾ ｲ ｾ ｾ ｾ ｾ of the United
States of America as far south as lat1tudn ｾ Ｑ ｾ to the N@rth
Poleo It extends over 480 ot latitude and Ｘ ｾ ｾ of longitudeo
Within these bounds, it haa an area of about Ｓ ｾ Ｑ Ｐ Ｐ ｾ ｏ ｏ ｏ square
miles, thus being the largest country in the western ｨ ･ ｭ ｬ ｾ ｰ ｢ ･ ｲ ･

and the third largest country in the worldo The whole of this
vast region is covered With snow for at least a short time
during every w1nter$ well over ninety ｰ ｾ ｲ cent ot the area is
blanketed with snow for a Winter period ｾ ｦ Beveral monthso
Despite the tact that over a third of Canada is still covered
With forests, and that more than one halt of its area is
accounted for by the barren land of the Canadian North, the
im.portance of' snow and ice to Canadian living can readily be
appreciatedo That importance is at last being given ｲ ･ ｣ ｯ ｧ ｮ ｩ ｾ

tioni this paper is an attempt to summarise this awakened
interest of Canadians in the materials which are the concern
of the International ｃ ｯ ｾ ｩ ｳ ｳ Ｑ ｯ ｮ on Snow and ｇ ｬ ｡ ｣ ｩ ･ ｲ ｳ ｾ

The ､･ｶ･ｬｯｰｭｾｮｴ of Canada ｡ ｾ a modern agricultural
and industrial nation has naturally been co,nditioned by its
rigorous winterso In ｭ ＼ ｯ ｾ ｴ parts ©f the country 9 agr1.cultural
work is ｰ ﾩ ｳ ｾ Ｑ ｢ ｬ ･ for little more ｴｨＦｾ halt the yearo This
gives rise to an unusual intensity of actiVity during the
short growing season and is one of the major causes or that
"seasonal empl©yment ｩｾ which is BO marked a feature of the
Canadiar ecanomyo Until relatively recentlY9 ｬ ｾ ｮ ｧ distance
travel during the winter by any means other than by railway
was ｡ｾｯｾｴ unknown, save only in the far reaches of the Northo
Here winter travel is essentia1 9 being often easier than at
any other time of the yearo Records of the endeavours of the
early explorers ot the North and the unimaginable hardships
to Which they were ･ ｾ ｰ ｯ ･ ･ ､ have paved ｴ ｨ ｾ way tor widespread
appreciation of the exploits of ｾ ｵ ｣ ｨ men ｡ｾ those on the
starrs ｾ ｦ the ｈ ｵ ､ ｳ ｾ ｮ ｯ Ｘ Bay Company and the Royal Canadian
Mounted Pollcifi 1l'il their annual winter trave18,

It is only about ninety years ag@ 5ince these words
were penned by a ｾ･ｲｩｯｵｳ student of Canadian atfa1rsg "We can
scarcely credit the story that a railway between Quebec and
Halifax is seriously contemplatedo We are satisfied that no
sane man either at home or ｡ ｢ ｾ would invest one ｢ｾｾｳｳ

farthing in such a concernoooooWere a snowstorm to set in
and it be as it 18 on our well=conducted ｲ ｯ ｡ ､ ｳ ｾ impossible
to go forward or ｲ ･ ｴ ｵ ｲ ｾ ｮ Ｌ the ｰ ｡ ｾ ｳ ･ ｮ ｧ ･ ｲ ｾ in the cars would
most certainly be devoured by wolves or ｦ ｲ ｾ ｺ ･ ｮ to deathooooo
Great undertakings may be very captivating to men of enlighten=
ed minds and ｶ ｩ ｳ ｩ ｯ ｮ ｡ ｾ ideas 9 but it Ｑ ｾ only fools who ｾｯｵｬ､

embark upon themo li(1) 0 ｮｆﾩＨｑＩｬｾｮ did embark upon themj) to their
credit and to the benefit ©f ｃ｡ｮ｡､Ｑ｡ｮｾ of todayo They tackled
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the problems ot the snow, the ､ ｬ ｴ ｲ ｩ ･ ｵ ｬ ｴ ｩ ｾ Ｄ of ｩ ｣ ･ ｾ ｾ ､ the
varied complexities of winter conditionB with the result
that ｲ ｾ ｡ ､ rail and air services t@day operate throughout the
Dominion tbe year roundo The water power plants which serve
all ｰ ｡ ｲ ｴ ｾ of the country never stops water supplies are
perermialo

In meeting the problelD8 of sn©J'!lf and ice s Canadians
have made an approach whicb has been ｡ ｬ ｭ ﾩ ｾ ｴ exclusively
empirical 0 A great volume of Bound knowledge bas been ｡ ｣ ｣ ｵ ｾ

mulated by men who did not fear to experiment 0 Tribute to
this practical ｡ ｰ ｰ ｲ ｯ ｡ ｾ ｨ must be a leading statement of this
paper for it Ｑ ｾ upon the foundation thus provided that scien­
tific enquiry can alOlne advance, A start has been made at
this applIcation ｾ ｦ scienceo Snow and ice are at last ｣ ｯ ｾ
to be xoecl()glO1.ised as materials as complIcated as they are
widespread g well worthy of detailed and meticulous study0

ｈｹ､ｲｯｬＨ｜ｪＩｧｬｾ｡ｬ ASP!ctlB (\j)f Snow and ｉ ｣ ･ ｾ

Since all but a negligible proportion of the cen=
trally generated ･ ｬ ･ ｾ ｴ ｲ ｬ ｾ ｩ ｴ ｹ used in Canada 1s derived from
water pO¥exo ｰｬ｡ｮｴｳｾ it is not ｳ ｵ ｲ ｰ ｲ ｩ ｾ Ｑ ｮ ｧ that early attention
was paid to the ｰ ﾩ ｾ ｳ Ｑ ｢ ｩ ｬ ｩ ｴ ｹ of ｦ ｾ ｲ ｾ ｣ ｡ ｾ ｴ Ｑ ｮ ｧ stream flow trom
winter studies ©f ｾｾﾩｷ and ieeo The ｮ｡ｴｵｾ｡ｬ resources ot the
ｄ ｯ ｭ ｩ ｮ ｩ ｾ ｮ are admin1Btered by the :eeveral ｰ ｲ ｾ ｶ ｭ ｣ ･ ｂ Ｙ control
｢ ｡ ｶ ｩ ｾ passed to them at ､ ｬ ｦ ｴ ･ ｾ ･ ｮ ｴ ｴ ｾ Ｄ from the central
ｧ ｯ ｶ ･ ｲ ｮ ｭ ･ ｾ ｴ ｯ B©th federal and ｰ ｲ ｾ ｶ Ｑ ｮ ･ ｩ ｡ ｬ @rganisat1oDS are
therefore concerned With these ｳ ｾ and ｩ ｣ ｾ studleBo The
ｄｯｭｾｩｯｮ Water and Power Bureau ｾ ｯ ｾ ｫ ｳ Ｑ ｾ ･ ｬ ｯ ｾ ･ association
ｍ ｩ ｴ ｾ the ｰ ｾ ﾩ ｶ Ｑ ｮ ｣ ･ Ｕ ｧ its activities being ｮ ｡ ｴ ｬ ﾩ ｮ ｾ Ｎ ｩ ､ ･ ｾ its
･ ｂ ｴ ｴ ｭ ｡ ｴ ･ ｾ of run=@tf are made in ｾ ﾩ ｮ ｪ ｵ ｮ ｣ ｴ ｩ ｀ ｮ with the UoSo
Geological Surveyo It operates snow survey courses on the
eastern sl©pes of the Rockies g obtaining accuracies of about
90'% to 110% in this welStem area, In eastern Canadai' 1!11Dl11ar
work 1s ､ ｯ ｾ ･ but in the Lake of the Woods ｡ｲ･｡ｾ tor example g

err©rs ｾ ｯ ｭ ｾ ｴ Ｑ ｭ ･ ｳ ©t the magnitUde of 40% are found 10 run-otf
predictions for ｲ ･ ｡ ｳ ﾩ ｮ ｾ not yet explained 0

As an example ot a provincial service there may be
mentioned the snow survey work of the Divisi@n of Water Rights
of the Department of Lands and Forests of British Columbiao
This 8ystem has been developed since 1935 and ｾ ﾩ ｷ consists of
48 courses extending across the southern part @f the province,
trom the coast to the summit of the ContineIDital Range and as
tar north as latitude 53°0 The courses ｡ ｾ ･ tied in with the
extensive network of similar snow surveys in the wester.n
United States, the work of which irs s©) well and Widely knowno
In some areas, forecasts of ｾ ｰ ｲ ｩ ｮ ｧ run=off are consistently
good with annual errors varying ｦ ｲ ｾ ｭ ｬ ｾ to 10'%0 In others,
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similar satisfaetion has not yet been obtainedo Study pro­
ceeds as to the causes or error, possibilities under consi­
deration Ｑ ｮ ｣ ｬ ｵ ､ ｩ ｮ ｧ ｾ

(a) The "soil ｰ ｲ ｩ ｾ ｮ ｧ Ｂ factor in watersheds the
Burface of which consists largely of soila

(b) Snow evaporation during the melting period,
r.articularly in areas subject to the famous
'Chinook" winds a

(e) The effect of forest covero

Similar snow survey work is carried out in Ontario
by the Hydro Electric Power Commission of Ontario, in con­
jWllctlon with the Dominion Water and Power Bur-eau, In Quebec
the Shawinigan Water and Power Company has conducted similar
investigations since 1928 and the Quebec Streams Commission
is now extending this worko It is certain that the importance
of this type of $now investigation, now so well recognised
generalJl:y, will inevitably lead to its extension and further
correlation across the Dom1niono

It is somewhat ｾｵｲｰｲＱｳｩｮｧ that the ｾ ｡ ｭ ･ attention
does not yet appear to have been devoted to the hydrological
aspeets of snow ｩｾ relation to agricultureo The Dominion
Meteorological Service and other ｡ ｧ ･ ｮ ﾩ ｩ ･ ｾ regularly measure
and report snow depths at many ｰ ｯ Ｑ ｮ ｴ ｾ across the country» but
the detailed stUdy ot snow depth in relation to ground infil­
tration has yet to be tully developedQ Possibilities of snow
as a fertiliser have been ｳ ｾ ･ ｳ ｴ ･ ､ in a paper by Shutt to
the Royal Society ©f Canada (2) but no extensive investiga­
tion hae yet been initiatedo Experiments have been carried
out g ｨｾｷ･ｶ･ｲｾ on the control ot snow drifts in order to in­
｣ ｲ ･ ｡ ｾ ･ the depths of snow on fields in order to augment
ground watero ｔ ｨ ｩ ｾ investigation and similar work has been
ｵ ｮ ､ ･ ｲ ｴ ｡ ｫ ･ ｾ by the federal Department ot Agrieultureo

More recently, renewed attention has been given to
ice» ｩ ｾ the form ot glaciers» as a source of ｾ ｴ ｲ ･ ｡ ｭ tlowo
The popular belief that the glaciers on the eastern slopes
of the Rockies are "retreating" Is nov under scientific
observation 0 The paper presented to this Conference by
Nro Va Meek g Controller ot the Dominion Water and Power
Bureau, summarises the present status of this important
work (3) 0

These several aspects of the hydrological value
01' snow and ice studies are well recogniseds the surveys and
practices described are not peculiar to Canadao They have
served usefUlly to direct the attention of scientists towards
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win.ter ｣ ｯ Ｎ ｮ ､ ｬ ｴ ｬ ｯ ｮ ｾ Ｌ and, at ｬ ｣ ｡ ｾ ｴ t© ｾ｡Ｌｭ･ degree; are linked
to broader and ｭﾩｾ･ genera1 Ｑ ｮ ｴ ･ ｲ ･ ｳ ｴ ｾ in snow and 1©e now
to be ､･ｾ｣ｲｩ｢･､ｯ

Ice Problemsg

The ｲｬｷ･ｲｾ and lakes ©f Carnada provided almost
the only ｴ ｲ ｡ ｮ ｳ ｰ ﾩ ｾ ｴ ｡ ｴ ｬ ﾩ ｮ ｲ ｯ ｵ ｴ ･ ｾ tor the first two hundred
years of the countryOs dewelopmento They are still ｾ ｰ ｯ ｲ ｾ

tant arteries ©f transport,l) the Great Lakes and associated
waters constituting the greatest system of inland waterways
in the w©rldo It has been asked "If the invent1@n ot the
thermometer had preceded the discovery of the Sto Lawrence,
would the white m.a.n have g©ne back to Eur@pe?" - a hypo­
thetical and ｳ ｣ ｡ ｾ ｣ ･ ｬ ｹ accurate bit of rhetoric which epito­
mises the ｾ ｩ ｧ ｯ ｲ ｯ ｵ Ｘ effect of winter on this transportation
systemo From the very earliest days of settlement» the
coming of the ice and its "break-upil have prOVided annually
two seri@us interruptions to the use ot rivers and lakeso
To meet ｴ ｨ ･ ｾ ･ difficulties the ｴ ｡ ｭ ﾩ ｵ ｾ amphibloUB "ice-boats"
of the Sto Lawrence were deweloped and are ｾ ｴ ｬ Ｑ Ｑ in use (4)0

Once the ice has tormed g rivera and lakea again
become tratfic arter1es 9 although now for surface vehicles
rather than boatBo Four inches ot ice have come to be re=
garded as the ｭ ｩ ｮ ｾ thickness ｮ ･ ｣ ･ ｳ ｾ ｡ ｲ ｹ tor the safe
passage of a horse ｾ ｬ ｴ ｨ its loaded sleigh» thereatter,until
the coming of ｳ ｰ ｲ ｬ ｮ ｧ ｾ the loads transported over ice are
usually limited by the size of vehicle rather than by the
strength ot the iceo In the spring @t 1948g tor ･ ｾ ｰ ｬ ･ ｄ
valuable mechanical and electrical equlpment g weighing in
all 220 tons,l) was safely ｴ ｲ ｡ ｮ ｳ ｰ ｀ ｾ ｴ ･ ､ by tractor trains for
a distance ot 325 miles over the ice ot Great Slave Lake ©n
ita way to a tar northern water power siteo

With ｬ ｾ ｣ ｲ ･ ｡ ｳ ｩ ｮ ｧ use of ice for such transportation
purposes g including the now widespread use ｾ ｴ ice tor the
landing ot aircraft 9 empirical methods f©r the determination
ｾ ｦ ice thickness and strength are ceasing to be adequateo
Study is therefore being given to this ｣ ｯ ｭ ｰ ｬ ･ ｾ problem, or
group of ｰ ｲ ｯ ｢ ｬ ･ ｾ ｯ Many devices have been ､ ･ ｾ ･ ｬ ｯ ｰ ･ ､ for
rapid determlnati©n of ice thickneas notably by the Nati@nal
Research Council,l) using ｾ ｵ ｣ ｨ modern methods aa ｳ ｵ ｰ ･ ｲ ｾ ｀ ｮ Ｑ ｣

and electronic techniques, but 80 tar without real ｳ ｵ ｣ ｣ ･ ｾ ｳ ｯ

The problem is one of unusual difficulty but of comparable
importance 0

A theoretical analysis of the strength of a float­
ing ice sheet haa been completed but not yet pUbllshedo
Much ･ｸｰ･ｲｩｭ･ｾｴ｡ｬ work can even now be envisaged but little
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has been done except in ｣ ｑ ｬ ｭ ｬ Ｚ ･ ｾ ｴ ｬ ﾩ ｬ ｲ ｵ with the "Habbakuk" pro­
ject of the reeent waro Alth©ugh no Canadian reports ©n this
have yet been ｲ ･ ｬ ･ ｡ ｾ ･ ､ ｰ s© that n© reference t© them may be
made 1n ｴｨｬｾ ｰ｡ｰ･ｲｾ a ｧ･ｮ･ｾ｡ｬ account of ｴ ｨ ｾ Bcheme ｨ｡ｾ

recently been pUblished by Perutz (5)0 A ｴｬﾩ｡ｴｾ aer@drome
was ｾＱｳｵ｡ｬｩｺ･､Ｙ f©r Atlantic ｵ ｾ ･ Ｙ ｣ ｀ ｾ ｾ ｾ ｲ ｵ ｇ ｴ ･ ､ ｾ ｲ 1©eo An
･ｸｴ･ｮｾｬｷ･ ｰｲﾩｧｾ｡ｭｭ･ ｷ｡ｾ carried @ut 9 ｾｾｨ ©f it at Jasper
Lake ｾ the ｃ ｡ ｾ ｡ ､ ｬ ｡ ｮ ｒ ﾩ ｣ ｫ ｩ ｾ Ｘ ｯ ｌ ｡ ｢ ｯ ｲ ｡ ｴ ｾ ｲ ｹ w©rk had been
atarted by the British ｄ ･ ｰ ｡ ｾ ｴ ｾ ｮ ｴ @f Sclentitl© Research
(Admiralty) and ｷ ｡ ｾ later c©ntinued in Canada under the aUB­
ｰＱ｣ｾｾ ©f' the Nat1©nal Research C©uncil to the ､ ｬ ｲ ･ ｣ ｴ Ｑ ﾩ ｾ ｾ ｲ

