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ABSTRACT
The chinook is a complex meteorological phenomencn thst conceras
the geographer because of the varied and significant influence it
has on the charscter and use of the landscape. To introduce the
study and to outline the basic resesreh crcblems involved the
early references to the chimook are examined. As this study
represents some of the initial information derived from the
Chinook Research Project, initiated in 1963 by the Geogranhy
Department, University of Alberta, Calgary, the organisation and
instrumentation of the project are considered. The theory and
meteorological character of the chinook is then examined and a
tentative geographic definition is proposed and discussed. Using
this definition some of the varied effects of the chinocok on the
landscape are examigned and their significance assessed. The
chinook's role as a 'snow-eater' is examined in an attempt to
determine the absolute and relative influence of the phenomenon
on snow-melt, evaporation and hence the hydrologic cycle. Study
of the chinook’s influence on vegetation is confined to analysis
of the causal relationship between the chinook and red beltr, or
winter killing of trees, and fires. To assess the chinook's
importance in agriculture a farm questionnaire was prepared. The
data derived is used with that from other sources in an analysis
of the significance of the chinook on ranching in Alberta. In
conclusion suggestions are made regarding future research on

this subject.
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CEAPTER L

EARLY REFERENCE TQ THE CHINQOK

The following discussicn of early references te the chinook serves

—-

to introduce this study of a complex meteorclogical phencmencn and it

-

7]

geographic significance.

Alrhough the chinoock wiand is st

pocrly uncerstood it uas become

fas
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legendaryl and its general character aad significance were kncwn fe the Indians
and quickly appreciated by all who pPiloneered the western prairies and Reocky
Mountain foothills,

wniisc Hendry and Fidler explored in the above zrea it was David
Thompson who first inferred that the area was subject to some special climaric
phenomencn. In the fall of 1787 he records:

on
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At length the Rocky Mounftains came tke shi.ing white clouds in
the horizon....Cur guide ol us rthas prcacnec tnese mountains
of snow we should f*nc the weather becaxe mzlcer, this we could znos
believe, but it was so, and the moath of November was full as mild as ¢
month o‘ Cctober at tze trading house we left eastward.2 For rhe coid o
Tthese countries decreases as much by going westward as by going to the
South.

'U

It is in the journal of Alexander Mackenzie that we £find the firsc

real account of the chincok. On reaching the Athabasca River in Jaauary 1793

he recalled-

On the 5th in the morning the weather was calm, clear and very cold;
the wind blew from the South-West and in the course of the afternoon it
began to thaw.

He continues:

These warm winds come off the Pacific Ocean, which cannot, in a direct
line be very far from us, the distance bezng so short, that though they
pass over the mountains covered‘wltb snow, there is no time for them to

cool.

1. Gard, R.E. 1945, p.360,

2. This refers to Buckingham House on the North Saskatchewan River.
3. Thompson, D. 1962, p.47. .

4. Mackenzie, A.(Sir). 1801, pp.138-9. ’

5. Ibid.,p.139.
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More precise references te mereorclogicsl conditiecns in southern
Alberta zre fcund in the journzls of the Palliser Expedition, 1857-1860.

Eector ncoted:

....that the average temperature during the winter months at the base

of the Rocky Mountains is higher by 15° than that of the western portions
of Canada and that the mean depth of smow at the same place is much less
than in the prairie country.l

Whilst nmear Fort Assineboine he goted:

In the moraing the thermomerer was 149 bur during the day it rose very
with a great storz of wind from the south-west. At 7 p.m. the
er was &4C°, Az abous 10 p.m. the storm ceased, rthe sxy cleared

hermometer at once fell to 1° and the baromecer rose to 27.47

L¢3

"t

Wonilst Eector, like Mackenzie, incorrectly concluded that chinook
conditions merely reflected proximity to the Pacific, he had an amazing under-
standing of the Alberta climate. In a separate paper, dated 1861, he notes:

Along the eastern base of the Rocky Mountains chese changes are even
more distinctly marked than in the longitude of Edmeonton, and the effect
they have in reducing the amount of spow is very remarxkable, so that there
is a narrow tract close to the mountains where there is never more than

a few inches of snow on_the ground, and the rivers, when rapid, remain
open during the winter.

Eector also commented upon the botanical repercussions of temperature change:

So leong as the vegetation remains dormant during the winter season, the
sudden chnzges which have been described, however great can have little
influence on plant life, but when the mean temperature for the 24 hours
rises above the freezing point and the powerful sun of each day, with
the gbundant moisture derived freom the melting of snows, stimulate the
ascent of sap and the germination of seeds, these sudden alternations
must have a very baneful effect, and exclude from the flora of the
country many plants that it would be quite fitted to sustain.... as
late as the middle of May seriocus damage is freguently done to the

e Sma v

vegetation by sudden variations in temperature.
With expznsion into the Canadian west descriptions and explanations
of the chinook become more numerous. Dawson, in 1879, studied the chinook

phenomencn in great detail and was forced to question the wvalidity of

Hector, J.(Sir). Journals of the Palliser Expedition, 1863, p.15.
Ibid., p.123.
Hector, J.(Sir). 1861. (Quoted in Warkentin, J. 1964, p.1i635)
Ibid. This is considered more fully in Chapter 5.
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Mackenzie's explanation thus:

It is difficult to understand how currents of air, blowing for at

least 350 miles across a countrry which is for the most part mountainous
should retaia enough wermth to temper effectually the climste of the
plains to the easc.l

Dawson realised that the chinook was similar to the European foehn and drew

on Haon's work on the lartcter to Suggest an adiabatic theory that forms the

2
basis of curreat theory and may be surmmarised thus:

Warm moist air flowing eastward from the Pacific Ocean is forced to
Tise, condense and ceel at the saturated adiabatic lapse rate of approximacely
2.79F. per 1,000 feet. Because moisture has been released when the air
cescends to the plains iz is drier and gains lieat at the dry adiabatic lapse

rate of 5.5°F. per 1,000 feet. Thus, height for height, it is warmer and drier

on the leewaré than on the windward side of the wmountains.

3
o0

-

he 1880's were particulsrly fruitful vears of chinook research.
EazenS writing in 1882 refers to eleven other papers published since 1883.
There are prcbably three reasons for chis sudden intercst azd prolific
publication: 1. The 1880's saw the infiux of numerocus pioneers to Alberta
and the western United States, many of whom relied upon agriculture and hence
the weather for their livelihood.

2. The winter of 1886-7 was particularly severe, with a marked
absence of chinooks. The loss of many cattle belonging to the new settlers
emphasised the importance of the chincok.

3. The establishment of a fully equipped meteorological station
at Calgary in 1883, one at Banff shortly after and the expansion of the United
States meteorological network provided d.%a for quantitative climatic analysis,

4Aldous reporting, in 1881, on survey work in the Bow Valley noted:

1. Dawson, G.M. 1881, p.77.
2. Willett, H.C. & Saunders, F. 1959, pp.305-8.
3. Hazen, H. A. 1888, pp.19-20.

M



On the other hand the short grass of the plains is unaffecred, the snow
is melted znd blown off inte the raviTes and hollcws by the prevalent
south-ezsterly wirnds called chinooks.

q

Begg in 1882 reported:

2

Chinook winds from the Pacific Coast rush through the Kootanie, Crow's
Nest, Bow River and numerous other passes, along the headwaters of
hundreds of crystal streams and around the ends of loangitudinal ridges,
which divide the mountain ranges, forming channels or conductors for
those warm wguds to increase the temperature and dissolve the snow as
if by magic.”

The first local newspapers of the western prairies and foothills,

published in the 1880's, refer frequenrly to the chinook and its influence
on pioneer life. The Lethbridge News in March 1887 stated:

The first reagl live Chinook of this seasozn struck here on Sunday =orning
last and continued until Monday evening and in that time, the snow,
which was from 12-18 inches deep all over the prairies, disappeared as
if by magic.... Cattle could be seen coming out from the bottoms from
all directions and making for the open prairie where they luxuriared in
the first square meal for weeks.

The work of Dawsoa® and later Bowerman> heralded the trend toward
more scientific study of the chinook. McCaul, writing in 1888, compared the

early meteorological records for Calgary with his own for Fort Macleod and

noted:

Indeed it would seem from the table that the common idea among stockmen
and others, that the effects of the Chinook winds are not nearly so
pronounced at Calgary as at Macleod and in the whole broad valley of the
Belly River and its tributaries, were true; for while at Macleod the
prevalence of a south-west wind, almost invariably mild and warm, is
most noticeable at Calgary it would seem that the north-west wind is
quite as frequent as that from the south-west and there do not appear

to be the same sudden and pronounced rises in temperature that w
experience in this more southerly district.b

Hazen, writing in 1888, compared temperature changes in Montana with

synoptic conditions and thus sought to challenge the accepted adiabatic theory

Aldous,M., 1881, p.38.

Begg, A. 1889, pp.354-5.
Lethbridge News, 1887, March 2.
Dawson, G.M, 1881, pp.B76-8.
Bowerman, A, 1886.

. McCaul, C.C, 1888, pp.362-3.
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of chinooks. Be said:

Tails explanaticn for the Chinook, however, will not heold for the reason
that it is felt in the plains where there are no mountain ranges near.l

With regard to the area influenced by chinooks he szid:

Its lower limit, roughly speaking %s at the forty-fourth parzllel
and may extend eastward to Dakota.<

BHazen considered chinooks resulted from the location of a low pressure cectre
in Alberta which induced a westerly circulation of air from the warm arid
plains to the south and west, at the same time excluding ceolder air frem

the north. Had he combined his synoptic criteria with the adiabatic theory

he would have been nearer the truth.

=4

Barrington,3 in 2 series of three papers in 1886 and 1887 presented
the most enlightened research of any at the time. Indeed his comprehensive
and accurate coverage of the subject has hardly been equalled since. By a
consideration of wave theory and adiabatic processes he substantiated the
foehn theory as propounded by Hann, and emphasised its applicability to the
chincox phenomenon. The problem of explaining the descent of light warm air
on the leeside of the mountains was discussed for the first time. He explained
as have more recent writers, that the warm air is induced to dJdescend by the
low pressure occurring to the lee of the mountains as a result of wave action
caused by disruption of the easterly airflow. Like Hazen, he investigated the
relationship between chinooks and certain synoptic conditions. Using data

from Montana he concluded that:

Wnen a cyclone or anticyclone passes on such a course that the air is
forced over the mountains from the western to the eastern slope,

chinooks may occur.4

Harrington also developed a quantitative method for areally delimiting a

chinook, He says of chinook air:

. Hazen, H A, 1888, p.20.
Ibid., p.19.

Harrington, M.W., 188€, 1887.
. Ibid, 1887,p.474. o

SN



As it descends and takes the place of the =
cyclone a decrease of absolute humidity wil
by noting the distance to which the decrease of
extends that we can trace the eastera limic
Baving studied genetic factors aad quaatitstively znzalysed the
phencmenon itself Earringrton was able to appreciate and srtudy the central
prodlem of much future chinook research. In his second paper he asked

the question: “What are the Chinooks?" and coatinued:

In attempting to account for anything we must clearly cefine what that
T s

thing is. The Chinooks are frequently spoken of in the Northwe t, buc

they have hardly got beycnd the stage of newspaper literature and a
clear definition of them is lacking.2
A definition of the chinook to satisfy the needs of rhe gecgracher
is still lacking, and the problem is again tackled in Chapter 3.
The early references to the chinocok are often vague and contradictory
but their analysis serves to introduce the topic and to outline scme of
the proviems still requiring solution. Subsequent cnapters deal with the

scope, methods and initial findings of the author and the Chinook Research

Project at the University of Alberta, Calgary.

1. Harrington, M.W. 1887, p.517.
2. Ibid., 1887, pp.467-8.



CEAPTER 2

THE CHINOOK RESEARCE PROJECT

AsS this thesis represents oaly some of the inirial findings of a
long term research project of considerzble scope the writer feels it
desirable to place his research in context by cdescribing the project as
a whole,

The research project was initiated in the fall of 1963 by
Dr. Ian Ashwell of the Geography Department, University of Alberta, Calgary.
The writer and anumerous other assistants have helped in the subsequent
expansion and day to day operation of the project.

The research is zimed at increasing knowledge of the chinook and
its geographic significance as an influence on the landscape and human
activity. Meteorological analysis is being ccnfined to the reascnably
accessible area between Calgary and the Continentzl Divide but the influence
of the phencmenon throughout southern Alberta is being studied. The research
invloves the determination and analysis of the meteorclogical and micre-
zetecrological characteristics of chinook conditions. Those aspects of the
landscape and human activity influenced by such conditions have then to be
determined and the significance of this influence evaluated. On the basis
of previous work and initial data the influence of the chinock on hydrology,
vegetation and agriculture is being studied.

Organisation

To study the meteorological characteristics of the chinook, such as
areal variation, duration and intensity a comprehensive network of suitably
instrumented stations was a primary requisite. Before the project began the
only stations in the study area continuously recording meteorological data

were those at Calgary, Banff and Kananaskis. Several other stations under



v -

variocus goverament ageancies are ecuipped te provide coatinucus records bu
unfortunately they are not operated during the winter.

Continuously recorded data is supplemented by other metecrological
records, At numercus locations various agencies, goveramental and private,
kave made daily observations or msintsined parctisl records of factors

coacerniag them, For example, maximum and minicum temperatures are recorded

Z2lls and Glenmore ResServcir. Summer records of Cemperature and humidity are
maintained by many Forest Ranger Stations and evaporation data for Calgary
exists for the period 1896-1900.

However, for two reasons the available and forthcoming data from the
above sources was considered inadequate. Firstly, no instruments were installed
to measure such factors as radiation, soil temperature, snow cover and
evaporation. Secondly, the limited network of starions was inadequate for
analysis of chinook development, ar.al variation and progression,

Stations

To rectify this matter new stations with more comprehensive
instrumentation were established. Their location was governed by five main
factors:

1. The location of existing stations.

2. The wish to analyse areal differences in the chinook and its

possible eastward progression from the mountains toward Calgary.

3. Accessibility, especially in winter.

4. The topographic suitability and vegetation of the site.

5. The co-operation of landowners.

Seven new stations were established and their location and that of other
stations in the research area is shown in Figure 1. The stations providing data

used in this research will be described briefly below but more complete

-8 -



N

| 9By

Ll

*AomyBipy opouDTy-sUDI| ,.nn

*5912u9b0 JuawusanoB Aq pojosado U TTIT
*A10B|05y ‘0410g)y Jo Adgsioniun

so] Jw
niBoagy ayy Aq poypsado suolois @

0¢ 0
A0

" Juawyindoag) Ayd

T

L]

e t————

INJIOTT

SP{SDUDUDY @

D ® o
®

Plold |jpDow

C.E
.rv‘ AN
.
S o s b bt ety o bt

doyjjy &

’.
ouloyjidon @ ™.
ouDIyI0Y) @

191y Mog R A1oAIDs0Y 45040

DJUDMBUULY 9307

LO3r0Md HOMYIS3IY YOONIHD JHL N
J3NTOANI SNOILYLS T¥DI90TONOILIW 40 NOLLYIOT IHL

WD




details and photographs are included in Appendix A.

