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SlJIMARY 
• 

Riding Mountain National Park is located in southwestern 

Manitoba on the Manitoba escarpment. The Park is typified by knob 

and kettle topography and is heavily wooded by deciduous and coniferous 

forest along the eastern and ·southwestern highlands and deciduous 

merging into steppe in the western area. In preparation of the report, 

tabulations and extrapolated maps were used to represent the data. 

A variety of figures and tables has been developed with accompanying 

recommendations to provide guidance to planners and users of the 

Riding Mountain National Park area. 
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The National Parks Act of 1930 instructs that national parks 

are dedicated to the people for their benefit, education and enjoyment, 

and that the natural features contained within the boundaries of these 

par ks must r emain unimpaired for the enjoyment of future generat ions. 

I n order to fulfill the guidelines of the National Parks Act, it is 

nece ssary to develop a complete background of information to assist 

i n the direction of the development of park facilities and maintenance 

of significant conservation programs. The purpose of this report is 

to describe as closely as possible from exist_ing information the 

climate of the Riding Mountain National Park Region. 

Riding Mountain National Park was established soon after the 

implementation of the National Parks Act. The Park was official ly 

dedicated on July 26, 1933. 

Riding Mountain National Park lies in a reasonably well populated 

a r ea , and the reason for its existence is that it preserves one of the 

anomal i es of vegetation and topography along the Manitoba Escarpment. 

The location of the Park is shown in Figure A. 

DATA AND ANALYSIS 

I The development of the Riding Mountain area began long before 

I its designation as a National Park. As early as the late 1800's, the 

region was withdrawn from settlement and made into a forest reserve. 

I t was under the Forest Service that the first permits to lease land 

and build cottages were initiated in the mid 1920's. Prior to that, 

the region had been used only by a few campers, who used the Clear Lake· 
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shore as a recreation area. 

The Park is surrounded by settlement. Three major settlements 

lie within a 100 mile radius of the Park, the largest being ·Brandon., 

60 miles t o the south; Yorkton, 100 miles to the west; and Dauphin, 

8 miles to the north. Numerous smaller towns are situated around the 

boundaries of the Park. Over the past 15 years, the Atmospheric 

Environment Service of Environment Canada has established a number of 

climatic stations surrounding the Park, nine of which lie within 60 

miles from Wasagaming, the main centre in the Park. In the last ten 

years, two climatic stations were developed inside the park. The first, 

Riding Mountain Park, on the eastern escarpment, having a period of 

record of less than 8 years , is manned by the Manitoba Water Resources 

Branch. The second, Wasagaming, in the south centre region , having 

a period of record of five years, is operated by Parks Canada. 

Data from the fol l owing climatological stations were used 

in the analysis (see Figure B): 



Station 

*Roblin 
Grandview 
Dauphin 
Rus sell 
Birtle 
Rossburn 
Str athclair 

*Minnedosa 
Wasagaming 

- 5 -

Riding Mountain Park 
Kel wood 

*Neepawa 

Elevation 

1820 
1420 

999 
1837 
1791 
1936 
1904 
1900 
2040 
2481 
1130 
1273 

*These stations are outside the grid as used in the automated 

algorithm, but were moved into the grid by applying the algorithm 

manually. 

Certain difficulties in the data should be mentioned. Firstly, 

the records, in many instances, are of less than ten years. Means and 

standard deviations generated by these data will be of low confidence. 

Secondly, only two stations lie within the Park area. Thirdly, the 

topography and vegetation of the surrounding stations differ markedly 

from the Park area. 

The analysis of climatological information over a smal l area 

such as Riding Mountain National Park can be accomplished by a purely 

subjective hand analysis of plotted information, or by the use of an 

objective technique using a computer. 

in the preparation of this report. 

The latter approach was adopted 

' ---- --- ----- -
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THE ANALYTICAL ALGORITl-t1 

Three types of inf ormation are available~ the climatic 

parameters (average temperature, etc.), elevation at the climatic 

stations i ncluded in the ana lysis, and the elevation at point of a 

grid a cross t he Park. The a lgorithm uses the informat i on 

in the fo l lowing manner: the averages of the climatological 

parameter and elevation a r e calculated for data i nputs (stations) 

included in the analysis. These two values are treated as a first 

estimate of the analyzed f i e ld. The performance of the first 

estimate is evalua ted by cal culating the deviation of each station . A 

ratio: of the dev iat i on of the climatic parameter and the deviation 

in the elevation i s t hen ca l cul ated to produce an index at each station. 

Obj ective analyses , resolved into grid points, of the climatic 

parame t er , elevation, and index are then made to obtain a second 

estimate over t he grid . Obj ec tive analysis i s a very good estimate 

of the analyzed fie l d bu t suffers from substant i al l os s of de t ail due 

to smoothing . We can calcul ate the loss of detail i n the analysis 

of elevation by calculating the difference be tween the exac t elevation 

and the calculat ed eleva t i on at each grid point. 

A relationship bet ween the deviations in the climati c parameter 

and elevation ha s been estimated in the calculation of the first 

index. The t hi rd and final estimate across the grid is calculated by 

-adding the product of the obj ectively analyzed index value and the error 

in the elevation anal ysis t o the objectively analyzed value of the 
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climatological parameter at each grid point. We have now used all the 

information available. 

Advantages 

1. Objeotivity 

2. Speed and ease of application 

3. Production of detail 

Disadvantages 

1. Data Base - much of the data used was of short term 

(less than ten years). 

2. Insufficient Data Points Inside the Park - required the 

use of bogus data entries. Bogus data were calculated by extra-

polating from adjacent stations. 

3. fudd l ing - the generation of anomalous grid point values 

around a station. Puddling in this instance was in part the result 

of two difficulties: firstly, the algorithm employed only elevation as 

an explanation for deviation, and, secondly, the detailed elevation data 

were supplied at 25- foot increments and station elevations to the nearest 

foot. As a result, unrealistic gradients of elevation were generated 

in the vicinity of the station and became incorporated into the 

analysis. 

CONCLUSION 

The extrapolative algorithm described above is a begi nning 

of the difficult task of objectively "filling-in" the voids bet ween 

observation sites. Future inventories can benefit by the use of 
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variance or deviation analysis techniques of this type. Studies will 

have to be made to incorpora te more topographical variables. The 

r eward will be climatological charts of excellent subtlety and 

useful ness. 
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Riding Mountain National Park is located in the southwestern 

r egion of the Province of Manitoba (see Figure A). The Park is 

s i tua ted on a rolling plateau approximately one thousand feet above the 

fla t l ands of Manitoba. The Riding Mountains join the Porcupine 

Mounta i ns, Duck Mountains, and Turtle Mountains to form the topographic 

f eature known as the Manitoba Escarpment. Manitobans commonly refer 

to these hills as mountains , but their topographical features are best 

de s cr i bed as high plateaus suddenly dropping off as an escarpment on 

the ea stern edge. Cloud frequently forms on the windward side of the 

escarpment in moderate easterly winds (upslope flow). 

The topographic and physiographic features of the Park are 

shown in Figure 1.1. Six streams originate in the Park area. The Bird 

Ta il Creek in the west, the Minnedosa River in the south-central area, 

and the Rolling River in southeastern highlands flow into the Assiniboia 

River Basin. The Vermilion river in the north-central area, the Ochre 

Ri ver in the northeastern highlands, and the Turtle River in the east

centra l escarpment area flow into the Manitoba Lakes Drainage system 

nd flow out into the Hudson Bay through the Nelson River system. The 

dra inage systems in the park area involve small flow rates and have, in 

part, been respons i ble for the shaping of the park area . Along the 

east ern escarpment (due to the greater turbulent flow) the streams have 

cut st eep ravines and resulted in the development of alluvial fans at the 

base of the escarpment. 
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The knob and kettle topography has resulted in the collection 

of water to form hundreds of lakes, marshes, and muskeg. The largest 

clear water lakes (oligotrophic) include Clear Lake, Moon Lake and Lake 

Audy. Other shallow, marshy bottom lakes (eutrophic) include White

water, Shoal and Whirlpool Lakes. Abundant water and the turbulence 

generated over the rough t opography of the escarpment contribute to the 

increased development of convective cloud and showers in the area. 

Three soil types are found in the Park. The Waitville clay 

loamassociation is most coimI1on~ This soil type occurs on slopes above 

2,000 feet where aspen, birch, spruce and tamarack are prevalent. 

Leaching and degradation have occurred due to humid climatic conditions. 

The resulting soil is much l ower in organic and nutrit ional content than 

that which is found in the grasslands. The next most frequent soil 

type is the Erickson association of the grey-black subzone, and is found 

in the southwestern part of the Park. These peaty meadow soils are 

found at the 1,900 to 2,000 foot elevations. The third type of soil 

in the Park is the Seech, a coarse, sandy loam association. This grey

black soil occurs on the shaly and gravelly outwashes, and predominates 

in the grassland areas of Lake Audy and in the western end of the Park 

through the Birdtail Valley . 
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Riding Moun t ain Na t ional Park demonstra t es the continen t a l 

c lima t typical of t he Ca nadian Pr a irie s . In summer, the ar ea is 

ba th d b y wa rm south and southwest winds, a nd i n wint er the slopes shudder 

un protected under the sweep of t he frigid northwesterlies. In t able s 

2 . 1 to 2 . 4 mean daily , mean daily maximum and mean daily minimum 

temperatur e data and standa rd deviations are tabul a t ed by month fo r 

Wa sagaming (Riding Mounta in National Park), Winnipeg, Dauphin, Brandon 

and Yorkt on (surrounding areas), and Toronto and Vancouver (distant 

loca tions) . 

Table 2 .1. Mean da i l y t emper a ture (°F) a t selected stations 

AUG. SEPE'. OCT. NOV. DEC. ~ 
APll. MAY JUllE JULY 

STATIOJI ,JA.8 . P"D . MU,. 

60.l 59 . 6 SO . l 36 . 7 18.6 2. 8 31. 3 

~GANI •O -s.o 1.2 lS.9 32. 7 46.7 56 . 3 

67.S 65 .6 S4 . J· 43 . 8 24.0 7.4 36. 2 

WIIIJIIPSG -o., ).7 11 . , 36.0 Sl. l 61. 7 

68. -0 60.3 49 . 7 )8.l 2S.7 , s.s 
2l.. 6 30. 3· 43.5 s,.o 64 . 7 69 . l 

TORONTO 20 . 6 
62 . 7 57.6 so .1 42 . 9 38. 9 .,_ i 

59 .5 63.4 
VA.'ICOUVE.Jl ) 6 . ) 40 . 0 4 2. 5 48. l 54.3 

65 . S 63. 3 5 2.8 42 . 9 2 2. 7 7.0 34.e 
DA.UPHlll1 -LS 4.l 15 . 5 36 . l 49 . 6 59.7 

66 . 0 63.9 5 3 . 0 42 . l 22.4 7 . 2 3S .• l 

&R>JlDOl'f - l.4 4 .5 1 6. 3 36 . 7 49 .8 60 . 3 

62.9 5 2.0 ,1. 2 21.2 6.1 34 . 2 

- 2.2 3. 8 14 . 1 35.8 49 .8 59. 2 6 5.3 I 10RXTOl1 

I 



Table 2.2. 

' 
STATI ON 

WASAGAJUNQ 

WUUJlHG 

TOROWTO 

VA»COUVER 

~UPHUf 

IU.19011 

rotuc'IO• 

Table 2.3. 

STATION 

WASAC:i.\J,U NG 
I 

WINNIPEG 

TORONTO 

! VA~OUVER , 
OAUl'HIN 

BRANDON 

I YOllJ(TON 
' 

.. . 

Table 2.4. 

ITATlON 

WASA<WCIIIG 

WlJIJflHO 

TOaOl1'l'O 

VANCOUVER 

DAUPHIN 

- 20 -

Mean daily maximmm t~~_perature (OF) at selected S'{ta·tions 

.----~-::------- ----. 
• I 

JAN, Ha. NAJt . AH. . MAY JUD JULY AUO. ...... OCT. 11011. DIC • AIIIIU& . 

7 . 1 ).,. 5 29.1 44 .7 60 . 5 69.8 73.l 73.1 '3.1 .u.t 21.1 U.7 4).J 

7.9 13.l 26.8 47. S 62.9 72.8 78.6 '77.0 65.2 Sl.5 n .1 15.4 4f.O 

28.l 29.5 38.0 53. l ~.a 75.1 80.6 78.9 70.8 59.6 45. 1 U.6 S4.7 

41 • .t 45.9 49.2 55.3 62.l 67.l 71.9 70.9 65.l 56.6 .a.s ,1-.a 56.S 

1.1 14.8 25.8 46.l 61.7 71.3 77.l 7S.3 63.t 5).4 30. 7 16.0 u. • 

8.1 lS.S 26.S 47.l 62.1 n.o 78.5 76.8 a.a Sl.t lO.t H.4 ..-.1 
6.9 u.e 24.S 45.5 61.4 70.4 77.0 1'.1 H.O n., 

" · 7 
1,·.s 46.l -

... 
. "-" -'-·~ -

Mean daily mini mum temperature (°F) at sel ected ~stations 

. 

--
JAN. f'ZB. MAR. APR . HAY JUNE JULY AUG. SIPT . OCT. NOV. aaq, A.lllnJAL 

- 17,l -12.l 2.7 20.7 33.0 .2.7 47.0 46. l l1'.o 27.4 11.1 - 1 .1 lt.J 

- 9.8 -6.0 e.o 28.5 39.4 J0.6 56.3 S4r0 ,1.t ' 34.0 16.9 - 0.1 16.J . .. . , 
ll . l ll. 5 22.,·· 33.9 0.1 SJ.6 58.0 57.,0 45 . 8 .)9. 9 u.1 18. 8 36 .2 

I ,. 
:H.2 34.O JS,8 40.8 46. 3 Sl.7 54.9 54".5 49.J . 4J,~ )7.J 33.t 42.8 . . . 

-10,7 -6.5 5.1 25 .8 37.4 48. l . S) . 9 Sl.l ' 41.6 iz;s 14.8 -2.1 H.J 
I 

-10.7 -6.5 s.,; ~ 26.2 37.5 '8 . S Sl.S 51 :o . 4C).e 30.2 ·1'3.8 -2.0 24.0 

-11. 2 - 6.4 4.9 26; 0 38.2 47. 9 Sl.5 Sl.O 40.9 ·30.t U.6 -2.4 · 23.t 

Standard deviati ons (°F) of mean daily temperature at 
selected stations 

.JAN. ru . MAR . UR . NAY JU- JULY AUG. ~- OC'f~ -.<N. l>tc. 

s.o ).J 6.4 ,., 5 .8 3.4 l.1 2.t u.o 1.1 , .. ,., 
,., ,.1 6.1 4 .7 3.5 2.t 2. , 2.s 3.0 4.i ... ' s-.1 . 