ｐ ｲ ﾩ ｦ ･ ｾ ｳ ｯ ｾ GoMo Wil11am8o The dewelopment ©t "pycreteW {a
eomblnat1©lTh ©f' 1ce al!1\(d Wl{ilod pulp) is ､ ｾ ｾ ｣ ｲ ｬ ｢ ﾮ ､ by ｐ ｾ ｬ Ｂ ｕ ｴ ｺ in
his ｰ ｡ ｰ ｾ ｾ ｧ ｴ ｾ ｩ ｾ l@tereating material 18 ｂｵｧｧ･ｾｴｩｶ･ ｾｴ other
possIble ｡ ｗ ｾ ｾ ｾ ｾ Ｄ of ｾ ･ ｳ ･ ｡ ｲ ｣ ｨ ｯ

It was not ｩ ｮ ｡ ｰ ｰ ｾ ｯ ｰ ｲ ｩ ｡ ｴ ･ that the "Habbakuk" work
8hould have ｢ ｾ ｾ ｾ d©ne in Canada in view ©f the pioneer work
on the ｰ ｾ ｧ ｰ ･ ｾ ｴ Ｑ ･ ｂ ｾ ｲ ice ｾ ｡ ｲ ｲ Ｑ ･ ､ on tor many years by Dro
Ho To Barnes ©f' McGill Unlversityo In his ｰ ｲ ･ ｾ Ｑ ､ ･ ｮ Ｎ ｴ ｩ ｡ ｬ

｡ ､ ､ ｲ ･ ｳ ｾ t© ｓ･ｾｴｩﾩｮ III ©! the R©yal S©c1ety ©f Canada in
1909 (6)'9 ｡ｾ､ JLater9 in ｨ ｬ ｾ we],l known textb©ok: ･ ｾ ｉ ｣ ･ ｅ ｮ ｧ ｩ ｾ
neering' ｾ Ｑ Ｉ ｾ Dro Barnes ｢ ｾ ﾩ ｵ ｧ ｨ ｴ together a remarkable col=
lectl©n of Ｑ ｾ ｦ ﾩ ｲ ｭ ｡ ｴ ｬ ﾩ ｮ ｾ supplemented by the results ot ｨ ｬ ｾ

own ･ｾｴ･ｾｳｬｶ･ ･ｸｰ･ｲｩｭ･ｮｴｾＹ some Qr which are still remembered
｡ ｲ ｾ ｵ ｮ ､ McGill in almost traditional manner in view of their
unusual charactero

A prime interest of Dro Barnes was the ｰ ｲ ･ ｾ ｾ ｮ ｴ Ｑ Ｐ ｮ

or the allev.1at1.on of the "1ce=Ja.mB" whi,ch occur in. m<:»st Jf
the ｾ Ｑ ｶ ･ ｲ Ｘ of Canada when the ice begins to move Ｑｾ the ｾ ｰ ｲ Ｑ ｮ ｧ ｯ

Dro Barnes did ｾ ａ ｣ ｨ ｷ ｯ ｲ ｫ ｾ and achieved ｾ ﾩ ｭ ･ ｂ ｕ ｃ ｃ ･ ｂ ｾ ｧ with the
ｵ ｾ ･ of therm1te for break1ng up the ice packs 9 particularly
1n the Sto Lawrence at Montrealo Flo@d ｣ｾｮ､ＱｴＱｯｮｳ due to ice
pack1ng are sometimes 80 serious in that vIc1nltythat the
harbour 1s ｾ ｴ Ｑ Ｑ Ｑ surrounded by a ｭ｡ｾＵｩｶ･ prgtection wal1 9 the
ｧ ｡ ｰ ｾ 1n which are annually closed at times of ｲ ｬ ｯ ｾ ､ dangero
Much. more Ｘ･［ｲＱＬｾｵｾ are tihe annual flood cond1t1tOJD.sat the scat­
tered ｳ ･ ｴ ｴ ｬ ･ ｅ Ａ ｊ ｬ ･ ｮ ｴ ｾ along the Mackenzie River system (Canadaue
largest rIver)9 due to 1ts tlow from south to northu The
thaw1ng of tr1butary streams before the ma1n str®am has
broken up gives ｲ ｬ ｾ ･ annually to fl©©ds ot ｾ ｵ ｣ ｨ ｰ ｲ ｾ ｰ ｾ ｲ ｴ ｩ ｯ ｮ ｳ

that in ｾ ｯ ｭ ･ areas g no buildings ｾ ｾ eqUipment can safely be
left within ｾ ｩ ｸ ｴ ｹ ｲ ｀ ｾ ｴ ｡ ｢ ｯ ｷ ･ the normal water ｬ ･ ｶ ｾ ｬ Ｄ they
have to be moved up the ｳ ｴ ･ ｾ ｰ ｢ ｡ ｮ ｫ ｾ in the fall and replaced
｡ ｦ Ｇ ｴ ･ ｾ the flood! has ｾ ｵ ｢ ｳ ｩ ､ ･ ､ ｯ

ｄ ･ ｳ ｰ Ｑ ｴ ｾ the work ｾ ｲ Dro ｂ｡ｲｮｾ･ｾ the pr©blems or
deal1ng sat1sfactorily with ice Jams on Canadian ｲ Ｑ ｶ ･ ｲ ｾ ｲ ･ ｾ

ma1nso Poss1bly the most dramatic evidence gf the ｦ ｾ ｲ ｣ ･ or
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ice 9 ｷｨ･ｾ thus ｾ ｀ ｮ ｾ ｴ ｾ ｡ Ｑ ｾ ･ ､ ｲ ｾ ｡ ｂ the destruction of ｴ ｾ ﾮ famous
ij Honeym©lQln" bridge: at Niagara ｆ ｡ ｬ ｬ ｾ in Januall"Y 1938 Ｈ ｾ Ｘ Ｉ 0

This ｾ ｴ ･ ｾ ｬ arch bridge, ｷ Ｑ ｴ ｾ a span of 1244 feet, ｷ ｡ ｾ built
in 1898 with its ｾ ｾ ｰ ｰ ｯ ｲ ｴ ｂ ｰ ｲ ･ ｾ ｵ ｭ ｡ ｢ ｬ ｹ fixed well above any
ｰ ｯ ｳ ｾ ｩ ｢ ｬ ･ flood ｷ ｡ ｴ ｾ ｲ or ice ｬ ｾ ｷ ｾ ｬ ｯ Despite ｩ ｴ Ｄ ｾ ｣ ･ ｾ Ｕ ｦ ｵ ｬ

ｰ ･ ｲ ｦ ｯ ｾ ﾩ ･ tor ｴ ｯ ｾ ｴ ｹ ｹ ･ ｡ ｲ ｾ Ｙ the combination @f Wind, tem=
perature and ic® conditions in ｴ ｾ ｾ $pr1ng of 1938 on the
NiagaTa River caus®d ｾ ｵ ｣ ｨ a bl©©kage of ice in the constricted
g@rg.s below the Fall!l that the ｬ ｾ ｶ ｾ ｬ or the ice at the bridge
site gradually ｲ ｬ ｑ ｬ ｾ ｾ until it was above the ｬ ｾ ｶ ｾ ｬ of the arch
ｾ ｵ ｰ ｰ ｯ ｲ ｴ ｳ ｯ ａ ｾ ｴ ｾ ｾ ｬ ｾ ･ moved al@wly dOWD$tr®am, the great bridge
was pushed ﾩ ｲ ｦ ｾ ｳ ｢ ･ ｡ ｲ ｩ ｮ ｧ ｾ as it it were ｭ ｡ ｴ ｾ ｨ ｷ ｯ ｯ ､ Ｌ collapsing
on to ｴ ｢ ｾ ice and eventually ､ ｩ ｾ ｡ ｰ ｰ ･ ｡ ｲ ｬ ｮ ｧ ｉ ｮ ｴ ｾ ｴ ｨ ｾ ､ ｾ ｰ ｴ ｨ ｳ of
the ｲ ｩ ｷ ･ ｾ ｄ ｔ ｨ ｾ ｣ ﾩ ｲ ｾ ｾ ｳ ｰ ﾩ ｮ ､ ｬ ｮ ｧ ｲ Ｑ ｾ ･ 1n ｷ｡ｴ･ｾ level did much
､｡ｭ｡ｧｾ to ｡ ､ ｪ ｡ ﾩ ｾ ｮ ｴ p©wer ｨﾩｵＸ･ｾＬ one being ｣ ﾩ ｭ ｰ ｬ ｾ ｴ ･ ｬ ｹ flooded
and tilled wlt@ large ice ｢ ｬ ｾ ｾ ｫ ｂ ｾ ｮ ･ ｣ ･ ｾ ｳ ｬ ｴ ｡ ｴ Ｑ ｮ ｧ ｭ ｯ ｮ ｴ ｨ ｾ of
inactivity while ｲ ｾ ｰ ｡ ｩ ｲ ｳ were ｾ ｲ ｴ ･ ｣ ｴ ･ ､ ｯ

ｔ ｨ ｩ ｾ was an ｵ ｮ ｵ ｾ ｵ ｡ ｬ mishap f@r a water power plant
but until ｣ ｀ ｭ ｰ ｡ ｲ ｡ ｴ ｬ ｾ ･ ｬ ｹ recent ｹ ･ ｡ ｲ ｾ other power plants (and
water ｾ ｹ ｳ ｴ ｾ ｭ ｩ ｾ ｴ ｾ ｫ ｾ ｾ Ｉ have been much troubled with "frazil
ice iG

ｾ the trmin ｬＡＧｍｾｾ､ｬ･ｾｬｩｫ･ form ©f ice which will f@rm in
large ｱ ｵ ｡ ｲ ｊ ｴ ｩ ｴ ｩ ｾ ｳ ｵ ｾ ､ ･ ｾ certain ｣ ｯ ｮ ､ ｩ ｴ ｩ ｀ ｮ ｾ of 8uper=cooliDgo
Much investlgatl©n ©f this problem has been carried out in
Canada, notably by Mro John ｍ ｵ ｲ ｰ ｾ ｯ The result @f ｴｨｬｾ work
ｾ been ｴ ｨ ｾ dewel@pment of ､ ｾ Ｘ Ｑ ｧ ｾ features f@r water intakes
or both power S,lflld r,water supply plants which ｾ ｡ ｴ ｬ ｳ ｦ ｡ ｣ ｴ ｯ ｲ ｩ ｬ ｹ

obviate theJ bl@ckagei8 SOd't<!ilOl ｾ ｡ ｵ ｂ ｾ ､ in ｴ ｨ ｾ past by "trazil"
(9)0

ａ ｮ ｀ ｴ ｨ ｾ ｾ ｰ ｾ ｀ ｢ ｬ ･ ｭ which ｡ ｾ Ｑ ｳ ･ ｾ in ｣ ｯ ｮ ｮ ･ ｣ ｴ ｩ ｀ ｾ with
ｃ ｡ ｮ ｡ ､ ｡ ｑ ｾ ｷ ｡ ｴ ･ ｾ ｐ ｀ ｷ ｾ ｾ plants ｩ ｾ the ､ ｾ ｴ ･ ｾ ｮ ｡ ｴ ｩ ｯ ｮ of the ｡ ｭ ｾ ｵ ｮ ｴ

of ice ｰ ｲ ･ ｳ ｾ ｵ ｲ ･ t@ ｢ｾ ｡ｬｬｯｷｾ､ f@r in the design @f dams and
ｯ ｴ ｨ ･ ｾ water ｾ ･ ｴ ｡ ｩ ｮ ｩ ｮ ｧ ｳ ｴ ｲ ｵ ｣ ｴ ｵ ｲ ･ ｾ ｯ When it is lOloted that the.
figure ｧ ･ ｮ ･ ｾ ｡ ｬ ｬ ｹ ｵ ｾ ｾ ､ is 109000 ｰ ﾩ ｵ ｮ ､ ｾ per foot of dam,
exerted at ｭ ｡ ｸ ｾ water ｬ ｾ ｶ ･ ｬ ｾ the economic significance ©t
ｴｨｩｾ ｰｾﾩ｢ｬ･ｭ w1l1 be at ﾩ ｾ ｣ ･ apparento Again, the problem is
complex with the ｲ ･ ｊ ｾ ｵ ｬ ｴ that little ｾ ｴ ｵ ､ ｹ ｨ ｡ ｾ ｢ ｾ ･ ｬ ｏ ｬ made of ito
One ot the ｶ ･ ｾ ｴ ･ ｾ fundamental approaches to the problem i8
jprDv1ded by the ｷ ｀ ｾ ｫ of ｂ ｲ ｯ ｾ and Clark who carried out some
･ｾｬ｡ｲｬｹ ｉｮｴ･ｾ･ｾｴｩｮｧ experiments 1m a Montreal ｣ ﾩ ｬ ､ ］ ｾ ｴ ﾩ ｲ ｡ ｧ ･

warehouse, in ﾩ ｯ ｾ ･ ｾ ｴ ｩ ｯ ｮ with the dam ､ｾｾｩｧｮ for one of the
ｄ ｯ ｭ ｬ ｾ Ｑ ﾩ ｮ ｯ ｳ ｭ ｀ ｾ ｴ ｾ ｯ ｾ ｴ ｨ ･ ｲ ｬ ｹ power plantS D that at ｉ ｾ ｬ ｡ ｮ ､ Falls
on the Churchill River in nprthern ｓ ｡ Ｘ ｫ ｡ ｴ ｣ ｾ ･ Ｎ ｡ ｮ (10)0 It
would appear that no accurate field ｭ ･ ｡ ｾ ｵ ｲ ･ ｭ ･ ｮ ｴ ｳ ©f the pre8=
ｓ ｕ ｉ Ｂ ･ ｾ actually ｾ Ｅ ･ ｉ Ｂ ｴ ･ ､ by l·ce have yet been made <1 A special
committee of the American Society of Civil ｅ ｾ ｬ ｮ ･ ･ ｲ ｳ ｨ ｡ ｾ

recently been reconstituted ｴ ｾ deal with ｴ ｨ ｩ ｾ pr@blemo It is
hoped to conduct ･ ｸ ｰ ･ ｲ ｩ ｭ ･ ｾ ｴ ｡ ｬ ｷ ﾩ ｾ ｫ in Canada D in ｴ ｨ ｾ field
arnd in the laboratory, in the ｾ ･ ｡ ｲ ｴ ｵ ｴ ｵ ｲ ｾ in conjunction with
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the current ｣ ｯ ｮ ｾ ｴ ｲ ｵ ｣ ｴ ｬ ｯ ｾ ｰ ｾ ｯ ｧ ｲ ｡ ｭ ｭ ･ of the Hydro Electric
Power ｃﾩｭｭｉｳｾｬﾩｮ ©f Ontari@o

Ice pressure 1s of ｾ ｩ ｭ Ｑ Ｑ ｡ ｲ ｾ ｰ ﾩ ｲ ｴ ｡ ｮ ｣ ･ in connec=
tiOD with the construction of marIne Btructures on the ･ ｡ ｾ ｴ