Calgarv: McCall Field

Organised weather observations were begun in Calgary in 1876 by the
Northwest Mounted Police., Messurements were made at various downtown locations
until 1921 when & station was established at che old municipal airporc on
North Eill, In 1938 the station was relocated at the New Municipal Airporc,
two 224 2 half miles further north. In 1948 it was moved half a mile furrher
west and in 1956 was moved 300 feet north to the preseat site on McCall Field

Alrport. The station has a comprehensive selection of instruments located on

or north of the main control building, which lies somewhat lower and to the

east of North Hill.l

Calgary: Campus

The Tniversity campus zeteorological station was the first new one

to be established and it began operation in October, 1963. As it is very
accessible and of use in other projects and for teaching purposes it is the
most fully instrumented. It is located in a flat grassed area open to the

north. Buildings of various heights lie at various distances over S0 yards ‘

to the south, south-west and east. Although these may influence the site it b
has been inspected and approved by the Department of Transport. It is expected
that the station will soon be moved to an open grass plot on the western edge

of the campus, where the snow piot is located.

Mink

This station is on a mink farm seven miles west of downtown Calgary,
adjacent to the old Banff Coach Road. It is situated at 3,950 feet mid-way

up an open grassed hill slope that faces north-west.

1. Government of Canada, Department of Transport, Meteorological Branch, Calgary,
Alberta, Annual Metecrological Summary, 1964, pp.1-2.

- 10 -



Cochrane

This station is located in the grounds of the disused Glendsle
School some 17 miles north-west of Calgary, just north of Highway lA. The
surrounding land rises to the south and coasists of srsble and grass with
patches of willow, poplar and occasional conifers. The smzll school house
lies sbout SO vards north of the site and contains the anemograpn.
illtop

The small hill which this station surmounts lies some 300 yards

north of Highway 1, some 25 miles west of Calgary. The surr:cunding area of
grass and willow slopes gently down in 2ll directicas affording aa excellent
view, especially toward the mcuntains, Scme of t° scrub bush on the slopes

was cleared during 1964%.

Copithorne

This station, near the southern edge of the Stony Indian Reserve lies
two miles north of Highway 1, about 22 miles west of Calgary. The site liies

mid-way up the steep, grassed socuth-west facing slope of Parks Ridge. This

hogsback ridge trends north-west to south-east and is separated from other
similar ridges by shallow valleys containing sloughs.
Rananaskis

The Canada Department of Forestry keeps mei-20rclogical records at cheilr
resesrch staticz located in the Kananaskis valley five miles south of Fort
Chiniquay on the Rocky Mountain Forestry Road. The station iies above the
valley floor which is quite wide here being occupied by Barrier Lake., The
site is a relatively fiat and quite extensive grass clearing surrounded by
conifer forest. In connection with forest management and watershed research

many other instruments are located in this vicinity, especially in the Marmot

Creek basin further sout...



BectoT

Camp Chief Hector is located aloagside Highway 1A st the western
end of the Stony Indian Reserve. The site, overlooked by Mount Yamnuska, 1is
a flat stony grassland area fringed by intermittent mixed weodland, with &
small lske to the west.

Banff

Temperature and precipitation readings were begurn at Banff in 1890
and a station of first class standing was established in 1894.1 The present
station operated by the Department of Transport is located in the centre of
the town behind the old Fire Hail. The size is dominated by tThis building
and further confined by a road and parking lot, all within several yards of
the instruments.

Sulphur

Sulphur Mountain rises to 7,595 feet aad lies four miles south of

-

Banff, at 4,538 feet. An observatory was built on the peak in 1504 am

4N

meteorological readings have been made intermittently since then. At present
the Stevenson screen, erected by the writer in 1964, is located two vards
south of a small stone building on the summit. The site is not ideal but it
is reasonably accessible and although snow entered the screen during the
winter it was never covered. The anemometer is affixed to the roof of the
Cosmic Ray Laboratory nearby. Because of difficulries in regularly servicing
the instruments, especiszlly during winter, cnly a limited amount of data has
been secured from this station.

Instrumentation

The instruments, their accuracy and operation will now be described,

but the instrumentation of each station is detailed in Appendix A.

<4nnl‘h



A standard Stevenscon screen was erected, usuzlly four feet zbove the
grcund at each statica. As temperature and humidity zre of coansiderzble
significance a thermograph and hygrograph was placed in each screen, These
instruments run for one week giving z coatinucus record of temperature and
relative humidity respectively. Both were checked weekly by comparison with
values indicated by an Assmann Psychrometer. The thermograph trace was alse
checked against 2 maximume-minimum thermometer in the screen, Where necessary

he instruments were adjusted and the readings corrected. EZrrors for the
values recorded or in timing seldem exceecded 2%, Both imstruments were
subject to failure during very cold weather or high and gusty winds. The
cilockwork drive occasicnally stopped duriag severe coid but often restarted
when the temperature rose, as during a chincok. The wind frequently blew
the pens off the chart and when they stuck to the glass case several days
data was often lost. However, it was seldom that all the stations were So
affected and daily checks eliminated such problems at the manned stationos.

To record the wind, ane-ometers were in operation or were iastalled
at a2ll stations except Mink, Hector and Banff, Those installed at the new
stations were modified to run for a week but proved unreliable and have
yielded virtually no data. Only at McCall Field, the Campus and Kananaskis
has accurate wind data been collected coantinucusly. A supplementary anemometer
set 176" above the ground at the snow plot on campus has yielded useful data
on daily wind passage and sensitive anemometers have been used in
evaporation studies.

At the Campus several other instruments are in operation. Thermo-
couples, resistance thermometers’with Rustrak recorders and a thermograph

with mercury in lead sensing elements have been used to provide contiauous

Al



records of temperatures at varying levels in the soil, on the grcocund and
snow surface and in the soil. An actinometer provides z ceatinuous record
of solar radiation and in April 1965 a net radiometer was installed to

measure solar radiation, radistion from the esrth snd the ground albedo.

[R])

Fro: time to time temperature traverses between Calgary aad Banfs
and across Calgary have been made using an Assmann Psychrometer or car
mounted aircraft thermometer, Although such methods are not to0 sccurate
they have yielded some interesting results that merit closer and more
accurate investigation.

Various instruments and the snow plot have been used to investigate
snow melt and evaporation but these are considered fully in Chapter 4.

McCall Field has supplied a2 considerable zmount of long term data
and also synoptic and upper air information derived from pilot reports and

haglloon

(1]

scents. At the campus cloud and general weather conditioms are

noted twice daily. A partial photographic record of chimook arch clouds *

has been obtained for the winter 1964-5, but the operation of an all-sky
camera installed in 1964 on a roof near the snow plot has not yet been
pexrfected,

Despite instrumental failures an astounding volume of significant
data has been collected since the project was initiated. Much of this data
is being transferred to punch-cards as time and money permits. This will
facilitate storage and, by speeding analysis, greatly enhance the usefulness
of the data.

An.even denser network of stations with more comprehensive and

reliable instrumentation is still needed. In particular more instruments



are needed in the mountain valleys and in the Calgary urban area. However,
the basis has been laid for a sound study of chincok meteorology that is a
necessary preliminary for an accurate analysis of the geographic significance

of the phencmenozn.




CEAPTER 3

TEE CHINCOX: ITS CAUSE, CEARACIER AND DETINITION

The name chinook, meaning snow eater, was originally given to warm
winds reaching Alberts, in winter, from the territory of the Chincok Indians
in British Columbia,1 Such a general definitien scen led to a vague and
more widespread application of the word. Cleveland noted in 1896, "The word
'chinook? is now used in Idaho to designate any warm wind"2 and "an indiserim-
inate use of this word has also sprung up in the Mississippi valley."

As editor of the Monthly Weather Review, Cleveland hoped that, "The
term ‘chinock’ will only be applied to those Qinds that ca2n be distinctly
proven to be warm, dry, descending winds."% Such is the case iz Alberta
where the term usually signifies a warm, dry wind, particularly noticeable
in the south-west of the province in winter and herzlded by an abrupt change
in temperature and formation of the chinook arch cioud. UnIortunately such

-

as oot prevailed. Warm wiads, wer and 4ry,

o

& restricted usage of the rterm
of varying direction and fregquency, occurring in such places as Fort Good
Bope, Prince Albert, Manitoba, central British Columbia and Colorade have
been termed 'chinooks.'®

The term thus has a vague meaning and any precise geographical
definition is still lacking. In an attempt to define and subsequently assess
the influence of the chinook the dynamics and character of the phenomenon
will now te discussed,

The true chinook, as found in Alberta, is a foehn wind differing

only in degree from the type example in Europe. Such winds cccur in many

1. This is the most common and credible reason given for the name chinook.
2. Cleveland, A. 1896, p.7.
3. Ibid., p.7.
4, Ibid., p.7.




WIND DATA FOR_CALCARY

PER CENT FREQUENCY FRCGM NOTED DIRECTIONS

]

E Directien lJat; feb Hars'Apr May !Juu Jul | Aug | Sep | Oct | Nov | Dec | Year |
| Nortk 18] 18| 17) 16l 17 19| 17{ 19 1s: 13| 16| 15 17T
NS B B S S B Y Y Y S Y D R
East sl sl &1 71 &) 71 &f 71 sy &} &«; &7 &
South-masc| 7| 10| 16| 18] 15| 1&| 15| 13| 12| 12| s8] 7] 12
South 1] 17] 171 15] 11} 10| 13| 12| 1&] 18] 17| 19| 1Is
South-west | 13| 10| 11{ S| 9| 7| 10| 11| 1] 15| 15| 15| 11
West 221 18] 12] 151 141 15] 13] 11§ 141 18§ 19 L"z'l 16
sorth-west | 15| 1il 13] 14| 20] 19| 19] 1s| 19] 16| 15] 13| 16
Calm 31 sl 31 1! 1| 21 1] 21 =2 3| 3] 3] 2
L AVERAGE SPEED FRCM NGTED DIRECTIONS (=ph) i
; 5irection ; ;;; Feb Mar! Ap':E May { Jun JulE Aug Sepg Oct | Nov | Dec Year-g
| Noreh i i 11, 16 13] 12 10; 10§ 111 11] 10 101 11
| orcn-zast| 6| 7| &| 9| 9] 9| °| 8 7 71 6] 61 & ;

East 6] 6] 71 s 8; 21 71 71 71 7 6; 5 7

South-rast| 7| 8] 9] 11] 11| 1o} 9! o] ey 9 7} 7y 9

South 71 7] 8] o9 9; s s8] 7| 8| 8] 7| 7 s

South-West]{ 9] 8] 8} 9 8% 7 7 71 8] 9| 8 o & |
| West 16] 16] 14{ 15{ 13] 13 12§ 1] 3] 4 15| 18 14
{ North-West! 11| 11 1?”‘135 16| 12| 11} 11| 11] 12 112 11§ 12

The above figures ar
derived frcm a2 recor

e averages for the period 1937 - 1954 based on data
ding anemometer set at 60 feet above the ground.

Source: McKay, G.A; et al. 1963:UCIiﬁatic>Recordsrfof the Saskatchewan
River Headwaters.
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places including Greenland, New Zealand and Argentinz anod thecretical
studies suggest that they may be expected to the leeward of any mountain
range chat disrupts a prevailing air flow.

Southern Alberta, occupying a mid-lsatitude, continental positioa is
influenced according to the season by various air masses of Tropical, Polar,
Arctic, maritime and continental origin. Cyclones from the Pacific frequeatly
follow the ‘'Alberta' path and are a dominant influence on the area, especially
in vinter.l There is thus a predominantly westerly circulation over the

province, as is evident in local wind data. That

H

er Calgary, surmarised in
Table 1, shows that on average winds with a westerly component have a 437%
frequency a2nd that west winds have the greatest average speed. At Exskaw and
Pincher Creek the mountains exert a funelling action and westerly winds are
even stronger and more dominant. The Rocky Mountains fringing westera slberta
rise on average to 10,000 feet, or 6,000 feet above the plaias, and extend
out of the province north and south. This formidable barrier lies roughly
at right angles to the prevailing air flow and consequently disturbs it.

Using mathematical models several scientists, notably Queney2 and
Scorer,3 have theorised on the flow pattern of a specific air mass over an
idealised mountain barrier. The projected streamlines for air over barriers
of varying width indicate that waves usually develop to the lee of the
barrier.é

The development and amplitude of such waves depends on several

factors including the shape and size of the mountain and the air speed at

1. Borchert, J.R. 1950, pp.23-4.
2. Queney, P. 1948, pp.16-26.
3. Scorer, R.S. 1953, pp.70-83.
4. See Figure 2.
- 18 -
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THE THEORETICAL AIRFLOW i
OVER A MOUNTAIN

vertical projection
< S < ~— streamlines
hY

<
- 4‘_\! \ \A 3 ’
:: N
TN

Perturbation by @ broad typical mountain range

in an unlimited uniform stratified current. This

shows the vertical projection of the streamlines;
displacement indicated by small arrows.

Source: Queney, P. 1948, p.22.

Figure 2



various heiguts. Scorerl

suggests that steep slopes with a flat area
leeward of the mountain ard an increase in wind speed with height are
factors conducive to wave development., A stable layer and inversion has
alsc been considered critical in lee wave formation.2’3 Mzny of these
factors are found in asscciarticn with rhe Reocky Mountains snd chinook,

) Even the most comprehensive mathematical model can rarely simmlate
the natural phencmenon where the ccmplex character of mountains and air
masses introduces more variables. Eowever, the basic prirciples evolved by

~

theory have been Substantiated rather tpan refuted by field work.

> by upper air

Lee waves have been detected in many places
measurements, cloud formations and aircraft pilots. Unfortunately radio-
sonde balloons are rarely used in southern Alberta.

Throughout the Rocky Mountain foothills from Alberta to Colorado
distinctive cloud formations are often associated with lee waves. Under
certain conditions air will condense toward the upper peak of each wave to
form a lenticular or roll cloud, that may form z continuous band parallel
to the mountains. When the waves are long and of short amplitude, as is
often the case where they die out with height or distance from the mountains,
such clouds may merge to form a more continuous alto-cumulus cover, as with
the chinook arch.

This cloud formation, depicted in Figures 3 & 4, is best exemplified

in southern Alberta.6 Its occurrence, persistence and situation depend on

the air mass characteristics, ground conditions and lee waves. When fully

. Scorer, R.S, 1951, pp.99-103.