4 .5 3.2 s.2 3. 6 l.l 2.4 1.7 a.t a. , . ) IQ ... . 2.t J.I 

5.4 2.9 2 .3 1.9 2.3 2.1 1.8 1., 1.1 1 ... l.l 2.1 

8.5 -9.8 S.9 5 .1 J.5 3.1 2.1 2.7 ~-5 ~., 5 •• ••• 
BR.UIDOlf (Uvv•> 7.5 f.1 6.2 5.2 3.4 2.s 2.1 a.1 2., l t• 511• ,.s· 

I it' ,. 7 
8 . 7 S.6 6.8 6.3 3.2 2.6 2. 6 1.,. a.• . ,~1 

YORKTOlf ,,.. . 
' , .. \ .. ,l • ... .. ' 

1 

• 
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111 r""igur=>. 2.1 to 2 . 4 mean a nd ex treme temper a t ure data are plotted 

Lhrough they ar for Wasagaming , Winnipeg, Vancouver and Toronto. 

T stimony to the continentality of the Manitoba area is given by the 

diff er ence in mean annual range (mean daily temperature of warmest month 

minus mean daily temperature of coldest month) between Winnipeg and 

Vancouver . 

Table 2.5. 1ean annual r ange a t Winnipeg and Vancouver (°F ) 

Winnipeg Vancouver 

Mean daily t emperatur e 
warmest month (July) f' 67.5 63 .4 

Mean da ily t emperat~r e 
coldest month (January) -0.9 36.3 

Difference (mean annual 
r ange) 68.4 27.1 

The computer analysis of t he temperature data for the Par k 

i shown i n Figures 2 .5 t o 2 . 41. Elevation has a moderate control 

ov r the tempera ture s of the Riding Mountain National Park area. Dauphin 

Airport at an el evation of 999 feet has a mean annual temperature of 

34 . 8°F ..1nd Kelwood at 1,130 fee t, 35 .9°F. In c omparison, Wasagaming 

0 
t 2,040 feet ha s a mean annual t emper a ture of 31 .3 F. The s teep 

ert ical gradient s of th e escarpmen t a re r eflected by equivalent 

h riz ntal temperature gradient s . Temper a ture decreases with height 
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in the park dur i ng most of the year, the rate of decrease becoming 

greatest during the cold season and ill-defined or inverted in the late 

spring and early summer. Thus, the eastern highlands, west central 

highlands, and western area relatively cool while the Birdtail Valley, 

Strathclair Trail and the Ochre River notch are relatively mild. In 

the spring months temperature increases with height and t he western 

Strathclair Trail Valley and the Birdtail River Valley become cool 

compared to temperatures on the highlands. 

COMFORTABLE TEMPERATURES FOR SlfflER OUTDOOR ACTIVITY 

What is generally considered a comfortable outdoor temperature 

varies greatly, depending on such factors as the individual concerned, 

the activi t y under quest i on, and the time of year. It was decided that 

70°F is a comfortable outdoor temperature for most summer pursuits except 

swimming. 

In Table 2.6, the mean percentage f requency is given of 

0 
temperatures 70 For greater, based on hourly weather reports. 

Table 2.6. Mean percentage frequency by month of hourly temperature 
0 

70 For greater 

STATION JU. FEB . KAR. APR. MAY JUNE JULY AUO. SEPT. ocr. lfOV. DEC. 

•tfASAOAMI lfQ 00 00 00 00 16 50 67 58 30 00 00 00 

3 AAN~ON 00 00 0 0 01 08 
lltiv•r•l 

27 40 31 07 03. 00 00 

DAUPHIN ~ .. ~· 
' f> 

00 00 01 08 23 3S 29 08 02 00 00 

YOIUlTON 00 00 00 01 07 19 32 27 07 01 00 00 

• 
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Most of t he abov e f r equen c i e s of 70°F temper a t ur es occur, of cour se, 

dur i ng the daylight hours . I n Fi gur e 2. 42 , the mean number of days 

p r month with max i mum temper a tur e 70°F or greater i s g iven for 

Wns.1gc1mi ng . 

FROST) FREEZING TB,1PERA TURES AND GRO\A/I NG SEASON 

The 32°F t emperature t hr eshold is highl y s ign ificant, since 

wa t e r f r ee zes a t l ower value s and i ce a nd snow mel t a t h igher r ead ings . 

I n addi t i on , the f ros t - fr ee per i od has sign ificance in agricultur e 

a nd pl ant gr owth , s ince many cul tivat ed v ege t ables and cr ops perish 

with f r eezing t emper a t ur e s. 

I n Table 2 .7, the mean percentage fr equency is given of 

0 
t mp ratur es 32 For l ess, ba s ed on hour ly weather r epor ts . 

Tnble 2 .7 . Mean pe rcen t age f r equency by months of hourly temp er a t ure 

0 
32 F or less 

-~:. -i :;R~ l AA; ! J UNE 
I - - ----i- I St:PT. l OCT . ! l ;t:7 I n:a . I AUG . 

sov . 
S T>, :' l ~ I J ~ . I 

I JUL Y --~ ! 
I-· - I oo loo I 

"\J; :.;o:,,. I 99 ' 8 I 8) I ~ ? I - s I • 03 21 { 8 ! I 9 S t 
-· ' I I 

er.s .. 03 2 1 . 7o i ·, S 
••~l- l'H ! ~ 9~ I 9 S t:,~ 4 0 08 00 0 1 

I 

I 81 l )7 i 
11.: Rl :v:. 9 8 9 ~ 8 t> , 4 Z Jo jl, 00 ... 04 25 I I ' _L __ J 

L -

* l e ss t han 1 % 
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Most of the above frequencies of freezing temperatures occur during 

the night-time hours during the spring and autumn months. In Figure 

2.43, the mean number of days per month with minimum temperature 32°F 

or less is given for Wasagaming. 

In Table 2.8, frost data is given for Wasagaming (Riding 

Mountain National Park), Winnipeg, Dauphin, Brandon and Yorkton 

(surrounding areas), and Toronto and Vancouver ( distant locations). 

Table 2.8 Average and extreme dates of first and last frost at selected 

stations 

AVERAGE EXTREMES 

LAST FROST FIRST FROST 

ST/\TION LAST FIRST EARLIEST LATEST EARLIEST LATEST 

' I 
, 

WASAGAMUtG JUNE 21 AUG. 31 MAY 27 July 03 Auq. 14 SEPT . 16 

WlDIPEG MAY 25 SEPT. 21 MAY 06 JUNE 20 SEPT.02 OCT. 27 

TORONTO MAY 09 OCT. 05 APR. 09 MAY 28 SEPT .15 OCT. 30 

VANCOUVER MAR. 31 OCT . JO MAR. OS APR. 30 OCT. 02 NOV. 28 

DAUPHIN MAY 31 SEPT.15 MAY 07 JUNE 20 AUG. 14 OCT . 11 

BRAllDOli MAY .29 SEPT .13 MAY 02 JULY 03 AUG. 03 OCT. 09 

YOllKTON MAY 25 SEPT . 12 MAY 08 JUNE 13 AUG. 14 SEPT . 28 

In Table 2.9, the mean and extreme lengths of the growing 

season are given for the same stations as previous, based on the frost

free period. 
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Tabl e 2 .9. Length of growing season i n days at selected stations 

---- ------------------· 
----- --- -----

STATIOH AVEAAGt: SIIOR'l't:~·r 

Wa 1aga• 1n9 72 106 4J 

Wtnn£pe9 1111 I '>7 8.l 

TOron to U I 195 ll 7 

Vancouv er H2 2t6 161 

Dal.ll)hi n 106 136 81 

Brandon 106 140 ss 

Yorllton 10, 142 es 

-- --

Table 2. 9 indicates the extent to which the- length of frost

f r ee per i od in the highland of the Park area deviates from the 

surrounding lowlands . This dramatic departure of l ength of growing 

season contributes to anomalous vegetation through the majority of the 

Park area. 

GROWING DEGREE-DAYS 

Vegetation will normally grow only if the mean daily air 

0 
t empera ture is above 42 F, and t he amount of gr owth is roughly proportional 

to the accumulated excess of mean daily temperature above this thres-

ho l d value . A unit called the "growing degree- day" (GDD) i s used, 

one GDD resulting f or each degree that the mean daily outside t emper-

a ture is above 42°F . As an example, if the mean daily t emperature on 

a July day is 73°F , t he number of GDD units for that day is 73- 42 = 31 . 

The t otal number of growing degree- days for the s eason is the to t al 

of t he dail y GDD un its, with the values f or a l l days wi th a mean daily 
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0 
temperature of less than 42 F being zero. The total GDD units for the 

May - September season for selected stations are given in Table 2.10. 

Table 2.10. Total growing degree-days for the period,May 1 to 

September 30, at selected stations 

Wasagaming 1925 

Dauphin 2479 

Riding Mountain Park 1964 

Winnipeg 3167 

The Pas 2456 

Toronto 3874 

Vancouver 3580 

The effect of e leva tion as shown in Table 2.10 is readily 

apparent. 

Figure 2. 44, taken from Surveys and Mapping Branch (1970), 

shows the mean total number of growing degree-days for the growing 

season across Canada. 

HEATING DEGREE-DAYS 

The amount of fuel (oil, gas, coal, wood, etc.) required to 

heat a building is dependent on the air temperature both inside and 

outside the building, on the characteristics and use of the building, 

and upon the wind speed . It has been found that by assuming the 
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0 
temperature of the air inside the building is near 70 F, the amount of 

fuel used can be related to the outside air temperature. A unit 

called the "heating degree-day" (HDD) is used, one HDD resulting for 

each degree that the mean daily outside air temperature is below 65°F. 

As an example, if t he mean daily outside air temperature on a January 

0 
day is 13 F, the number of HDD units is 65-13 = 52. The total number 

of heating degree-days below 65°F for the year is given in Table 2.11 

f or the selected stations listed previously. 

Table 2.11. 0 
Total annual ~eating degree-days below 65 Fat selected 

stations 

,------,----,--"T""----.---r---r-----r--,-----,------.---r-------- ~---- -
S'r\T I ON 

Wl!'#Kl PtO 

VA!COUVP 

D.\UPHlW 

JAM. ra. NIJt. AVR. ""' JUH JULY AUG. SEPT. OCT, llOV. 

21 lO ll02 1522 969 586 281 lM 203 44'7 877 U92 

2044 17)0 1469 808 ,11 144 42 74 328 656 1224 

U&l Ult 988 5N Jo, 65 I 17 141· · •GS 7l0 

... 707 6H S06 329 lH 7J H an 460 659 

JOtl l lU UJJ l•S 470 180 61 103 3'.1 17. iU7 

2J61 llll 1360 779 407 121 3• 85 a61 762 1294 

JOU nu u,1 eh •so ao, .,. to 11, ,11 un 

~- ·- '" -t ·• •, 

IH:C. ANl'o.'VAI. 

l92t3 I 2J 7-~ 

I 
l 784 10740 I 
ll18 !>744 

8S0 5644 

1811 ll ll 7 

19tt 110l6 

llOl 11362 

Table 2.11 indicates that buildings in the Wasagaming area require 1,631 

degree-days of heating more than the buildings in the Winnipeg area, or 

similar heating and insulation requirements as buildings in the Flin 

Flon (12,414 degree-days) area. 

I 
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~JATER TEMPERATURES AND BREAK-UP AND FREEZE-UP DATA 

The temperature, wave conditions and currents of lakes in 

the Riding Mountain National Park area have not been regularly observed. 

Only six years of recorded break-up and freeze-up data and only one season 

of lake temperatures have been recorded. Tables 2.12 and 2.13 present, 

respectively, water temperatures of lakes within the Riding Mountain 

National Park a r ea and break-up and freeze- up data at selected lakes and 

streams in the area of southern Manitoba. 

Table 2.12. Water temperature of lakes within Riding Mountain National 

Park during 1972 (°F) 

LOCATION 

Clear Lake Dock 

Moon Lake Dock 

Lake Katherine Dock 

Lake Audy Dock 

JUNE 
(15-30) 

60.0 

62.9 

63.9 

64.8 

JULY 

58.0 

69.3 

69.0 

70.2 

AUG. 

65.0 

67.0 

69.7 

70.5 

SEPT. 
(1-4) 

61.2 

64.0 

66.2 

64.8 

In the 1972 season , Clear Lake demonstrated the coldness for 

which it is renowned, as its August mean temperature rose only to 65. 

Other lakes in the Park indicated less severe conditions. Lake Audy 

was the warmest with an August mean temperature of 70.5. Lake Katherine was 

69.7, and Moon Lake, in the northeastern highlands, reported a July 
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maximum temperature of 69.3. 

Table 2.13 Break-up and freeze-up dates of selected lakes and streams 

(Allen and Cudbird, 1971) 

Lake or River IC£ f'RI~ f: ICE COVI:: RED ICI-~ Fl< t-:1:: l' l:: RI OD 
( D/\YS) 

CLEAR l.Al<E .. 
AveraQe 12 May 2 3 Nov . Average 19 4 
Earli e st 04 Hay 18 Nov. Longe st 201 
Latest 23 May 28 Nov . Shortest 185 

MINNKDOSA RIVER- I 

River a Are a 
Avera9e Not available No t avail abl (' Average 211 
E•rl 1est 23 Mar. 15 Oct. Lo ngest 2 25 
Latest 15 Apr. 19 Nov. Shortest 201 

LAKE WINNIPEG-
Giml i 
Average 15 Hay 15 Nov. Average 1 8 4 
Earliest 01 May 01 Nov. Longest 210 
Latest 01 June 27 Nov. Shortes t l 72 

LAKE DAUPHIN 
Average llot available Not available Average 220 
Earliest 26 Apr . 01 Nov. Longe s t 237 
Latest 13 May 27 Nov. Shortest 7( , 

ASSI NIUOINE RIVER-
Por tage la Prairie 
Average 15 Apr . 08 Nov. Average l.07 
Ear lie at 07 Apr. 08 Oct. Longes t 21~ 
Latest 22 Apr. 18 Nov. Shor test l 9'i 

VERMILLlON RIVER-
Dauphin t 
Average 09 Apr. 08 Nov. Averag e 21 0 
Earl lest 23 Mar. 01 Nov . Longes t 22 3 
L._teat 04 May 18 Nov. Shortest 181 

* Clear Lake data prepared by author from observations taken 1967-1973 
by G. F. Campbell . 