｣ ｯ ｡ ｳ ｴ ｾ ©f ｃ｡ｾ｡､｡ｾ many of which are ice=bound tor a portion
ｾ ｦ each ｾ ｩ ｾ ｴ ･ ｲ ｯ Thi5 freezing of the ｾ ･ ｡ approaches to the
D©minl©n ｨ｡ｾ ],ed t© the ､ ･ ｾ ･ ｝ Ｌ ｑ ｩ ｰ ｬ ｍ ｄ Ｎ ｴ of a powerful Canadian
fleet of Ice=breaklng ｶ ･ ｳ ｳ ･ ｬ ｡ ｾ now under the federal Depart=
ment of ｔ ｲ ｡ ｮ ｾ ｰ ﾩ ｾ ｴ ｯ First in the Sto Lawrence and later in
the ｈ ｵ ､ ｾ ｯ ｮ Bay ares p these ｾ ｴ ｵ ｲ ､ ｹ vessels ｡ ｳ ｳ ｩ ｾ ｴ the spring
"break;=up i1 with a Ｇｬｲｬ･ｾ to apeeding up the openiIDig of the
ｮ ｡ ｶ Ｑ ｧ ｡ ｴ ｬ ﾩ ｾ seasono Design @t the ｭ ﾩ ｾ ｴ recent ｶ ･ Ｕ ｾ ･ ｬ for
Canadian wlR11t€l:r> service = the ｩ ｾ A'bigweit 91 s the largeiElt ioe=
breaking ｴ ｲ ｡ Ｑ ｮ ］ ｲ ･ ｲ ｾ ｶ ･ ｳ ｾ ･ ｬ ever t© be built = ｢ｾｯｵｧｨｴ t©
light the dearth ©f ｩｮｾﾩｾｭ｡ｴｬｯｮ ｲ･ｾ｡ｲ､ｩｮｧ the ､ ｾ ｂ Ｑ ｧ ｮ ©r
ｶ･ｾｳ･ｬｾ intended tor ice breaking ｾ ｬ ｬ Ｉ ｯ No record appears
to ･ ｘ ｩ ｾ ｴ of any ｡ ｰ ｰ ｲ ｾ ｡ ｣ ｨ to the problem other than that of
experience $ in view of the forces Ｑ ｮ ｶ ｾ ｬ ｶ ･ ､ ｰ and ©f the eco=
nom,ics of the problem (the tfAbigweit" fol"' examplte has a
displacement of 1600 t©ns)p it would ｡ ｰ ｾ ･ ｡ ｲ that here p also,
is a field .for ｾ ･ ｡ ･ ｡ ｉ ｊ ､ ｩ ｜ yet unexplored ｾ 12) 0

No review of Canadian ice problems would be ｣ｯｭｾ

p1ete without brief reference to a singularly informative
report by Kerry (13)0 A case is made out in this paper for
further study of the temperature ｶ ｡ ｲ ｩ ｡ ｴ ｩ ｯ ｾ in the waters of
the Great Lakes and the sto Lawrence in view of poesible
ｩ ｭ ｰ ｾ ｧ ｶ ･ ｭ ･ ｮ ｴ ｳ to the naVigation season suggested by the fact
that water has its ｭ ｡ ｸ ｾ density at 38°Fo The ｰ｡ｰ･ｲｾ ann
the relevant ､ ｩ ｾ ｣ ｵ ｳ ｂ ｩ ｯ ｮ ｾ prOVide a most useful fund of inf@r=
mati©n and are fruitfully suggestive of yet another directi@n
in which Canadian ice ｩ ｮ ｶ ･ ｳ ｴ Ｑ ｧ ｡ ｴ ｩ ｯ ｮ ｾ may be expected to
advance 0

Snow ｐｲｯ｢ｬ･ｬＡｬｗｾ

The ｰｾｯ｢ｬ･ｾ to which snow gives rise are ｭ ｡ ｾ ｬ ｹ

related ｴ ｾ the ｴ ｡ ｾ ｴ that ｳ ｯ ｭ ｾ @f it ｦ ｡ Ｑ Ｑ ｾ where it is not
wanted and haiEI to be rem@veao Its ､ ･ ｰ ｯ ｾ ｩ ｴ ｩ ｯ ｮ can not yet be
controlled 0 The invaluable ｲ ･ ｣ ｯ ｾ ､ ｳ now provided by ｴｨｾ

ｄｾｩｮｩｯｮ ｍ･ｴｾﾩＺｲﾩｬﾩｧｩ｣｡ｬ Service make it pOfSsible t© preidict
l©cal sn@wfalls within a fair ｲ ｡ ｮ ｧ ｾ Qf accuracyo There ｩ ｾ

｡ ｬ ｷ ｡ ｹ ｾ the ｰ ｯ ｳ ｾ ｩ ｢ ｩ ｬ ｩ ｴ ｹ ｾ however, of a fall such as that which
occurred in the ｔ ﾩ ｲ ﾩ ｾ ｴ ｯ district on the night or December 11th
1944 when 33 ｩｾ｣ｨ･｡ tell during less than twenty=four hourso
The entire metropolitan area of ｔ ｯ ｲ ﾩ ｮ ｴ ｯ ｾ with ｉ ｴ ｾ million
ｰ ･ ﾩ ｰ ｬ ･ ｾ was ｾﾩ｢ＱＱＱｾ･､ f©r a tUIl day and all normal city
services ｷ ｾ ｲ ･ &isrupted for ｾ ｲ ･ ｴ ｾ a ｷｾ･ｫｯ Fortunately
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such ｯ ｾ ｣ ｵ ｲ ｲ ･ ｮ ･ ･ Ｄ are rare but when they ､ ｾ ｢ ｡ ｰ ｰ ･ ｾ ｪ they
dem©ostrate ｩ ｾ n© ｵｮ｣ｾｾｴ｡ｩｮ manner the dependence of modern
ｭ ･ ｡ ｮ ｾ ©f transportation up©n ｾｮﾩｷ clearing equ1pmento

Even the ｳ ｭ ｡ ｬ ｬ ｾ ｾ ｴ Canadian ｭ ｵ ｮ ｩ ｣ Ｑ ｰ ｡ ｬ ｩ ｴ ｩ ｾ ｳ n@w
maintain ｾ ﾩ ｭ ･ snow clearing equipment» often operated in
connection with ｾ ｴ ｨ ･ ｲ automotive equipment of ｭ ﾩ ｲ ｾ general
ｵ ｾ ･ ｄ the ｬ ｡ ｲ ｧ ｾ ｲ cities have large ｩ ｮ ｶ ｾ ｴ ｭ ･ ｮ ｴ ｳ Ｑ ｾ their
ｂ ｰ ･ ｾ ｩ ｡ ｬ snow ｣ｾ･｡ｲｩｾ ｭ｡｣ｨｩｮ･ｾｯ In all but exceptional
cases 9 Ｘｕｃｾ as that jU$t descrlbed D ｾｮﾩｷ falls are cleared
alm©$t as rapidly ｡ ｾ they occuro Indeed g in the city of
Ottawa it was ｣ｨ｡ｲｧｾ､ ｬ｡ｾｴ ｾｩｮｴ･ｲ that ｂ ｾ ｑ ｗ was cleared too
qUickly and too ･ ｴ ｲ ｬ ｾ ｬ ｾ ｮ ｴ ｬ ｹ with the ｾ ｯ ｮ Ｘ ･ ｱ ｵ ･ ｮ ｣ ･ ｾ ｩ ｴ ｶ ｡ ｾ
alleged) that frost ｷ ｡ ｾ allowed t© penetrate beneath city
ｳ ｴ ｲ ･ ･ ｴ ｾ to a depth ｷ ｾ Ｑ ｣ ｨ ･ ｮ ､ ｡ ｮ ｧ ｾ ｲ ･ ､ ¥ater supply ｰ ｩ ｰ ･ ｾ ｯ

This ｭ ｡ ｴ ｴ ･ ｾ 1B to be Btud1ed in detallo ｄ ｬ ｾ ｰ ｾ ｂ ｡ ｬ of the
ｾ ｮ ﾩ ｷ i5 often a ｰｾﾩ｢ｬ･ｭｯ ｉｾ ｾﾩｭ･ citiea it is dumped on
ｶ｡ｾ｡ｲｮｴ land9 in ｯ ｴ ｨ ･ ｲ ｳ ｾ onto local ｬ ｡ ｫ ･ ｾ ﾩ ｾ fr©zen river
｡ ｵ ｲ ｲ ｡ ｣ ･ ｾ ｯ In Montreal g manholes are apecially ｬ ｯ ｾ ｡ ｴ ･ ､ so
that ｾ ｮ ｯ ｷ may be ､ ｵ ｭ ｰ ｾ ､ directly into them D the heat of the
sewage and other ｷ ｡ ｴ ･ ｲ ｾ ｾ ｡ ｲ ｲ ｩ ･ ､ by the ｳ ･ ｷ ･ ｲ ｾ being suffi­
cient to m®lt the ｾ ｮ ﾩ ｷ and ｣ ｡ ｾ ｲ Ｎ Ｑ it away as ｾ ｡ ｴ ･ ｾ to the
out ｲ ｡ ｬ ｬ ｾ in the sto Lawrence 0

ｃｯｲｲﾮｾｰｯｮ､ｬｾｬｹｾ all ｭ ｡ ｊ ｾ ｲ highways» and many
Btrategic ｭ Ｑ ｮ ｾ ｲ ｨ ｬ ｧ ｨ ｷ ｡ ｹ ｾ ｾ are kept open the year round by
the ｶ ｡ ｲ ｩ ﾩ ｵ ｾ provincial highway departments ｲ ･ ｾ ｰ ｯ ｮ ｂ ｩ ｢ ｬ ･ (the
federal ｧ ﾩ ｶ ･ ｲ ｮ ｭ ･ ｾ ｴ ｢ ｾ ｬ ｮ ｧ charged only with highway work in
the ｎ ﾩ ｲ ｴ ｨ ｷ ･ ｾ ｴ ｔ ｾ ｲ ｲ ｩ ｴ ｯ ｲ ｩ ･ ｳ ｾ ､ the Yukon) 0 The efficiency of
ｴ ｨ ｩ ｾ highway clearing is ｲ ･ ｭ ｡ ｾ ｫ ｡ ｢ ｬ ｾ ｯ In recent years 9 the
province ©f ｏｮｴ｡ｲｾ｀ has been materially ｡ ｾ ｳ ｬ ｾ ｴ ･ ､ in ita
snow ｣ｬ･｡ｾｬｮｧ ｷｯｾｫ by a special weather ｰ ｲ ･ ､ ｩ ｾ ｴ Ｑ ｮ ｧ service
provided by the Domini©n ｍｾｴ･ﾩｲｯｬｯｧｩ｣｡ｬ ｓ･ｲｶＱﾩｾＹ which 1s
ｰ ｡ Ｘ ｾ ･ ､ on to bighway ｕ Ｘ ･ ｲ ｾ ｯ The ｣ｯｳｴｾ of winter ｲ ｾ ｡ ､ ｭ ｡ ｾ ｾ

tenance g ｨｯｷ･ｶ･ｾｾ are very higho Taking the prow1nce of
Ontario as an ･ ｾ ｰ ｬ ･ Ｙ three million ､ ｯ ｬ ｬ ｡ ｲ ｾ iB the average
current expenditure for ﾩ ｮ ｾ wintero This ｣ ｾ ｶ ･ ｾ ｳ ｯ ｾ ｹ the
CO$t of snow removal and the "skid=proofing" of roads by
the use of sand (200 9000 cub1c yard5 a year) and special
chemicals (409000 ｴ ｯ ｮ ｳ ｾ ｯ Already the ｾ ｵ ｰ ｰ ｬ ｹ of suitable
8and is critical and the damage done to vegetation, to
concrete ｰ ｾ ｷ ･ ｭ ･ ｮ ｴ Ｄ and to the undercarriages of ｡ ｵ ｴ ｯ ｭ ﾩ ｢ ｬ Ｑ ･ ｾ

by chemicals ｩ ｾ ae:gviOUfBo Here are tW«dJ "mi n<JJl"" ｰｲｾ｢ｬ･ｭｳ
demanding attentiono

It Ｑ ｾ difficult t© prepare ｾ accurate estimates
of the coat or ｾ ｮ ｯ ｷ ｲ ･ ｭ ｾ ｩ ｾ Canada ｾ ｂ ｰ ･ ｣ ｩ ｡ ｬ ｬ ｹ in view of
the variation of climatic ｣ ﾩ ｮ ､ ｩ ｴ Ｑ ｧ ｮ ｾ with locality and timeo
Ontari©Us ･ ｸ ｰ ･ ｾ ､ ｩ ｴ ｵ ｲ ･ ｩ ｾ typicalo M©ntreal and Tor©nto each
spend about one million ､ ﾩ ｾ ｬ ｡ ｲ ｾ ｾ ｶ ･ ｲ ｹ ｹ ｾ ｡ ｲ ｯ The total cost,
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to provinces and municipalities» certainly ･ ｸ ｣ ･ ･ ､ ｾ ten ｾ ｬ ｬ Ｑ ｩ ｯ ｮ

dollars each year and may well be considerably highero A
comparable figure is the total of twenty=one million ､ ｾ ｬ ｬ ｡ ｲ ｳ

for the thirty=siz States Ｈ ｾ ｦ ｴ ｨ ｾ UoSoAo) ｾ what 1s called
the ｾ ｮ ｯ ｷ ｾ ｢ ･ ｬ ｴ ｾ it 1s to be ｮｾｴ･､ that th®1r climatic ｣ ｾ ｮ ､ ｩ ｴ ｩ ｯ ｮ ｡

are n©t nearly so ｲ ｩ ｧ ｯ ｲ ｾ ｵ ｂ as ｴ ｨ ｀ ｾ ･ of the Canadian pr@winceso

ｔ ｨ ･ ｾ ﾮ ｾ ｡ ｳ ｴ ｾ ｵ ｭ ｾ are well ｾ ､ carefully apento It
can not be ｳｵｧｧ･ｾｴ･､Ｙ however» that the ﾮ ｴ ｴ ｩ ｾ Ｑ ･ ｮ ｣ ｹ of snow
mowing equipment ｩ ｾ as high as it might beo The posBibillty
ot some ｩｭｰｲﾩｶｾｾ･ｮｴ in the handling of this one snow problem
alone ｾ ｯ ｵ ｬ ､ ｾ ･ ･ ｭ t© justify an e%tensive research ｰ ｾ ﾩ ｧ ｲ ｡ ｭ ｡ ･ ｯ

There ｡ ｾ ･ ﾻ however» comparable ｰ ｾ ｀ ｢ ｬ ･ ｭ Ｄ or almost equal ｾ ｮ ｩ ］
tUde 0 ｆﾩｾ exampl®9 the figures quoted d© ｾｯｴ ｬｾ｣ｬｵ､･ the cost
@t ｰｲｾｶｩ､ｩｮｧ and ｾ ｾ ｴ ｡ ｬ ｬ ｩ ｮ ｧ the many thousands of miles of
ｉ ｉ ｾ ｬ ｲ ｮ ｯ ｷ ］ ｴ ･ ｮ ｣ Ｑ ｮ ｧ ｩ Ｇ ｬ which are S<Oi familiar a feature ©if' the Canadian
winter ｬ ｡ ｮ ､ ｾ ｣ ｡ ｰ ･ ﾻ by the sides of roads and of ｲ ｡ ｩ ｬ ｷ ｡ ｹ ｾ ｯ The
location of these fences is ｡ ｧ ｡ ｾ a ｭ｡ｾｲ which ｡ ｰ ｰ ･ ｡ ｲ ｾ to
be decided entirely empiricallyo Many fences are pr©bably
well placed but the ｲ ･ ｾ ･ ｡ ｲ ｣ ｾ ･ ｂ of F1nnie 9 in Michigan have
indicated the great ｰ ﾩ ｾ ｳ ｩ ｢ ｩ ｬ ｩ ｴ Ｑ ･ ｳ tor improwement ｾ Ｑ Ｔ ｾ ｯ ｔ ｾ ･
ｰ ｾ ｯ ｢ ｬ ･ ｭ is one inv@lving ｡ ･ ｲ ｯ ､ ｹ ｮ ｡ ｭ Ｑ ｣ ｳ ｾ the first steps in
treating it accordingly have been taken in Canada and, in ｣ ｯ ｮ ｾ