. Colson, de V. 1954, pp.363-71.

Yates, A.H. 1949, pp.40-4.

There are many examples, such as: Primeau, L.L. 1956, pp.16-21.
In California, Scotland, southern England, Sweden etc..

Thomas, T.M. 1963, pp.166-70. 20
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developed the cloud has an apparently arched edge that parzllels the
mountains. This edge is often silhouetted agzinst a_clear sky or oame with
scattered lenticular or cumulus clouds. The distance frem the cloud edge to
the mountsins seldom exceeds fifty miles but varies with the wavelength and
often changes dufing the day.

The cloud usually forms at a height between 10,000 and 15,000 feet,
depending on the lapse rate of the air and the wave amplitude. It seldom
occurs during the summer and even during winter the arch often dissipates
around woon tarough local ground heating and turbuleace, then reforms under
more stable conditions toward evening. Only under certain conditions are lee
waves and the chinook accompanied by the arch and it is not, therefore, a
comprehensive indicator of either phenomenon.

Pilot reports, when available, are often useful indicators of lee
wave development. Many of the fest gliding areas are located to the leeward
of mountains where the waves provide exceptional lift. Thus in 1940 a2 German
glider climbed to 37,000 feet in a wave to the lee of the Alps.l However,
the pilot is primarily concerned with the turbulence and dangerous downdrafts
associated with such waves. Several c¢rashes, including one at Rocky Mountain
House, have been attributed tc lee wave downdrafts.2 Lee waves and turbulence
are quite frequently reported by pilots flying west from Calgary.

The chinook wind consists of air that descends in a lee wave and is
compressed and adiabatically heated. However, the lee wave theory seems
inadequate in explaining the exceptional warmth of such winds and their

descent to cooler areas. Several other factors may well stimulate the descent

1. Yates, A H, op.cit..
2. Government of Canada, Department cf Transport, Air Services, Civil Aviation
Branch, Accident Report, Serial Number 1958.
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and werming of caincok air,

The pressure difference that initiates the transmontane air flow
probably evacuates air from the foothills leaving a low pressure area which
attracts air from sbove. This leeward low pressure centre may be accentuated
by the passage of air over the mountains and foothills and cyclogenesis may
even occur.

Loczl turbulence and convection duz o grounc heating may also cause
the dispersal or mixing of the colder air at lower elevations, which enables
the chinooxk to reach ground level. This may also be influenced im Calgary by
topozraphic controls, air drainage and the development of an urban heat
island .l

It has also been suggested that air traversing the moun:gins is
subject to frictional drag that induces leeside descent. Ceriainly there is
usually a marked increase in wind speed with height which might, by providing.
downward momentum, induce the chinook to descend.

Many factors in conjunction with lee waves would appear to be

el

responsible, to a greater or lesser degree, for the descent of the chinook.
Further study of these factors is warranted if more accurate forecasting of
the chinoock's arrival at ground level is to be achieved.

As the character of an air mass is largely determined at its source
and because the chinook has been defined genetically it is necessary to
consider the origin of chinook air. It is often thought that the chinook is
invariably associated with air masses originating near sea level over the

Pacific Qcean. Such air masses supposedly, in ascending the mountains, cool,

1. Langemann, R.E. 1965.
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condense then cocl st the wet gdigbatic lapse rate of about 2.7%=. pexr 1,000
feet. On descending the lee slope the air gains heat at the dry adiabatic
lapse rate of about 5.5°F. per 1,000 feet and is thus warmer, height for
height  on the lee compared with the windward side,

This infers that tue chinook is zlways accompanied by precipitation

on the windward slope and hence Ivesl used this as a criterion for distinguishing

and defining the chinook. Eowever, even Hann2 noted that the foehn scometimes
set in prior to precipitation on the windward slope. Analysis of chinooks in
Colorado has shown that they are not always accompanied or preceded by
windward precipization.3 It has, therefore, been suggested recently by ..
Godske4 that chinook air is not zlways derived from sea level, but may
inate a2t higher levels znd have different preperties,

or
e ———

W

substantiated by Borchert, who noted that:

During the average January betweezn the surface and 3 k. level in the
United States the amount of air that moves out from the eastern base
cf the Rockies is about three times as great as the amount of air
which moves eastward against the coast ranges and the Sierra Cascade
Ranges. The divergence below the three km. level must be_ compensated
by mean vertical descent from above the three km. level.

It seems likely that the chinook, like the foehn, has a multiple
origin. Hence the Meteorological Branch of Canada noted that,"Reference,

however, to weather maps of many past years will show that there are several
varieties of chinook.!®
There are thus severzl reasons why the geographer in defining the

chinook should avoid the genetic approach. Firstly the origin of the chinook

. Ives, R,L, 1950, pp.293-327.

Hann, J. 1885, pp.393-9.

Cook, A.W. et al. 1952, pp.4&2-7.
Godske, C.L, et al. 1957, pp.600-7.
Borchert, J,R, 1950, p.22.

WU WN
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completely understood, but seems varied, Secondly, = genetic definition

b

is
may include upper air chinocks, that do not reach the ground zod hardly
influence it. Thirdly, the geographer is primazrily interested in the ground
chharacteristics of the chinook and their infiuvence on the landscape.

The characteristics of chinook conditions will be best zppreciated
by reference to a specific exzmple of its occurrence. Chinooks were
infrequent at Calgary during the severe winter of 1964-5 but the one starting
February 7th, 1965 was a good example.l

On February Sth and 6th a weak depression passed eastwards through
Montana inducing air to move south-eastwards across Alberta from the Arctic
High over the Great Slave lake. Calgary experienced bitter north-west winds
and low temperatures, the maximm for February 6th being &4°F..0n February 7th
and Sth two high pressure areas developed over Ttak and Iowa and as the
Arctic High wezkened pressure fell at Calgary and a depression moved across

Alberta from the Pacific Ocean.2 This westerly flow of warm Polar Maritime

air produced chinock conditions.

s
£

The influx of warm air was first noted at Banf where the temperature

b4

rTose quite abruptly at noon on February 6th. At Kananaskis the temperature
increase occurred later and was more pronounced. A definite chinook effect

was evident here, there being a 26°F. rise in temperature between 8.0.p.m.

and 9_Q.p.z. 2nd 2 £211 in relative humidity from 70% to 40%. On February 7th
chinook air extended across the foothills causing abrupt changes in temperature
at the following times: Camp Chief Eector - 1.0.a.m., Copithorne and Hilltop -

1.30.a.m., Cochrane - 2.30.a.m. and Mink - 5.0.2.m.. At all these statiomns

1. See Appendix B.
2. This synoptic pattern is similar to that which Osmond considers necessary

for a chinook.
- 26 -



(24

emperature rose by at least 30°9F, zand relative humidity drepped at least
30% during the day.

At Calgary the chinock was herzlded oo February 6th by the temporary
and partial formaticn of the chinock arch. The feollewiag day the arch
developed fully zand pilots reported streong westerly winds and turbuleace due
to subsidence.

At the campus temperature began rising zt 2.30.2.m., when it was
-13°F., and increased rapidly during the late morning to 2 maximum of 38°F.
at 3.0.p.m. The relative humidity, which had continuocusly exceeded 707
since February lst and 807 since the 5th, dropped swiftly from S957% at 7.0.a.m.
to 537 at 3.30.p.m. As the temperature increased the vapor pressure also
increased but remained relatively low. Considerable surface turbulence was
adicated by the jerky trace on the thermographk znd hygrograph charts. The
wind, blowing from the south-west, increased markediy a2t 6.0.a.=. and
reached a maximum of 18 m.p.h. at 3.0.p.m..

As usual winds were stronger in the Lethbridge-Pincher Creek area

but temperatures were similar to those at Calgary. Warm air and west winds

penetrated all of southern Alberta but temperatures decreased eastwards and
the chinook was not recognisable east of Swift Current.

As the depression continued eastwards the westerly flow weakened and
the chinock died out. On February 8th, at 2.0.p.m., pressure at Calgary
began to increase very quickly as the Arctic High and colder air flow
reasserted themselves. The wind continued to blow from the south-west but

the temperature began to fall, the humidity rose abruptly to 987 and s- ow

fell.



Chinocks are very varied but this example, if net typical, enazbles
one to see the certain salient characteristics that are common to z2ll. It is
thus possible to formulate a qualitative or plzinsmen's definition of the
phenomenon. Oze may cdefine the chinook &s:

A metecrological phenomenon generzlly charzcterised by lee waves and low
pressure and heralded by an abrupt and considerable rise in temperature
and f211 inp humidity, a2ccompanied by winds having 2 westerly ccmponrent.

The precise determination of chinocok frequency, duration, intensity
and distribution must await a more quantitative definition but the plainsmen's
definition given above enables some discussion of these factors and the
influence of the phencmenon.

The distfibution, frequency and duration of the chinook is governed
Oy the general and local atmospheric circulation and the changes thereof.
Chinooks are invariably associated with the mid-Iatitude belt of westerl
winds and depressions and hence the absclute latitudirmal limits of chinook
occurrence, roughly 37° and 60° north, correspond with the maximum north to

south range of this belt.

In any one year or season the distribution of the chinmook depends on
the latitudinal position of the depression belt and storm tracks. The ceatre
of this belt and the most common storm track often lie acress southern
Alberta and hence in the long term this area has the most chinooks.

The absolute east-west limits of the chincok are somewhat subjective
being dependent upon the definition one accepts or the frequency considered
significant. Generally speaking the chinook occurs with greatest frequency
and intensity in the foothills immediately to the lee of the Rocky Mountain

Front Range. East from this area chinooks decrease in intensity and in



frequency, the eastward extension of any one being governed by the streagth
of the westerly flow and the related pressure pattern. Oaly occasionally deo
chinooks penetrate far inte Saskatchewan and the phenomenon cap hardly be
considered significant more than & hundred miles east of the Alberta
boundzry.

The western limit of the chinock is generally considered more precise,
being equated with the junction of the foothills and Front Range. However, .
the writer regards this as erroneous, West of this line, but east of and
lower than the Continental Divide, is a belt of mountainous terrain about
thirty miles across. This is dissected by some broad valleys, such as that
of the Bow, which lie some 4,000 feet below the mountain crests to the west.
It seems likely that easterly moving air will tend to descend in this area,
especially into the wvalleys, where foehrn or chinocok conditions may result.
Indeed the Eurcopean foehn is essentizlly z wvalley fezature often of little
significance outside the mountains. Evidence suggests that though the
chinook effect may be weaker than in the foothills it can be detected.

Wheeler noted that, '""the warm dry Chinook wind (is) noticeable in

all wide valleys between the ranges and in z much greater degree on the

western prairies of Alberta."1 More recently skiers have commented on the
influence of the chinocok on sublimation and smow conditions around Banff.2
Despite the lack of meteorological stations in the mountains the
limited amount of datz available furnishes the best evidence of wvalley
chinooks. Records for Banff generally only show a moderate chinook effect

but at Rananaskis and occasionzlly in the upper Red Deer valley the usual

1. Wheeler, A.0, 1916, p.71.
2. Bradbury, R. Personal Communication, September 19th, 1964,
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chincok characteristics are clearly evident. At Xznznaskis chinooks of
equal or lesser inteansity have been recorded prior to, or conlemporznegus
with, their occurrence in the foothills,

Red belt or winter killing of conifers is glso attributed to
chinooks and being cocmmon in the Front Range valleys may offer further
preof of their incidence in such places.l This phenomenon and its
meteoroclogical significance is considered more fully in Chapter 5.

Many variable factors may restrict and moderate the chinoock in the

ts cccasional and significant occurrence in this

4

Front Range valleys but
area cannot be overlooked.

It is thus possible to roughly delimit the area in which the
chinook is meteorologically significant. This may be termed the ‘chinook
belt' and includes that area south of the latitude of Red Deer, extending
approximately 300 miles east of the Contimental Divide 2 The belt is continued
in the United States but the scuthern boundary has not been determined.

Even within the chinook belt there are marked variations in the

season, frequency, duration and intensity of the chinook from year to year

and place to place.
The chinook, as defined in the plainsmen's definition, cited previously,
is essentially a winter phencmenon. However, in view of the occurrence of

trans-montane air currents, with lee waves and dry, westerly winds in summer

the chinook has been termed a2 year round phenomenon. In winter the chinook

may differ in degree but in summer several characteristics are entirely

absent and only the wind is clearly evident or significant. Because the

1. Henson, W_R. 1952, pp.62-4.
2. See Figure 5.
3. See page 28.

4, Ives, R.L. op.cit..
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phenomenon and hence its influence is so markedly different in summer the
writer feels the term chinoook should be restricted to the winter phencmenon,
as it is defiped in the plzinsmen's definition.l

The frequency and duration of the chincok from winter to winter
depends on the strength and prevalence of the depressioa belt compared with
other systems. If, as during February 1965, the Arctic High becomes except-
ionally strong ané forces the polar froat far south the westerly flow may be
interupted or displaced entirely for several weeks causing severe weather to
prevail.

The time of arrival and the intensity of a chinook seem to depend on
existing and localised conditions. Quite frequently chinook air remains aloft
for hours or days and descends to the ground at any time of day or night,
only whea the ground or atmospheric conditioas permit. The intensity of the
chinook varies considerably but it is essentially a relative factor that is
determined by comparing the chinook weather with that which previously
prevailed.

It will be appreciated from the above remarks that the chinook is

an extremely variazble constituent of the southern Alberta climate. Its
climatic significance and variability is reflected in the variation in the
mean winter temperatures at such places as Czlgary.

This great and unpredictabie variability of the chimoox and its
consequent unreliability is further reflected, as will be seen later, in
the attitude of the Alberta rancher toward it.

The variability of even individual chinooks may necessitate a

classification based, for example, on wind strength or temperature increase.

1. The term winter usually includes that period from October to May.

2., See Table 2.
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WINTER TEMPERATURES AT CALGARY

YesT Jan, Feb. Dec, Annual
1951 8.9 12.8 10.1 33.7
1952 5.1 | 19.3 25.5 | 38.6
1953 10.8 | 25.6 26.2 | 39.7
1954 | -2.3 | 29.8 { 29.0 | 37.4
1955 | 20.5 | 159 | 5.4 354.9
1956 6.4 11.5 19.6 37.6
1957 6.2 14.1 27.6 38.1
1858 27.8 12.8 23.8 40.0
1959 8.1 13.4 29.3 37.9
1960 : 14.6 17.6 23.6 39.1
1961 26.1 24.9 12.2 40.3
1962 17.8 | 14.6 | 23.7 40.0
1963 12.1 269 § 17.2 40.9
1966 | 20.6 | 32.0 0.8 38.4

The above monthly mean temperatures are

computed from the daily average of 24
hourly temperatures.