Break-up, freeze-up data (Allen and Cudbird, 1971) in southern 

Manitoba indicate that Clear Lake has conditions similar to those of 

southern Lake Winnipeg. Table 2.13 indicates that Gimli dock and Clear 
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Lake dock become clear of ice within three days of each other, while 

freeze-up at Lake Winnipeg occurs approximately one week before freeze

up at Clear Lake. Lake Dauphin, 40 to 50 miles to the northeast of 

Clear Lake, has a much longer ice-free period, with an average of 220 

days as compared to 194 days for Clear Lake. Lake Dauphin is generally 

ice-free much earlier than Clear Lake, with the earliest ice-free 

condition at Lake Dauphin reported on 26th of April, as compared to the 

4th of May for Clear Lake, and the latest ice-free condition at Lake 

Dauphin reported on the 13th of May, as compared· to the 23rd of May for 

Clear Lake. 

Flowing water in streams tends to erode ice more quickly than 

does the still water under lake ice. The Vermilion River, originating 

in the north-central portion of the park, is ice free on the average on 

the 9th day of April and remains open for a period of 210 days. The 

Assiniboine River has a similar ice-free period, 207 days, and breaks up 

about the 15th of April. The Minnedosa River, originating on the 

Strathclair Trail,has an ice-free period of 211 days, and is found ice

free at the earliest on the 23rd of March and, at the latest, on the 

15th of April. 

Slt1v1ARY 

The highlands of Ri ding Mountain National Park demonstrate 

temperature structures comparable to more northern regions of Manitoba. 

The short growing season in t he highlands is favourable only for the 

growth of more hardy flora. The eastern lowlands, Strathclair Trail 
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a nd Birdtail River Valley demonstrate milder climates and are regions 

mor e favourable fo r the development of activities requiring higher 

temperatures. Degree-day heating figures for the Wasagaming townsite 

area, which can be extrapolated into the area along the eastern escarpment, 

southwestern highlands and western highlands, indicate that buildings 

must be designed to withstand a significantly higher heating effort or 

be insulated to standards similar to those in northern Manitoba. 

The temperatures of Clear Lake reflect the low annual air 

temperatures of the Wasagaming and upper escarpment area. The low 

temperature of the lake water at the main beach at the Wasagaming town

site ddscourages use of the beach except on warm, sunny days. The cool 

lake water, roughed by the prevailing northwesterly winds in the 

Wasagaming area, will tend to discourage the use of the beach ar ea 

and favour the use of other facilities and interpretive programs 

developed by the Parks. 
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Precipitation can stop most outdoor activities. Fortunately, 

it oc cur s only a r elatively small fraction of the total time available 

fo r tour i st and recreation pursuits, at least in the summer months. 

Many a s pects concerning precipitat i on are important i n tourist 

and recreat i on pur suits and park planning. The form of precipitat ion, 

whe ther snow or r a i n; total amount and distribution through the year ; 

days wit h measurable amounts through the year; and short - period maximum 

amount s all have to be considered . Precipitati on-related information 

s uch a s snow cover and thunderstorm data is also important. 

TOTAL PRECIPITATION 

Annua l Total 

Table 3.1 gives the mean annual total precipitation a t 

Wa sagami ng (Riding Mountain Nationa l Park) as compared wit h surrounding 

s t a tions (Winnipeg, Dauphin, Brandon and Yorkton) and distant stations 

(Toron to and Vancouver). 

Table 3 . 1. Mean annual total precipitati on ( i nches ) a t selected 

sta tions 

Wasagaming 18.74 

Winnipeg A 21 .06 

Toronto A 29 . 61 

Vancouver A 42 . 05 

Dauphin A 19 . 91 

Brandon A 17 . 63 

Yorkton A 16.97 
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From Table ~.l, it is seen that the total precipitation for the year 

averages about 20 inches or l ess over the Park and surrounding areas. 

This total amount is the sum of the annual rainfall plus one-tenth 

of the annual snowfall (because ten inches of snow when melted yield 

about one inch of water). 

Figure 3.1 shows the distribution of mean annual precipitation 

over the Park and surrounding area. The pattern is obviously highly 

complex and dependent on a number of factors. 

Longley (1973) has studied valley effects on precipitation. 

("Note on the effects of Vall ey Precipitation"): "The effects of a 

range of hills or mountains on precipitation have long been known. 

Heavy rainfalls on the windward side of a mountain across the prevailing 

winds and, on the lee side of the mountain range, rain is below normal. 

The effect of another type of topography has had little attention. 

What is the effect of a valley on precipitation? There is a belief 

that convective storms follow valleys, but the evidence for such is 

slight." 

In his concluding discussion Longley observes: "The 

observations used in this study have been made through chance in the 

establishment of stations. Such leaves much to be desired in drawing 

firm conclusions on the effect of a valley. There are many variables, 

such as the orientation of t he valley, the variation in elevation 

across the valley, the effect of the sharp valley, such as at Drumheller 

in contrast to a U-shaped valley such as found in Saskatchewan. One 
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cannot assess the ef fec ts of these. Yet the results do provide evidence 

that precipitat i on a t the bottom of a valley is l ess than that on level 

grounds . " 

R. B. B .. Dickison (1968) in his paper "The effect of Minor 

R lief on the Distri bution of Precipitation" summarizes and concl udes 

in the f ollowi ng manner: 

"The results of three years sampling of summer rainfall 

in the Mactaquac Val ley, New Brunswick, indicat ed no significant 

difference between t he rainfall along the valley bottom and that on a 

ridge of 350 feet hi gher located three-quarters of a mile down wi nd 

to the northeast." 

These t wo discussions drawn from the literature, suggest 

that the effect of elevation and topographical features on the di stribution 

of precipitation over an area are not completely understood. Thr ee 

basic pr i nciples are generally accepted as being valid: firstly , 

that prec i pitation amounts increase as the land surface rises; s econdly, 

l arge cold bodies of water suppress convective activity in summer ; 

and thirdly, shadow effects are common on the l eeward side of ridges. 

The· application of t hese basic principles to t he data surroundi ng and 

available in the Ridi ng Mountain National Park presents some difficulty. 

Precipit ation data surrounding the Park suggest that 

distribut i on of prec ipitation across the Park i s complex and requires 

t he application of an extremely flexible extrapolative technique~ The 

application of the s imple algorithm to the distribution of precipitation 
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reflects the existence of both negative and positive indices with 

elevation in the topographical regime of the Park. Figure 3.1 

indicates that precipitation amounts in excess of 22 inches per year 

can be expected on the Manitoba lowlands compared to 19 inches 

at Wasagaming. On the escarpment, precipitation amounts decrease on 

the highlands and increasing in the valleys along the Scott Creek~ 

Ochre River notch and in the Vermilion River notch, extending 

southwards along the Strathclair Trail to Elphinstone. Precipitation 

amounts in the Bird River Valley area suggest a pronounced moist 

area in the Rossburn area, and extending along the Birdtail River 

Valley floor northward around the western highlands into the Birdtail 

River headwaters. In the distribution of total precipitation, dry 1areas 

occur over regions of higher elevation in the western portion of the 

Park, with less than 17.5 inches of precipitation per year, and in 

the south-central highlands, with less than 17.5 inches of precipitation 

per year. Northeast of Moon Lake, precipitation amounts are estimated 

at less t~an 16 inches per year. Wasagaming, at a somewhat lower 

elevation than the eastern escarpment, receives upwards of 18.5 inches 

per annum. 

Monthly Distribution 

The distribution of total monthly precipitation through the 

year is shown in Figure 3.2 for Wasagaming and Riding Mountain Park 

(Park stations), Winnipeg and Dauphin (surrounding stations), and 

Toronto and Vancouver (distant stations). 
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The over all pa t tern i n the distribut ion of precipitati on 

over the Riding Mountain National Park and southern Manitoba area 

demonstrates a strong seasonal variation . Precipitation amounts 

receiv ed during the year range from about an inch in the winter, rising 

to a maximum in June of 3.50 inches at Dauphin and Wasagaming and 4.88 

at Rid i ng Mountain National Park station. When compared with other 

regions i n Canada , such as the area of southern Ontario and southwestern 

British Columbia, t he significance becomes more apparent. The cycle 

is exactly opposite to the annual variation of precipitation in the 

Vancou~er ar ea and much stronger than in the Toronto area, which 

demonstrates almost no seasonal variation. 

Figures 3 .3 to 3.14 show the areal distribution of total 

monthly precipi t ati on across the Park and surrounding area for ea ch 

month of the year. These figures, like Figure 3.1 , the annual chart , 

were produced by computer analysis as described in the introduction. 

As is the case with the annual distr ibution of total 

precipitation, the monthly distribution is often complex and its effect 

due to elevation is not always consistent. While in t he case of most 

months an i ncrease i n elevation seems to be linked wi th a decrease 

in t otal precipitati on , J u ly (F i gure 3.9) affords a notabl e except i on 

to the rule . I n thi s case , the Manitoba plains are shown to receive 

less t han thr ee i nches of precipitation during the month of J uly, as compared 
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to 3.5 inches on the highlands northeast of Moon Lake and greater 

than 3.5 inches along the hi ghlands north of Minnedosa. The reversal 

of index reflects the contr i bution of turbidity over higher terrain 

and sur face water to the development of convective (showers and thunder

showers) activi ty. In the Birdtail River Valley area, Rossburn 

station shows in excess of 3.5 inches, suggesting that during all times of 

year t he Birdtail River Vall ey remains moister than the surrounding 

highlands. 

Days With Measurable Precipi tation 

The number of days with measurable precipitation is shown 

in Figure 3.15 for each mont h of the year for Dauphin and Wasagaming. 

The differences between the two stations are partly due to differing 

reporting methods , Dauphin being an hourly station and Wasagaming 

a climate station t hat r epor t s only twi ce per day. There i s very little 

difference in values be tween indi v i dual months. 

Fi gures 3 .16 to 3 . 27 show the areal distribution across 

t he Park and s ur rounding area f or each month, while Figure 3.28 shows 

the distribution of the annual total. These charts were produced by 

computer analysis . 
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Gr eat est 24-hour Precipitation and Period Analysis 

The des i gn of roads, bridges, water mains, etc., must take 

i nto account the maximum load that will be placed upon them by run

off from rainf all and the accumulation of snow. 

Precipit ation data is normally coll ected and tabulated on 

a da i ly basis. Fi gure 3.29 shows the greatest 24- tour total precipitation 

on record by months at the stations referred to earlier, while Table 

3. 2 lists the great est daily precipitation for any month at a number 

o f stat i ons. 

Table 3.2. Greatest total precipitation in 24 hours (inches) at 

selected stations 

Wasagaming 2.80 

Winnipeg A 3.30 

Toronto A 4.78 ' 

Vancouver A 2. 69 

Dauphin A 3.95 

Brandon A 3.90 

Yorkton A 3.75 

The data in Figure 3 .29 indi cate that the heav iest precipitation is 

mos t likely in the summer months over the Park and surrounding ar ea , 

when it f alls in t he form of rain. 
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The data used in preparing Figure 3.29 and Table 3.2 are 

based on the "climatological day", a 24-hour period that usually 

ends at roughly 8 a.m. Many individual periods of precipitation or 

"storms" occur during a time interval that spans more than one 

"climatological day", even when the duration is less than 24-hours. 

Table 3.3 shows precipitation period analysis data and 

Table 3.4 the greatest preci pitation period totals for Wasagaming. 

Note that a "precipitation period" is any period of precipitation during 

which a measurable amount of precipitation was observed. Actually, 

since Wasagaming data is collected only on a daily basis, the "precip

itation period 11 is a period of one or more consecutive days during 

which precipitation was measured on a "climatological day" basis. 

The data should be interpret ed in this light, and in no way should 

it be inferred that a "preci pitation period" of three days indicates 

a 72-hour rain or snow. These are only rainy or snowy "spells", and 

in any one day there could, and probably would have been, periods with 

no precipitation occurring. 

Table 3.3. Precipitation period* analysis at Wasagaming (inches) 

,- . ....,.--
J .: . . ' 

JU. n1. HAR, APR. MAY JUNE JULY AUG . SEPT . OCT. ~ov . DEC. 

I PR£CIPITATI'ON 
.20 . 4 5 .45 . 38 .22 .16 

I PERIOD TOTAL .is . 2 .47 .18 . 82 .51 

PJU:CIPITATION 
PERIOD DURATION 
(D~YS) 2.2 3.0 2.1 2 . B l.S 2.4 2 . 4 2.0 2.3 2.S 2 .8 2 . 3 

MUDD Of' Itf81'-
4.6 4.4 S.I 4.1 ].8 4,4 • 'i 11..n 

ANCES n ~ M0lffll, , .. 3. 0 3. 7 3.2 
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Table 3 . 4 . Gr eatest pr ecipi t ation period* totals at Wasagaming ( inches) 

JAN. 

.66 

FE.B. 

1.34 

MAR . 

. 54 

APR. MAY 

1.91 1.00 

JUNE 

3.53 

JULY 

2.21 

AUG . 

2 .32 

SEPT. 

2.00 

OCT. 

1.37 

NOV. DEC. 

1.15 .86 

* Any period of pr ecipitation during which a measurabl e amount of 

precipitation was observed. 

Table 3 . 3 indicates that three to five precipitati on periods 

can be expected during the period of a month and that the average duration 

of the precipitation will range from the lower limit of two days 

t o an upper limit of three. Mean total precipitation amounts during 

a "precipitation period" range from a minimum during the winter months 

of 0.15 inches , to a maximum in the month of June of 0.82 inches. 

Table 3 . 4 suggests t hat the greatest "precipi tation period" t otal s 

reach a minimum during the month of March (0. 54 inches} and rise to a 

maximum of 3.53 inches during the month of June. 

Figures i n Tables 3.3 and 3.4 for t he winter months 

a r e expressed as wa ter equival ents. By convention t he water equivalen t 

of one inch (or cent i metre) of snow is a ssumed to be 0.1 inch 

(centimetre ). In t his manner, it is possi bl e to convert the figur es 

in these tables t o meaningful "precipitation per i od" total s nowfall 

amounts f or us e a s guidel i nes i n t he desi gn of roads , acquisi t i on of 

snow r emoval equi p~ent, etc. Caution must be ex er c i sed in t his regard , 
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however, as rain does occur occasionally during the winter months, 

particularly early and late in the season. 