ｪ ｵ ｮ ｾ ｴ ｩ ﾩ ｩ ｮ with field ｴ ﾮ ｾ ｴ ｳ ﾻ ｴ ｨ ｾ ｹ ｩ ｾ ､ ｬ ｣ ｡ ｴ ･ already ｾ ｯ ｭ ･ Interest=
ing ｰ ﾩ ｾ ｂ ｩ ｢ ｬ Ｑ ｩ ｴ ｩ ･ ｂ ｯ

The railways have been mentioned9 they have their
own ｾｮﾩｷ clearing dltficultieso AlthOUgh their ｣ ｯ ｾ ｴ ｳ tor
winter operations are not published, they are known to ｾ
｡ ｬ ｾ ｯ into millions ｾ ｲ ､ ｯ ｬ Ｑ ｡ ｲ ｾ ｯ In level areas, the problem$
are ｳ ｩ ｾ ｩ ｬ ｡ ｲ t© ｴｨﾩｾ･ on ｨｩｧｨｷ｡ｹｳｾ ｾｯ als© ｩ ｾ the eqUipment,
｡ ｬ ｴ ｨ ﾩ ｵ ｧ ｨ ｳ ｯ ｭ ｾ ｷ ｨ ｡ ｴ heaviero In mountai@oua ｲ ･ ｧ ｩ ｾ ｮ ｳ ｾ $peclal
pr©blems are ･ ｾ ｣ ｀ ｵ ｮ ｴ ･ ｲ ･ ､ ｾ rotary ｰ ｬ ｯ ｷ ｾ have to be ｵ ｳ ･ ､ ｾ and
in ｾ ｾ ｭ ･ locations special snow ｾｨ･､ｳ erected to obviate ､ ｡ ｮ ｧ ･ ｲ ｾ

fr©m avalancheso In yard ｡ ｲ ･ ｡ ｾ ｩ and at busy ｴ ･ ｲ Ｎ ｭ ｬ ｮ ｡ ｬ ｾ ｾ ｣ ｲ ｩ ｾ

tical problems may ﾩｲｴ･ｮｾｩｂ･ in the maintenance or switches
､ ｕ ｾ ｩ ｭ ｊ Ｎ ｧ bad st©rmo In thie Montreal terminal area, for example.j)
ower one thousand ｾ ･ ｮ may be employed during .a stcr'm, merely
f@r maintaining ｳ ｷ ｬ ｴ ｾ ｨ ･ ｳ ｯ And the special problem$ caused by
ｳ ｮ ｾ ｷ ､ ｘ Ｂ ｾ ｦ ｴ Ｑ ｮ ｧ in ｾ ｵ ｴ ｴ ｩ ｮ ｧ ｳ and depressed ｡ ｲ ･ ｡ ｾ are well known
if only because ©It'the publicity which they attract, as when
a train ilffi ｓ｡ｾｫ｡ｴ｣ｨＮ･ｷ｡ｮ was iisJrnowed in" completely for over a
week during the bad winter of 1946=470' .

Ail" transportat1©ln too 9 ｨ｡ｾ itsrtfpec1al winter pro=
blemso There irtf the very technical matter of the icing of
propellors a.b.d ｾｦ .. wing tlprtf up©n which mu.ch researcb ha$ been
carried out ih Canada, with attendant ｂ ｕ ｾ ｃ ｾ ｾ ｓ ｯ Alrp©rta have
als© to be maintained 9 bringing their own ｾｰ･｣ｬ｡Ｑ sn©w=clearing
ｰ ｲ ｀ ｢ ｬ ･ ｾ ｯ Large ｳ ｮ ｏ ｊ ｷ ｾ ｢ ｬ ﾩ ｷ ･ ｲ ｾ are now regularly used f©l1" thi!S



purpose p ｴｨｾ ｰｾ｡ﾢｴｬ｣ｾ ｢･Ｑｾ ｾ･ｲ･ｬｹ an ｾ ｸ ｴ ｾ ｮ ｾ ｬ ﾩ ｮ ｾ ｦ highway
clearing 0 ａｬｴ･ｲｮ｡ｴｩｾﾮｬｙＹ the practice of ｾ ｯ ｬ ｬ ｬ ｮ ｧ and ･ ｯ ｭ ｾ

pacting the ｂ ｮ ﾩ ｾ ｮ ｡ ｾ ©ft@n been ad©pted, especially tor
ｳ ｭ ｡ ｬ ｬ ﾮ ｾ ｾ ､ more ｩ ｾ ｾ ｬ ｡ ｴ ･ ､ ｡ ｬ ｲ ｰ ｯ ｲ ｴ ｾ ｯ The ｉ､ｾ｡ is a simple
one» its effective ｰ ｾ ﾩ ｂ ･ ｣ ｵ ｴ ｬ ﾩ ｲ ｮ carrie5 many difficulties
with Ｑ ｴ ｾ ｳ ｾ ｭ ･ of which are ｳ ｴ ｬ Ｑ Ｑ ｵ ｮ ｲ ･ ｾ ｯ ｬ ｶ ･ ､ ｡ Wb\en it i$
ｮ ｯ ｴ ｾ ､ that Canada maintains ﾩ ｶ ･ ｾ one ｾ ｵ ｮ ､ ｾ ･ ､ civil airports j

the ｾ ｮ ｩ ｴ ｵ ､ ･ of this problem and Ｑ ｴ ｾ ･ ･ ﾩ ｾ ﾩ ｾ Ｑ ｣ significance
ｾ ｩ ｬ Ｑ be apparento

An@ther ｡ ｾ ｳ ﾩ ｣ Ｑ ｡ ｴ ･ ､ problem Ｑ ｾ the use of skis in
place ©f the ｵ ｾ ｵ ｾ ｬ wheels for the landing or aer©planes on
snow and icea ｆ ｀ ｾ light ｰ ｬ ｾ ･ ｾ Ｙ Ｘ ｫ ｬ ｾ ｡ ｲ ｾ ｰ ｲ ｡ ｣ ｴ ｬ ｾ ｡ Ｑ Ｑ ｹ atan=
dare ｷ ｩ ｮ ｴ ･ ｾ ®quipm®nto Their proper ､ ･ ｾ ｬ ｧ ｮ ｢ ･ ｣ ｡ ｭ ｾ a ｭ｡ｾｲ

of ﾩ ｀ ｾ ｾ ｾ ｸ ｾ to the Nat1©nal ｒ ･ ｂ ･ ｡ ｾ ｣ ｨ C©uncil in 1934 and
Nro Go Jo ｋ ｬ ･ Ｑ ｾ was ｡ｳｾｩｧｮ･､ the task of ｩ ｾ ｶ ･ ｾ ｴ ｬ ｧ ｡ ｴ ｬ ｮ ｧ the
problemo Many ､ＱＸ｣ｯｵｾ｡ｧ･ｭ･ｮｴｾ ｷ･ｾ･ met with ｾ this work in
view ©f ｉｴｾ c©mplexlty but Mro Klein was able to present a
review of hils ti)h[dinga at the 1939 meeting ©f' this Commisslono
H18 w©rk haa now been deacr1bed in a publiahed report ｾ ｵ ｭ ］

ｭ ｡ ｲ ｩ ｳ ｾ ｾ ｡ Ｐ ｾ ﾮ ｰ ｴ ｡ ｢ ｬ ･ the?;f which ｭ ･ ･ ｴ ｾ the many facts
which ｾ ｡ ｷ ･ b®en r@c©rded ＨｾＵｊｯ The work still g©es on 1 ｉｴｾ
｣ｯｾｴｬｮｵ｡ｴｩﾩｾ ｯｶ･ｾ ｭｾｾ･ than a decade ｬ ｾ ､ ｩ ｣ ｡ ｴ ｬ ｮ ｧ the complex
n&ture of' ｴｨｾ ｰｲﾩ｢ｾ･ｭｂ inv©lvedo

Tn®; ｬｐｘＧﾩＩ｢ｊｌＶｾ ｰｲ･ＸｾＺｴｩｬｴ･､ by aiI"!Cratt 8kls are not
､ ｬ ｂ ｳ ｬ ｭ Ｑ ｬ ｡ ｾ ｦ ｾ ｾ ｾ ｴ ｾ Ａ ﾩ ｾ ･ Ｑ ｾ ｶ ﾩ ｬ ｷ ･ ､ in the ､ ･ ｳ ｬ ｧ ｾ and ©peratI©n
©f' ｾＱｾＱｧｬ｢ｊｳ 1<Qirc Ｈ［ｗｾｻＡＢ］ＡｓｉｩＱＰｗ tlt"alllsport IJ ｰｏｾｂＱ｢ｬｹ the ｭ ﾩ ｾ ｴ wide=
splt"ead and ｡ ｭ ﾩ ｾ Ｑ ｧ ｾ ｴ ｴ ｾ ﾮ m©st ｾｾｯｲｴ｡ｮｴ of all Canadian ｷ ｬ ｾ ｴ ･ ｲ

ｰ ｲ ﾩ ｢ ｬ ﾮ ｾ ｾ ｯ While it Ｑ ｾ true that major ｨ Ｑ ｧ ｨ ｷ ｡ ｹ ｾ arnd all ｾ ｡ Ｑ Ｑ ］

ways ｡ＩｦＧｾ Iffi@WiT kept open ｴ ｨ ｊ ｲ Ｇ ｀ ｵ ｧ ｨ ﾩ ｵ ｩ ｾ th® winter 9 pr©bably ninety
per cent ﾩ ｾ lOOl©l"e QJt tt,e t©tal lmlli1eage of CWlladlan highway's
are not s© ｭ｡ｬｮｴ｡ｬｾ･､ f©r ｷ ｩ ｮ ｴ ｾ ｾ ｴ ｲ ｾ ｶ ｾ Ｑ Ｙ ｴ ｨ ｵ ｾ ｾ ･ ｾ ･ Ｄ ｾ Ｑ ｴ ｡ ｴ ｩ ｮ ｧ

the use ©f ﾩｷ･ｾ］ｾｾﾩｷ weblcleso ｓ ｉ ｾ ｬ ｧ ｨ ｳ still predominate ｾ
this f1eldo In l©gg:1ng ﾩｰ･ｲ｡ｴＱＮｾｮｾＹｴｨ･ｹ are of !Cardinal
importance so that it ｩ ｾ n©t surprI$lng that ﾩ ｾ ･ of the
first ｃ ｡ ｮ ｡ ｾ ｬ ｡ ｾ ｾ ｴ ｵ ､ Ｑ ｾ Ｄ of the ﾩ ｶ ｾ ｲ ｾ ｾ ｮ ﾩ ｷ ｴ ｲ ｡ ｮ ｾ ｰ ﾩ ｲ ｴ problem
was in ｾ ﾩ ｾ ･ ｣ ｴ ｩ ﾩ ｾ with the design of logging $lelghso Nro
WoEo ｗ｡ｫ･ｲｩｾｬ､ of ｴ ｨ ｾ F©re$t Products Laboratorle$ of the
federal DepartmeTht or Mines and ｒ ･ ｾ ﾩ ｵ ｲ ｣ ･ ｂ ｣ ｯ ｾ ､ ｵ ｣ ｴ ･ ､ ｴ ｨ Ｑ ｾ

ｲ ･ ｳ ･ ｡ ｲ ｾ ｨ work and ｨ ｡ ｾ published a valuable report (16)0 Both
thia w©rkD ｾ､ that of Mro Klein ｡ ｲ ｾ ｬ ｩ ｮ ｫ ｾ ､ t© simd1ar
ｂ ｴ ｵ ､ Ｑ ･ ｾ ｾ ｡ ｾ Ｑ ･ ､ ﾩ ｾ ｴ In ｓ ｾ ･ ､ ･ ｮ ﾻ n©tably by Soderbergo

Alth@ugh ｾ ｬ ﾩ ｷ ］ ｭ ｯ ｷ ｾ ｾ ｬ ･ ｬ ｧ ｨ ｾ are still invaluable
for ｭ ｍ ｾ ｨ winter ｴ ｲ ｡ ｮ ｾ ｰ ﾩ ｲ ｴ ｉ ｊ taster moving ｶ ･ ｨ ｬ ｣ ｬ ･ ｾ are an
inevitable result @t t.ll'lle ｡ｰｰｬｩｾ｡ｴｬﾩｮ ©Jf autom©tiwe practice
to ｴ ｨ ｬ ｾ ｾ ｵ ｳ ｵ ｡ ｬ field ©f ｴｲ｡ｮｾｰﾩｲｴｯ ｾ ingenious over=
ｾ ｮ ｯ ｷ Ｌ ｾ ｴ ﾩ ｭ ｯ ｢ ｩ ｬ ﾮ Ｘ hawe been developedo One ot the most suc=
t;erssf'lll Ｑ ｾ a Canadian mach1lile IJ the 99Auto=nelge" designed



and manufactured by Monso Bombardier of Quebeco Over six
hundred of these vehicles are successfully in regular use
in Canadao ThiB was the machine which provided the ｢ ｾ ｂ ｩ ｣

ideas for the Canadian ａ ｲ ｭ ｹ ｧ ｾ Ｂ ｓ ｮ ｾ ｷ ｭ ｯ ｢ ｩ ｬ ･ ｮ developed during
the war years and given its first large scale pUblic trial
on "Exercise Musk-Ox"o This remarkable journey was made by
a special Moving Force of the Canadian Army using twelve
snowmob1les j supplied and assisted by RoCoAoFo ｰｬ｡ｮ･ｾｯ The
Force lett Churchil1 j Mano j on February l4th 9 1946 and
reached Edmonton j Altao j on May 6th9 after a ｪｾｵｲｮ･ｹ of
3130 miles, penetrating far n©rth gf the ａ ｲ ｾ ｴ ｩ ｣ Circle j

most of which was made under most severe winter conditions
(17)0 The entire Exercise provided much invaluable lnfor=
mation about northern conditlons 9 not the least Ｑ ｭ ｰ ｯ ｾ ｴ ｡ ｮ ｴ

being that ower=snow travel with automotive ｾ ｱ ｵ ｬ ｰ ｭ ･ ｮ ｴ vas
possible over a route which included ｣ ｯ ｮ ､ ｩ ｴ ｩ ｯ ｮ ｾ almost as
bad as could be met With anywhereo The ･｣ｯｮｯｭｩ｣ｾ of ｴ ｾ ｳ

method of travel j however, have yet to be investigated 0

Enough is kn©wn ｾｦ the operation of ･ ｘ ｩ ｾ ｴ Ｑ ｮ ｧ vehicles to
make further Ｑ ｭ ｰ ｲ ｯ ｶ ･ ｭ ･ ｮ ｴ ｾ imperatlwe before they can be
widely adopted 0 The whole problem of "over-snQw" travel is
a challenging ©ne 3 it seems ｲ･｡ｳｯｾ｡｢ｬｹ certain that consi­
derable advance is to be expecun over present-day methodso

Importance of Fundamental Studiesg

It ｩ ｾ well realised that the ｴ ﾩ ｲ ｾ ｾ ｾ Ｑ ｮ ｧ brief re­
view is essentially a listing of what might be ca,lled
applied ｾ ｣ ｩ ･ ｮ ｴ ｩ ｦ Ｑ ｣ Qr engineering problemso ｗ ･ ｾ it not
for one ｣ ｯ ｭ ｭ ｾ ｮ feature the review might be ｉｮ｡ｰｰｾｯｰｲｩ｡ｴ･

ｦｾｲ ｾｵ｣ｨ a meeting as thiso All the ｰ ｲ ｯ ｢ ｬ ｾ ｭ ｳ ｾ ｷ ｯ ｬ ｶ ･ water
in one of ｩ ｴ ｾ solid forms = snow and ice being the common
terms used to describe the more common ｶ｡ｲｬ･ｴｬｾｳ of the
frozen for.m of ｷ ｡ ｴ ･ ｾ Ｇ ｯ Empirical ｡ ｰ ｰ ｲ ｯ ｡ ｣ ｨ ･ ｾ can usefully be
made to individual problems without any consideration being
given ｴ ｾ sueh a common linko When 9 however j a scientific
approach 1a made to such problemB j the ･ ｯ ｭ ｭ ｾ ｮ factor ｢ ･ ｾ
comes of prime importanceo Snow and ice as materlala call
for fundamental StUdy9 ｢｡ｾｩ｣ ｴｾ any real understanding ot
tbe more applied ｰ ｲ ｾ ｢ ｬ ･ ｾ which have been ﾩ ｀ ｮ ｾ Ｑ ､ ･ ｲ ｾ ､ ｯ