SOURCE: Government of Canada, Department of
Transport, Meteorological Branch,

Annual Meteorological Summary, 1964
and Long Term Records, 1885 - 1964,

for Calgary, Alberta.

Table 2
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However, it is first essential to formulate z quantitative definition based
on the plainsmen's definition that has been proposed and utilised in this

study.
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CEAPTER &

TEE CEINOOR AND THEE HYDROLOGIC CYCLE

The hydrologic cycle has an important bearing oz the landscape and
the use man makes of it. The warm, dry chincok influences this cycle by
stimulating snow-melt, run-cff and evaporatiom. This is of particular
relevance in southern Alberta which in most years is moisture defficient.
Irdeed such processes are of econcmic sigaificance to the forester and rancher
as will be seen later.l

It has beer said that, "Untimely Chinook wirds sometimes created
flood hazards"? and also that during a chinocok, "At Eelena, Montana a Snow
cover ten inches in depth had disappeared overnight leaving 2 dry surface
the next morning."3 One suggests excessive run-off and the latter evaporation,
which implies loss of valuable ground and plant moisture. It is clearly
important to determine the absolute and relative significance of evaporaticz
and run-off during chinook conditions. Such work was begun ét the University
of Alberta, Calgary in 1964 with an emphasis oz winter evaporation. The

methods used, problems encountered and dzta obtained will now be considered.

Moisture is transferred from grouné to air by evaporation of water
or sublimation of snow or ice. Latent heat is used in this molecular transfer
from a surface of high vapor pressure to the air having a lower vapor
pressure. The surface may be an open sheet of water or a medium such as
vegetation or soil. The complexity of the hydrologic cycle, with numerous
elusive variables makes measurement of such evaporation in nature very
difficult. Therefore, one generally uses instruments having variables that

can be calculated or eliminated. These may register evaporation from a

1. See Chapters 5 & 6 respectively.
2. Sharp, P.F. 1955, p.165.
3. Ward, R. de C. 1923, p.166.
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controlled water surface, &s in z tank, z nastural medium such as grass, or
zn artificial wedium such as porcelzin or paper. They are referred to as
tanks, lysimeters and atmometers respectively and as they all use water are
susceptible to freezing. Their operation in Calgary, which has on average
oaly 109 frost free days is thus restricted. However, atmometers being
portable and easily modified have yielded reliazble data for limited periods
of more favourable weather or chinook conditions during winter.

On campus Pich€ atmometers have been used. They consist of, "a
graduated tube with one end closed and the other ground f£lat, the fliat end
being covered by a circular piece of filter paper pressed against it by a
disc."l The instrument is filled with distilled water and inverted to allow
evaporation from the paper andéd its measurement by reference to the graduated
tube. The Piche¢” atmometer is very sensitive to wind speed and in using it

the following points had to be observed:

1. The results obtained are of potential evaporation and will vary

with the height of the instrument.

2. Vibration may cause excessive release of water, the edge of the
filter paper may dry out and rainfall may influence data.

3. Evaporation depends to a small extent on the size of the air
space within the tube; there being greater evaporation with low water level

because of surface tension effects.

4., Atmometers may have different external diameters and are oot

necessarily interchangeable.

Thornthwaite offered the following criticism of atmometers:

The porous bulb atmometer is useful to illustrate the processes of

1. Middleton, W,E.K, 1953, p.133.




evaporaticn and tramspiration in the class room but does not provide
measurements that can be related to actual traanspirsticn or te
evaporation from a free water surface. The same is true of dats
secured from evaporation pamns. Both instruments are supposed to supply
an index of the evaporating power of the air but this theoretical
evaporating power is unrelated to actusl evaporation or tramspiration.”
Thornthwaite advocated measurement of actual evaporatioa by
determination of vertical vapor flux. This involves measurement of wind and
dry and wet bulb temperatures at regular intervais at successive heights
above the ground. A similar procedure was adopted at the campus during & day
of chinook conditions. Results were obtained but their questionable reliability
showed the need for more precise instruments and more refined :echniques.2
To investigate snow melt and sublimation, especizlly during chinock
conditions an experimental sncw plot was iaid out at the western edge of the

campus. Located in an open area of gently rollizng, short grassed topography

the plot embraces the ftat part of a slight rise. The plot, as shown in

Figure 6, is approximately 50 feet square and coatains 46 stakes, clearly

graduated in inches. These were spaced, according to random numbers, iz an
area roped off to prevent disturbance of the stakes or smow. At each coraex
is a small standard rain gauge and a pan to measure snow meltwater. A wind
recorder with cups set two feet above the ground is located on the western
edge of the plot. <

Readings were made from outside the plot, datz from the wind

recorder and snow stakes being noted daily, whilst the rain gauges and pans
were inspected when necessary. A standard type of snow sampler was used in

an attempt to estimate the water content of snow on the plot.

<

1. Thornthwaite, C.W. 1940, p.22.
2. See Appendix C.
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To evaluate the method and to assist aay future workers the
operationsl problems encountered will be fully described. Smow stake
measurexent involved three main problems:

1. Drifting of snow by chinook znd other winds occurred quite
frequently aad caused great dispariry between depths recorded at individuail

1 However, because of the size and location of the plot it was

stakes.
assumed that it was not an area of undue accumularion or deflacion. N
Observations suggested that the average depth for the plot was gererally
representative of the surrocunding area. ZOWeVeT, drifting 2lcone produced
changes in depth and the initial assumption may have been erroneous and a
source of error. The stakes themselves also initiated small scale drifts on
cheir leeside, evident in Figure 8. In such cases the depth of szow on the
windward side was recorded.

2. Reradiation from stakes caused localised melting. In such cases

observations were made from a distance at snow surface level.

3. Inaccurate graduation and frost heaving of stakes undoubtedly

produced errors but these likely counteracted each other. Estimation of %
jnches from a distance was somewhat subjective even using binoculars but
checks by other observers showed a maximum discrepancy of only .22 inches
for the avefage depth.

The rain gauges belatedly jnstalled to collect smow for estimation
of water content proved unsuitable. Heavy snowfalls overtcpped them, the
wind scoured them and difficulties arose over collection of smow for

measurement. The pans designed to collect snow-melt all overflowed, tilted

1. See Figure 7.



SNOW COVER AT TEE CAMPUS SNOW PLOT

This photograph, looking north, shows the

stakes in the eastern part of the plot.

Here the snow is relatively even but minor

differences in the heigint at each stake
can be seen.

Figure 7
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MINCR SNOW DRIETS ON TEE CAMPUS SNOW PLOT

This photograph shows drifting to the lee
of stakes and vegetation caused by westerly
winds, typical of chinook conditions.

Figure &
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or collected dust and grass, making measurements useless, The successful use
of the snow sampler depends upon modificaticn of techniques to suit local
conditions, as difficulties arose in cbtaining complete cores and in weighing
the small quantities of saow. Tocalised ice crusts and old snow also made
2nalysis of fresh snow unrelisble. The wind recorder caused lesst: concern
being subject orly to occasional SnoW ccllecticon in the cups.

The prolonged cold spell and heavy snowfall during the 1964-1965
winter allowed extensive use of the snow plot but restricted use of atmometers. N
The latter only yielded relizble data when the wet bulb temperature exceeded
32°F. for several hours, usually during chinoox coaditions. The results,
summarised in Table 3, show:

1. The variation in evaporation with height. Generally the rate of

evaporation would incresse with creasing height above the ground.

by

2. The great daily variation in the average evaporation per hour for
2ll-three instruments. On February 23xd evaporation averaged .20 millilitres
per hour, whilst om March 8th it averaged 1.07 millilitres peT hour.

It was noted that on_December 8th and February 16, 17 & 19th, when
high rates of evaporation were recorded, chinook winds prevailed. However,

similar rates of evaporation were also noted on March &, 6 & 8th when the

chinook was absent though temperatures were high. Consequently correlations
were sought that might indicate a causal relationship between certain :
meteorological variables and rates of evaporation.
For the period January 13-20th a highly significant coefficient of
linear correlation was found between average hourly evaporation and mean

daily temperature.1 Similar tests between average hourly evaporation and

1. See Appendix C, pp.117-18.
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EVAPORATION AT CALGARY. WINTER 1964-1965

[s s;mMARY OF MEA
1966 - 1965, AT THE CAMPUS OF THEE UN

SUREMENTS MADE USING PICEE ATMOMETERS, DURING THEE WINIER
IVERSITY OF ALBERTA, CALGARY.

Date Taticn of Total Daily Evaporatiocn in Total Evaporation
Observation millilitres at a height of per hour from ail
Hrs. Mins. 6 feet.. | 3 feet (< inches atmometers.

21.11.64 5.55 2.6 1.8 1.4 .98
:8.12.64 2.55 1.2 g.8 0.8 .99
13. 1.85 8.35 1.9 1.5 0.6 .64
14, 1.65 ; 11.30 1.5 1.1 Q.8 .30
15. 1.65 11.40 1.7 1.2 0.5 .30
16. 1.65 11.55 2.4 1.8 0.8 43
17. 1.65 9.40 1.7 1.1 0.3 .33
18. 1.65 5.15 0.6 0.5 0.2 .26
20. 1.65 11.45 3.8 1.8 1.1 51

8. 2.85 6.55 1.5 1.0 0.9 &GS
16. 2.65 9.10 2.8 3.6 0.8 .79
17. 2.65 10.45 5.0 &.7 1.8 1.05
18. 2.65 | 11.55 3.3 2.9 1.3 .63
19. 2.65 i 8.05 4.7 4.4 2.5 1.40
23. 2.65 | 2.30 0.2 0.3 0.0 .20
24. 2.65 j 4,00 1.2 1.1 0.7 .75

2. 3.65 8.30 1.3 1.2 0.8 .38

3. 3.65 5.40 0.7 0.5 0.6 .31

&, 3.65 11.15 4.2 3.3 2.2 .86

5. 3.65 8.20 1.6 1.4 1.0 .48

6. 3.65 +1.30 0.7 0.5 0.4 1.07
7..3.65 4 .55 1.2 1.2 0.9 .67

8. 3.65 7.50 5.0 3.8 3.6 1.50
11..'3‘.55 6.30 1.7 1.6 1.3 .70

Table 3.
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maximum daily temperature and between the daily totzl evaperation and the
height of the instruxent, however, proved significant oaly at the 5% level
of confidence}-Any siénificant correlation between evaporation znd the heignt
of the instrument may probably be attributed to the wind which usually
increases with height.

- The snow plot was established too late to record the early saowialls
but data for the main period of cover from November 27th, 196& to March Stm,
1965 was collected and analysed and is summarised in Table 4.

During this period snow lay on the ground all the time though the
deptk and coverage varied.z The average snow depth was greatest on January
22, 1965 when 8.8 inches were recorded. The snow almost vanished in mid-
December but from Decembe£ 220d to January l6th the depth was at least &
inches. The snow went completely after 6 consecutive days of higher temperatures
at the beginning of March.

Decreasing snow depth was supposedly indicative of melt or evaporation
but may scmetimes have been due to drifting or consolidation. As accumulation
and deflation due to drifting were assumed, perhaps erronecusly, to balance
each other on the plot no allowance was made for these factors. Comsoclidation
usually followed a.period of thaw or chinook conditions after which resumed
freezing often produced an ice crust. On occasion consolidation may have

been important in reducing sSnow depth but as investigation using the snow

sampler failed it was not accounted for.
As melting and evaporation were generally considered most important
in reducing snow depth attempts were made to identify those factors governing

such processes and thereby assess the significance of the chinook. Significant

1. See Appendix C, p.l1l17.
2. See Figure 9.



CAMPUS SNOW PLCT DATA.
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SNOW PATCHES ON THE CAMPUS SNOW PLOT

This photograph, taken on February 25th,
1965 shows the residual patches of snow
left after melting and/or evaporation.
The largest snow patch, upper right,
covers a small area of bare soil but the
remainder of the plot is grass covered.

Figure 9
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correlations were sought between depth changes and those variables, such as
temperature and wind, that had been accurately measured. )

For the period January l4th to March 6tkh, 1965 & highly significant
coefficient of linear correlation was found between daily reduction in snow
depth and mean daily temperature but & similar test for associztion between
daily reduction ia saow depth ard daily wind passage shows significance oaly
at the 5% level of confidence.l Sowever, observation suggested that snow depth
decreased most markedly on warm, wiandy <ays, as durizg a chizncck. Fence wind,
temperature and snow depth were compared. Wilcock2 found that for 11 days in
late Januarv a highly significant correlation coefficient of .91 existed between
daily reductionr in snow depth, daily wind passage and the daily total of degrees
in excess of 32°F each hour. Though evaporation may sSeem significant the
temperature only exceeded 320F on & of these days and as a highly significant
correlation existed becween snow depth reduetion and wind passage, drifting
may well have been most important during this period.l

On the assumption that snow is removed by evaporation reductions in

snow depth were compared with the average hourly evaporation per day as

recorded by the atmometers. FoT the period January 14th - March 6th, 1965 2
correlation coefficient of .1 was found. This is not even significant at the

57 level of confidence. This appareant lack of association can possibly be

ascribed to several factors.

Firstly, the snow plot and campus mertecrological station containing :

the atmometers are differently located and whilst evaporation wWas usually

computed from 8:0 a.m. to 8:0 p.m. the snow depth was observed around 1:30 p.m..

Comparisons are thus subject to areal and temporal differences in data collection.

Secondly, melting and run-off probably help to reduce the snow level.

1. See Appendix C, p.l18.
2. Wilcock, C. 1965, p.9.
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Although measuremeat of snow-melt in pans was unsuccessful the collection of

water in the pans indicated that melt as opposed to sublimstion did occur.
This was further evinced by the fact that meltwater, unable tc permeate
the frozen soil, collected on and around the plot. Such conditions were
most evident on days of negligible wind and temperatures over 32°F. Prolonged
spells of warm weather plus wind, as during a chinook, czused the water to
vanish quickly leaving the ground d&ry. R
Work elsewhere substantiates the view that the chinook causes '
considerable winter evaporation, At various times and places tanks have been
ijnstalled to measure evaporation. Such tanks are commonly four feet in
diameter by two feet deep, are sunk in the ground and filled witn water to
within two inches of the brim_. Evaporation causes a £all in water level
which can be measured, allowance being made for precipitation recorded in 2
nearby rain gauge.The evaporation may be influenced by heating due to the
restricted volume of the tank and radiation from its sides. Such defects

and others are recognised but considered negligible or the same at each

site thus making comparisons valid.