RAINFALL 

Annual Total 

The largest porti on of total annual precipitation over 

the Park falls during the summer months in the form of rain. Seventy

five per cent of the total precipitation at the Wasagaming townsite 

falls as liquid precipitation. 

Table 3.5 gives t he mean annual rainfall at a group of 

selected stations. It is seen that the annual total is approximately 

15 inches. 

Table 3.5. Mean annual rainfall (inches) at selected stations 

Wasagaming 14.09 

Winnipeg A 16.18 

Toronto A 24. 48 · 

Vancouver A 40.07 

Dauphin A 14.25 

Brandon A 12.92 

Yorkton A 11.93 
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Figure 3 .30 shows the distribution of annual rainfal: 

over the Park and surrounding area. The complex pattern is the 

r esult of a number of factors which were outlined earlier. 

Monthly Distributi on 

The dist ribution of monthly rainfall through t he year is 

s hown i n Figure 3. 31 for Wasagaming and Riding Mountain Park 

(Park stations), Wi nnipeg and Dauphin (surrounding stations), and 

Toronto and Vancouver (distant stations) . 

Figure 3 . 31 indicates that over the Park and southern 

Man i toba area, the r ainfall season begins in April, rising to a peak of 

3.74 i nches at Wasagaming in the month of June and 4.88 inches at 

Riding Mountain climatological station on the escarpment. Rainf all 
' 

amounts diminish gr adually during the months of July, August and 

September, dropping sharply to .06 inches by November. Note how 

this pattern differ s so sharply from that of Vancouver, where t here 

is a decided winter rainfall maximum. 

Figures 3 .32 to 3.34 show the areal distribution of monthly 

r ainf all across the Park and surrounding area for thetransitional 

months of April , May and October. These figur es, like Fi gures 3 .30, 

the annual chart, were prepared by computer analysis as described in 

t he introduction. Maps for the summer months, June to September, are 

not i ncluded, as during this period snowfall is nil or negligibl e, -so 

tha t the monthly r a infall maps are essentially the same as the t otal 

precipitation maps described earlier (Figures 3.8 to 3.11). 
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Days With Measurable Rain 

The number of days with measurable rain is shown in Figure 

3.35 for each month of the year for Dauphin and Wasagaming. Since 

there is no appreciable snow from May to September, the values for 

these months are identical, or nearly so, with those as shown in 

Figure 3.15, the number of days with measurable precipitation. The 

difference between the two stations is partly due to differing reporting 

methods, Dauphin being an hourly station and Wasagaming a climate 

station that reports only twice per day. 

Table 3.6 gives the mean number of days with measurable 

rain per month. 

Table 3.6. Mean number of days with measurable rain per month 

---- -~ - --
ITATJOII JAIi. ra. Ma. APR. MAY JU- JULY AUG. SEIT. OCT. IIOV. oec . YE.AR 

WAUGMIIIG 0.1 o.o o.o 2. , S.7 10.0 12.0 8.1 8 . 0 , .. o., O. l ss .o 
IQ .. JPSO 0.0 o.o 1.0 s.o t.o 12.0 11.0 10.0 10.0 ,.o ).0 l.O 68.0 

1'GIIOlnO 4.0 1 . 0 1.0 10.0 u.o 9.0 9,0 9.0 9.0 ,.o 10.0 6.0 96.0 

YUCCJUYU 17 .0 u.o u.o 13.0 10.0 10.0 6.0 e.o ,.o H.O 18.0 19.0 156 . 0 

•Mtll>O• J. O o. o 1.0 4.0 9.0 11.0 10.0 10 . 0 e.o ,.o 1.0 o.o 58.0 

DolUflUI ). 0 o.o 1.0 4.0 9 . 0 12 . 0 ·11.0 11.0 9.0 , .o 2.0 0.0 65. 0 

YOU1'0lf o.o ).O 1.0 ),0 1.0 10.0 10.0 ,.o 1 , 0 5.0 1.0 o.o ~ .. . o 

l'lDUG N. N N N t.o 10.0 12.0 11.0 t.o •' N ,. H 
IIOUIITAII I 

I 

• M • •l••lnq value 

The Riding Mountain climatol ogical station does not operate from October 

to April, inclusive. However, measurable rain occurs only very rarely 

from December to March over the Park and surrounding areas. 
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Figures 3.36 to 3.38 show the areal distribution of monthly 

days with measurable rain across the Park and surrounding area for 

the transitional months of April, May and October, while Figure 3.39 

shows the distribution of the annual total. These charts were produced 

by computer analysis. Maps for the summer months, June to September , 

are not i ncluded, a s during this period snowfall is nil or negligible, 

so that the monthly days with measurable rain- maps are essentially 

the same as the days with measurable precipitation maps described 

earlier (Figures 3.21 to 3.24). 

Longley (1972) describes a well-known principle concerning 

prairie summer rains: 

"Another change occurs during summer season. Spring 

and early summer storms are usually extensive in nature, 

while mid-summer storms, on the other hand, tend to be 

localized." 

Longley explains f urther: 

· "As summer advances, high surface temperatures cause 

cumulus and cumulonimbus clouds, showers, thunderstorms, 

and frequently, hail. Many of the storms are isolated 

and of ery short duration, although occasionally a storm 

seems to get fresh energy and move along a narrow path 

for a considerable distance. Because of the isolated 

character of the storms the ~ainfall is often quite 

localized. There is seldom a summer day without a shower 

reported. from some observing station i n Saskatchewan 
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south of the North Saskatchewan River. The spotty nature 

of the precipitation can be also seen from the data of 

Table 4 (reproduced below as Table 3.7), which gives 

information on the precipitation at two stations, Russell 

and Virden, Manitoba, 70 miles,: apar<t·." 

Table 3.7. July days with measurable precipitation, Russell and 

Virden, 1960-1969 (Table 4, Longley, 1972) 

Mean number of days, precipi tation at both stations 

Mean number of days, precipi tation at Russell, not 
at Virden 

Mean number of days, precipitation at Virden, not 
at Russell 

Mean number of days, no precipitation at either 
station 

, 
I 

4.9 

3.9 

4.0 

18.2 

"Data for other prairie stations for July show much the same 

result, i.e., that if rain f alls on one location, the chance of rain 

during the same day at a po i nt 60 miles away is only about one in two." 

Greatest 24-hour Rainfall and Rainfall Intensity Frequency 

Rainfall data, being precipitation data, is normally collected 

and tabulated on a naily basis. Figure 3.40 shows the greatest 24-

hour rainfall on record by months at Wasagaming and Riding Mountain 

Park (Park stations), Winnipeg and Dauphin (surrounding stations), and 
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Toronto and Vancou~er (distant stations). Data for the Riding Mountain 

Park and Wasagaming climatological stations are only available ::or the 

summer months. No t e, however, that measurable rainfall has been 

r eported i n all wi=iter months at Winnipeg and Dauphin. Table 3 . 8 lists 

the gr eatest 24-hour rainfall for any month a t a number of stati ons. 

Table 3. 8 . Gr eatest rainfall in 24 hours (inches) at selected 

stations 

Wasagaming 2 . 80 

Winnipeg A 3 . 30 

Toronto A 4.78 

Vancouver A 2 . 69 

Dauphin A 3.95 

Brandon A 3.40 

Yorkton A 3.75 

Riding Mountain 
Park 4.57 

Many of the comments made earlier in the section dealing 

with the greatest 24-hour precipitation and period analysis are applicable 

here, since the heaviest precipitation occurs as rain in the summer 

months. 
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A useful graphical aid in designing facilities is the use 

of short-duration rainfall i ntensity-frequency diagrams. Figures 3.41, 

3.42 and 3.43 can be used to determine two, five, ten and 25 year 

r e t urn periods of short-duration rainfall intensity for the Brandon, 

Dauphin , and Winnipeg areas. Use of the diagrams is made in the 

f ollowing manner. The engineer or architect must make basic cal

cula tions of the specificati ons of the device or facility that he is 

designing. The diagram is t hen employed by using two values, the 

intensi ty of rainfall in inches per hour and, secondly , the design 

durat i on i n minutes. The i n tersection of the desired intensity and 

duration l i nes at the centre of the graph yields the specific return 

period . For example, a Park designer designs a facility which can 

withstand a rate of two i nches of precipitation per hour for a 60-

minu t e per iod . Use of the Dauphin short duration rainf all intensity 

frequency diagram i ndicates a return period for those specifi cations 

of les s than t en year s. If t he designer chooses to impr ove his design, 

he may select the criterion of three inches of rainfall per hour for a 60-

minute period, yieldi ng a r e turn period of slightly more than 25 years. 

Considering cost factors and resources this may be an acceptable return 

period. 

Short-duration pr ecipitation-intensity data, precipitation

period rainfall, total amount, and greatest amount data are extremely 

. ~ 
usef ul information for the development of Park operatic~ and 

recreational facilities. 
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SNOWFALL 

Winter Total 

Table 3.9 gives the mean annual s nowfall a t a gr oup of 

selected stations, while Figure 3.44 shows the distribution of 

annua l snowfall over the Park and surrounding area. It is seen that 

the total snowfall over an average winter is approximately 50 inches. 

Table 3.9. Mean annual snowfall (inches) at selected stations 

Wasagaming 58.5 

Winnipeg A 51.7 

Toronto A 52.5 

Vancouver A 20.6 

Dauphin A 58.1 

Brandon A 48.6 

Yorkton A 54.9 

Monthly Distribution 

The distribution of monthly snowfall through the winter is 

shown in Figure 3.45 for Wasagaming (Park station), Winnipeg and Dauphin 

-
(surrounding stations), and Toronto and Vancouver (distant stations). 

Snow can fall as early as September or a s late as June over the Park 

and surrounding area. Very little difference is noted in mean monthly 

totals from November t o April, each of those winter months receiving 

about 8 to 11 inches. 
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Figures 3.46 to 3.54 show the areal distribution of monthly 

snowfall across the Park and surrounding area for the months of 

September to May, inclusive. These figures, like Figure 3.45, the 

annual chart, were prepared by computer analysis as described in the 

introduction. 

Days With Mea surable Snowf all 

The number of days with measurable snowfall is shown in Figure 

3.55 for each month of t he year for Dauphin and Wasagami ng. Since there 

i s no appreci able rain from November to March, or if there is rain in 

these months, i t often occurs along with snow on the same day, the 
r 

values for these months are i dent i cal , or nearly so, with those shown 

in Figure 3.15, t he number of days with measurable precipitation. The 

differences bet ween the two s tations is partly due to differing reporting 

methods, Dauphin being an hourly station and Wasagaming a climate station 

that reports only t wice per day. 

Figures 3.56 to 3. 60 show the areal distribut i on of monthly 

days with measurable snowfall across the Park and surrounding area for the 

trans itional months of October, November, March, April and May, while 

Figures 3.61 shows the distr i bution of the annual total. These charts 

were produced by computer ana lysis. Maps for the winter months, December , 

J anuary and February, are not included, as during this period rainfall 

is nil or negli gible, or what little rain there is falls on a day when 
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there is also measurable snowfall. Consequently, the monthly days with 

measurable snowfall maps are for these winter months essentially the 

same as the days with measurable precipitation _maps described earlier 

(Figures 3.16, 3.17 and 3.27). 

Grea test 24-hour Snowfall 

Snowfall data, being precipitation data, are normally collected 

and tabulated on a daily basis. Figure 3.62 shows the greatest 

24-hour snowfall on record by months at Winnipeg and Dauphin (surrounding 

stations) and Toront o and Vancouver (distant stations). Data for 

Ri ding Mountain Park and Wasagaming climatological stations are not 

available during the winter months. Note that a nine-inch snowfall has 

occurred as early as October at Dauphin and an eight-inch snowfal l as 

late as May at Winnipeg. 

Table 3.10 lists the greatest 24-hour snowfall for any month 

a t a number of stations. Note that Yorkton, Sask., once received a 

seventeen-inch fall. 

Table 3.10. Greatest snowfall in 24 hours (inches) at selected s tations 

Winnipeg A 14.0 

Toronto A 15.7 

Vancouver A 12.3 

Dauphin A 10.0 

Brandon A 13.5 

Ycrkton A 17&0 
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It should be emphasized again that the above data is based on the 

"climatological day" which ends at roughly 8 a.m. There have been 

undoubtedly many winter snow storms in the Riding Mountain Park and 

southern Manitoba area which have given larger snowfalls, but which 

occurred either for a period of time greater than 24 hours or over 

a 24-hour period other than the "climatological day." 

SNOW COVER 

Snow depth data is unfortunately only recorded at a small 

number of stations. Potter (1965) has analyzed data from major synoptic 

weather stations across Canada. Table 3.11 gives dates of first and 

last snow cover and days with snow cover, while Table 3.12 shows snow· cover 

depths at the end of each winter month, along with the winter maximum. 

Data is included for Winnipeg, Dauphin, Rivers (near Brandon) and 

Yorkton (surrounding stations) and Toronto and Vancouver (distant stations). 