This view of the matter was adopted by the ａ ｂ ｾ ﾩ ］

ciate Committee on Soil and Snow Mechanics of the Nati©nal
ReBearchCouncil ot Canada very early in its work relating
to over=snow travelo Constituted to deal with a ｾｰ･｣ｩ｡ｬ

war problem j and including within its memberBhip (as iB the
practice with NoRoCo Associate Committees) ｢ ｾ ｴ ｨ ｾ ｩ ｶ Ｑ Ｑ ｩ ｡ ｮ
and military ｰ ･ ｲ ｳ ｑ ｮ ｮ ･ ｬ ｾ the Committee 1s now concerned with
all the terrain of Canada with special reference to the
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operation thereon ot tracked vehicleso ｓ ｯ ｩ ｬ ｾ ｭ ｵ ｳ ｾ ｂ ｾ "perma=
trost" and snow and ice are the ｭ ｡ ｴ ･ ｲ ｩ ｡ ｬ ｾ under study through
the Commltteeo From the outset of its ｷ ｯ ｲ ｫ ｾ their inter=
relation has been kept in ｶ ｩ ･ ｷ ｾ as has the need ｴ ｾ ｲ basic
study ｾ ｴ the materials in questIon as an essential ｴ ｾ ｵ ｮ ､ ｡ ｴ ｩ ｯ ｮ

tor more applied researcheso

The Committee has been fortunate ･ ｾ ﾩ ｵ ｧ ｨ to have
Mro Go Jo Klein as a member since its ｩ ｮ ｣ ･ ｰ ｴ ｩ ｯ ｾ ｯ In ｨ ｩ ｾ work
on aeroplane skis, Mro Klein had found the need tor a basic
study of snow as a materialo He therefore brought ｴ ｾ the
ｃ ｯ ｾ ｴ ｴ ･ ･ a background of useful preliminary inve8tigationo
Against this background and with his invaluable advice and
the help of the Dominion Meteorological Service and other
agencies, the Committee W&8 able to arrange for the Snow Sur=
vey across Canada which is described by Mro Klein in his
companion paper (18)0 As is therein explained, the main
object ot the Survey was to provide actual knowledge as to
the ｰ ｲ ｯ ｰ ･ ｲ ｴ ｩ ･ ｳ ｾ and not merely the water ･ ｱ ｵ ｩ ｶ ｡ ｬ ･ ｮ ｴ ｾ ot the
snow encountered at selected locations aerOS$ the Domdniono
Without this knOWledge, no detailed snow researches could be
carried out effectivelyo .

A review of the literature which was naturally
studied as a start to these Committee ｰｲｯｪ･｣ｴｾｄ ab@wed that
relatively little had been done on snow and ice as mater1alBo
As the most ｳｵｧｧ･ｾｴＱｶ･ publications were ｴｾｯｾ･ ｴｲｾｭ Switzer­
land, personal contact was established with Swis$ workers
With the most helpful resultso Dro Haeteli of the Zurich
Polytechnique and Dro Bucher of the ｓ ｾ ｯ ｷ Research Institute
at Davos, and members ot their Ｘ ｴ ｡ ｴ ｦ ｳ ｾ have not only been
most courteous in the provision of intormat1@n but their own
work and their achievements have been a ｳ｡ｵｲ｣ｾ ©f inspiration
to the start ot Canadian research into snow and Iceo

As a further preliminary, the ｃ ﾩ ｭ ｭ Ｑ ｴ ｴ ｾ ･ arranged
tor the holding of a Conference ot those Canadians experienced
in snow worko This was held at Ottawa in September 1947s a
record ot the ｰ ｲ ｾ ｣ ･ ･ ､ ｩ ｮ ｧ ｳ is available {19}0 ｔｨｾ Conference
was organised jointly by the Committee already named and the
corresponding Associate Committee on Geodesy and ｇ･ｾｰｨｹｳｩ｣ｳ

(the National Committee tor Canada ot the International Union
ot Geodesy and Geophysics)o The hydrological aspects of snow
and ice were recognised as an important part of the general
picture, and that part which had received a good deal of
public attentiono It was hoped that the Conference would
show the complete interrelation af the hydrological and the
many other aspects ot snow and ice study then apprec1atedo
These hopes were m©re than tultil1edo Seventy experts at­
tended the Conference and in the course of two days discussed
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well over one hundred different problems ｡ ｳ ｾ ｀ ｣ ｬ ｡ ｴ ･ ､ with snow
and iceo A partial list of these ｡ ｣ ｣ ｯ ｭ ｰ ｡ ｮ ｬ ･ ｾ this paper ｡ ｾ

an Appendixo Most striking was the repeated ･ ｭ ｰ ｨ ｡ Ａ ｊ Ｑ ｾ upon the­
necessity tor a knowledge of the ｢ ｡ ｾ ｬ ｣ pr@perties ｾ ｴ ｾ ｮ ｯ ｷ

and ice as materialso Sir Charle! ｗ ｲ ｩ ｧ ｨ ｴ ｾ who was ｧｬ｡ｾｬ･ｬ｀ｧＱｳｴ

to the Scott Terra Kova Expedltion andwh@ attended the Con=
ference, wa!! particularlyempbatic on this p@iJrnto ｔｨｩｾ paper
is, in effect, a digest of the proceedlngB ©f this Ｑ ｭ ｰ ｾ ｲ ｴ ｡ ｮ ｴ

meeting 0

The Conference decided that there should be a con=
tinuing ｒ ･ ｾ ･ ｡ ｲ ｣ ｨ Sub-committee, to ｢ ｾ ｾ ｰ ･ ｲ ｡ ｴ ･ ､ (in the first
instance at least) Jointly by the tw© CommitteeBo The main
purposes ot this Sub-committee would be to correlate work
being done on snow and ice in Canada and to promote the ini=
tiation and development ot further work to the ｭ ｡ ｸ ｾ extent
p08sibleo The Chairman of this Joint ｓ ｵ ｢ ］ ｣ ｯ ｭ ｭ Ｑ ｴ ｴ ｾ ･ (llro Po Do
Baird) is present at this meeting of the International ｃ ﾩ ｾ ｳ ］
sion, as are also lIro nein and the Chairmen©f' the two maiD
committees mentioned (Dro JoTo Wilson and the ｾ ｲ ｩ ｴ ･ ｲ Ｉ ｯ This
may be some evidence ot the keen desire ｾ ｦ Canadian ｷ ﾩ ｲ ｫ ｾ ｲ ｳ

to associate themselves With fellow ｷ ｯ ｲ ｫ ･ ｲ ｾ in ﾩ ｴ ｨ ｾ ｾ ｬ ｾ ､ ｳ

and ot their hope that the remarkably broad ｡ ｾ ｰ ･ ｀ ｴ ｳ of snow
and ice research, which have been BO briefly sket©hed In this
paper, going far beyond the confines of ｾ ｹ ､ ｲ ﾩ ｬ ｯ ｧ ｩ ﾩ ｡ ｬ ｩ ｮ ｴ ･ ｲ ･ ｾ ｴ Ｌ

may co.-end themselves to those from other ｣ ｯ ｵ ｮ ｴ ｲ ｩ ･ ｾ in which
snow andice are important featureso

The Future:

, There has been in recent years in Canada ｾ remarkable
awakening of interest in the northern part of the C01!mtryo As
ｾ indication of this there may be mentioned the inauguration
ot the Arctic Institute of Borth America, with headquarters
in Montreal, whlch is ｭ ｯ ｢ ｬ ｬ ｩ ｳ ｾ pUblic intereat and support
tor Arctic investigations (20;0 Thi$ ｰ ｕ ｢ ｾ ｡ ｴ ｴ ･ ｮ ｴ ｩ ｾ ｮ to nor­
thern problems carries With it an ｡ｰｰｲ･｣ｩ｡ｴｩｯｮｾ at least of a
general character, of the importance to the Dominion of sn©w
and iceo It is, therefore, singularly appropriate that cir=
cumstances have led to the renewed scientific activity in the
same direction which is indicated in this paper 0 It can con=
sequently be predicted With a reasonable degree of certainty
that real advance 10 the fundamental study or snow and ice may
be expected in Canada in the years immediately aheado

This advance will be a cooperative effort on the
part of all the agencies mentioned, directly and indirectly,
in the foregoing noteso There will be the most ｣ｯｭｰｬｾｴ･

poolIng possible ot information assembled by ｩｮｴ･ｲ･ｾｴ･､ pri=
vate companies, and by municipal, provincial and federal
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governmental agencieso The special interests of the Dominion
Water and Power ｂｵｾ･｡ｵ are being described to this Conference
by its Controller g Mro Vo Meeko The companion paper by the
Controller of the Domdnion ｍ･ｴ･ｯｲﾩＱﾩｧＱｾ｡ｬ ｓ･ｲｶｩ｣･ｾ Nro Ao
Thomson (21)g shows clearly the vital concern ot this Service
wlth ｰ ｲ ｯ ｢ ｬ ･ ｭ ｾ ot sn©w and ｬ｣ｾＬ ･ｾｰ･｣ｬ｡ｬＱｹ in view of the
extension or its services in the far northo

It Is in ｣ ｾ ｮ ｣ ･ ｲ ｴ with such slster ｾ ｲ ｧ ｡ ｮ ｩ ｳ ｡ ｴ ｩ ｯ ｮ ｳ

that the National Research ｃ ｾ ｵ ｮ ｣ ｩ ｬ iB working and will ｣ ｯ ｮ ｾ

tinue to work in this tieldo Through its commdttee service,
the Council provides means for active c©operation between all
interested agencieso Through its operating Dlvlsions ｾ ot
ｐ ｨ ｹ ｳ ｬ ｣ ｳ ｾ Mechanical, Engineerlng aJffid Building Research - it
prosecutes active research into appropriate winter problemso
The Division ot Mechanical Engineering is investigating ｡ ･ ｲ ｯ ｾ

nautical icing and aircraft ski design$ it will be investl=
gating over-Slnow transport and snow clearing problems 0 The
Division or Building Research, in turn, will be ｾｯｮ｣･ｲｮ･､

with static ｰ ｾ ｧ ｢ ｬ ･ ｭ ｳ ot ice and enow and consequently of the
fundamental ｰ ｲ ｀ ｰ ･ ｲ ｴ ｩ ･ ｾ ot these materialso In cQnformity
with Swiss ｰ ｲ ｡ ｣ ｴ ｩ ｣ ･ ｾ ｴ ｨ ｩ ｾ work on "Snow Mechanics" will be
carried on in close ｡ ｾ Ｘ ｯ ｣ ｩ ｡ ｴ ｬ ｯ ｮ with similar work in Soil
MechanicrBo Within the lnlext few years it is hoped to estab­
ｬ ｩ ｾ ｨ snow research stations in the Canadian north and in the
mountains of the cQntinental divide 0 The National Research
Council anticipates with pleasure the active assistance of
ｓ ｷ ｬ ｳ ｾ ｷ ｯ ｾ ｫ ･ ｲ ｳ in this ｷ ｯ ｲ ｫ ｾ this being further evidence of
the ､ ･ Ｘ ｩ ｾ ･ Olnl the part ot Canadian ｡ ｵ ｴ ｨ ｾ ｲ ｩ ｴ ｬ ･ ｳ tor ｉ ｮ ｴ ･ ｲ ｾ

national ｣ ｯ ｯ ｰ ･ ｲ ｡ ｴ ｩ ｾ ｮ in this field of scientific interest
such as is ｾ ｯ ｦ ｾ ｲ ｴ ｵ ｮ ｡ ｴ ･ ｬ ｹ the case in ｾ ｯ many other branches
of Bcianceo It is hoped that this Conference will result in
real advance ｴ ｯ ｷ ｡ ｲ ､ ｾ this ｭ ﾩ ｾ ｴ deslrable goalo
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APPEBDIX

List of Canadian ｒ ･ ｾ ･ ｡ ｲ ｣ ｨ Projects onSnaw and Ice Suggested

at the Ottawa Conference, 19410

I. Fundamental Researchg

10 Establishment of observation and research stationso
20 Correlation and expansion or eXisting snow surveys»

and standardization and distribution of data so
obtained 0

30 Maps of snow cover and its seasonal variationo
40 The ｰｨｹｳｩ｣ｾ ©f Ｘｾｯｷ］ｭ･ｬｴｩｮｧｰ particularly as related

to absorption. or s©lar heata
50 Knowledge of the properties of ｶ ｡ ｲ ｩ ｯ ｵ ｾ types of ice»

and ｣ ｯ ｮ ､ ｩ ｴ ｩ ｯ ｮ ｾ under which they are formed 0

60 The ｾｰｯｲｴ｡ｮ｣･ of cyclic trends of solar radiation
as affecting severity of weathero

70 Seasonal forecasting of snowfallo

110 Hydrology and Meteorology g

10 Correlation of snow accumulation and run=off, finding
variables involved and their individual importance
and ef.f'ecto

, 20 Accurate predictl©n of run-off as affecting power
development and fl©od conditionso

30 Influence of snow meltwater on ground water storageo

III. Snow Control and Clearanceg

10 Location of existing types of snow fences and wind­
braaks for highest efficiency 0

20 Development or ｭ ｯ ｾ ･ efficient means of control of
sno1llK dxolf'tingo

30 Improvement of ｾ ｮ ｯ ｷ ｰ ｬ ｯ ｷ des igna
4. Development of more efficient means of snOw and ice

removal 0

5. Development or non-injurious chemicals for road
treatment 0

6. Development @f ｡ｮｴｩＭｾｬｩｰ treatment for roads and
I!idewalkso

70 Design of self-cleansing highwayso



AppendU: '.
Page 56

10 ｐｲｯｰ･ｾｴＱｾｾ @f ｾｮｯｷ as affecting ak1a p sleds p or
ｴ ｯ ｢ ｯ ｧ ｧ ｡ ｮ ｾ ｰ ｾ ｾ ､ ｾ ｦ ｲ ･ ｣ ｴ of heating sliding
ｬ ｓ ｵ ｲ ｲ ｾ ｣ ＼ ･ ［ ｳ ｯ

20 Delelign fJf ower=BJn©W tracked vehicleso
30 starting ot ｴ ﾷ ｊ ｲ ｡ ｣ ｫ ｾ ､ vehicle!! in cold weathe:&"o
40 Take-off and landing with aircraft ｡ ｫ ｬ ｾ ｯ

1. ｅ ｶ ｡ ｰ ｯ ｾ ｡ ｴ ｩ ｯ ｮ ｦ ｾ ｾ ｭ ｾ ｮ ｯ ｷ ｳ ｵ ｾ ｦ ｡ ｣ ･ ｷ aa affecting snow
storage 0

2. Amount of ｾ ｮ Ｍ ﾩ ｴ ｦ available tor irrigation purposeso
3. ｆｲ･ｾ･ｲｶ｡ｴｩｯｮ of moisture in dry farming areas by

drift prevention 0

4 0 ｒｵｮｾｯｲｦ as affecting erosion and so11 conservatlon.
50 Value of snow cover (a) as a fertl11zer p (b) as

protection ｡ ｧ ｡ ｩ ｾ ｾ ｴ frost penetratl©n 9 and (c) as
ｰ ｾ ﾩ ｭ ﾩ ｴ ｩ ｮ ｧ the elow absorption of water by s@ilo

60 The ･ｦｲ･ｾｴ of Ｑ ｾ ｦ ｩ ｬ ｴ ｲ ｡ ｴ Ｑ ﾩ ｮ of ｾ ｮ ｯ ｷ ｭ ･ ｬ ｴ ｷ ｡ ｴ ･ ｾ into
ｦ ｲ ﾩ ｾ ･ ｾ or semi=frozen ｾ ｯ ｩ ｬ ｯ

70 The effect of permafrost on ｣ｲｯｰｾ and plant growtho
80 Frost action in ｰ ｾ ｾ ｢ ｬ ｾ ｭ ｳ of land clearing0
90 Snow ｭ･｣ｨ｡ｲｬｩｩ｣ｾ as affecting the tratticability of'

falr'.!U vehiclea.