Using such tanks a study was made of evaporation from lakes and

1 . . .
reservoirs on the prairies. Estimates of winter evaporation were made

despite freezing of tanmks, it being found that, "air temperatures were 2

2
-

- - . 3 2 ~ < - =9
good indicator of winter evaporation."” Maps were compiled showing evaperaticn

isopleths for various months and seasons, that for January being included

as Figure 10. This shows that evaporation is greatest in south-west Alberta

and decreases north and east during Janualy. Tn summer evaporation is much

greater and reaches 2 maximum around Medicine Hat. The winter pattern would

1. Berry, w.M¥. 1952,
2, Ibid., p.25. - 48 -



MEAN JANUARY EVAPORATION FROM LAKES
AND RESERVOIRS IN SOUTHERN ALBERTA!
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seex to reflect the influence of the chinocok wind.
There is also further evidence to suggest that the chinock sticulates
snow-melt and thereby increases run-off. It was noted in 1887 that:
Sometimes when the Missouri River is frozem to the depth of a couple
of feet or more this warm wave melts the snow and filliag the river
ith water causes the ice to brezk up aoé rush down the river at a
wonderful rate.l
More recent and substantizl evidence was cited inr 2 paper by Eoover. .
Ee notes that on March 17th, 1939 chinook winds penetrated 500 miles into
- -0 . .
Saskatchewan and raised temperatures to 70 at Lethbridge. Ten inches of
snow were removed in two days and small prairie streams, dry all winter,
suddenly assumed their maximum flow rate for the year. The chincok had thus

advanced and concentrated the normal spring run-off of these prairie streams.

However, Eoover admits the conditions were exceptional aad as with the other

o e
cases he mentions the results were localised. ‘
T

&

Attempts by the writer to correlate chinook conditions and increased

run-off were frustrated by several feactors:.

1. Gauging stations are few in number and seldom operated during

the winter months.

2. Those impcrtent rivers that are gauged derive most of their
water from the mountains and glaciers, where the chinook is relatively
insignificant or weak.

3. The flow of rivers, such as the Bow, 1s artificially controlled
and may not reflect response to natural conditions.

e flow of Fish Creek and air temperature at

However, records of th

Priddis, south-west of Calgary, were obtained. The data for the winters

1. Lethbridge News. 1887, January 5th.
2. Hoover, O.H. 1948. 50



RIVER DISCHARGE AND AIR TEMPERATURE AT PRIDDIS. ALBERTA

DATE : DECEMBER JANUARY FESRUARY
1963 1964 1966 1964 1965
) T ) T D T ) T D T

1| 3.7 ] 66t 18] -1 3.3 | 46 0.1 | 3&

2| 3.6 30} 2.2 7 3.3 | &7 0.1 |" 35 .
=l 3s | a | 2.0 33 3.1 | 36 0.1 | 40

z | 311 381 16| 35 2.9 | &0 0.1 | 46

s | 3.3 40 | 1.6 2 2.5 | 30 0.1 | 52

s 1 35! 35 1 1.4 ] &8 2.2 | 35 0.1 | 28 ;
2 1 39| 271 131 48 2.0 | 30 0.1 | 40 ‘ .
s | 3.6 | 17| 1.3 ] &1 1.8 | 22 01 | 42

o | 3.6 | 17 | 2.2 | 31 1.6 | 15 0.2 | 41
10 | 3.3 1 10 ; 1.3} 34 1.6 | 28 0.8 | S0

11 § 3.1 4 16 | 2.2 | 18 11 | 22 0.8 | 48

12 | 3.3 | 35 | 3.3 2 o.9 | 1 0.9 | 30 |
13 | 30| 10| 3.0 26 0.7 | 34 0.9 | 37

1% | 2.8 6 | 3.6 2 0.7 | 35 0.8 1 30
1s | 2.8 | 18 | 5.2 |-16 0.7 | 32 0.9 | 32

16 | 2.8 s | 2.0 |-10 0.7 | 35 0.8 | 53
17 | 2.8 o ! 8.5 1 13 c.6 | 39 1.1 | 38

18 | 25 4 110.6 8 6.6 | 30 1.1 ] 38

19 | 2.4 2 | 1.0 2 0.6 | 26 12 | 4 | 1.6 | 53
20 | 2.3 1 -2 { 1.2 |-13 0.3 | 27 11 | 32 |25.7 2
21 | 2.2 6 | 0.9 1 -9 0.3 | 12 11 | &1 {18.1 2
22 [ 2.2 { 17 | 5.6 | -6 0.2 | -3 11 | 40 | 8.0 2
23 { 3.0 1 50 { 0.1 -2 0.2 | -4 11 | a2 ] 65 | 32
26 | 3.7 2 0 2 0.2 | 1& 12 | 48 | 4.2 | 40
25 | 4.0 | 47 0 2 0.1 | 22 10 | 181 3.6 |53
26 | 4.2 | 42 o 2 0.1 | 28 10 | 36 | 4.2 |45
27 | 4.2 | 26 o | -2 0.1 | 26 11 | 36 | 1.3 2
28 | 4.1 ] 20 9.5 1{ -5 0.1 | 40 11 | a6 | 1.3 | 10
25 {41 | 22 1.6 ] -7 0.1 | 40 1.1 | 40

30 | 3.8 | 32 | 0.9 |-1& 0.1 | &2 |

31 3.2 46 1.4 2 0.1 36 i

NOTE: Column D indicates discharge of Fish Creek at Priddis.

Column T indicates maximum daily temperature.
The temperature values for December 1963 and January and February
hers were recorded at Calgazy.

1964 were recorded at Priddis. All ot

en for January 1965 as the river was frozen.

No data is giwv
0 - 0.1

Where the discharge is shown as 0.1 it ranged from

subject to correction, was collected by the

SOURCE: The data, which is
da, Department of Northern Affzirs and National

Government of Cana
Resources, Water Resources Branch, Calgary.

Table 5
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[ 2

963-4 and 1964-5 is shown in Table 5. Abrupt, but gecerally unrelated,
changes in flow and temperature are clearly evident. Ounly on December 23rd,
1963 was an abrupt rise in temperature, probably associated with a chiincok,
contemporaneous with a marked increase in strean flow. In either winter there

was definitely no direct correlatioca between maximum temperature and daily

stream flow. This may be attributed to four things
1. Precipitation in the river basin and its influence on run-off
during the two winters was not taken into account.
2. Only when Szow wWas available for melting wouid the chinoow
ijnfluence run-off. There appeared to be no data on SnOW cover and its

duration in this area.

-~

3. The time lapsSe between temperature increase, melt and increased

1

un-0ff was oot known. It was found that the exceptional flow of February 20th,

¥

1965 came one day after temperature reached a maximum during chinook
conditions. However, such lags when they occurred were not consistent.
4. Increased temperatures, especially when associated with high

wind velocity during a well marked chinook, may encourage evaporation

rather than melt and run-off.

.1 .
In a study of flooding at Calgary, Xing attempted to assess tne

influence of temperature and precipitation on run-off. However, no correlation {

was found between precipitation and temperature at Calgary, Banff and Lake

Louise ané run-off or flooding at Calgary.

Temperature and wind definitely influence snow-melt and run-off but

they are only two of the many variables involved. Thus except in occasional

1. Ring, R. 1964, p.42.
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THE DURATION OF SNOW COVER
IN ALBERTA, WINTZR 9834
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PR = Peace River
E = Edmonton
C = Celgary

L = Lethbridge

Isolines indicate the number
of bimonthly observations of
snow cover during the winter

1963-4.

Data from the Department of
Transport, Meteorological Branch.
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aocd lcocslised instances no correlation between chinocoks aad incressed
run-off can be expected.

The significance of the chinook as a 'snow eater' and snow melter
is reflected in the fact that 2lthough south-west Alberta hes a moderate
snpowfall the duration of snow cover is very brief.l nfortunsately though
the influence of the chinocok on evzporation and run-off is evident it Ras
so far been found impossible to determine the relative and absolute sigerificance
of each. It would seem that high temperatures encourage melt but when
associated with wind, a&s during rhe chinook, evaporation probably predominates,
The importance of evaporation may also be enhanced if meltwater is
subsequently evaporated or refrozen then sublimated.

The chincok definitely removes the snow and regardless of the method

is clearly of hydrologic and, 3S will be seen later, of econcmic importance.

1.See Figure 11.

- 54 -



'CHAPTER 5

VEGETATION AND THE CHINOCK

The type and pattern of vegetation in any zrea is governed by
variable, interacting physical and cultural factors. It is difficult to
isolate the influence of ome major facter such as climste and even harder
to assess the influence of one aspect of climste like the chincok.

czant chincok conditioans

o

As noted previouslyl the area of signif
extends from the semi-arié prairie of south-east Alberta, west and north
through the parkland of the foothills into the conifercus forests of the
Rocky: Mountain Froat Raage.z.This is elimatically and ecologically a
transition zone where the vegetatioxz and perhaps climate have changed
continuously. The chinook almost certainly has some influence on the broad,
changing compositionr and patterz of vegetarion. However. analysis of this

complex relatioaship would require extensive research beyond the scope of

]

thi rudy. Instead attention 1is ditected toward scme of the localised and

microclimatic effects of the chinook on vegetation.
Vegetation is very sensitive to fluctuations in temperature, humidity
and wind. The abrupt and sustained changes in these factors associated with

the chinook may be expected to exert & temporary Or even permanent influence

on the vegetation. Red belt and forest fires have both been ascribed or

related to the chinook and will thus be considered below.

Red belt
The terms 'red belt' or ‘winter kill! are applied to conifers

having a red or burnt appearance in the spring or early summer because of

tissue damaged foliage. This condition is caused by winter desiccation,

1. Figure 5.
2. See Figure 12.
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gecerally attributed te sharp incresses in temperature and reduced humidity,
associsted with the chinocok. Genmerally speszking, during the winter wmonths,
in Alberta, the soil is frozen to = depth of severzl feet and is physiclogically
like a dry soil. Eence if a plant transpires the moisture csnnot be replaced
vnless the roots extend below the frozen layer or atmospheric moisture is
absorbed. The low transpiration rate of conifers in winter may be increased
considerably by the chinoock, and if conditions prevent moisture replacement
wilting and tissue damage may oOccur.

Wnilst it appears that Lodgepcle Pine 1s most susceptible to damage
Scotch Pine, Ponderosa Pine, Douglas Fir, White Spruce and Juniper have also

been afflicted in various localities. Damage usually occurs in bands, the

more exposed trees and windward se suffering most, wnilst srow covered

foliage Temains unharmed. Only the foliage of the preceeding year is affected

-

22d if the buds zre undamaged the tree may be deformed but

-

‘,
¢

ally recovers.

Weakening, however, leaves the tree vulperable to other attacks, for exanople,

by the bark beetle.
A survey1 of Lodgepole Pine, Douglas Fir and Wnite Spruce damaged

in the Kananaskis valley in 1950 showed that dominant and co-deminant trees

accounted for 957 of those afflicted. Damage was most severe in the upper

sortions of the crown and tree-ring analysis in 1952 showed that subsequent

in proportion to the amount of crown afflicted. Only one

gTowth was reduced

tree, having 95% of its crown killed, died but 35% of the trees developed

new leaders.
In 1963, on Nose Mountain, south of Grande Prairie, approximately

700 acres of mixed merchantable, pole-sized, spruce and pine was so damaged

1. Blyth, A W. 1953.



that many trees died and others, largely defoliated, were not expected to
recover.1 Such discolouration, deformation or killing asseociated with red -
belt is quite widespread and mzkes it of scenic znd ecozomic importance.
As 211 chincoks déo not cazuse red belt apd ss, in any one area, it
is usually localised in bands other factors are obviously involved. The
microclimate and moisture condition of the soil and tree zre uandoubtedly
important and warrant quantitative 2nalysis. Field measurements Co iavestigate .
such factors are rendered difficult because of the size of the trees and the
variables involved. Still  many scientists are studying transpiration and a
few methods have been suggested for measuring the water content of conifer
foliage.
The procedure usually advocated2 involves collection and weighing
of a few needles, fresh then saturated, to decermine the water content as 2

percentage of potential capacity. The znalysis of needles successively

removed from the sa—e branch should indicate changes in moisture coatent and

perhaps traaspiration. Such changes could then be compared with data from

meteorological instruments around or in the tree. However, the theory and

technique must be refined to yield reliable, significant data. On the advice

of scientists engaged on such work the writer refrained from attempting to

analyse the influence of the chinook on conifers using this procedure.

A simpler, though less accurate method of correlating chincoks and

red belt was used by MacHattie3 working in the Kananaskis valley in 1956.

By comparing the lower limit of damage to trees with sncw depth records he

was able to decide whea desiccation had occurred. This period was cne of

1. Government of Canada, Forest Biology Division, Alberta Ranger Report.1964, p.62

2. Shephexrd, R.,F. 1964,
3. MacHattie, L.B. 1963, pp.301-7.
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chinook activity and he, therefore, conclucded that:

The red belt injury described zbove is thought to have resuited from
sharp temperature rises during the periecd 21-27 December occasioned by
Arctic air in the valley bottom being abruptly displaced by strong
chinock winds bringing warm, dry air dowm to the surface and impinging
with particularly sudden and lethazl effect on exposed needles, trees

and slopes.

Eensonz observed red belt in the Bow valley, near Castle Hbuntain,3
and, like MacHattie, concluded that chircoks were responsible. Ee noted that,
whilst there were anomalies due to topography, damage generally occurred in
belts having a lower limit similar in height to the local inversion level
in summer. Below this level; and on the shaded slope, ke presumed that drainage
of cold air protected the vegetation but higher up on the sunny slope
vegetation was subjected to desiceating chiznock winds.

Soth writers iz ccmsidering the chinook responsible assumed that
it occurred in the Froat Range valleys. Evidence has already been presented
to verify this theory but a correlation of red belt and chinook activity
would further substantiate the fact. Tondoubtedly ground and tree conditions

together with mesoclimatic factors govern the local distribution of red \

belt. However, if the chinook is basically responsible oane would expect to

find red belt confined to all or part of the chinook belt.

Despite the lack of comprehensive long term reporting of red belt
it is evident that although damaged a2reas are seldom extensive their
occurrence is widespread. It has been observed in X ~+h» Dakota, Idaho,.
British Columbia, the Yukon and throughout the Rocky Mountain Froat Range
and foothills north of the International Boundary. Cutbreaks noted since

records were begun in Alberta in 1950 were plotted on the map, Figure 13.