No data are available for the Park. 
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Table 3 . 11 . Dates of fir s t and last snow cover and days wit h snow 

cover (Potter, 1965) 

-- - - - - - - ---- - --

OCCURRENCE OF SNOW COVER OF l IM:H OR MORE 

STATION DATE OF FIRST DAYS WITH DATE OF LAST 
ELEVATION SNOW COVER SHOW COVER SNOW COVER 

\oil :-.~I PEG 786 ft. 
~arl1eat o r Least Oct. . 3 77 Mar o 29 
Lete•t or Gr~a~e•t Dec. l 166 May l S 
•:ed1 en ( ~11 dd 1 e Value) Nov. 4 122 Apr . 9 
Ar 1 tt11net1c He~ Nov . ) 126 Apr . 11 
TORO:n"O S 78 ft. 
E~r l1eat or Leaet No v. ) 18 Feb . 27 
Late5t or Great ,ut Dec. 16 112 Apr . 17 
M•dian (Middle V•lue ) Nov. 26 70 Mar . 30 
Ar1th•et1c Mean Nov. 25 72 Mar. 27 
\.'A~COUVER 16 ft . 
Earlieet or Leaat Nov. 1 4 0 
Lat••t or Greateat 41 Mar. 13 
Median (Middl~ Val\le) Jan. 8 7 Feb. 22 
Arithaeti c Me an 

DAUPHIN 999 ft. 
2ar l iea t or Least Oct. 8 128 Apr. 2 
Lateat or Greateat Dec. 6 191 May 15 
Median (Middl e Value) Nov. s 148 · Apr . 26 
~ri t h• etic Me an Nov. 2 152 Apr .. 22 
BR,\.~00~ (Rivers ) 1553 ft. 
Earliea t o r L•a•t Oct. 7 1 22 Mar. 31 
Lateat or Gre•t ·••t Dec. ,. 184 May 8 
Medi•n (Middle Val \Mt) Nov. 3 1 35 Apr. 18 
Ari t haet i c Mean »ov. 5 141 Apr~ 17 
YORJ<TO~ 1653 ft. 
Earlieat or Least Sept. 23 128 Apr. 2 
Leteet o r Gr eat est Dec. l . 182 May 6 
,!edi • n (Middle Value) Nov. 6 149 Apr . 23 
A.ri tha• t i c Me~n Nov . 4 1S2 Apr o 21 

-

• 
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Table 3.12. Snow cover depths at the end of each winter month 

(Potter, 1965) 

r ·-- ·---· -- --··· 

I OEPTH Of' S NOW COVER (INCHl::S) 

~,, ;'J ON ELl::V- SEPT. OCT. NOV. DEC. JAN . FEB. HAR. APR. 
AT JON 30 31 30 Jl n 28 31 30 

I t'I. l : : : : l.'. C: G 786 ft. 
Lea•t 0 0 0 0 0 l 0 0 

Gr-@atest 0 5 20 26 3S 32 26 2 
: :ed 1 a ~1 ( t-'. l dd l C Val u. ) 0 0 l s 11 9 2 0 
,;ri t h met1 c Mean 0 11 

r u;.w::-:-o S78 ft. 
LtJ ast 0 0 0 0 0 0 0 0 

Greatest 0 0 4 18 26 14 0 0 
: : {• ..: .l c\ : ! , a.:1 <1rile Value) 0 0 0 1 4 0 0 0 
~r1t ~met1c !-!ean 0 0 0 0 

\ 'A::: Ol:VER 16 ft. 
Least 0 0 0 0 0 0 0 0 

l Greateat 0 0 0 6 8 9 0 0 
:-1 ed1an (Middle Value) 0 0 0 0 0 0 0 0 
Ar1t '". ::1etic Mean 0 0 0 0 0 

:.,_:,_J :UN 999 ft. 
Least 0 0 0 l 2 2 0 0 

Greateat 0 ) 14 20 3S 36 31 10 
:•: tc-d Lan (t-l iddle Value) 0 0 3 7 12 14 6 0 
·. r1thmet1c Hean 0 13 1) 

~ r'..A!':DON . ( R l ver s ) 15S3 ft. 
Least 0 0 0 l 6 6 0 0 

Greateat 0 J 14 23 18 18 17 2 
~:ed1 an (M iddle Val\&e) 0 0 2 7 10 9 2 0 
. .:.rit hmetic Hean 0 

YO?.KTO~ 165l ft. 
Leaat 0 0 0 2 3 4 0 0 

Greateat 0 ) 17 23 36 44 44 s 
~ ed1an (Jlhddle Valu-) 0 0 .. 10 1S 16 7 0 
.\r\th .. tic Hean 0 ll 15 16 

M,\y WH ll'E 
31 KAXIMU 

0 8 
0 36 
0 16 
0 18 

0 5 
0 17 
0 9 
0 10 

0 0 
0 20 
0 5 
0 

0 12 
0 36 
0 17 
0 18 

0 10 
0 23 
0 10 
0 16 

0 9 
0 4S 
0 23 
0 22 
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Based on data for Dauphin, the first snow cover of an inch 

or more arrives in early November, while the last occurs about the 

third week of April. The snow cover is discontinuous both early and 

l ate in the winter season, however, so that the total mumber of days 

wi th a snow cover of one inch or more in that period amounts to about 

152 days (arithmeti c mean). This figure can be compared with those 

f or Yorkton (152 days), Rivers (Brandon) (141 days), and Winnipeg 

(126 days). Probably some higher Park elevations would report a longer 

duration of snow cover. 

Depth of snow cover across the area of southern Manitoba 

varies only slightl y on the average, with a winter maximum of 18 

inches calculated f or both Winnipeg and Dauphin. Average snow cover 

figures for the Wasagaming area are not available, but the rolling 

meadow and woodland area of the Yorkton district simulates conditions 

within the Park, suggesting that upwards of 22 inches maximum snow 

cover can be expected on the average during the winter within the 

Park area. Maximum snow pack for any year, however, varies widely. 

At Dauphin, the least winter. maximum snow depth recorded was 12 inches, 

the greatest 36 inches, the median value 17, and the arithmetic mean 

18 inches. The greatest median depth of snow cover based on encl. of 

the month data occurs at the end of February at Dauphin, 14 inches, 

but by the end of March, it has decreased on the average to six inches. 
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THUNDERSTORM FREQUENCY 

Thunder is heard over the Riding Mountain area frequently 

during the summer months. Table 3.31 gives the mean number of days 

per month with thunder, taken from Kendall and Petrie (1962). It 

should be emphasized that these are days during which thunder was 

heard, and that there may or may not have been rain, hail or strong 

winds accompanying the thunder. Also, in any one. day, there may have 

on occasion been more than one occurrence of thunder or of a thunder-

storm. 

Table 3.13. Mean number of days per month with thunder (Kendall 

and Petrie, 1962) 

- - - . - --
• 

JAN. r•. MAR. AiPR. MY J\ID J\ILY AUG. aEPJ'. ocr. 'f/Olo DSC. YUi' STATION . .. i : . . . 
1.6 ' -· s.~ · 9.0 6.4 1.; 0.4 o.o 0.0 25.2 

Di\U,fH!_N o.o o.o 0.1 0.2 

BRANDON o.o o.o O.·O o·.• 2. 3 · 5 .-.'.7 ~8. 2 ! . 6.4 2.0 o.s o.o o.o J5.5 
(J\iv•rs) , 

l>.5 o.o o.o 2l.l WINNIPEG o.o ' o.o 0.1 0. 1' 2.0 5.3 6 . 5 · .,.o 2.2 
i 

TORONTO 0 . 1 ' b. l <1. 4 2.0 2 . 7 3 . 8 5.0 4. 3 2.5 l.O o., O. l . Z2r6 

"'A.NCOUVER 0. 0 o.o 0.2 
. 

0.4 0.4 0.6 0.6 0.,7 o.i O.l 0.3 0.0 J.a 

YORJ<TOB . o.o o.o o.o 0.3 · 1.s 3.8 5.4 4.8 l.5 0.2 . o.o o.o 17~~ 

; 

The above table indicates that thunder occurs in the Park 

k 

j 

' I 
l 
' 

area in exc ess of 25 times during .the course of the year, compared with 23 

in Toronto, a very low 4 in Vancouver, and only 17 in the Yorkton area. 

Few localities in Canada hear as much thunder as does the Riding 

Mountain National Park area. The Manitoba escarpment area has more 

thundershower activity than the Thunder Bay region (Lakehead Airport . 

reporting 22) , but less thundershower activity than the extreme southern 
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portions of Ontario where Windsor Airport reports 33 days with hunder. 

In addition to the visitor's inconvenience of having to seek shelter 

from showers, the potential foriightning strikes and the resultant 

f orest fires over the woodland area of the Park represents a continuing 

hazard. 

Most thunderstorms occur duri ng t he summer months (June 

to August, inclusive) when temperatures are highest, but they occasionally 

occur as ear1y as March or as late as October. 

HOURLY FREQUENCY OF VARIOUS TYPES OF PRECIPITATION AND WEATHER 

Data are avail able for a number of airport stations of the 

average number of hourly reports over a ten- year period during which 

various types of precipitation and weather occurred. These data a r e 

given in Tables 3. 14 to 3.17 for Dauphin, Winni peg, Rivers (Brandon) 

and Yorkton, respectively. 

Table 3.14. Average number of hours per month of various types of 

precipitation and weather at Dauphin 

- - -,,--- - - -- -
! 

TYN pu. re . MR . APR. MAY JUNE :.,tlLY AUG . iSEPT. OCT. NOV. DEC. YE.\ 11 . 
MU . ' 1.6 10.6 6 2 . 2 129. 8 141. 7 93.4 105.l 132.8 78.l 20.l 2. 4 7 78 . S 

TIIUJIDUS1'0IH C). 0 o.o 0.1 o., 5.S 20 .9 )9 .6 23.6 S.l 0 .7 o.o o.o 9 6 . 2 

AAU. o.o o.o o.o 0.0 o.o o.o 0.2 o.o o.o o.o o.o o.o o . 2 

, unnro PU-
Cll'ITATIO• S.4 s.a , .e 4.2 0 . 6 o.o o.o o.o 0.0 s.s 14. J lJ. 6 5 4 . 2 

llrOW 351.2 255. 4 ZM.5 109. 2 28.9 0.1 o.o o.o 

I 
4.9 61.3 307.4 339 . 8 1 72 :' . 7 

ltLOlflllQ SJfOW SS.9 J7 .l 19.6 8 . 6 1.0 0.0 o.o o.o o.o 4 . 0 14.3 25. S i 5 6 . 0 

fOQ 22.6 l9.9 42,7 55.8 47.8 41. J 21.8 37. 2 59.4 41.0 59 . 7 40.0 489 • .' 

I 
l 

I 
i 
I 

I 
I 
! 

. 
i 
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Table 3.15. Average number of hours per month of various types of 

precipitation and weather at Winnipeg 

- - .,_ - -- ---· -

T YPE JAN . FEB . KAR . APR . MAY JUN£ JULY AUG. SEPT . OCT . YOV. DEC . '!EA i,. . 
MlY 1. 3 2.0 U .9 39 . 9 72.S 60 .l 49. l 5) . 8 64.8 51.4 15 . 0 4 . 2 426. 4 

THV HDER.1TOllM o.o o.o o.o o. 2 0 .6 2 . 6 7. 9 1 1.6 l l.9 3 . 1 0 . 1 o.o 38 . l 

HAJL o. o o.o o.o o. o 0 . 1 o.o 0 . 4 0.0 o.o o.o o.o o.o 0 , 5 

tR.E£ZlNO PRE -
CIPITATIOW 2.6 S. 2 o.s 2 . 2 0.0 o. o o.o o.o o.o 2 . 0 9. 9 10. l 32. S 

SNOW U 8. 8 10 8 . 6 112. S 54 .l 8 .4 o.o o.o o.o 0 . 5 21.6 1 2 3. l 147 .6 69 5.2 

BLOWING SNOW 2 7. 9 34 . 2 15 . 3 4 . 7 o.o o.o o.o o.o o. o o.o 12. 8 32.0 126 . 9 

FOG 2 5.1 33 . o 42. 7 27 . 4 17 . 5 14 . 9 ll. 9 l l . 2 20. 3 27. l 38. 8 42 . l H~.o 
I 

- -

Table 3 .16. Average numb er of hours per month of var i ous t ypes of 

preci pitation and wea ther at Ri vers (Brandon) 

TYP£ J M . FEB. MAR. APR . AAY JUN£ JULY AUG. SEPT. OCT . NOV. DEC. Yl:AR. 

RA!N 0. ) 1.9 8 . 9 37 .8 12 .) 66 . 6 4 1. ) 5 7 . 9 64.8 2S . 7 10.0 l. 7 389 .2 

THU N1>£ R STORH 0 . 0 0 . 0 0. 0 0 . 6 l. 6 9 . 6 20 . 8 14 . 6 4 . l 0 . 6 o.o o.o 5 3. 9 

HA I L 0 . 0 o. o 0 . 0 o.o o.o 0 .0 0 .1 O. l o.o o.o o.o o.o 0 . 2 

n u :tZlNO PRE -
CJPI T AT ION 2 . 7 7 . 8 ). 5 ) • 6 o.s 0 .0 0 . 0 0 . 0 0. 0 0 ,4 8, l 12. 4 39 . 2 

S NOW .1 34 .4 129 . 2 129 . 7 56. l 14 . 7 0 .0 0 . 0 0 . 0 2. 5 23. 9 129.l 14 7 . 4 769 . 2 

Bl.Oil.NO S NOW 4 2 . 0 32 .6 1 7 . 9 7 . 7 o.o o.o 0. 0 0 . 0 0. 0 5 . 7 20 . 9 34 . l 161 . 1 

roo 40 .5 49 . 7 '4 .4 ) 2 . 6 ) 0. 5 18 . 8 1 4 . 7 17 . 4 34 . 8 25 .l 5 7 .2 4 8 . 7 4 14. 4 

Ta bl e 3 . 17 . Aver age number of hour s per month of var i ous types of 

precipitat i on and weather a t Yorkton 

TYPE JAJf . FEB. KM . APR . NAY J UlfE JULY AUG . SEn . OCT. NOV. DEC. YEAA . 
MIN .4 1. S 6 . J 43 . 2 122. 2 109.1 8l. 4 78.l 101.9 64.6 12 . 9 1.8 623.4 

THUNl>! RITOIUC o.o o.o o. o o.8 6 . 2 16 . 3 ) 4 . 4 20. 7 5 . 8 0.6 o.o o.o 84.8 

HAIL o.o o.o o . o o.o 0.3 o.o 0 . 2 0.2 o.o o.o o.o o.o 0. 7 

PU EZI•G PRE-
CI PITATIO!r 4. t5 4 . 9 7.1 7.7 0.5 0 . 0 o.o o.o 0 .2 l.8 13.2 8.5 48.S 

~NOW 270 . 2 187. -4 203 .7 85.1 20 . 0 o.o o.o 0 .0 14.4 59. 0 217. 7 253.8 1311. 3 

ilLOWllO SNOW 58. 8 38.4 33.8 9. 2 o.o o.o 0 . 0 0 . 0 o.o 2 .6 24 . 7 )6.0 203.5 

l'OQ 57.7 56. 7 56 . 8 37.6 24'. 3 23 . 0 1 7. 9 29 . 9 ) 6.2 3-4 . 8 61. 8 61.8 498.5 
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In the above tables, fog was said to exist if the visibility 

was six miles or leas. 

SLWARY 

Precipitation patterns across the Riding Mountain Park area 

are typical of the climatic region of southern Manitoba and south

eastern Saskatchewan . Locally, however, there is considerable 

variation due to topography. The seasonal pattern is typified by a 

strong summer maximum of precipitation occurring during the latter part 

of June or early July. Precipitation during the winter months occurs 

almost totally in t he form of snow and also occurs largely out 0£ 

broad-scale synoptic features. Winter storms t end to be of longer 

duration and of great er frequency with low storm precipitation totals. 