10 ｐｨｹｾｩ｣｡ｬ properties of' ice, such 2Bstrength ｾ ､

frictiono
20 ｍ･ｾｳ of reducing or increasing such propertie5.
30 C©nditions ｧ ﾩ ｶ ･ ｾ Ｑ ｮ ｧ the formation of ｶ ｡ ｾ ｩ ｀ ｵ ｾ types

of' iee p particularly trazil ieef) and their
critical natureo

4 0 Means of ｰ ｾ ･ ｶ ･ ｮ ｴ ｬ ｮ ｧ the formation of leaf) ｳ ｾ ｣ ｨ as
frazll ice or that against damB ｾ､ ｯｴｨｾｉＢ

ＸｴｲｵｾｴｵｘＢ･Ｚｳｯ

50 Pressure @t ｬ｡ｾｧ･ ice sheetB on ･ｾｩｮ･･ｾｬｮｧ ｳｴｲｵ｣ｴｵｲ･ｾｯ

60 ｐｲ･ｶ･ｮｴｩｯｾ ©t ice Jams with ｣ ｀ ｮ ｾ ･ ｱ ｵ ･ ｮ ｴ floods and
Ｘ ｴ ｲ ｵ ｣ ｴ ｵ ｾ ｡ ｬ damageo

70 Study of ｬ Ｑ ｶ ｬ ｾ ｧ ｧ ｬ ｡ ｣ ｬ ･ ｉ Ｂ ｾ ｯ

80 Effect of ｾ ｡ ｬ ｮ on iceo
90 Rapid means @r detecting thickness of ｾ ･ ｡ iceo

100 Rapid means or ･ ｾ ｴ ｬ ｭ ｡ ｴ ｬ ｮ ｧ strength ©f ｾ･｡ ice.
110 ｓｴﾩｾ｡ｧ･ or ice for ｲ ･ ｲ ｲ ｬ ｧ ･ ｾ ｡ ｴ ｬ ｯ ｮ ｰ ｵ ｲ ｰ ﾩ ｾ ･ ｳ ｯ
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VII 0 Ice Problems Affecting Navigationg

10 Eliminating and controlling formation or ice on
various parts of a shipo

2. ｍ ･ ｡ ｮ ｾ of ｦ ｡ ｾ ｩ ｬ Ｑ ｴ ｡ ｴ ｩ ｮ ｧ the removal or such ice
after formationo

30 ｍ･｡ｾｾ of ｰ ｾ ･ ､ ｩ ｣ ｴ ｩ ｮ ｧ the close of the navigation
aeasono

40 Means ｾｲ lengthening the navigation season on the
Great Lakeso

50 ｍ･｡ｮｾ of clearing ship channels more eftectivelyo
60 ｍｯｶ･ｭｾｮｴｂ ｾｦ ice under ｷ Ｑ ｮ ､ ｾ and controls for such

m©vementfBo
70 ｎ｡ｶｬｧ｡ｴｬｾｮ in Arctic drift iceo
80 ｆｯｲ･ｾ｡ｳｴｩｮｧ of iceberg seasonso
90 Tracing the path of ieebergso

100 Design of ice-breaking vesaelso

VIII 0 De-Icing ｐ ｾ ｯ ｢ ｬ ･ ｭ ｳ ｧ

10 Data OX'll supel'=cooled liquid particles in air, and
their characteristics when encountered by
moving objectso

20 Means or de=ieing electrical conductors 0
30 Elimili'ilation of "galloping" conductors 0
40 Icing of aircraft propellers 0

50 Icing ｾ ｴ aircraft Ｎ ｩ ｮ ｧ ｾ and fuselage on the groundo
60 Icing '(J! aircraft wings in the airo

10 ｉ､ｾｮｴＱｴｬ｣｡ｴｩｯｮ and mapping of permafrost areaso
20 ｄ･ｴ･ｾｩｮ｡ｴｬﾩｮ of the nature of soi1e in which

ｰ ･ ｲ ｭ ｡ ｲ ｲ ｾ ｳ ｴ @ccurso
30 Determination of the thermal conductivity or

frozen. groundo
40 Means of lowering the level of permafrosto
50 Foundati@Th ｾｮ permafrosto

Xo Engineering

10 FroBt boils and ｲ ｲ ｯ ｾ ｴ heaving of roadbedso
20 Depth ©f ｦｲｾＸｴ penetration as affecting the depth

of laying pipe servlceso
30 The validity of the use of the number of degree=

､ ｡ ｹ ｾ of freezing as a factor in runway designo
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40 Airborne machinery necessary for the construction
or airports on rolled snow or ice-covered
lakes 0

50 Construction of ice roads for tractor trainso
60 Means ot transporting and storing :fuel in the far

north 0 '

70 Damage to wharves caused by ice movementso

Xlo ｅｬ･｣ｴｲｯｭ｡ｧｮ･ｴｩｾｦｦ･｣ｴｳｧ

10 Electrostatic charges on snownakeso
2 0 Determination of snow and ice depth by electro­

magnetic waveso
30 Effect of blowing snow and lce crystal haze on

ultra-high frequency radio waves, and on navi­
gation and communicationo

40 Detection ot snow storms by electromagnetic waveso

Xllo Comfort Problemsg

10 Clothing in the far northo
20 Physiological and psychological effect of proper

clothing and foodo
30 Housing in the far northo

Xlllo Miscellaneousg

10 Prediction of snow slides in mountainous areaso
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IN THE CANADIAN CORDILLERA

by

V. Meek
Controller l Dominion Water and Power Bureau,

Department of Mines and Resources

.Note: Mr. Meek's paper was published in Vol. 37 of the
Canadian Geographical Journal, pp. Ｑ Ｙ Ｐ ｾ Ｒ Ｐ Ｙ Ｙ for
November, 1948, illustrated by many excellent
photographs. In view of this, the photographs
have not been reproduced in this Report.
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Glacier Observations in the Canadian Cordillera

In connection with studies of the water resources
of the mountainous rivers of British Columbia and ａ ｬ ｢ ･ ｲ ｴ ｡ ｾ

the Dominion Water and Power ｂ ｵ ｲ ･ ｡ ｵ ｾ Department of Mines
and ｒ ･ ｳ ｯ ｵ ｲ ｣ ･ ｳ ｾ in Ｑ Ｙ Ｔ Ｕ ｾ initiated an annual survey of
certain typical glaciers in the Canadian Cordillera o In
addition to obtaining glacier information of general scien=
tific value p the ultimate purpose in view is the determina=
tion of the effect of glacier variation on run=off p parti=
cularly the amount of run=off which may be expected in
future from our glacier resources o A limited number of
glaciers were selected for observation purposes p each
reasonably accessible and considered to be typical of the
general area of location. The studies in the Coast and
Selkirk Ranges have been conducted under the direction of
Mro CoE o Webb s District Chief Engineer» ｖ ｡ ｮ ｣ ｯ ｵ ｶ ･ ｲ ｾ those
in the Rocky Mountain Range p under Mr. OoHo Hoover»
District Chief Engineer, Calgarys

Glacier Phenomena

Glaciers are formed by great depths of snow accumu=
lating in mountain basins at high altitude, the weight of
the snow, assisted by surface melting» causes the lower
layers to compact and to turn into ice o Under the pressure
exerted, together with gravitational effect» the ice slowly
extrudes through the valley outlets of the ｢ ｡ ｳ ｩ ｮ ｾ the flow
ｲ ･ ｳ ･ ｾ ｢ ｬ ｩ ｮ ｧ that of a rivero When the slowly moving mass of
ice in the valley reaches lower altitudes» melting takes
place during the summer months» forming glacial streamse
When the annual amount of melting equals the rate of ice
flows the glacier becomes more or less stabilized» advancing
in winter and retreating in ｳ ｵ ｭ ｭ ･ ｲ ｾ if the annual melting
exceeds the forward movements the toe of the glacier re=
treats from year to yearo Our present glaciers are the
remnants of the continental ice cap which once covered a
large part of the northern half of the contanen t , "Alpine u

§laciers are those flowing directly from the upper ｩ ｣ ･ ｦ ｩ ･ ｬ ､ ｾ

Piedmont U glaciers are formed by a union of one or more
Alpine glaciers into a single streamo

The year to year changes in individual glaciers
depend upon the amount of ice supplied from the upper ice=
fields the rate of ice flow and the quantity melted away
on the tongue; if more ice is supplied than is melted 9 the
glacier advances, while if melting exceeds supply» reces=
sion takes place o Annual temperature 9 ｰｲ･｣ｩｰｩｴ｡ｴｩｯｮｾ sun=
shine, amount of moraine covering and the topography of
the valley modify the result so that many factors are
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involvedo There may be also a considerable time lag before
gradual changes in the icefield are reflected by the valley
glaciero Long-term general variations of regional glaciers
are caused by changes in ｣ ｬ ｩ ｭ ｡ ｴ ･ ｾ particularly the factors
of temperature and precipitation o At the present time suf=
ficient data have not been accumulated to determine the
physical laws governing glacier phenomena o

Obse.rvations bL Alpine Club of Canada

Although glacier observations in Canada under ｧ ｯ ｶ ･ ｲ ｮ ｾ

mental direction began only in Ｑ Ｙ Ｔ Ｕ ｾ sporadic observations
and studies of the var-La t i.ons of a number of glaciers in the
mountainous regions of British Columbia and Alberta have been
made by members of the Alpine Club of Canada over a long
period of ｹ ･ ｡ ｲ ｳ ｾ the first on record being for the year 18870
In addition to ｰ ｨ ｯ ｴ ｯ ｧ ｲ ｡ ｰ ｨ ｳ ｾ the recorded observations usually
have included the distance from a reference point to the
nearest ice of the glacier toe i a limited number of ｯ ｢ ｳ ･ ｲ ｶ ｡ Ｌ ｾ

tions were made of the rate of glacier flowo Reports on
these ｯ ｢ ｳ ･ ｲ ｶ ｡ ｴ ｩ ｯ ｮ ｳ ｾ together with excellent articles on the
formation p characteristics and phenomena of ｧ ｬ ｡ ｣ ｩ ･ ｲ ｳ ｾ have
been published in the Canadian Alpine Journal from time to
timei three of the more noted investigators and writers
were 9 - WoH c Sherzer 9 WoS o Vaux and AoOo Wheelerc

The observations of Canadian glaciers recorded in
the Canadian Alpine Journal reveal a general and practically
continuous recession since 18870 This recession coincides
with a similar glacier retreat in the Swiss Alps so that the
earlier pattern of Canadian glacier variation probably was
somewhat similar to that in Europeo In brief v beginning in
1812» there was a general advance of all glaciers which
reached a maximum in Ｑ Ｘ Ｒ Ｕ ｾ a period of decrease then set fn D
followed by a les8 positive increase ,mich reached a maximlliu
about 1850; then ensued a period of marked decrease and in
18709 all the glaciers were definitely retreating o The
period 1875 to 1894 was indecisive p certain glaciers advanc=
ing and others ｲ ･ ｴ ｲ ･ ｡ ｴ ｩ ｲ ｾ ［ since then the decrease has become
almost universal and has continued more or less positive in
character until the present timeD

Records of Glacier Variation

In 1894 an International Commission on Glaciers with
headquarters at Lausanne 9 Switzerland9 was appointed by the
International Congress of Geologists meeting at Zurich and
a general record of glacier variation throughout the world
was ｫｾｰｴ for many years 9 reports being received from the
Canadian Alpine Club covering observations in Canada o The
Commission ceased to function during World War I ｢ｾｴ was
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reconstructed under the auspices of the Section of Scientific
Hydrology of the International Union of Geodesy and Geophysics
at its full meeting at Stockholm in Ｑ Ｙ Ｓ Ｐ ｾ Glacier data also
have been compiled by the Smithsonian Institute at Washingtono
The studies underway by the Dominion Water and Power Bureau
will provide current data on glacier conditions in Canada o

Methods of Observation

The methods of observation used to date by the Bureau
include the following procedures ｾ

1 0 The setting up of fixed reference marks near the toe
of each glacier under observationo These markers are
tied in to permanent topographical features.

2 0 The annual measurement of the distance from a reference
point or base line to the nearest ice of the toe; or
alternativelY9 the annual mapping of the forefooto In
the latter case j successive yearly plottings show clearly
the average advance or recession across the whole fore=
footo

30 The setting up of camera stations from which photo=
graphs can be taken annually to show overall changes
in the glaciero

40 The study of the rate of glacier flow by means of
placques or markers set out on the ice along a base
line crossing the glacier some distance above the toeo
The base line is set perpendicular to the direction
of flow and the deviation of the markers from the base
line is measured trigonometrically each year o Field
trials of different markers are under wayo

50 Determination of annual ablation by means of a SUl'=

face cross=section line run across the glacier tongue
perpendicular to the line of flow and some distance
up from tpe toea

60 It has been recommended that aerial photographs be
taken of each glacier at about five=year intervals
to cover the general outline of the glacier and
adjoining icefieldo These would indicate the general
shrinkage or extension of the supply reservoir which
is actually more important from the ｬ ｯ ｮ ｧ ｾ ｴ ･ ｲ ｭ run=off.
viewpoint than the yearly local change of the glacier
tongue 0
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Glaciers Under Observation

For the purposes of the Dominion Water and Power ｂ ｵ ｲ ｾ

eau studies, typical glaciers in each mountain range were
se1ectedo In the Coast Range, two areas, Garibaldi Park and
Mount Waddingtonpare comparatively accessible and considered
to be representative of the range, the Helmet, Sentinel and
Sphinx Glaciers were chosen in Garibaldi Park and the Franklin
Glacier in the Mount Waddington area o In the Se1kirks, Kok­
anee Glacier in the southern portion and the Illecillewaet in
the more northerly region were adopted•. In the Main Range of
the Rockies, glaciers in the Banff and Jasper National Parks
have been used including ｖ ｩ ｣ ｴ ｯ ｲ ｩ ｡ ｾ Peyto, Saskatchewanp Atha=
baska, Freshfie1d and Lyell Glaciers, the Yoho and Angel
Glaciers were also inspected. The distribution of these
glaciers and their specific locations are shown on the ac=
companying map which covers adjoining parts of British
Columbia and Alberta, the general location is indicated on
the inset map of Canada , A typical view of' each g Lac Le r ,
selected from those taken in 1945 9 1946 and 1947, is shown
in the appended photographs o

Records of the observations by the engineers of the
Dominion Water and Power Bureau covering two full years are
now available for most of the above glaciers. A short des­
cription of each glacier, together with a brief review of
previous and current observations is given below. The
observations are also summarized in tabular form.

COAST RANGE

10 Sentinel Glacier

The Sentinel, Sphinx and Helmet Glaciers are located
in Garibaldi Park()about 60 miles north of Vancouver •. The
Sentinel is typical of all the glaciers in the Par-k, "It is
of the Piedmont type being composed of several smaller
glaciers which unite into a short trunk. Observations for
the year 1935-36 showed a mean recession of 240 feet on two
shallow projections of the toeo In 1945 the base line pre­
viously used could not be located but photographic evidence
indicated a recession of about 900 feet from 1935 to 1945,
being 90 feet per year. For the two=year period of 1945=
1947» the recession was 141 feet or 70 feet per year. The
forward movement during 1946=47 was 10 feet.

Observer - PoWo Stri1aeff, Field Engineer, Vancouver.
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2 0 Sphinx Glacier

The Sphinx Glacier lies two mlies north of the
Sentine'o Its forefoot is very indefinite and ｩ ｲ ｲ ･ ｧ ｵ ｬ ｡ ｲ ｾ

it ie difficult to approach at present owing to huge
blocks of ice near the toe. The mcra i ne s deposited by
its recession are undisturbed and provide an excellent
geological record of its retreat. No measurements we r-e
msde out photographs were taken in 1945 9 1946 and 1947.

Observer = P.W. Strilaeff.

3. Helmet Glacier

Helmet Glacier is typical of the ItAlpine it basin
type of glacier with a northern exposure. It has two
tongues about half a mile apart, on each of which obse r-v­
ations Vol ere made in 1935 and 1936 by the Bri tlsh Columbia
Mountaineering Club which showed a recession of 112 feet
for the East Tongue and 85 feet for the West Tongue in
one year. The observations of 1945=1947 show average
annual recessions of 55 feet and 50 feet respectively.
For the period 1935-1947 the West Tongue receded 546 feet
or an average of 45.5 feet per year. The amount of for=
ward movement on the East Tongue was 14 feet in the year
1946-1947.