1. Tbid., p.307.

2. Hemson, W.R. 1952, PP.62-4. . i R
3. The writer observed reoccurrence of damage in this arez 1o May 1965.

&, See Chapter 3. -59 -




THE DISTRIBUTION
OF RED BELT

Peacc R ivap

g Fort Stk /

_{ 4

x Dewsecn Creek

Grancde Prairie xf/ Lesser

Y

-

x Prince George

S

Fraser Rivor

(

@ Areas where Red Belt has been repor‘ec
since 1954 .{Source: see text)
The frequency, severity and extent of
the damage varies from place to place.
Because of imprecise reporting some
outbreaks of uncercin locction have
been excluded. Singular outbrecks in
northern British Columbia, the Yukon

x Pecce River

N
ALBERTA i
5 |

’

mﬂ/

4

and North-West Territories are also
not shown. 3 Fort Macleod
Cranbrook L'\g X
SCALE x i
0 100 e -
P : ] T g
miles _T“‘__——_‘_‘—‘—“’"“!—--"
: U.S.A. i
Figure I3

- 60 -



The overall distribution is mnot coimncident with the areaz of chinmook activity
however, there is 2 high frequeacy of occurrence in the mountains and
foothills east of the Continentzl Divide from Wilderness Provincial Park
south to Waterton. This concentraticn of damage is generally attributedl to

he Front Range.

o

-
-~

b

chinooks a2nd implies that they are sigmificant

As red belt occurs outside the chinook belt other causal factors
must be sought in explanation. Localised foehns, as noted occasicnzally in
the Palouse, Okanagan valley and Queen Charlotte Islands, cay sometimes be
responsible. Likewise temperature inversions may ofifer a further explacaticz.
In view of cthis it is questionable whether 211 the red belt in the area of
chinook activity can be attributed to the chinook wind.

Red beit and the chizook cftenz appear to be causally linked but
without further research one cannot be certain that its occurrence in
Alberta is always due to the chinodk and that its occurrence in the Froat
Range is definitely indicative of chinook activity in that area.

Fires

Fire has been very important in Alberta's ecological development

and, therefore, despite a lack of data the influence of the chinook on this

factor merits attention. The increased wind velocity, higher temperatures

and lower humidity associated with the chinook will, especially if sustained,

tend to meke the affected area more susceptible to the cutbreak <f fire aqd

its subsequent spread. Although fires are mainly a summer phenomenon the

chinook will tend to substantizally increase the fire hazard during winter.

The increased danger of fire during periods of chinook or foehn

conditions has long been recognised. The town of Glarus in Switzerland

Forest Biology Division, Aiberta Ranger Reports.
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prohibited smoking in the street when foehn conditions prevailed and
ordered extra precautions regarding house fires.l

In southern Califormia the Santa Ana foehn wind has been known to
reduce humidity to 1% and according to = locsl fire danger index such winds
invariably produce conditions of textreme fire hazard.' Sergius aotes that:

In and adjacent to the national forests of southern Califormia the
largest and most disastrous fires zre associated with the Santa Ana.

Though the influence of the chincok cn fires in Alberta has not
been studied and is poorly documented some quotes seem significant. The
Lethbridge News reported in Tebruary 1885 tnat a ¢ inock began one —orning
so that, "the whole country was dry by noon and we nad a prairie fire that
same evening.“3 Orher references indicate that winter fires have been

common in Alberta from time to time and whilst they have not been attributed

to chinooks the phenocmenonr may tave engendered favourable conditioms.

In summer coanditions favouT £ires though not tThe tTue chingook; but

a2 warm, dry south-west wind 1s quite common. Thus Patterson in describing

ranch life in the High River area recalls how the disastrous fire of June

1936 was rapidly and extensively spread through the foothills range and

forest land by such a wind. Ee remarks that, ""the Chimook, the friepd in

3 i i i 4
wintertime, but now the destroyer screamed over the foothills day and night.®

The chinook, regardless of how one defines the term, musSt certainiy

PRy

jncrease the hazard and spread of fire. However, only when it is precisely

defined and more data is available on fire incidence can 1its absolute

significance be assessed and an attempt made to correlate its occurrence

1. Davis, W, M. 1887, p.182.

2. Sergius, L.A. 1952, £.87.

3. Lethbridge News. 1886, February 26th.
&. Patterson, R.M. 1961, p.203.

- 62 -




with fire freguency.
General

On & broader scale the chinook, as a significant factor in the
climate of southern Alberta, must exert scxe inflvence on the general and
loczal pattern of vegetation. IC doubriess emphasises the aridity of this
ares and Earrington went s¢ far as to say that:

The Chinooks have probably played an important part in the treelessness
of the western prairies znd interior basins.

Zowever, the chinook is only one of many variables coantrolling the vegetation
pattern and without further research no conclusive statement should be made

regarding the significance of the phencmenon in this respect.

1.Barrington, M.W. 1887, p.521.
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Roe, in his authoritative book om the buffzle, coansiders their
distribution and notes, "Meanwhile, it may be lzid down with some conficence

that the available evidence furnishes nc support for zany theoTy of invarisbly

large numbers iz aay oue portion of the Western plaims habitat thaa aac:he:."l

Graczing and shelter requirements doubtless stimulated migration but reporis
give markedly conflicting details on the season, direction andé regularity of
movement . Roe concluded that, "The buffalo were highly erratic and that no
statement presupposing uniformity of action in their wanderings, if in
saything, can be relied upon beyond the actual observed @atters of fact it

nay contain."2

Roe lived ia Alberta and was certainly aware of the chinook but he

- —a

~ ar mioration

found no evidence to suggest that it induced any concentraticz OF ST

of buffazlo.

-t

alo but wilk

~

The chinook may have had little influence o the bufi
the introduction of cattle by the economically motivated pioneer raocher it

assumed exceptional significance. Most of the pioneer rancters reacking

Alberta in the early 1880's came from the south. They experienced =ild

winters and came to rely and be dependent on the chinook. They discussed,

noted and boasted about the exceptional features of the climate, and the

successful establishment of ranching jn these favourable years encouraged

excessive climatic optimism.

Relly noted that by 1886, ''Ten years had passed since Fred Xanouse

turned the first range cattle loose to rustle on the plains around Macleod,

1. Roe, F.G. 1951, p.366
2. Tbid., p.595.




CEAPTER 6

ACRICUOLTURE AND THE CHINRCOX

As noted earlierl the true chinock is most promounced during winter,
in a belt extending two tc three hundred miles east of the Rocky Mountain
Front Range from southern Alberta te Colorade. This belt ma2inly consists of
the western part of the great plaics 2nd is predominantliy grassland devered
largely to the raising of cattle. Although the grasslané extends east, well
beyond the area of significant chinook conditioms, the cattle density
decrezses markedly eastward from the belt. One might, therefore, wonder if
the chinook is responsible for tanis coacentration of cattle.

Economic factors im conjunction with natural conditions generally
govern location but it is interesting to consider whether the chinocok alone
would induce cattle to concentrate in that part of the grasslané whichk it
infiluences.

+ seexms szafe to assuz=2 shaz the habits of she wild buffalo were 2

response to natural rather than ecomomic conditions. If, them, an area was

climatically a more suitable buffalo habitat than others this might be \

reflected in movement and/or distribution of herds.

It is often assumed OT implied thkat bpuffalo conceatrated in the

foothills because the chinook moderated the winteT and, by renoving the

snow, prolonged the grazing period. There are, indeed, references to large

herds 3 . 2 ; ; i t is area.
herds in south-west Alberta” and To migrations into OT through thi

However, large herds were reported in many seasons and places across the

. . - - - 1 i e
plains, as were migrations. Likewise the term, the winter home of th

buffzlo' has had widespread application.

1. Io Chapter 3.
2. MacEwan, G. 1952, p.6l.
3. Brodrick, R.N. 1939, p.285.
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2nd during all that ten years there had been ne heavy, generzl loss so the
ranchmen figured there was not much likelihocod of one coming."l

The winter of 1886-7, however, proved them wrong and as it caused a
radical and sustained change in cutleook aad ranching operations it merits
soze attention.

The summer of 1886, characterised by hot, éry weather, cried up
streans and extensive fires left the range in poeT conditicn for winter
usage. The first snow was removed by chinooks but after a haré fzll on
Secember 3lst the Lethbridge News reported, *szow everywhera", "the o=y of
the Stockmen just at present is for a chincok.“2 In mié-January the weather
improved, but only briefly, and moTre snow prompted these reports: February 2nd,
“The effect this weather will have on the cartle will be very serious as
numhers of them have already succumbed to tae colé and hunger."3 February 9th,
“Carrle are dying pretty ifast ia this vicinity at present."a The chinook

arrived in late February and om March 1l4th it was reported, ''the green grass

: - . . 5
is beginning to spring up irn the Tiver bottoms."

Estimates of cattle losses vary with the source, time and area
considered. The Lethbridge News, which tended to promote the area, reported,

April 13th, "The loss in the Canadian territories was estimated from 6-7%

among the range cattle and at the worst 2ot moOre than 207 of the class known

as Pilgrim cattle. In Montana, o the other hand, the losses zare estimated

from 40-65%.7°

A stockman writing tc the editcr,7 however, considered losses under-

Kelly, L.V, 1913, p.199.

Lethbridge News. 1887, January 5th.
Ibid., February 2nd.

Ibid., February 9th.

Ibid., March l4th.

Ibid., April 13th.

Ibid., July 6th. - 66
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estimated and comments by Kelly would seem te cenfirm this. He notes that,
uthe I.G.Baker, Co., lost 607 of its beef herd that ::inter,"1 ard that,
ugwenty thousand cattle died in the country aorth of the 0ld Man's River
alone."2

Regardless of individual losses most farmers leazrned 2z lesson;
that the chinook can be advantzagecus but is unrelizble, hence emergency
hay supplies are essential to ensure against loss. A more realistic outloek

a August 1887, noted that, "The

o

was evident in the Lethbridge News which,

Vo

past winter has demonsrrated that while the &istrict :is capable of feeding,

-

in summer, several millioms of cattle, che area in which cattle can be safely

e

. 3
wintered is comparatively limited so far as nas vet been ascertained." Eence

Relly says that by 1888, na11l ranchers pow cul muda agy and nearly alil hac

7.
shelter for weak cows ané calves.™™

ubsequent coasecutive =ild winrers induced some fresh dependence

on the chinook but severe winters as in 1906-7, when losses were again

sustained, once =oTre emphasised the neeé for caution in exploiting sucn an

unreliable factor.
In the last fifty years stock rearing methods have develcped in

s : S . s
response to changes in ranching economics. Chattaway~ noted tnat arouné 1900,

a ranch might lose 60-7C7% of its cattle during a severse winter yet restore

the herd to its former size iz twWo CT three vears. Such iosses, often caused

Xelly, L.V. 1913, p.199.

. Ibid., p.201.

Lethbridge News. 1887, August 24th.
Relly, L.V. op.cit., p.211.

. Chattaway, G.D. 1942, p.139.
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by undue reliance on the chinocok wouldé to-day result in a crippling finmancial
loss or even bapkruptcy. To what extent; then, can and does the Alberta rancher
of to-day depend upon the chincok? To answer this question and thereby assess
the significance of the chinook information on ranching pethods and operating
costs was reguired.

The writer has been unzble to cbtzin reports o the two Televant

= : . . 1 < 2 . R .

surveys of Alberta ranching, coaducted in 19381 z2né 19547 and reo cata nas .
yet been derived from the grazing survey recently initiated by A.R.D.A.3
Thus to gain up to date compreneasive data 2 farm questionnaire, included in
Appendix D, was prepared for distribution to ranchers. Questions were asked
on the acreage of farm and rangeland, the pumber of cattlz, wintering
practices, aad the source ané use of feed. Information was also gained on
scil erosion, availability of farm weather records apd the raachers opiniocn
2s to the chinmook's value.

Distribution of the questionnaire was ecfected by personal contact

with rTanchers or people who kaew them. Approximately 100 were issued and 76

e some local concentrations the

farms returned them completed. Despit

distribution of these f£arm=s through the ranching area of Alberta was reasonably

good and is shown in Figure 14,

The questionnailre supplied much useful data but could have been

improved had time allowed a greater distribution 2ad 2 rest usage to expose

faults. The reliability and hence value of data from such a2 questionnaire is

dependent upon 1ts singular in;erpretation and the accuracy and comparability

of the answers. This one wWas kept brief and gemeral to encourage response and

1. Referred to by Chattaway, Gc.D. 1940, p.460. ) _ ) o
2. By the Government of Canada, Department of Agriculture, Economzc Division.

3. Referred to by Schmidt, J. The Calgary Eerald, 1965, March 27, p.46.
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and facilitate speedy analysis. Eowever, this produced some differences in
interpretation. For example, the farm acreage sometimes imcludes and scmetimes
excludes the range area. The term winter feed is zlso variously interpreted,
quantities being given in bales or tons, per cow or per herd, per winter or

per day. Fortunately the szmall pumber of uanrelizble or incomparable zoswers

does not detract greatly frem the value of the cuestionmnaire. The indivilual
rancher's comments supplement the above data and by combining 2ll sucz .
information with that from other sources the present sigaificance of the
chinookx im Alberta Tanching can be assessed.

Cattle are widespread in Alberta south andé east of Entwistle. They
are raised on the following types of farm: ranches and dairy farms, which
are devoted to cattle but for differing §urposes; mixeé farms, where c¢rops
become important; and grain farms. In the Calgary and foothills regionr
ranches predominate and of all the farm types seex moSt dependent on the
chinook. In view of this and the scope of the questionnaire the writer nas
concentrated on this type of 1ivestock enterprise.

The ranches surveyed varied considerably in operation andé size.

Ranging from 80-280,000 acres, 437 were under 1,000 acres, whilst the 12

that exceeded 10,000 acres all lay south of the latitude of Calgary.

In summer, given adeguate water, such ranches have few problems but

i i 3 35+ ~1e 5 1
this is a vear round business. Market conditions make 1t 2O longer economic

to sell a large number of cattle before winter to the stockyards. It was

thus noted on one questionnaire that, "A ranch is no better than the number

of cattle it can winter."l Successful ranching depends upon maintaining

the health and weight of cattle through the rigorous winter conditions by

- . 1 -
1. Because information was confidential rancher's names have not been given.
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che most economic methods.

The wintering of cattle on the range is normzlly most economic.
Fowever, the ccndition of the range or the weather may render it partially
or totally imadequate and make it necessary to provide supplementary feed
all or part of the wimter. whe chinock is important sioce, in removing SnOW,
it increases the availability of winter range. This may only amount to 2 few
weeks on the margin of the chinook belt but in scuth-west Alberta it
frequently makes possible the maintenance of cattle on the range all winter.

Gofortunately the chinook, especially where weskest, may remove sSooe
snow then cease, whereupon an ice crust forms. This prevents the cattle
muzzling through to graze and cuts their legs. Uoder such conditions oOF whern,
in the absence of chimoccoks, sSnow accumulates to great depth and low
temperatures prevail, feeding béccmes necessary. If tke cattle are isolated
or feed is inadequate a disastrous siruation may develop, as in the 1964&-3
winter.