In contrast, during the height of summer, storms are usually of short 

duration, but give r elatively high storm precipitati on totals. 

The winter snowfall season arrives suddenly and the snow 

pack builds rapidly during the latter part of November and early 

December, not melting until April, thus allowing for a long season 

of winter recreational activity. The normal development of a snow 

cover in excess of 20 inches by the end of February, accompanied by 

one to two inches of new snow each week , should allow moderate us e 

of downhill skiing slopes and provide excellent snow conditions f or 

cross-country skiing and snowshoeing during the late winter months . 
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The rel at i ve comf ort of humans is very difficult to determine 

because comfort depends on the characteristics of the individual and 

upon what he is doing. Never theless, an attempt has been made to 

define excessive cold by using the term, "wind chill", and to deal with 

excessive heat and humidity by using the expression nhumidex." Clothing 

r equirements f or the Park area are also discussed, along with "clo" 

uni t data. 

WIND CHILL 

The sensation of relative warmth or coolness to a person in 

the open air depends on both air temperature and wind strength. While 

a cold winter day is rendered intolerable by an increase in wind speed, 

a hot summer day is relieved by a cooling breeze. It is the conn:n.on 

winter situation of strong winds combined with low temperatures that 

needs discussion, as such conditions cause not only serious discomfort, 

but also a t times present the danger of frostbite or even death . 

Various "wind chill" factors have been derived , using differing 

un i ts and methods of calculation. Most of the discussion below is based 

on a recent publicat ion, "Wind Chill Factor," by Environment Canada , 

prepared for use on the Canadian Prairies by meteorologists in t ne 

Central Region, Atmospheric Environment Service, and by scient i sts in 

the Saskatchewan Research Council. 

The wind-chill factor described below is a cooling rate based 

on air temperature and wind speed. Although this factor is based on 

the cooling rate of water under certain conditions, i t i s also an 
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approximate indication of the cooling rate of exposed flesh. This 

factor also closely approximates the cooling rates of warm, inanimate 

objects, such as automobile motors. 

The rate at which the temperature of an object changes 

depends on the following factors: 

1. temperature difference between the object and surrounding 

air 

2. wind speed 

3. type of surface (rough or smooth, moist or dry) 

4. humidity 

5. sunshine 

In the case of human beings and animals, it also depends on their rate 

of ac tivity or metabolic rate. Attempts to measure and describe the 

combined effect of the first two factors, temperature difference and 

wind speed, have led to the development of the wind-chill factor. 

The wi nd-chill factor when correctly interpreted describes 

the rate at which heat is extracted from a body under a given combination 

of wind and temperature. It gives an indication of the difficulty 

of maintaining an object out~oors in a wind at a given temperature at 

an air temperature lower than that of the object. 

The wind-chill factor is useful in considering inanimate 

objects as well as humans and animals. The following are examples of 

application of the wind-chill factor to real-life situations: 
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1. Water will freeze more qui ckly i n an area where 
the wi nd-chill factor is high than in an area where it 
is low. 

2. The ability of an automobile engine block-heater 
to keep the engine warm will be reduced as the 
wind-chill factor increases. 

3. The l ength of time a warm car motor can be l eft 
with the ignition off before the motor cools down 
to the surrounding air temperature is shortened 
as the wind-chill factor increases. 

4. The di fficulty of maintaining a heated house at 
a given temperature increases as the wind-chill 
factor increases. This is particularly the case if 
the building is poorly insulated . 

5. The difficulty of keeping exposed flesh from 
freezing increases as the wind-chill factor increases. 

In Figure 4.1, the wind-chill cooling rate, expressed in 

watts per square metre, is shown as a function of air temperature 

and wind speed. On the average, the value of 1625 watts per square 

metre represents the condition when stationary exposed flesh freezes~ 

This value, however , varies somewhat from person to person. The divisions 

of low, moderate, hi gh, very high and extreme as shown on Figure 4.1 

have been chosen as being arbitrarily suitable for the eastern Prairies , 

and are, therefore, applicable for the Riding Mountain Park area. 

A value o~ 2555 watts per square metre has been establ i shed 

by the U. S. Army as the division line, above which all but essectial 

outdoor activity is to cease. Some groups governing working conditions 

have established that upper limits of wind- chill above which enclosed 

working areas are r equired. 
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Table 4.1 outlines the stages of relative human comfort at 

certain values of the wind-chill factor,while Table 4.2 shows the 

average monthly wind-chill factors for December, January and 

February at selected stations~ 

Table 4.1. Stages of relative human comfort 

Wind-chill factor 
(watts per square metre) 

700 

1200 

1400 

1600 

2300 

2700 

-· . --- ..... - - - -

Relative Comfort 

Conditions considered comfortable 
when dressed in wool underwear, socks, 
ski boots, ski headband, and thin 
cotton windbreaker suit and while 
skiing over level snow at three 
miles per hour. 

Pleasant conditions for outdoor 
travel cease on overcast days. 

Pleasant conditions for outdoor 
travel cease on clear, sunlit days. 

Freezing of human flesh begins, 
depending on degree of activity, amount 
of solar radiation, character of 
skin and circulation. Travel and 
life in temporary shelters become 
disagreeable. 

Conditions for outdoor travel become 
dangerous. Exposed areas of the 
face will freeze in less than one 
minute for the average individual. 

Exposed areas of the face will freeze 
within one-half minute for the 
average individual. 
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Table 4.2. Average I onthly wino- chill factor ( atts per square e tre) 

for t he wint e r months at selected stations 

Location December January Febr~ar y 

Saskatoon, Sask. 1460 1600 15: 0 

Swift Current, Sask. 1450 1600 15L.0 

Prince Albert, Sask. 1450 1600 1460 

Regina, Sas k . 1530 1680 1610 

Estevan, Sa sk. 1460 1610 1520 

Winnipeg, Man. 1590 1730 1630 

Churchill, Man. 1950 2020 2010 

Toronto, Ont . 1200 1290 1290 

Caution mus t be exercised in interpreting the above data. 

Since the wind- speed value is so critical in the calculation of the 

factor, the question of exposure aris es. Regina, s ituated on the 

open prairie, is much more exposed than Prince Albert, lying in the 

boreal f orest. As a consequence, mean winds are less at Prince Albert 

than at Regina, and a s a r esult, mean wind- chill factors are also less, 

even though Prince Abertis farther north and colder. It can be 

i nferred that in the wooded area of Riding Mountain National Park , t he 

wind- chill factor is somewhat lower at mid- winter than over the 

surrounding open farmland. 

Table 4.3 gives wind- chill factors for var ious combinati ons 

of wind and temperature. The wind- chill factors are given in watt s 

per square metre, temperature in degrees Celsius, and wind speed in 

both kilometres per hour and knots. 



WIND SPEED 
(KM/HOUR) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

so 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

- 176 -

Table 4.3. Wind-chill factors (watts per square metr.e) for various 
combinations of wind and temperature 

TEMPERATURE (DEGREES CELSIUS) 

30 29 28 27 26 25 24 23 22 21 

WIND SPEED 
(KNOTS) 

36 49 61 73 85 97 109 122 134 146 0 

73 97 121 145 170 194 218 242 267 291 3 

85 113 142 170 198 226 255 283 311 340 5 

93 124 155 186 217 248 279 310 341 373 8 

99 132 165 199 232 265 298 331 364 397 10 

104 139 174 208 243 278 312 347 382 417 13 

108 144 180 216 252 288 324 360 396 432 15 

111 148 186 223 260 297 334 371 408 445 18 

114 152 190 228 266 304 342 380 418 456 21 

116 155 194 232 271 310 349 387 426 465 23 

118 157 197 236 275 315 354 393 433 472 26 

120 159 199 239 279 319 359 398 438 478 28 

121 161 201 241 282 322 362 402 443 483 31 

122 162 203 243 284 325 365 406 446 487 33 
\ 

122 163 204 245 286 327 367 408 449 490 36 

123 164 205 246 287 328 369 410 451 492 39 

123 165 206 247 288 329 370 411 452 494 41 

124 165 206 247 288 330 371 412 453 494 44 

124 165 206 247 289 330 371 412 453 495 46 

124 165 206 247 288 330 371 412 453 494 49 

123 165 206 247 288 329 370 411 452 494 51 
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Table 4 .3. (cont ' d) 

TEMPERATURE (DEGREES CELSIUS) 

20 19 18 17 16 15 14 13 12 11 

WIND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 158 170 182 194 207 219 231 243 255 267 0 

5 315 339 364 388 412 436 461 485 509 533 3 

10 368 396 425 453 481 509 538 566 594 623 5 

15 404 435 466 497 528 559 590 621 652 683 8 

20 430 463 496 530 563 596 629 662 695 728 10 

25 451 486 521 555 590 625 660 694 729 764 13 

30 468 504 540 576 612 649 685 721 757 793 15 

35 482 519 557 594 631 668 705 742 779 816 18 

40 494 532 570 608 646 684 722 760 798 836 21 

45 503 542 581 620 658 697 736 775 813 852 23 

50 511 551 590 629 669 708 747 787 826 865 26 

55 518 558 598 637 677 717 757 797 837 - 876 28 

60 523 563 604 644 684 724 765 805 845 885 31 

65 527 568 608 649 690 730 771 811 852 892 33 

70 531 571 612 653 694 735 776 816 857 898 36 

75 533 574 615 656 697 738 779 820 861 902 39 

80 535 576 617 658 699 740 781 823 864 905 41 

85 536 577 618 659 700 742 783 824 865 906 44 

90 536 577 618 660 701 742 783 824 866 907 46 

95 536 577 618 659 700 742 783 824 865 906 49 

100 535 576 617 658 699 740 782 823 864 905 51 
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Table 4.3. (cont'd) 

TEMPERATURE (DEGREES CELSIUS) 

10 9 8 7 6 5 4 3 2 1 

WI ND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 279 292 304 316 328 340 352 365 377 389 0 

5 558 582 606 630 654 679 703 727 751 776 3 

10 651 679 708 736 764 792 821 849 877 906 5 

15 714 745 776 807 838 869 900 931 962 993 8 

20 761 794 827 861 894 927 960 993 1026 1059 10 

25 799 833 868 903 937 972 1007 1042 1076 1111 13 

30 829 865 901 937 973 1009 1045 1081 1117 1153 15 

35 853 809 928 965 1002 1039 1076 1113 1150 1187 18 

40 874 912 950 988 1026 1064 1102 1140 1178 1216 21 

45 891 929 968 1007 1046 1084 1123 1162 1201 1239 23 

50 905 944 983 1023 1062 1101 1141 1180 1219 1259 26 

55 916 956 996 l<D36 1076 1115 1155 1195 1235 1275 28 

60 926 966 1006 1046 1087 1127 1167 1207 1248 1288 31 

65 933 974 1014 1055 1095 1136 1176 1217 1258 1298 33 

70 939 980 1020 1061 1102 1143 1184 1224 1265 1306 36 

75 943 984 1025 1066 1107 1148 1189 1230 1271 1312 39 

80 946 987 1028 1069 1110 1152 1193 1234 1275 1316 41 

85 948 989 1030 1071 1112 1154 1195 1236 1277 1318 44 

90 948 989 1031 1072 1113 1154 1195 1237 1278 1319 46 

95 948 989 1030 1071 1112 1154 1195 1236 1277 1318 49 

100 946 987 1028 1070 1111 1152 1193 1234 1275 1316 51 



- 179 -

Table 4 . 3 . (cont 'd) 

TEMPERATURE (DEGREES CELSIUS) 

0 -1 - 2 -3 - 4 - 5 -6 -7 -8 -9 

WIND SPEED WIND SPEED 
(KM/ HOUR) (KNOTS) 

u 401 413 425 437 450 462 474 48 6 498 510 0 

5 800 824 848 873 897 921 945 970 994 1018 3 

10 934 962 991 1019 1047 1075 1104 1132 1160 1189 5 

15 1024 1055 1086 1118 1149 1180 1211 1242 1273 1304 8 

20 1092 1125 1158 1192 1225 1258 1291 1324 1357 1390 10 

25 1146 1180 1215 1250 1285 1319 1354 1389 1423 1458 13 

30 1189 1225 1261 1297 1333 1369 1405 1441 1477 1513 15 

35 1224 1261 1299 1336 1373 1410 1447 1484 1521 1558 18 

40 1254 1292 1330 1368 1406 1444 1482 1520 1558 1596 21 

45 1278 1317 1355 1394 1433 1472 1510 1549 1588 1627 23 

50 1298 1337 1377 1416 1455 1495 1534 1573 1613 1652 26 

55 1315 1354 1394 1434 1474 1514 1554 1593 1633 1673 28 

60 1328 1368 1408 1449 1489 1529 1569 1610 1650 1690 31 

65 1339 1379 1420 1460 1501 1541 1582 1623 1663 1704 33 

70 1347 1388 1429 1469 1510 1551 1592 1633 1673 1714 36 

75 1353 1394 1435 1476 1517 1558 1599 1640 1681 1722 39 

80 1357 1398 1439 1481 1522 1563 1604 1645 1686 1727 41 

85 1360 1401 1442 1483 1524 1566 1607 1648 1689 1730 44 

90 1360 1402 1443 1484 1525 1566 1608 1649 1690 1731 46 

95 1360 1401 1442 1483 1524 1566 1607 1648 1689 1730 49 

100 1357 1399 1440 1481 1522 1563 1604 1645 1687 1728 51 
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Table 4.3. (cont'd) 

TEMPERATURE (DEGREES CELSIUS) 

-10 -11 -12 -13 -14 -15 -16 -17 -18 -19 

WIND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 523 535 547 559 571 583 595 608 620 632 0 

5 1042 1067 1091 1115 1139 1164 1188 1212 1236 1260 3 

10 1217 1245 1274 1302 1330 1358 1387 1415 1443 1472 5 

15 1335 1366 1397 1428 1459 1490 1521 1552 1583 1614 8 

20 1423 1456 1489 1523 1556 1589 1622 1655 1688 1721 10 

25 1493 1528 1562 1597 1632 1666 1701 1736 1771 1805 13 

30 1549 1585 1621 1657 1693 1729 1765 1801 1837 1873 15 

35 1595 1633 1670 1707 1744 1781 1818 1855 1892 1929 18 

40 1634 1672 1710 1748 1786 1824 1862 1900 1938 1976 21 

45 1665 1704 1743 1781 1820 1859 1898 1936 1975 2014 23 

50 1691 1731 1770 1809 1849 1888 1927 1967 2006 2045 26 

55 1713 1753 1793 1832 1872 1912 1952 1992 2032 2071 28 

60 1730 1771 1811 1851 1891 1932 1972 2012 2052 2093 31 

65 1744 1785 1825 1866 1907 1947 1988 2028 2069 2109 33 

70 1755 1796 1837 1878 1918 1959 2000 2041 2082 2122 36 

75 1763 1804 1845 1886 1927 1968 2009 2050 2091 2132 39 

80 1768 1810 1851 1892 1933 1974 2015 2056 2097 2139 41 

85 1772 1813 1854 1895 1936 1978 2019 2060 2101 2142 44 

90 1773 1814 1855 1896 1937 1979 2020 2061 2102 2144 46 

95 1772 1813 1854 1895 1936 1978 2019 2060 2101 2142 49 

100 1769 1810 1851 1892 1933 1975 2016 2057 2098 2139 51 
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Table 4.3. (cont 'd) 