Observer - P.W. Strilaetf.

4. n:"anklln Glacier

This glacier is formed on the slopes of Mount
Waddington which is situated about 165 miles northwest
of ｖ ｡ ｮ ｣ ｯ ｵ ｶ ･ ｲ ｾ it discharges into the Franklin River which
flows into Knight Inlet near its head. Observations re=
garding its recession were instituted by Mr. Do Munday of
the Canadian Alpine Club in 1927. During the period 1927=
1945 the total recession was 4520 feet» being a yearly
average of 251 feet. During the two=year period 1945=
1947 the average was 292 feet.

Observer - A.V. Gallon; Field ｅ ｮ ｧ ｩ ｮ ･ ･ ｲ ｾ Vancouver.

SELKIRK RANGE

5. Kokanee Glacier

The Kokanee Glacier is located about 2C miles
ｮ ｯ ｲ ｴ ｨ ｾ ｷ ･ ｳ ｴ of Nelson, on the north side of the highest
ridge in the southern limits of the Selkirk Mountaios G
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The glacier has two tongues about one mile apart, one at
the head of Joker Creek and the other at the head of Coffee
Creek" the tongues of both being in basins well below the
main ice field.

Although no previous records have been compiled, it
can be deduced from Geological SUI"'iTey Map No. 203B, based'
on 1923 topographic surveys, that Coffee Creek tongue has
receded about one-half mile and the .Joker Creek Tongue
about ｯ ｮ ･ ｾ ｱ ｵ ｡ ｲ ｴ ･ ｲ mile since 19230 Observations covering
1945-1947 show the average annual recession of the Joker
Creek tongue was 56 feet and that of Coffee Creek tongue
93 feet.

Observer = \V.P. Harland, Field Engineer, Vancouver.

6. Illecillewaet Glacier

This glacier Which is located on the west side of
the main divide of the Selkirks is three miles south of
Glacier, on the Canadian Pacific Railway. It is the source
of one of the main tributaries of the Columbia River. The
glacier proper has an area of about nine square miles.

Records on the Illecillewaet date back to 1887
having been kept more or less continuously since that date
by members of the Alpine Club of Canada. Large alders
growing near the toe in 1887 indicated that the glacier
had been in this maximum position for many years. Since
then the recession has been rapid but appears to be re­
tarding since 1931. The average annual rate of retreat
was 28 feet from 1898 to 1905, 83 feet from 1905 to 1911,
134 feet from 1911 to 1931 and 43 feet from 1931 to 1945.
The average annual recession for the years 1945-1947 was
55 feet.

Observer - WoP. Harland.

ROCKY MOUNTAIN RANGE

7. Victoria Glacier

The Victoria Glacier originates in Abbot Pass and
is fed by snow and ice avalanchinb from the cliffs and
hanging glaciers of Mounts Victoria and Lefro·y. Its
tongue lies in the valley of Lake Louis9 at an altitude
of about 6,000 feet, being buried under a mass of morainal
material which makes observations of its true position
very difficult. It has been under intermittent ｯ ｢ ｳ ･ ｲ ｾ

vation since 1898, the average rate of retreat for the
period 1898-1912 being 18 feet per year; for Ｑ Ｙ Ｔ Ｕ ｾ Ｑ Ｙ Ｔ Ｗ

the rate was 33 feet.

Observer - W.T. McFarlane g Senior Engineer, Calgary.
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80 Peyto_Glacier

The Peyto Glacier flows from the Wapta ｉ ｣ ･ ｦ ｩ ･ ｬ ､ ｾ the
extent of Which is about 4G square miles and general eleva­
tion Ｙ ｾ Ｐ Ｐ Ｐ feet. It is the source of the Mistaya River.
It was first photographed in 1897 and measurements were
made in 1933 and at interva.ls thereaftero The average
yearly recession since 1897 has been estimated at 42 feet,
varying from 21 feet per year for the period 1897-1933 to
133 feet per year for the period 1939=1942. For the period
1945-1947 the recession averaged 45 feet per year and the
rate of flow was 70 feet per year.

Observer - WaTo McFarlane.

9. Froshfield Glacier

This glacier belongs to the Freshfield Icefield
which is situated on the Continental Divide between tri­
butaries of the North Saskatchewan and Columbia Rivers,
its drainage being principally to the Saskatchewan. The
icefield has an area of about 22 square miles and the
trunk glacier has a length of about nine miles discharging
through a ､･･ｰｾ narrow valley. It forms the headwater of
the Howse Ri ve r ,

The glacier is easy of acoeaB s fairly smooth and
ideal for purposes of record. Records 9 consisting either
of photographs or ｭ ｅ ｡ ｳ ｵ ｲ ･ ｭ ･ ｮ ｴ ｳ ｾ are available dating back
to 1902. The total recession since 1902 is 3,525 feet,
an average of 80 feet per year for 45 years; during the
last 25 years the recession averaged 104 feet per year o

Observations by the Bureau were under-taken in 1947.

Observer - WoT o McFarlane.

10. Saskatchewan Glacier

This glacier has its source in the Columbia Ice­
field and forms one of the headwaters of the North Sask­
atchewan River. The surface of the glacier is very rough
and its toe is irregularo Surveys to record its recession
began in 1945 9 no previous observations being known.
During the two=year period 1945-1947 the total recession
was about 250 feeto

Observer = WoTo McFarlane o
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11. Athabaska Glacier

The Athabaska Glacier 9 also having its source in
the Columbia ｉ ｣ ･ ｦ ｩ ･ ｬ ､ ｾ is considered to be excellent for
observation purposes being fairly smooth and having a
well defined toe o It is readily accessible from ｾ ｨ ･

Banff=Jasper Highway about 80 miles north of Lake ｌ ｯ ｵ ｩ ｳ ｾ Ｎ ﾷ

Prior to the surveys covering both recession and flow
which began in 1945 9 no records are known. The amount of
recession for the two years was very irregular at dif­
ferent points of measurement varying from 50 to 220 feet.
The rate of ice flow averaged 6305 feet per year for the
two years.

Observer = WoT o McFarlane.

12. Angel Glacier

The Angel Glacier p which is at the base of Mount
Edith Cavell in Jasper National Park p is more or less
isolated and does not belong to any particular icefield.
It was placed under observation in 1945 but is now not
considered to be of value for record ｰ ｵ ｲ ｰ ｯ ｳ ｾ ｳ as the
tongue is not now connected to the upper glacier and the
toe is completely covered with rock and difficult to
locate. The amount of recession 1945 to 1947 varied
from 40 to 200 feeto

Observer = WoT o McFarlane.

13 0 Yoho Glacier

This glacier is the largest southern outflow from
the Wapta Icefield and is located about 20 miles from
Yoho Station on the Canadian Pacific Railwayo It is the
source of the Yoho Rivero When first discovered it
presented a magnificent ice-fall Which for many years
attracted visitors o It was placed under observation by
members of the Canadian Alpine Club in 1901 and inter­
mittent records were kept until 1931 0 It was inspected
in 1945 but was found to have retreated up the valley
until it is now a hanging glacier unsuitable for record­
ing purposes 9 previous reference points could not be
locatedo From the Alpine Club records the annual rates
of recession were 1901=1904 9 37 feet$ Ｑ Ｙ Ｐ Ｖ ］ Ｑ Ｙ ｬ Ｘ ｾ 33 feet;
19l8-l93l p 46 feeto The average rate of forward movement
of the ice was 103 feet per year as observed for ten
individual years between 1906 and 19180

Observer = WoT o McFarlane.
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14. Lyell Glacier

This glacier forms part of the Lyell Icefield on the
Continental Divide and is approached from the Banff= Jasper
Highway about 60 miles north of Lake Louise. It was in­
spected in September 1947, photographs taken and a reference
base line established; however it is not regarded as well
suited for observation purposes owing to its steep forefoot.
It has apparently receded rapidly in recent years.

Observer ｾ W.T. McFarlane 0

Period
of -

RecordGlacier

OOAST RANGE

Summary of Observations

Annual
Rate of
Recession
Feet Ｍ ｾ

Annual
Rate of
Forward
MOVement I Fee t

ＱＹＳＵｾＱＹＳＶ

1936-1945
1945-1.947

240
90
70 10 (1946-1947)

3. Helmet - West Tongue 1935-1936 85
Ｑ Ｙ Ｓ Ｖ ｾ Ｑ Ｙ Ｔ Ｕ 36
1945-1947 50

- East Tongue 1935-1936
1945-1947

112
55 14 (1946-1947)

4. Franklin

SELKIRK RANGE

1927-1934
1934-1945
1945-1947

221
270
292

5. Kokanee ｾ Coffee Creek Ｑ Ｙ Ｒ Ｓ ｾ Ｑ Ｙ Ｔ Ｕ 120
Ｑ Ｙ Ｔ Ｕ ｾ Ｑ Ｙ Ｔ Ｗ 93

- Joker Creek 1923-1945 60
1945-1947 56

60 Illeci11ewaet 1898-1905 28
1905-1911 83
1911-1931 134
1931=1945 43
1945=1947 55
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SummarL of Observations (Cont 9 d)

Period
Ｍ Ｍ Ｍ Ｚ ＿ ｆ ｾ ..

()T

He>r..lr '1.

ROCKY MOUNTAIN RANGE

8 0 Pezto

90 Freshfie1d

100 Saskatchewan

110 Athabaska

120 Angel

130 Yoho

1898=1903 I?
1907=1912 19
1945=1947 33

1897=1933 21
1933=1936 79
1936=1939 117
1939=1942 133
1942=1945 77
1945=1947 45

1902=1922 95
1922=1937 87
1937=1947 137

1945=1947 125

1945=1947 135

1945=1947 120

1901=1904 37
1906=1918 33
1918=1931 46

147 (1900)

159

71
71

63

103

A weighted average for all the years of record
prior to 1945 9 on ten of the above listed glaciers for
which records are available for Ｑ Ｙ Ｔ Ｕ ］ Ｑ Ｙ Ｔ Ｗ ｾ shows a
recession of'S3 02 feet s as compared with 8806 feet for
the period 1945=19470 This would indicate that the
general rate of recession has accelerated during recent
yearso There are not sufficient data to draw con=
elusions in regard to variations in rate cfflow o

Conclusion

It is generally agreed that the recession of our
glaciers has been caused by a gradual long=term change
in climatic conditions» primarily a slight increase in
annual mean ｴ･ｭｰ･ｲ｡ｴｵｲ･ｾ probably there has also been a
lower rate of precipitation in the mountains and longer
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periods of sunshineo It is everywhere evident that 9 in
former times l glaciers were ｯ ｾ much greater extent than
at present and that there has been a decrease and ｳ ｨ ｲ ｩ ｮ ｫ ｾ

age for many years o Annual district variations in ｴ ･ ｭ ｰ ･ ｲ ｾ

ature l precipitation and sunshine determine if an individual
glacier wi 11 advance or retreat over a short peri od of
years and these same forces acting over longer periods of
time determine the long-term trendo On individual glaciers
the rate of change may be affected by conditions of the
valley such as steepness of the slope, width of tongue and
amount of moraine covering o It is expected that the system=
atic observations now being made annually by the Bureau
will yield data which will be invaluable for studies cC I

'

relating weather and climatic conditions with glacier
phenomena 0

As glacial run-off constitutes an important part
of the flow of many of our rivers, the effect of glacier
variation on stream flow is of primary importance to the
Bureau o The measurement of the discharge of glacial
streams in close proximity to the glaciers of origin is
usually not practicable owing to poor channel conditions
in moraine material and would be of little value owing to
the extremely capricious flowa On the lower reaches of
streams largely of glacier origin, more satisfactory
records can be secured and these may be compared with those
obtained on non=glacial streamso \Vhen sufficient data
have been accumulated, studies will be undertaken in
respect to the effect of glacier variation on stream flow l

although these will be complicated by the many factors
LnvoLved,
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EFFECTS OF CHINOOK (FOEHN) wryDs

ON SNOW CO\ER AND RUNOFF

by

00 ｈｾ Hoover
District Engineer p

Dominion Water and Power Bureau
Department of Mines and Resources

Note8 This paper was originally written for presentation to the
Washington meeting of the International Association of

Hydrologyp held in 1939 0 As Mr o Hoover 9s paper was not presented
at that time» the Associate Committee on Soil and Snow Mechanics
is pleased to do so nowp ｴｯｧｾｴｨ･ｲ with the other Canadian contri=
butions to the Oslo meeting of the International Union of Geodesy
and Geophysics» August p 19480.
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EB'FECTS OF CHINOOK (FOEHN) \VINDS
ON SNOW COVER AND RUN=OFF

by OoHo Hoover o

SU'1lmary:

With particular reference to Alberta and Western
ｃ ｡ ｮ ｡ ､ ｡ ｾ the characteristics and effects of Chinook winds
are discussed o A concise statement is given on the Phen=
omenan and Maintenance of these windso An exposition is
cited showing how moisture laden air at the Pacific Coast
in winter may move easterly over the Continental Divide
into a cold area and arrive as a dry air fully as warm as
when leaving the coast o

An example of a Chinook which occurred in this
area between March 17 and 24» ＱＹＳＹｾ is given and diagrams
by meteorological and hydrological graphs illustrate the
effect of this Chinook on snow cover and run=off o In the
ａ ｰ ｰ ･ ｮ ､ ｩ ｸ ｾ meteorological data and daily weather maps upon
Which the fronts have been ｰ ｬ ｯ ｴ ｴ ･ ､ ｾ show the initiation
of this Chinook as the wind crossed the Rocky Mountains
eastwardo The text of this paper contains about 3000 wordso
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EFFECTS OF CHINOOK (FOEHN) \fINDS ON SNOW COVER
AND HUN=OF1F'

ＭＭｾＮ ｾｾ .._--_.._-----------------

The type of wind known as the Chinook in North
America£) which blows as a southwest or westerly wind on
the eastern slope of the Rocky Mountains and eastward into
the Province of Alberta s Canada s and into the States of
Montana and Wyoming in the United States o is not only com­
mon to this area in North Americas but occurs very pro­
bably from like causes at other points in various countries o

In Switzerland on the northern side of the Alpss
a similar wind is known as the foehn£) and blows from the
south up£) over and down from the Alpine range o In the
south of Greenland on the west coast£) during the southeast
winds£) which have been elevated over the higher portions
of the island!) the temperatures on occasion in winter, are
reported to be distinctly higher than that of the atmos­
phere where the winds have originatedo

Origin of Name

Chinook Indians from the early days have ｩ ｮ ｾ

habited the region of the Columbia riyer on the westerly
side of the Rocky Mountains in Americas and owing to the
supposition that these winds originated in this area, the
name Chinook (probably first applied by Indians living on
the east side of the divide) has from these early days
characterized this unusual windo

Characteristics and Effects of Chinook Winds

Chinook winds in Alberta, and in particular at
Calgarys always blow from the southwest or west e Usually
at the beginning the sky is ove r-ca s t, except! ng for the
characteristic demarkation in the southwestern sky called
Chinook Arche This panorama comprises an arch=shaped strip
of clear blue sky bounded underneath by mountain contours s
and on top by a clearly marked edge of the clouded skyo
As viewed from Calgary, the blue strip extends some 10 to
20 or more degrees above the mountain horizon, and if one
travels toward the mountains it is found that the blue
portion forming the arch frequently extends some 20 to 30
miles east of the most easterly mountain range, but this
distance may vary greatly with various stages and inten­
sities of Chinook windso Through this arch-shaped strip
the warm winds pour down the eastern mountain slopes and
spread out over Alberta o
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It is a commonplace experience that this Chinook=
affected area in the dead of winter may be snapped out of ｾ
sub=zero conditi on into a balmy s oo t m.ng state, at temper=
atures ranging from 85 to bO degrees F or more above zero o

On occasion in the city of Calgary it is possible, and has
been experienced by the writer that p in walking westerly in
the cityp the temperature has changed from a sub-zero con-
d1tion to that of at least 40°1<' above zer-o, in moving a
distance of not more than a city block. This marked the
beginning of a Chinook. Not all Chinooks p however, originate
in such sudden fashion, but in most cases the change is much
more gradual.