In this winter chinooks were infrequent and seldox extended north OT

east of Claresholm. Persistent deep sSnow and 21 consecutive days of freezing

weather caused cattle to succuzb. Losses were greatest cn the chinook belt

margin. By January 6th 350 cattle arocund Oyen and 500 around Eanna were

reported dead and losses for the province were put at 2,000." It was also

suggested that the ability of cows to bear calves and bulls ToO reproduce

might be impaired. An estimated 70,000 cattle were expected to sell for

$5,000,000 less than normal due to loss of weight and quality, whilst 2

2

further 5,000 cattle, crippled by the cold, would have to be sold early.

Such losses are generally jncurred when the rancher has insufficient

1. Calgary Herald. 1965, Jamuary 6th, p.1l-

2. Tbid., February llth. -



feed, canmot obtain feed at an econecmic price or is unable to reach the
cattle. Whilst few ranchers depend entirely oan the chinook most find it
uneconcmic to produce annually the feed required in such exceptional winters.
Thus of the ranchers questioned 977% grew feed but oaly 487 grew all they
couid and most grew just sufficient for an average winter.

During a severe winter, when proleonged feeding is necessary, normal
supplies become inadequate. Artificizl feeds may be unlimited but the cost
is often prohibitive. Hay, which is the most important feedstuff, usually
becomes scarce and prices Tise accordingly. Thus in Necegber 1963 number 1
hay fetched $15 per to= but in December 196&, due to a poor crop and hard

winter, it commanded over $25 per ton and inr places reached $40 per ton by

1 >
early February. OQO=ly oo humanitarian grounds can such prices be afforded.
Several ranchers f£ind it cheaper to clear some of the range using a bulldozer.

Even if feed is available conditicns may sometimes leave cattle
inaccessible. It was reported, Jaauary 6th, 1965 that, "Few farmers have
horses and drifted roads have made it impossible for them to transport hay

. w2

to cattle too cold to move to the feed.

Absence of the chinook may thus prove costly oT disastrous and 25%

of ranchers questioned had, at some time, lost cattle during severe weatherT.

Bowever, such losses cannot be compared with those sustained by the pioneer

cattlemen, who relied almost completely on the chinook. Thougn complete

reliznce on the chinook may prove disastrous it must be, and is, regarded as

a2 resource, neglect of which is uneconomic.

The importance of the chinook in ranching varies according to ranch

1. Calgary Herald. 1965, February 1l1lth.
2. Ibid., January 6th.
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lccation and the attitude of the rancher. The chinocok's areal variation is
thus parctizlly reflected ia arezl differe:ces in wintering practices.

In the more favoured areas feeding may not be necessary if the range
is clear, whilst elsewhere even if the chinoock does not clear the snow the
higher temperatures 1Ay reduce feed requirements. Thus of 67 ranches surveyed
18% leave all, and 127% some, of their trle on the range all winter. These
ranches all 1ie south of Calgary or in the Bow River valley, as shown in Lz
Figure 15. Elsewhere the chinook is less effective in clearing range and
cattle are wintered near the ranch. Calves and bulls are useally the first
to be taken off the range and the remaining cattle may only be left on the
range some of the winter.

There are marked variations from ranch to ranch in the amount and
type of feed used. The amount depends mainly on the severity of the winter,

hence the chinook. Thus 2 rancher at Carstairs noted that, **Cattle iz =

[l

weather consume about one third less feed than im really cold weather."”
was said that in south-east Alberta, ""The ranchers generally figure three

quarters to one tonm of hay per head for winter feeding as being 2 sufficient
security against loss. In many cases they have gotten by with as little as %

ght."2 Of the ranches

to k¥ a ton and still maintained the cattle in wei

surveyed some in southern Alberta had only fed twice in twelve years but of

the total 64% feed all and every winter. The average amount of feed per cow

ranged from % to 3 toms per winter.

The questionnaire revealed numerous 1ocal differences in average

feed amounts which can likely be attributed to the jndividual attitudes of

ranchers. On eight ranches around Rockyford the average feed per coOW, per

1. Name not given as information supplied confidentially.

2. Longman, 0O.S. 1936, p.38.
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THE WINTERING OF CATTLE
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winter ranged from 1-2 toans. A rancher at Waterton noted that, "We feed

somewhat more heavily than certain of our neighbours because this practice

pays off, I feel, in marketing veights.“1 -

Despite local variations there is 2 general pattern that shows feeding
requirements to be clearly less in sourh-west Alberta. The chinook is most
marked in this area and away from it the effects are less and the feed
requirements consequently greater, as is shown in Figure 16.

Wrilst feed requirements may be jnfluenced by the chinook it 1is feed

production that is econcmically significant. Secauss the chinook is unreliable

few ranchers depend upon it and hence feed production usually exceeds

requirements, especially during mild winters. Thus a rancher at Rockyford

stated that, "we provide 3 tomSs of hay per cow during the winter oonths but

zost winters only feed 1% tons."1

Hay procuction Tequires lzndé, lazbour and time and is therefore 2

very important operating cost in ranching. Tnless the hay surplus of a2 =ild

winter can be preserved for the next or sold uneconcmic overproduction seems

inevitable. The lack of reference toO storage practices suggests that sucr 2

carry~over is rare, pernaps due to the initial cost of facilities. It seems

likely that uneconomic waste of, or reliance upomn, hay is being avoided by

use of other supplementary feeds. A large and increasing numbeT of ranchers

use concentrates and grain. A Waterton rancher remarked that, iour emphasis

is changing constantly from cutting range grass and volunteer timothy to

1
cutting intensively cultivated fields, in which alfalfa plays a large part.

Many of the ranchers questioned repcrted providing oats and vitamins as well

as hay and over half reported buying feed. Such methods may Seem expensive

1. Name not given as information supplied confidentially.
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but they insure sufficient feed in severe weather and avoid overpreoduction
-of hay in most years.

Eowever, many ranchers still depend on hay and because the chinook
is unrelisble they have a surplus after a good winter or must buy expensive
feed during a bad one. Thankfully severe winters are infrequent and the fact
that only on such occasions is feed short shows tkat ranchers by nc means
produce what they would nave to were the chinook absent. The chinook would
be much more significant if it was dependable but even S0 it epnables feeding

—

economies that cancel out the costs of hay overproduction apd the infreguent
need to buy expensive feed.
Feed is a substantial operating coSt in modern ranching, especizlly

on the prairies, where long winters are sormal. Thus any factor such as the

chinock, that will reduce such costs, is of great significance to tke rancher.

Tn southern Alberta feeding practices vary bue 211 clearly reflect azn attempt

to make the most economic use of an unreliable factoT, complete dependence

on which may spell ruim. %

Unfortunately the peneficial effects of the chinook are to & certain

extent offset by some harmful influences. The abrupt weatheTr change

associated with the chinook may on occasion adversely affect cattle and

: i i a
sheep. Several ranchers recalled how abrupt rises in temperature had resulte

in pneumonia, though others thought this only occurred with heavy feeding.

Septicemia and shipping fever in cattle and heat prostration in sheep have

also been attributed to sudden temperature increases as caused by chinooxs.

Such outbrezaks zre 1imited and doubtless other factors are involved.
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Whilst in the mountains the chinmook injures the conifer cm the
plains it is the pasture and crops that suffer from the wind. By stimulating
sublimation and evaporation the chinock depletes the limited supply of
water available for growth. Then, if the ground is tilled or overgrazed it
may be susceptible to soil ercsien.

Even in pioneer times dust clouds were observed during chinocoks
but soil erosion only appears to have become significant much later. Lonpgman
considers that, "“The problem of soil drifting is one of comparatively receat
origin in the Province of Alberta, the first Tize it reached serious
proportions was in 1920. The most seriocusly affected area at this time was
irmediately west of Lethbridge, where about 75,000 acres were completely

destroyed."l a-derson of rhe Lethbridge Research Station recently recalled

hat duriag the 1930's, "some townships appeared to be masses of moving saad"

and added that, "We doa't get that ndw."z However, of the farms surveyed

S0Z had suffered some soil erosion due to chinook winds. One rancher at

Eerronton considered such erosion eliminated all the benefits of chinook

winds. However, another at Crossfield noticed that other winds were just as

likely to cause erosion. Grain and mixed farms that turna the soil would

. . . rield
appear much more susceptible to soil erosion than the true ranch. Fiel

observations and the sporadic sncidence of the phenomenon suggest that soil

erosion, whilst stimutated by chinooks, is & culturally induced phencmeno

that can be prevented if adequate precautions are taken.

In summary the chinook is both useful and detrimental in the

agriculture of southern Alberta, but it 1s always significant. To the

rancher it seems beneficial, 76% of those questioned conszderéd it so a%é 4
<7 ,j.c«.rg;.d‘ oAk ~ iz e - earAT S T il LAD S y Fr iy 2y ]
: b : ; reny] e et At

? i

1. Longman 0.S. op. cit. pp.25-6.
2. Anderso;, T. The Calgary Herald. 1964, February 27th.
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6§97 thought it saved them money. However, in certzim ways it may be

detrimental, especially in other kinds of agricultural enterprise.




CEAPTER 7

SUMMARY AND CONCLGSICN

1o view of the preliminary nature of this study it seems somewhat
premature to graw safely many conclusicas, except regarding research methods.
Indeed whilst the writer coasiders some genmeral conclusions in crder
suggestioas regarding future woré~inhthe Chincok Research Project would
seem to be of more value.

When the study was begun specific references to the chincok appeared
negligible and the gumerous brief allusions to the phencmenon of little
value. However, 2S the bibliography Shows, subseguent -esearch revealed that
the chinook had attracted a moderate amount of scientific attention
intermittently since about 1880. Such material was of varied quality but
jndicated some of the problems requiring selution ané showed the chinoock
to be a2 more complex and variable phenowmenon than the writer had realised.

The basic cause of the chinook and its similarity to the foehn is
known; the significance of adiabatic processes and lee waves appreciated,

but the origin and ground characteristics of chinook air are not fully

understood and more research is warranted.

The initiation of the Chinook Research Project, with new statioas

and instruments has provided more data to aid in analysing the meteorological

properties of the phenomenon. Still more instruments are needed, especially

in the Caigary urban arez and in the Bow valley above Exshaw. The

development of temperature craverse studies and the jnstallation of thermo-

i itti T i seful.
couples on a high radio transmitting tower would be partlcularly u

However, first more careful and efficient use must be made of existing

instruments and data a2nd the operation of instruments such as the anemometers

- 80 -



must be perfected.

When a greater amount of more accurate and compzrable cdata is
availzble and the means to analyse it are developed z much peeded definition
of the chinook can be formulated. To satisfy the geographer this must be
developed from tae plainsmen's definition ané be based om 2 quaatitative
evaluation of those meteorological factors that are characteristic of chinoox
conditions at ground level.

This will enable one to assess aumerically the frequency, intensity,
duration and distribution of the chindody, +heraby making it possible to
compare and correlate i+s incidence withk patural and economic changes andé
responses in the area ir covers.

-

In the sbsence of such a definition the writer adopted 2 qualitative

cr

definition ir gaining some insight into the influence of the crinoox o2 scoe
aspects of hydrology, vegetaticn and agriculture.
The influence of the wardm, dry chincok in recoving the snow cover

and further depleting the supply of ground molsture has long been recognised

but scarcely studied. Attempts were made to determine +he influence of the

chinook on snow melt and evaporation and +he relative importance of eacn.

Numerous operational problems were encountered but the work and that by

other agencies definitely shows that the chinook stimulates both evaporation

. - .
ard melt. The relative importance of each apparently depends on tae wind

and hence chinook condition$ would generally seex more conducive to

evaporation. Clearly the study of the chinook and the hydrologic cycle 1is

a project in itself requiring the collection of more data, improvement of

existing techniques and the devlopment of new ones. Tn using the Snow plot
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more frequent observation of more accurately graduated stzkes is czlled for.
There is also a need to locate thermographs, hygTographs, atmometers ané the
net radiometer at this site and to develop means for measuring the amount of
drifting that occurs and for measuring the water content of the soow.

The significaace of the chirock as a factor influencing the vegetaticn
pattern was not assessed because of the varizbles invelved, however,
consideration was given to the relationship between the chinock and red belt
and fires. Bearing in mind the character of the chinook and the cause of red
belr the chinook appears responsible, but the occurrence of red belt outside

~ -

the chincok belt imdicates rhat other factors, possibly even iz

1

he chinook
area, may be responsible. The chinook seems likely to inerease fire hazard

and spread but only more data on fires and a precise definition of the

e fire and chinocoks.

1]

e
o

(34
)

chinook will enable one To ¢OIT

The research into the influence of the chinook on agriculture appears
to be unique and was rescricted largely to rhe effects on ranchiag, data
being obtained mainly from 2 questionnaire. By depleting socil moisture,

encouraging soil erosion and causing some ill health among animals the

chinook can be unwelcome. However, the chinook generally benefits the rancheT

by clearing the snow ;jn winter, though its unreliability and the consequent

need to maintain feed supplies detracts somewhat from its value. AS this

P e e et wa O

aspect cf the research is perhaps of more practical significance and of

interest to farmers it warrants more detailed examination.

Probably most important of all is the need to realise that the

influence of the chinook 18§ much greater tman this study suggests. Only time

has prevented jnvestigation of the chinook’s influence on geomorphology,

wildlife, fuel consumption, air pollutiocz, road and rail soow clearance,
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aviation, recreation and human physiclogy.

The chinook is a complex phenozenon that has 2 varied and variable

influence on the landscape that merits the atteacrion of the geographer. The

writer hopes that this preliminary study will stimulate and provide a basis

% into the chinook and its influence.

-

for more accurate and specific Tesea’rc

[1]
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APPENDIX A

CHINOOK RESEARCH PROJECT. GEOGRAPHY DEPARTMENT, UNIVERSITY OF ALBERTA. CALGARY.

METEOROLOGICAL STATICNS AND INSTRUMENTATION

The following pages contain photographs and details of each station
jnvolved in the project. The instrumentation of esch station is indicated

in a Table.

A map showing the location of meteorological stations in the Rocky
Mountain Front Range and foothills srea of Alberta is jneluded in:'Climatic
Records for the Saskatchewan River Feadwaters) a Su=mary prepared for the
East Slopes (Alberta) Watershed Research Prograzme DY the Canada Departmexnt
of Agriculture, Prairie Farm Rehabilitation Aéministration, Engineering

Branch, June 1963.
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CALGARY McCALL FIELD

Tocation: Township 25, Range 1, Section 36.

Established: At McCzll Field 1938.
At present site 1956.

Comment: This 1is a synoptic station and 1is
the most comprehensively instrumented
station in the project area.
Some instruments, eg.the anemometer,
are located on the control building

roof.
A tank is used to measure evaporation.
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CALGARY CAMPUS

Location: Township 24, Range 1, Section 6.