TEMPERATURE (DEGREES CELSIUS) 

- 20 -21 - 22 - 23 - 24 - 25 - 26 - 27 - 28 -29 

WIND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 644 656 668 680 693 705 717 729 741 753 0 

5 1285 1309 1333 1357 1382 1406 1430 1454 1479 1503 3 

10 1500 1528 1557 1585 1613 1641 1670 1698 1726 1755 5 

15 1645 1676 1707 1738 1769 1800 1831 1863 1894 1925 8 

20 1754 1787 1820 1854 1887 1920 1953 1986 2019 2052 10 

25 1840 1875 1910 1944 1979 2014 2048 2083 2118 2153 13 

30 1910 1946 1982 2018 2054 2090 2126 2162 2198 2234 15 

35 1966 2004 2041 2078 2115 2152 2189 2226 2263 2300 18 

40 2014 2052 2090 2128 2166 2203 2241 2278 2317 2355 21 

45 2053 2091 2130 2169 2207 2246 2285 2324 2362 2401 23 

50 2085 2124 2163 2203 2242 2282 2321 2360 2400 2439 26 

55 2111 2151 2191 2231 2271 2311 2350 2390 2430 2470 28 

60 2133 2173 2213 2254 2294 2334 2374 2415 2455 2495 31 

65 2150 2191 2231 2272 2312 2353 2393 2434 2475 2515 33 

70 2163 2204 2245 2286 2327 2367 2408 2449 2490 2531 36 

75 2173 2214 2255 2296 2337 2378 2419 2460 2501 2542 39 

80 2180 2221 2262 2303 2344 2385 2426 2468 2509 2550 41 

85 2184 2225 2256 2307 2348 2389 2431 2472 2513 2554 44 

90 2185 2226 2267 2308 2350 2391 2432 2473 2514 2556 46 

95 2184 2225 2266 2307 2348 2390 2431 2472 2513 2554 49 

100 2180 2221 2262 2304 2345 2386 2427 2468 2509 2550 51 



- 182 -

Table 4.3. (cont'd) 

TEMPERATURE (DEGREES CELSIUS) 

-30 -31 -32 -33 -34 -35 -36 -37 -38 -39 

WIND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 766 778 790 802 814 826 838 851 863 875 0 

5 1527 1551 1576 1600 1624 1648 1673 1697 1721 1745 3 

10 1783 1811 1840 1868 1896 1924 1953 1981 2009 2038 5 

15 1956 1987 2018 2049 2080 2111 2142 2173 2204 2235 8 

20 2085 2118 2151 2185 2218 2251 2284 2317 2350 2383 10 

25 2187 2222 2257 2291 2326 2361 2396 2430 2465 2500 13 

30 2270 2306 2342 2378 2414 2450 2486 2522 2558 2594 15 

35 2337 2375 2412 2449 2486 2523 2560 2597 2634 2671 18 

40 2393 2431 2469 2507 2545 2583 2621 2659 2697 2735 21 

45 2440 2479 2517 2556 2595 2633 2672 2711 2750 2788 23 

50 2478 2518 2557 2596 2636 2675 2714 2754 2793 2832 26 

55 2510 2550 2589 2629 2669 2709 2749 2789 2828 2868 28 

60 2535 2576 2616 2656 2696 2736 2777 2817 2857 2897 31 

65 2556 2596 2637 2677 2718 2758 2799 2840 2880 2921 . 33 

70 2571 2612 2653 2694 2735 2775 2816 2857 2898 2939 36 

75 2583 2624 2665 2706 2747 2788 2829 2870 2911 2952 39 

80 2591 2632 2673 2714 2755 2797 2838 2879 2920 2961 41 

85 2595 2637 2678 2719 2760 2801 2843 2884 2925 2966 44 

90 2597 2638 2679 2721 2762 2803 2844 2885 2927 2968 46 

95 2596 2637 2678 2719 2760 2802 2843 2884 2925 2966 49 

100 2592 2633 2674 2715 2756 2797 2838 2880 2921 2962 51 

"\ 
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Table 4.3. (cont'd) 

TEMPERATURE (DEGREES CELSIUS) 

-40 - 41 -42 -43 -44 - 45 - 46 -47 -48 - 49 

WIND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 887 899 911 923 936 948 960 972 984 996 0 

5 1770 1794 1818 1842 1866 1891 1915 1939 1963 1988 3 

10 - 2066 2094 2123 2151 2179 2207 2236 2264 2292 2321 5 

15 2266 2297 2328 2359 2390 2421 2452 2483 2514 2545 8 

20 2416 2449 2482 2516 2549 2582 2615 2648 2681 2714 10 

25 2534 2569 2604 2639 2673 2708 2743 2777 2812 2847 13 

30 2630 2666 2702 2738 2774 2810 2846 2882 2918 2954 15 

35 2709 2746 2783 2820 2857 2894 2931 2968 3005 3042 18 

40 2773 2811 2849 2887 2925 2963 3001 3039 3077 3115 21 

45 2827 2866 2905 2943 2982 3021 3059 3098 3137 3176 23 

50 2872 2911 2950 2990 3029 3068 3108 3147 3186 3226 26 

55 2908 2948 2988 3028 3067 3107 3147 3187 3227 3267 28 

60 2938 2978 3018 3058 3099 3139 3179 3219 3260 3300 31 

65 2961 3002 3042 3083 3124 3164 3205 3245 3286 3326 33 

70 2980 3020 3061 3102 3143 3184 3224 3265 3306 3347 36 

75 2993 3034 3075 3116 3157 3198 3239 3280 3321 3362 39 

80 3002 3043 3084 3126 3167 3208 3249 3290 3331 3372 41 

85 3007 3049 3090 3131 3172 3213 3255 3296 3337 3378 44 

90 3009 3050 3092 3133 3174 3215 3256 3298 3339 3380 46 

95 3008 3049 3090 3131 3172 3214 3255 3296 3337 3378 49 

100 3003 3044 3085 3126 3167 3209 3250 3291 3332 3373 51 
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Table 4.3. (cont'd) 

TEMPERATURE (DEGREES CELSIUS) 

-50 -51 -52 -53 -54 -55 -56 -57 -58 -59 

WIND SPEED WIND SPEED 
(KM/HOUR) (KNOTS) 

0 1009 1021 1033 1045 1057 1069 1081 1094 1106 1118 0 

5 2012 2036 2060 2085 2109 2133 2157 2182 2206 2230 3 

10 2349 2377 2406 2434 2462 2491 2519 2547 2575 2604 5 

15 2576 2608 2639 2670 2701 2732 2763 - 2794 2825 2856 8 

20 2747 2780 2813 2846 2880 2913 2946 2979 3012 3045 10 

25 2882 2916 2951 .2986 3021 3055 3090 3125 3159 3194 13 

30 2990 3026 3062 3098 3134 3171 3207 3243 3279 3315 15 

35 3080 3117 3154 3191 3228 3265 3302 3339 3376 3413 18 

40 3153 3191 3229 3267 3305 3343 3381 3419 3457 3495 21 

45 3214 3253 3292 3331 3369 3408 3447 3485 3524 3563 23 

50 3265 3304 3344 3383 3422 3462 3501 3540 3580 3619 26 

55 3306 3346 3386 3426 3466 3506 3545 3585 3625 3665 28 

60 3340 3380 3421 3461 3501 3541 3582 3622 3662 3702 31 

65 3367 3408 3448 3489 3529 3570 3610 3651 3691 3732 33 

70 3388 3429 3469 3510 3551 3592 3633 3673 3714 3755 36 

75 3403 3444 3485 3526 3567 3608 3649 3690 3731 3772 39 

80 3413 3455 3496 3537 3578 3619 3660 3701 3742 3784 41 

85 3419 3461 3502 3543 3584 3625 3667 3708 3749 3790 44 

90 3421 3463 3504 3545 3586 36?.7 3669 3710 3751 3792 46 

95 3420 3461 3502 3543 3584 3626 3667 3708 3749 3790 49 

100 3414 3455 3497 3538 3579 3620 3661 3702 3743 3785 51 
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CLOTH ING REQUIREMEN7S 

The influence of temperature on man's activities has been 

studied in detail by Auliciems, de Freitas and Hare (1973). The 

material i n this section i s essentially taken f rom this study . 

In the previous section dealing with wind-chill, it was 

stated t hat the rate at which the temperature of an object changes 

depends on a number of factors, and that in the case of humans and 

an imals, the rate a l so depends upon their rate of activity or met a 

bolic rate. Table 4.4 shows the approximate energy expenditures 

for a variety of activities, expressed in kilocalories per square 

metre per hour. 

Table 4.4 . Approximate energy expenditure* 

(Complied from Bruce , 1960; Christensen, 1953, Fourt and Hollies, 1969; 
Passmore and Durnin, 1955, Spector, 1956 ) 

Activity 

Sleeping 
Sitting 
Standing at ease 
Measuring wood 
Standing at attention 
Strolling, 1.5 mph 

Walking, 2 mph 
Canoeing, 2.5 mph 
Light a s sembly work 
Machine milking 
Bricklaying 
Cleansing milk pails 

-2 - 1 k cal m hr 

36 
50 
78 
80 
84 
90 

100 
100 
110 
130 
135 
147 

Classification of 
work (Christensen .1953) 

light activit y 
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Activity 

Cycling, 3.5 mph 
Digging foxholes, marching and short 

rest periods (U. S. soldiers) 
Walking, 3 mph 
Mixing cement 
Breaking firewood 
Drivi ng car 
Field march (U. S. soldiers) 
Dr i ving a motorcycle 
Walking, 1 mph, 20 kg. load 
Gardening, hoeing 
Ploughing with tractor 

Pushing wheelbarrow, 110 kg . load 
Golfing 
Walking, 3 mph, 20 kg. load 
Hewing with pick 

Hand sawing (hardwood) 
Shovelling 8kg. 1 metre lif t, 12 per 
Digging tr enches (clay soil) 
Trimming felled trees 
Tree felling with hand saw 
Walking, 3.5 mph, hard snow 
Walking, 2 mph, with snow shoes, soft 

snow 

min. 

Walking, 2 mph , 20 kg . load, soft snow 

150 

153 
155 
157 
163 
168 
183 
204 
210 
258 
252 

300 
300 
360 
420 

450 
450· 
510 
612 
642 
714 

828 
1242 

Classification of 
work (Christensen 1953) 

Light work 

Moderate work 

Heavy work 

* Table 1, Auliciems, de Freitas and Hare (1973) 

The activities in Table 4.4 can be divided into logical groups according 

to amount of energy expenditure, and five metabolic rates can be defined 

as follows: 

1. standing rate - 80 -2 -1 kcal.m hr 

2. lower limit of light activity -
-2 -1 100 kcal m hr 

3. lower limit of light work - 150 
-2 -1 kcal m hr 

4 . lower limit of 
-2 -1 

moderate work - 300 kcal m hr 

5. lower limit of 
-2 -1 

heavy work - 450 kcal m hr 
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These metabolic rates ave to be considered i n judging the appropriate 

clothing to be worn for specif ic outdoor winter activiti es. 

The cloth::...ng unit ("clo") is a widely used concept in 

describing thermal _es istance to heat flow. The clo unit can be thought 

of in terms of the i nsulating value of an average business suit with 

associated shirt and undergarments suitable for wear in customary in

door conditions. Tne clo is a unit of thermal insulation which will 

maintain a resting-sitting man, whose metabolism is 50Jkcal m- 2hr-1 , 

comfortable indefini tely when the temperature i s 21°c, humidity ~ess 

- 1 - 1 
than 50%, and wind s peed 10 cm sec (0.36 km hr). 

The thermal resistance of selected f abrics is gi ven in Table 

4.5 i n clo units. 

Table 4.5. Thermal resistance of selected fabrics (Fourt and Harris, 1949; 

Morr is,1955; Pierce and Reis, 1946)* 

Sample Description 

Cotton poplin shirti ng 
Satin lini ng (acetate) 
Herringbone twill 
Wool serge 
Light woo:en coa ting 
Heavy woolen coating 
Cellular cotton blanket 
Raised cashmere 
Cellular woolen blanket 
Heavy raised wool blanket 
Anorak liriing (raised wool) 

Thi ckness (mm) 

0.5 
0 .5 
0.5 
1 .0 
2. 2 
4 .3 
5.0 
5.4 
6 .6 
6.6 
8.3 

* Table 6, Auliciems, de Freitas and Hare (1973) 

Resistance 
(clo) 

0.05 
0.06 
0.06 
0.11 
0.30 
0.60 
0.65 
0.77 
0.95 
1.02 
1.30 



- 188 -

From known thermal resistances, a typical clothing assembly 

for cold weather can be calculated as shown in Table 4.6. The insulating 

effect of air layers between the clothing layers is taken under 

consideration. 

Table 4.6. A clothing assembly for cold weather (including air layers)* 

Layer Items Approximate clo value 

1 heavy underwear, woolen socks 0.5 

2 woolen shirt and trousers (+ shoes) 1.0 

3 w00,len cover alls, gloves and cap 1.0 

4 hooded parka, mi t tens and fur-lined boots 1.5 

Total clo value (approximately 25 nun thick) 4.0 

* Table 5, Auliciems, de Freitas and Hare (1973) 

Fi gure 4.2 indicates the various clo requirements for 

differing air temperatures, wind speeds and metabolic rates, while 

Figures 4.3 to 4.8 show the mean clo requirements through the winter 

for night and day conditions for differing metabolic rates at four 

stations in southern Manitoba or southeastern Saskatchewan (Dauphin, 

The Pas, Portage la Prairie and Yorkton) and at two distant points 

(Vancouver and Toronto). The five metabolic rates chosen for analysis 

correspond to those defined earlier in this section. 
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The application of energy expenditur e to Figur e s 4 .3 t o 4. 8 

will allow Park war dens and users to assess t he average clothing 

requirements during t he winter months. 