No precipitation appears to ever accompany these
winds. The air is very dry and has a great affinity for
moisture. To use a local expression it is said to lick up
the snow, and in consequence i it uncovers the prairie range
lands, making it possible in Southern Alberta for pasture
grazing Jl during nearly every winter season. Irrigationists
in this section often remark that the snow-fall during
winter does not contribute very materially to the top soil
moisture in the following springe The main reason for this
is due to the fact that much of the snow was lost to evapo=
ration by Chinook winds.

Signs Preceding a Chinook

Not in all instances does there appear to be a
visible sign which ｾ Ｑ ｬ ｬ definitely forecast the approach
of an on=coming Chinook. In very cold weather, however,
winds are often slightly preceded by a falling barometer,
and the pressure remains relatively low while the winds
last. Another indication which is believed to be a good
sign at CalgarYJl Ｈ ･ ｳ ｰ ･ ｣ ｾ ｡ ｬ ｬ ｹ for the layman) is as follows:
If the cold north wind yeers gradually through the north,
northeast, east, ｳ ｯ ｵ ｴ ｨ ･ ｾ Ｓ ｴ and south, taking possibly Ii
or 2 days for the operation, generally the veering will
continue to the southwest quarter, when a Chinook will
develop. If this veering is rapid, a partial Chinook arch
will form, but will not remain, and the wind will switch
back to the north, with the consequent return of cold
weather. Very seldom if ever, does the north wind back
through the northwest to the west and southwest to produce
these warm winds.

The Phenomenon and Maintenance of Chinook Winds.

The fundamental cause and related facts concerning
the origin etc. of Chinook winds are not as yet believed
to be fully understood. The inflowing Chinook air 1s
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generally Polar Pacific (symbol pp) 0 Or! 00;:,a310n" however Jl

it may be called Ma.ri time Pacific (Mp) if warmer than
usualJl and originating farther south in the Pacifico

The advancing front of Chinook wi nds , as r-eve a Le d
in aerological soundings, have a distinct warm front up to
great ･ ｬ ･ ｶ ｡ ｴ ｩ ｯ ｮ ｳ ｾ This front in moving eastward leans for=
ward over thA cold mass at an angle with a slope varying
from ｬ ｾ ｾ ｊ ｏ ｏ to Ｑ Ｑ Ｕ ｾ Ｓ Ｐ Ｐ ｧ and the former f'igu.:re eeems to be
nearer oorrect when first cressing the Rock18S o The cold
air displaced by the Chinook and underlying the warm front
is Polar Conb Lnerrt a L, or known in America as PoLar' CariadLan ,

(symbol PC) G The sudden change ini,emjysra t.ure 1s owing to
the rapid displacement of the Pc air$

In the atmosphere a winds are set in Motion by the
relative ｴ ｨ ｲ ･ ･ Ｇ ｾ ､ ｩ ｭ ･ ｮ ｳ ｩ ｯ ｮ ｡ ｬ distrtbuticn of the temperature
and pressure fieldso The atmosphere really acts as a heat
engine with the sun as its firej) and in c.rde r- r o detect
the action of this great prime mover in the local region of
the Rocky Mountains,ll three major forces whieh act upon air
masses may be consideredo

10 The force due to the earth's rotab10n, called the
ｃ ｯ ｲ ｩ ｯ ｾ ｩ ｳ ｯ With this may be considered the centrifugal
force if the path of the air current is ｣ ｵ ｲ ｶ ･ ､ ｾ As these
forces are each necessarily at right angles to the motion,
they do not involve the performance of work on the air
particle 3 9 so are not the cause of the mot Lcn and wi11 not
be considered further.

2 0 The force of fri.ction.. This always ac t s parallel
and opposite to the surface currento Its operation, however,
deflects the wind obliquely across the isobars from HIGH to
LOWl) and its equal and oppesite r-eac t aon is found partly at
right angles to the isobars in the form of a reduction of
the effectiveness of the Coriolis force, and partly along
the isobars in opposition to the gradient windo Friction
is work consuming s and hence is obviously not a Ｐ｡ｾｳ･ of
the motiono

3 0 The force due to the ｩ ｮ ｴ ･ ｲ ｡ ｾ ｴ ｩ ｯ ｮ of the temperature
distribution and the pressure field p such as for example
generate s land and sea br-eez e s , Since this fcr-c« depends
on action in three dtmeriat ons , its intensi ty" can only be
gauged indirectly from surface weather mapsj) by notlng
some phenomenon that involves work being done on ];:articles
of alro Such an indication is a zone ｷ ｾ ｴ ｨ different
barometric tendencies on the two ｳｬ､･ｳｾ There Ｑ ｾ a coru=
ponent of wind known as the isallobaric which blows from
regions of rising pressure to regions of falllng ｰ ｲ ･ ｳ ｳ ｵ ｲ ･ ｾ
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at right angles to the isallobars (lines of equal time rate
of pressure change). It is independent of the instantaneous
distribution of the isobars, and so may possibly blow from
regions of HIGH pressure to regions of LOWo In this way
the pressure field would aid the wind motion, doing work
upon the air particles and accelerating them.

In the case of Chinook winds, we know that they
will occur when a LOW is deepening or moving in eastward,
and forming up in northern Alberta. \Vhile barometric ｰ ｲ ･ ｳ ｾ

sure falls in southern Alberta, it is building up on the
coast; in other words, an isallobaric gradient is noticeable
between the Pacific coast and southern Alberta. Therefore
the Pacific air is being accelerated into the deepening LOW.
In these circumstances it is usual to forecast a Chinook.

Here then is evidence of the atmospheric heat
engine at work. The condition favourable for the local
production of acceleration, a large gradient both of pres­
sure and of temperature, is especially well fulfilled in
winter in the Rocky Mountain region, owinG to the juxta­
position of the cold, ｨ ｩ ｧ ｨ ｾ ｰ ｲ ･ ｳ ｳ ｵ ｲ ･ Polar Continental air,
and the warm, ｬｯｷｾｰｲ･ｳｳｵｲ･ Pacific air o The mountaina may
contribute to the suddenness with which the Chinook is
accelerated by holding back the Pacific air until it spills
through. This indication is manifest by a fairly steady
and very large pressure gradient, with isobars parallel to
the Rockies» which however is greater than the observed
winds would indicate. The additional heat in the Pacific
air in the form of the latent heat of the moisture contained
also plays its part, as will be seen e

It is known that the Chinook current of air, as it
leaves the Pacific Coast on its eastward journey, is usually
heavily laden with moisture, and the same air as it reaches
Alberta is extremely dry. It is further known that this
air, upon arrival in Alberta some 3000 feet or more above
the Pacific Coast altitude, is as warm as, or warmer than
when leaving the coast. The·warm condition of this air
occurs just after having traversed several high mountain
ranges covered with snow, and without further consideration
it would be reasonable to believe that a loss rather than
a gain in heat would resulto

This phneomenon, it is believed, has been cor­
rectly explained at various times heretofore, and without
much doubt is the result of the following circumstances:
When a mass of air having a relative humidity below the
saturation point is lifted in the ｡ ｴ ｭ ｯ ｳ ｰ ｨ ･ ｲ ･ ｾ it expands
and becomes colder at approximately the rato of 1°F per
180 feet, or 1°C per 100 meters raised. This is sometimes



= 80 -

called the temperature lapse rate for dry air, the ordinary
adiabatic lapse rate o

In the formation of a pound of water from water
vapor by ｰ ｲ ･ ｣ ｩ ｰ ｩ ｴ ｡ ｴ ｩ ｯ ｮ ｾ some 970 Bot.u's ｾ ｲ 244 9000 calories
of heat units are released to the air.. Similarly, in the
freezing of a pound of water an additional 144 B.. t,u's, 8 or
36»000 calories of heat are ｬ ｩ ｢ ･ ｾ ｡ ｴ ･ ､ ｑ Hence in the creation
of a pound of snow some 1110 B.t.uYs )r 2801000 calories of
heat are released.. This is commonly called the heat of
condensation.. Some idea of the energy value for this heat
transfer vnll be realized When it is ｲ ･ ｭ ･ ｾ ｢ ･ ｲ ･ ､ that 1 Bot.u.
is the equivalent of 778 foot pounds of energy..

Pp air moving inland and eastward from the Pacific
Coast toward British Columbia, is generally quite moist,
and often approaching the dew point.. This air, therefore»
if caused to rise 9 will very soon be cooled below the
saturation point» resulting in precipitation and consequent
liberation of the heat of condensation» vbich in turn will
retard the ordinary adiabatic lapse rate of the air temper=
ature by about 50 percents

This reasoning being c or-r-e o t , the following exp l.a»
nation for the appearance of warm and dry air in the Calgary
winter Chinook winds» would appear to be in order.. Moisture
laden air at the Pacific Coast, in its movement eastward
over several irregular mountain ranges is ｭ ･ ｾ ｨ ｡ ｮ ｩ ｣ ｡ ｬ ｬ ｹ

forced upward to an altitude of ｰ ｯ ｳ ｳ ｩ ｢ ｬ ｾ 109000 feet ..
During the ascent the air cools at about 50 percent of the
ordinary adiabatic rates or at 1°F per 360 feet .. With an
initial temperature at sea level of Ｕ Ｐ ｯ ｆ ･ ｾ the temperature
at 109000 feet as the air passes over the Continental
Divide p would be reduced to 22°F. and a very large per=
centage of the moisture would have been withdra¥nl in the
form of rain» hail or snow o

Descending the Rocky Mountains to Calgary 9s

altitude of 3400 feet» the air would be re=heated at the
normal adiabatic rate of lOF o for 180 feet through a
descent of 6600 feet» or to a resultant temperature of 59°Fo

Some temperature reduction should be made owing to the fact
that not all of the air is caused to rise to the 10,000
feet levelj) but comes through where passes exist at lower
elevationso If 9° were allowed for this reductions the
air would then arrive at Calgary or points of like altitude
at a temperature of 50 oF o
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On March 1'7f) 1939, one of the Ｓ ｾ ｾ C:hin001::;H be ge n tc
dave lop in Calgary i! and in two days 7 'erne about 10 incho s
of snow cover had almost disappeareda This warm wind con=
tinued until March 241) which is Longe r than the usual
Chinook perLcd , and maximum temperatures of ever 'iOoF" were
recorded at LethbridgE: and many other pc i.nt.s ,

PIa t e 1 shows gr-aphs of' Re La t iV6 Humt.d i. ty, 'I'emper»
atures and Sea Level Barometric Pressures a: Calgary for a
few days previous to and during the peri0d of ｾ ｨ ･ Chinook
of March 17 to 24 9 19390

Plate 2 shows by graphs the maximum and minimum
temperatures for a few days before and during the period
of the ChInook for representative stations from Victoria
BoOo D at the west coast to Island Falls in Saskatchewan,
about a thousand miles to the east" This temperature chart
shows cLear-Ly the progress of the Chinook ea s twar-d by the
pronounced temperature effecto

In this instance the winds penetrated deep into
Saskatchewanv some 500 miles east of the Rocky Mountains,
and small prairie streams which had been dry all winter,
were suddenly transformed into the maximum high run=off
stages for the year a These streams normally develop
spring freshet stages between April 10 and 25 0 On oc ca s Lon,
however v Chinook ｾ ｾ ｮ ､ ｳ advance this spring flow ｰ Ｖ ｲ ｬ ｯ ､ ｾ and
when such happens p as in 1939, the ｲ ｵ ｮ ｾ ｯ ｦ ｦ is extremely
rapid with maximum stages much higher than usual p but CQver=
ing a shorter period of timso

Plates 3 and 4 show hydrogr-aphs of scream flow
in cubic feet per second for 4 typical stream stations
during March 1939 0 On plate 3 the flow for Ros s cr-eek at
Irvine." 200 miles east of the mount.a i n e, is shown and also
the r-un-vcf'f for Swiftcurrent creek, some 120 miles further
easta Plate 4 shows similar flow data for Lodge creek and
the Frenchman river located on the 49th parallel of' north
latitude at 160 and 270 mile intervals respectively east
of the Rocky Mountainso These demonstrate very clearly
the effect of the warm Chinook winds on a snow=covered
prairie section of country and they also show that in a
matter of 3 or 4 days the streams of such an area may
assume peak run=off stages for the season o

In the Appendix, Table 1 shows meteorological
data for the 7 day period March 18 to Ｒ Ｔ ｾ 1939 9 as obtained
by the United States and Canadian Meteorological Serviceso
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From this ､ ｡ ｴ ｾ it will be observed that the air having a
mean temperature on the outer coast and lower ｭ ｡ ｩ ｮ ｾ ｡ ｮ ､

varying from 47 0 5 'J to 49°F o [. on arriva.l at prairie points
within 200 miles east of the mountains" has a mean temper=
ature of about 49"Fo[J an<.- some of these prairie towns had
temperatures of 20° to 30 oF o below zero only 2 or 3 days
prior to the beginning of the Chinooko

It wll:i. be noted that during the Chinook winds l

period very ｨ ｾ ｡ ｶ ｹ rains occurred'at certa1n outer points
a:"ong the Britieh Columbia coast o At Rivers Inl.et for .
lnstance 8083 inches (If' .....qinwere recorded in ? da.ys .. At
in':"8.nd and mountair points in British Columbia some ra:n
was recorded but in a more spasmodic mannero On the
eastern side of the divide[J however!, where the Chinook
had become affective[J no precipitation was recordedo

P'J,ates 5 to 9 show daily weat.her ''':.Lmdi.tions for
Canada from March 17 to 22.9 as pr-epar-ed rr om the d.aily
Weather maps as issued by the MeteoroligL,al Di vi si any
Canadian Department of Transport.? Air ServicBso Air
frontB have been drawn on these maps shewing the advance
cf torL6 MarcIID 1939» Chinook"

Ab:e assistance W&S given the ｷ ｲ ｩ ｴ ･ ｾ cy the
Contro:ler and Officials{.l particularly Mr o Fo G:caham Miller D

cf' the Meteoro:.ugical Service of Cana da, in the ,:',ollection
of informatLJn and data contained in this r'epo:c'te
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Table 1

Meteorological Data March 18-24, 1939

Outer British Columbia Coast.

Station.

Rivers Inlet
Quat sino
Clayoquot
Barnfield

Mean
Temp.

of.,

47.,0
48.0

Highest
Temp.

of..

54 .. 0
58.0

Lowest
Temp.

of.

37.0
41 .. 0

Precipi= Wind.
tation

Ins.
8.83
ｾ ""):1
J.. ( ｟Ｂｾ

2.40 SE & W
1.65 ｓ ｗ Ｚ ｎ ｗ ｾ ｗ & S

Victoria

Vancouver Island

Lower Mainland

38 .. 4 0.42 N:W, Calm SW o

New Westminster
Agassiz
Kamloops
Okanagan Centre
Penticton

50.,6
52 0 4
47.7
4506
49 .. 1

73 .. 0
72 0 0
66.5
67.0
70.0

37 .. 0
34 0 0
37.0
32 00

38.0

1 .. 20
1.28

Variable

Variable

Revelstoke
Glacier
Golden
Barkerville
Banff
Helena

Mountains

37.7
3409
41.6
39 .. 6
49 03

49 04

61 00

48.0
59.0
52 0 0
62.0
67.0

26.0
21.0
24.0
8.0

3501
30.0

1.60
0.63

00
0.21

Variable
So SW
SW

Prairies (within 200 miles of Mountains)

Cardston
Lethbridge
Calgary
Medicine Hat
Havre

50 0 4
53.3
4308
47.4
5106

68 .. 0
73.9
67.3
71.0
76.0

22 .. 0
30.0
22.0
24.5
17.0

o
o
o
o
o

SW
ｗｾｓｓｗ

SW



Station

Malta» Montana
Glasgow It

Opheim It

Edmonton, Alta o

Moose Jaw, Sasko
Saskatoon "
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Table I (continued

Meteorological Data March 18-24» 19390

Mean Highest Lowest ｐ ｲ ･ ｣ ｩ ｰ ｩ ｾ Windo
Temp. Temp. Temp. tation

of. °1"0 «)F
g Ins.

Prairies (more than 200 miles east of mountains)

4209 Ｗ Ｑ ｾ Ｐ 3,,0 0
46.0 Ｗ Ｔ ｾ Ｐ 600 0
40,,0 61,,0 1000 0
ＳＸｾＲ 5900 21 00 0021 SW
3806 65.0 0 0
32 08 44 00 2100 0
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Surface cold front
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