Estzblished: 1963.

Comment: As this site is small aad has
been restricted by buildings
since first established it is
to be moved about % mile west
to the snow plot area.

Part of the site is kept snow
free to compare the soil and
surface temperatures with those
for the covered area.
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MINK

Location: Towaship 2&, Range 3, Section 1.
Establisthed: 1963,

Comment: The screen was moved zbout 10 yards
west in 1964,
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COCHRANE

yres, |
S

Location: Township 26, Range 5, Section 36.

Estabiished: 1963.
Comment : Anemometer installed in ise4&.

Screen moved several feet north
in June, 1965.
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HILLIO?

Location: Township 25, Range 5, Section 36.

Established: 1963.

Comment: Anemometer installed 1964.
grush cleared on hill slopes

during 1964.
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COPITEQORNE

Location: Township 25, Range 5, Section 8.

Established: 1iS63.

Comment : Anemometer and pent-stem soil
thermometers installed 1964.
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PRI

KANANASKIS -
;

Location: Township 24, Range 8, Section 27.

Established: 1839.

Comment: Wirnd, temperature and relative humidity .
stz is forwarded to the University. '

(AN
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HECTOR

Location: Stony Indian Reserve.
Township 25, Range 8.

Established: 1964.
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BANFF

3 : if. - i 7 ac
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Tocation: Township 25, Range 12, Section 2.

Established: 1890.

Comment : The photograph shows the new site.
The old site, behind the Fire Hall,
(centre, right} was evacuated early
in 1965. The new site is gravel
covered.
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SULPHUR

Location: Sulphur Mountain Peak.
Township 25, Range 12.

Established: Present Station, 1964,

Comment: Operation limited by lack of
personnel to service it.
The wind equipment, located on the
Cosmic Ray Laboratory roof, is
operated by the Physics Department
a2nd has been changed several times.
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INSTRUMENTATION QOF STATIONS WHEN FULLY QPERATIVE

:

3

Instruments oy g =
© = R
— @ [ = c. (o] [~} St
R S (o] -— < St =2

Recording: = 12 |~ = (2 1= = e {w |=

<§ g G "g — = = o e =

= 8 2 S 1= |3 S 12|18 ia
Pressure X X X X X

ir T

Air Temperature X ; X X : X! X X X! X X X
Soil Temperature X
Maximum & Mioimum X X X X X X X X X X
Temperature
Relative Bumidity X X X X | X X X X X X
Wind X X X X X X X
Radiation X
Sunshire X
Rain X X X | X
Snow X X X X
Evaporation X X !
Evapo~-transpiration X
Upper Air factors X
Daily Observations X X | ‘ ‘ ] X X

Note

1. Except at the campus, where a plot is used, snow is recorded

using snow gauges.

2. For KXananaskis only those instruments actually 2t the Research

Station are indicated; many more are located nearby, as in Marmot »

Basin.

3. Soil Temperature: only instruments recording continuously are shown.
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A TEERMOGRAPH

Instruzents similar to this one,
C.F.Casella Co.Ltd. London, are ins
in the screens at all the stations
measure temperature.

t
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APPENDIX B .

A SUMMARY QF METEQROLOGICAL DATA RECORDED DURING A PERIQD
OF CHINOCK CONDITIONS AT CALGARY, FEBRUARY 7.8 & 9. 1965

Time Pressure | Tempersture | Relative Vapor Wind
m.b. o, Bumidity [Pressure Dir. [Speed
Z n.b. mph
7.2.65.
a.m.
12.0 100¢ -10 95 .70 S &
1.0 100s -10 95 .7 SW 2
2.0 1005 -12 S5 .63 S 5
3.0 100% =11 Ss .83 SW 7
4.0 1004 -11 Ss .66 ? 8
5.0 1004 -0& S5 .87 ? 6
6.0 1004 -0& S5 1.49 S 9
7.0 1004 4 g5 2.4% S 10
3.0 1004 i7 SG 2.71 Sw 10
9.0 1004 23 82 3.30 S i3
10.0 1004 26 75 3.47 ? ?
11.0 100% 29 66 3.46 W ?
12.0 100& 30 65 3.71 SW i1
p.o.
1.0 1004 34 70 & .37 SW 12
2.0 1004 35 62 4.20 sw 13
3.0 1003 38 58 4 .69 SW i8
4.0 1003 37 55 &.10 SW i5
5.0 1003 35 63 4.24 Sw 15 i
6.0 1004 34 64 &.Q7 S< 1% %
7.0 1004 31 65 3.79 SW 12 -
8.0 1004 28 65 - 3.30 SW 10 C
9.0 1003 29 70 3.72 Sw 10
iG.0 1003 23 65 2.7& W 9
11.0 1002 27 67 3.25 W 9

D
3
H
(X)

1. The steady decrease in pressure throughout the day.

2. The abrupt and sustained increase in temperature at
7.0 2.m.

3. The abrupt decrease in relative humidity at 8.0 a.m.
4. The abrupt increase in vapor pressure at 6.0 a.m.

5. The abrupt and sustained increase in wind velocity
at 6.0 a.m.
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METEOROLOGICAL DATA RECORDED DURING CHINCOK CCNDITICNS {CONTINUED)

Time Pressure Temperature Relztive Wicd
m.b. SF. Tumidity Dir.; Speed
Ze. mph
8.2.65.

a.na.

12.0 1002 33 76 W 21
1.0 1002 33 70 W 20
2.0 1001 33 70 W 20
3.0 1001 3¢ 59 W 22
4.0 1001 33 59 W 20
5.0 1001 30 61 W 13
5.0 10QQ 28 6& W 11
7.0 999 24 70 w 11
8.0 999 22 8¢ W 9
9.0 999 26 87 W 5

ig.0 998 24 78 SW 2

11,0 928 29 !0 SW 1

12.0 9388 29 79 SW 2

p.m.

1.0 997 32 80 W 5
2.0 998 26 97 W 20
3.0 998 27 S7 ? 23
4.0 999 27 96 ? 21
5.0 1000 27 S7 ? 14
6.0 1001 26 g8 ? i3
7.0 1002 25 a8 1% 12
g.0 1003 24 98 1% 10
S.0 1004 24 97 sW i3
10.0 1005 2L 97 SW 13
11.0 1006 23 97 SW 13
9.2.65.

a.m.

12.0 1006 22 98 SW i0
1.0 1007 24 96 W 10
2.0 1008 24 96 ? S
3.0 1010 22 96 ? 19
4,0 1011 14 97 ? 21
5.0 1012 11 96 SW 13
6.0 1014 10 96 W 9
7.0 1015 8 9% W 7
8.0 1016 8 95 - 9
9.0 1016 ] g3 W &
10.0 1016 8 92 ? 0
11.0 1016 12 82 S 2

NOTE:

———

1. As pressure began to sncrease agein on 8.2.65 the
chinook died out. The temperature decreased quite
slowly but the relative humidity assumed a2 sustained

value in excess of 90% quite quickly.
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APPENDIX C

MEASUREMENT OF EVAPQRATION BY VAPOR FLUX ANALYSIS

The vapor flux between successive heights zbove ground was

decermined at

ground level,

The vapor flux

the campus using the fellewing instruments located at
2 feet, 6 feet and 12 feet:

mezsure temperature - thermocouples.

pezsure relative humidity - Assmaan psychrometer.

measure winé velocity - sensitive znexmometers.

account for &ddy diffusicn the Austausch’ Coefficient was used.

= Austausch value X difference in R.E. between heights
Heigrt differesace Latween instruments, in cx

The data gained on vapor flux is given below:-

Tire Vapor Flux in -zlcm;/aslsecz between heights| Austausch
0 - 2 feet 2 - 6 feet 6 - 12 feet Value

a.m.
10.CC ¢.139 0.0158 0.0074 5
11.30 0.666 0.0226 -0.0076 18
p.2.
&4 .45 1.050 0.1160 -0.0131 30

) 8.00 0.141 0.0221 0.0044 S
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THEE CAMPUS SNOW PLOT

10 12

N
o

w
(Voo JEN |

6 9

12 10

6 6

~N s

6 6 6

V]
W g

€Y

The figures indicate

the uumﬁér of days the
ground was clear of soow
a2t each stake during the

period 2/12/64& - 6/3/65.

Note the wvariaticn in
duracio; of cover and
+he greater duration
of cover in the north-
east where grass was

sparse.
€3]

The figures indicate
measurements made at
&/50 p.m. January 1,

1965.

Figures are given to
the nearest inch and
show drifts in various
places. The chinook
was blowing from the

west.
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STATISTTCAL ANALYSIS OF EVAZORATION, TEMPERATURE, WIND AND SXOW PICT DATA
COLIECTED AT TEE UNIVSRSITY CAMPUS, WINTER 1964-1963

The correlation coefficients and significance vzlues referred to
in Chapter & are given below iz the order tbey zppear iz the text.

Tn determining the Coefficient of Correlatica the following formulze

were used: 1. For simple limear ccrrelaticn: r = Xy
2. For multiple correliation: x{yz} = (:xv)z +—(:x:)2 - 2rxy TVYZ TXZ
1 - {ry)<

1. Where X = Average hpurly evaporation per day.

¥ = Mean daily temperature.

r = .93

The least highly significant (17) value for 'r'_ where a = 7 and

m = 2 is .874.

2. Where X = Average 1OUriy evapcratisn per day.
v = Maximum daily temperature.
r = _76

The least highly significant (1% value feor tr' where & = 7 aad

m = 2 is .874.

The least highly significant (5%) vzlue for 'r', where & =7 and

a =2 is .754.

3. Where X = Daily total of evaporation for each atmometer.
v = The neight of tte atmcmeter.
r = .87

The least highly significant @17y value for ‘r', where o = 6 and

2 is .917.

H
0

The least highly significant 75% value for ir', where o = 5 and

m =2 is .81l.



G,

Where X = Daily reductica ia sodw Zepri.

Y = Mean cdaily cemperacule.

The least highly gignificaas (17) value for 'r', where z = 13 and
m =2 is .6&41.
Where X = Daily reduction iz snmow deptk.

Y = Daily wincé passage.

r = .&
The least highly significant (1%) value for ‘r', where o = &0 and
m =2 is .&03.
= &0 and

The least highly significant (5%) value for *r', where n

o = 2 is .313.

Where X = Daily reduction in SnOW depth.
v = Daily numbeT of degrees above 320F at each hour.
Z = Daily wind passage.
R = .9i3

The ieast nighly significant (1% value for 'r', where n = 11 and
o =3 is .827.

Where X = Daily reduction in SnOW éepth.

¢ = Daily wixd passage.

r = .93

The least highly sigrificant (17%) value for ‘r', where o = 11 and

m = 2 is .735.

wnere X = Daily reduction in SnOW depth.
Y = Average hourly evapcration per day.
r=.1

The least highly significaxt (1% value for 'r', where n = 18 and

m = 2 is .590. The least highly significant (5%) value for 'r',

where n = 18 aaéd m = 2 is .L68.
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APPENDIX P

A COPY OF TEE QUESTIONNATIRE
2 : STIONNALS Geography Departmeat
DISTRIBUTES: TQ FARMERS University of Alberta:
Czlgzry.

Dezr Sir,

The Geography Department of your loczl wniversity in Calgary is
conducting reasearch into the Chincok wind and its influence in Alberta.
OQur work is described in the enclosed press cutting.l We hope you will be
interested in the work and nelp us by completing the attached questionnaire.
If you do mot want te provide details about your farm a few general comments
on the importance of the Chinook to you, would be appreciated. All informati;n
provided will be kept confideatial. )

ggastions.

or your farm

Fh

Do you keep any wea~her recorcs

What is the acreage of your farm?

’;Q

mar is the acreage of rangeland?

ttle

—————

£

Fow many have you?

Are tkhey left on the range all winter?

Are they given supplementary feed all through the winter?

Are they only given supplementary feed when the weather is bad?

3]

Zave you ever lost any cattle due to long periods of sno¥w without Chinooks

Feed:

Do you grow any supplementary feed i.e. hay for catrie in winter?

Do you buy winter feed for cattie?

Approximately how much feed &o you provide each cow in winter?

Do you grow as ouch feed as you possibly can on your farm?

General:

Have you suffered soil erosion due to Cninoox winds?

Do you think that Chinooks save you money?

Do you think that Chinooks are beneficial?

Comments:

Yours sincerely,

1. Schmidt, J. Calgary derald. 1964, ggﬁfmber 12th, p.58. John S. Marsh.
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SUMMARY CF QUESTIONNAIRE DATA

FTARMS:
Number ia sample - 70.
Maximum size - 28C,000 aczes.
Migimum size - 8C acres. 2 farms)

Mezan size - 9,281 acres.

Distzitution of farms accordiag to size

acres pumber of farms
C - £99 12 ) &3
500 - SSS 17y °°

9,000 - 9,999
10,000 - 2%,999
25,000 - 49,999
50,000 - 999,999

100,000 +

1,600 - 1,995 16
2.009 - 2,999 5
3,000 - 3,999 2
4,000 - 4,999 2
5.000 - 5,999 1
6,000 - 6,999 &
7,000 - 7,999 2
8,000 - 8,999 2
0
6
&
1
1

CATTLE :

Number of farms in sample - 72.

Distribution of farms accorcing tO cattle nuzbers
cattle aumber of f£arms
e - 99 24 )
100 - 199 6) %
200 - 299 ‘ g
300 - 399 3
400 - 499 S
500 - 59¢ 2
600 - 699 1
700 - 799 2
8CO - 896 1
300 - 999 1
i,6GC - 4,999 7
5,0C0 + 1 A_J

There was no correlation between the size of the farm and the

number of cattle maincaired.

[

N)

(W]
|



SUMMARY OF QUESTIONNATRE REPLIES

CATTLE
Are they left on the range z11 winter? - 187 - Yes
697 - No
12% - Same
1% - Oceczsionall
Are they given supplexmentary feed zll
through the winter? - 647 - Yes
257% - No
11% - Soxme
Have you ever lost aoy catrle cue to
long periods of soow without chinooks? - 2537% .- Yes
75% - No
FEED
Do you 8TOwW any supplementary feed? - 97% - Yes
3% - No
Do you 8row as cuch feed as you possibly
can on your farm? - 657 - Yes
35% - No
De vou buy winter feed for cattle? - 50% - Yes
45% - Xo
5% - Occasiomally
GENERAL

Have you suffered soil erosion cdue to

chinook winds? - 50% - Yes
50% - No
Do you think that chinooks save you
money? - 69% - Yes
197 - XNo
7, - Occasionally
10% - ?

Do you think that chinooks are

Lepneficial? - 76% - Yes
i2% - Xe
&% - Occasionally
8% - 2
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