HUMIDEX 

Discomf or~ in summer is usually the result of the combi ned 

effect s of high t emperature and high humidity . The wind speed s~ould 

also be considered, but the first two factors are of primary importance . 

Humidity can be expressed in a number of ways. Frequen tly, 

the term, relative humidity, is used, meaning t he ratio expressed as 

a per cent of the amount of water vapour in a given volume of air to 

the amount of water vapour in that volume under conditions of complete 

saturation. The amount of water vapour that a given volume of ai r 

can hold under satu~ated conditions, however, is highly dependent 

upon temperature. As a consequence,the familiar relative humidit y 

t er m cannot be used as a comparative measure of humidity apart f r om 

considerations of temperature. In an absolute sense, the dew-poi nt 

temperature, being t he temperature to which a given part of air must 

be cool ed at constaJt pressure and constant water- vapour content in 

order f or saturation to occur, is a much better indicator of the true 

"humidity" of the a i r , since it is ind~pendent of the air tempera ture. 

A number of ·empirical indices have been developed tha·:: 

provide a convenient numerical expression of discomfort based on air 

temperature and a measure of the absolute humidity. Lally and Wa tson 

(1960) coined the expression, Humiture, which is defined as: 
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H T + e - 10 

where Tis the air-temperature in degrees Fahrenheit and e the vapour 

pressure in millibars. If His less than 85, virtually all persons 

are comfortable, while at values of 100, everbody is uncomfortable. 

Between 85 and 100, there are varying degrees of discomfort, depending 

on the individual. The expression does not take into account the 

cooling effec t of the wind, the heating effect of the sun, nor the 

me tabolic r a te of the individual. 

The Atmospheric Environment Service (1965) uses the term 

Humidex instead of Lally and Watson's Humiture, but the expressions are 

identical. The term, dew-point temperature, which is defined above, 

is a convenient expression of absolute humidity. The humidex can be 

written as: 

H - T + h 

where the par ameter, 11h 11
, called a "humit", depends on the humidity 

and is related to the dew-point temperature (D.P.) as shown on Table 

4. 7. 
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Table 4 . 7. Relat'onship between the dew-poi n t temperatur e and tr.e. 

number of humits 

O.P . h D.P. h D.P. h D.P . h 

51 2 61 8 71 16 

52 ) 62 9 72 17 

53 3 63 9 73 17 

54 4 64 10 . 74 18 

55 4 65 11 15 19 

46 l 56 5 66 12 76 20 

47 l 57 5 67 12 77 21 

48 1 .sa 6 68 13 78 22 

49 l 59 1 69 14 79 23 

50 2 60 8 70 15 80 25 

Even though most persons have no knowledge of the actua l 

d ew-point temperatur e, the above system has considerable merit in that 

on the humidex scale , the humidity term is an " add-on" factor. If the 

air is very dry, "D.P." is low, maybe even lower than 46°F on a summer 

afternoon. In that case, "h" is zero, and the humidex is equivalent 

to t he a i r temperature, since there is no "add-on" factor. As the 

a ir become s increasi ngly moist, the "add-on" factor, "h", rises with 

t he "D.P. " , and the humidex increases, even if the temperature stays 

steady. At complete saturation, the dew-point temperature is the 

same as the air temperature, but this is usually a night-time situation 

with f og, and dur i ng the day-time , there is usually a spread between the 

two temperatures. ! n fact, dew-point temperatures much above 70°F are 

r elatively rare on the Prairies, so that usuall y "h" is 15 or less. 
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If the air temperature is only 75°F, 15 humits yield a humidex 

of 90, in which case some people are uncomfortable. If the temperature 

· 85°F d h rises to an t e number of humits remain constant, the humidex 

rises to 100, in which case virtually all persons are uncomfortable. 

In Table 4.8, humidex values are tabulated as a function 

of air temperature and relative humidity. 

Table 4.8. Humidex values from air temperature and relative humidity 

readings 

----·-- . - ·--------r - ··•-- .. - . ..,_ -- -··--· 
1<1-. L/\T J \'I : II UM Il l lTY % 

100 9 'J 90 t' ', 00 75 70 65 60 5 5 50 45 40 \5 lO 'j / 0 

T e mper-
ature °F 
110 134 1 30 125 1 21 1 1"1 

109 l 33 1 29 124 120 lll> 

108 135 131 127 123 119 11 5 

107 133 129 125 121 117 ll J 

106 135 131 127 12 3 119 116 112 

10S 132 129 125 122 118 114 110 

104 135 131 127 124 120 116 11 2 109 

103 132 129 125 122 118 114 111 107 

102 134 130 127 123 120 116 113 109 106 

101 1 35 131 128 12S 121 118 115 111 108 104 

100 136 1 32 129 126 12 3 119 116 113 110 106 103 

99 136 133 1 30 126 124 121 117 114 111 108 105 

98 137 134 131 1 28 125 122 119 116 113 110 106 103 

97 137 135 13°2 129 1 26 123 120 117 114 111 108 105 102 

96 138 135 132 129 127 1 24 121 118 115 112 109 106 103 110 

95 138 136 133 130 127 124 121 119 116 113 110 107 105 101 99 

94 139 136 133 130 128 125 122 119 117 114 111 109 106 103 100 98 

93 136 133 131 128 125 123 120 117 115 112 109 107 104 101 99 96 

92 133 131 128 125 123 120 118 115 11 J 110 108 105 102 100 97 95 

)1 130 128 125 123 121 118 116 11 ) 111 108 106 103 101 98 96 93 

90 128 126 123 1 21 118 116 114 111 109 106 104 102 99 97 94 92 

89 126 123 121 11 9 116 114 11 2 109 107 105 102 100 97 95 93 91 

88 lll 121 119 116 114 112 110 10 7 105 103 101 98 96 94 92 89 

87 lll 118 116 114 112 llO 108 105 103 101 99 97 94 92 90 88 

86 118 116 114 11 2 110 108 106 10 4 101 99 97 95 93 91 89 87 

BS 116 114 112 110 108 106 104 10 2 100 98 95 93 91 89 87 

84 114 112 110 108 10 6 104 102 1(10 98 96 94 92 90 88 86 

83 111 109 107 106 104 102 100 <)8 96 94 92 90 88 86 5 4 

82 109 107 106 104 102 100 98 9 6 94 92 91 89 87 85 8 3 

81 107 105 10) 10 2 100 98 96 9 4 93 91 89 87 85 84 8 2 

80 105 103 101 100 98 96 94 9 1 91 89 87 86 84 82 

79 103 101 99 98 9 6 9 4 93 91 89 88 86 84 83 81 

78 101 99 97 96 9 4 92 91 B9 88 86 84 83 81 79 

77 98 97 95 94 92 91 89 0 7 86 84 83 81 80 78 

76 96 9S 93 9 2 90 89 87 86 84 83 81 80 78 77 

75 94 93 92 90 89 87 86 04 83 81 80 78 77 

74 92 91 90 88 87 85 84 02 81 80 78 77 75 

73 90 89 88 86 0 5 84 82 0 1 79 78 77 75 74 

72 89 87 86 8 5 8) 82 81 79 78 77 75 74 73 

71 87 85 84 81 82 80 79 18 76 75 74 73 

10 85 84 83 81 80 79 78 76 75 74 73 71 

• 
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Very 1 tt: e data is available on the frequency of humi cex 

within var i ous ranges . From Boughner (1960), Table 4 . 9 was calcc.lated 

to show the percentage f requency for June to Sept ember of humide 

greater than 99 (everyone uncomfortable), 85-99 (some uncomfortable) , 

and less than 85 (everyone comfortable) f or three cities on t he eastern 

Prairies (Winnipeg, Regina, Sa skatoon) and two distant cities (Tor onto 

and Vancouver ). 

Table 4.9. Percentage frequency f or the summer months of humidex 

i n three ranges at selected stations 

JUNE JULY 

Locality H <85 85<H<99 H >99 Locali ty H <85 85<H<99 H>99 -- - -

Winnipeg 94 5 1 Winnipeg 82 16 2 
Regina 97 3 ** Regina 89 10 1 
Saskatoon 98 2 0 Saskatoon 92 8 ** 
Toronto 84 14 2 Toront o 73 23 4 
Vancouver 100* ** 0 !Vancouver 98 2 0 

AUGUST SEPTEMBER 

!Locality H <85 85<99<99 H >99 Local i ty H <85 85<H<99 H>99 ! 
' - - J ! 

Winnipeg 87 12 1 Winnipeg 98 2 ** 
Regina 91 9 ** Regina 99 l ** Saskatoon 95 5 ** Saskat oon 99 I 0 
Toronto 77 19 4 Toronto 92 -, 1 . 
~ancouver 99 1 0 ancouver 100* ** 0 

' 

* between 99.5 and 100% 
** less than 0. 5% 



- 194 -

It should be kept in mind that the data in the above table 

is based on 24 hourly observations per day. Most of the high humidex 

values naturally occur in the afternoon, but humidex values above 85 

can occur from early morning until late evening on occasion. Of more 

use would be data on the number of days when the humidex values were 

above a specified value for a certain number of hours, or data on 

the number of days when the cumulative hourly humidex values were 

above certain limits. Such data is not available in an easily accessible 

form. 

From Table 4.9, it is apparent that during the summer the 

percentage of uncomfortable days over the eastern Prairies is much 

greater than at Vancouver, but considerably less than at Toronto. 

Winnipeg is, no doubt, frequently warmer and more humid than the 

Riding Mountain Park area. 

SLJvfv1ARY 

Wind-chill conditions are frequently severe on the Canadian 

Prairies. In the Park area, some protection is afforded in forested 

areas, but on occasion, conditions for outdoor activity and travel 

become dangerous. Careful attention should be given to appropriate 

outer clothing on cold, windy days. 
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Hot, humid days are not as f requent in the Riding Moun tain 

Park area as over areas lying to the south. However, fer at least 

ten per cent of the time in July , some people will find the weather 

too hot and humid . 
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Figure 4.1. Graph showing wind-chill cooling rates (watts per square metre) as a function of 

air temperature and wind speed 
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Figure 4.2. Clo requirements at various air temperatures and wind speeds for 

five metabolic rates (Figure 91 , Auliciems , de Freitas and Hare , (1973) 
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Figure 4.3. Mean clo requirements through the winter for five metabolic rates 

at Dauphin, Man. (Figure 61, Auliciems, de Freitas and Hare, (1973) 
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Figure 4.5. Mean clo requirements through the winter for five metabolic rates 

at Portage la Prair i e, Man. (Figure 62, Auliciems, de Freitas and Har~ (19~ 
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Figure 4.6. Mean clo requirements through the winter for five metabolic rates at 

Yorkton, Sask. (Figure 68, Auliciems, de Freitas and Hare, (1973) 



6 

5 

4 

2 

0 

/ 

s 0 

/ 
/ 

N 

- 202 -

0 J 
MONTHS 

DAY 

-- NIGHT 

F M A 

80 
w 
~ 
<t 

80a: u 

Figure 4.7. Mean c lo requirements through the winter for five metabolic rates at 

Vancovv ur , B.C. (Figure 47, Auliciems, de Freitas and Hare, (1973) 
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Figure 4 . 8 - Mean clo requirements through the -:winter for five metabolic rates at 

Toronto, Ont. (Figure 24, Auliciems, de Freitas and Hare, '1973) 



SECTION 5 

WIND 
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The influGnce of wind on human endeavour has long been 

recognized. Engineers spend thousands of hours and much effort ~o design 

wind-proof structures . Evidences of failure to anticipate adequa tely 

the effects of wind pressure are broken glass, collapsed bridges or 

damaged roofs that can occur after an exceptionally severe wind- s torm. 

In order to meet the demand of structural engineering and the concern 

of aviation, the Atmospheric Environment Service has for many years 

taken measurements of wind at numerous stations across the count~y. 

The standard wind measuring device consists of a rotating cup anemometer 

exposed at a height of ten metres in a location which would best 

eliminate local topographical influences and best indicate the pr evailing 

direction and speed of wind in the surrounding area. 

To facili tate the understanding of t he prevailing wind speed 

and direction in the Riding Mountain National Park area, data hav e been 

plotted in Figures 5. 1 to 5 . 12 depicting wind roses of percentage 

frequency of di rect i on and mean wind speeds by direction at Dauph in, 

Wasagaming, Brandon (Rivers), Portage la Prair i e and Yorkton. 

WIND FREQUENCY BYD RECTION 

Tables 5.: to 5.4 give the mean mont_ly and annual percentage 

fr equency of winds f or each of sixteen compass points for Dauphin, 

Rivers (Brandon) , Portage la Prairie and Yorkton. The percentage 

frequency of calms is not shown. Table 5.5 gives similar data f or 

Wasagaming for eight directions and for calms. The wind direction is the 
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direction from which the wind is blowing and is given as a true rather 

than as a magnetic direction. 

Table 5.1 

JAJl)Aa'f 
I lnHUUY 
MIQI 

um. 
MAY 

JUD 

JUI.T 

AUGUST 

llrrDaU 

OCTOaP 

IQW,aD 

DeC'lleU 

HM . 

Table 5.2 

Mean monthly and annual percentage frequency of winds from 

various directions - Dauphin 

11ft n ... a SH II asa I ... ... nv .. .. ... ... • 
l.l l . l 1.0 ,., l.2 J.O .5 1.0 1.7 9.1 Jl.5 1,., 2., l.6 4.J 1.1 

J.l J.I J.J 5.1 4.0 2.l .6 l.J J.5 10.5 22.2 16.1 J.-1 l.J 4.2 7.5 

4.t 5.1 J.O t.l 5.) 2.l ., 1.5 J.O 9.J 16. 7 14.J 2.7 J.4 5.4 10.l 

,., 7.1 .. , ,.1 5.4 ).) 1.4 ).0 s.o ••• 10.7 10.2 J.J J.t t.l 10.1 

6.8 6.7 6.0 a.2 6.8 4.0 l.6 ).1 5.2 8.2 8.) 9.1 ,.1 ,.1 5.J 9 . 8 

, .. 5.6 4.2 
'-

6.7 1., 5.) 2., , .. 5.l 10.5 11.1 11.l 4.1 1., 4.0 1.0 

J.I ).4 J.2 6.7 ' ·' ,., 2.1 4.J 5.5 12.4 14.1 14. 7 5.5 4., J.t , .. 
3.5 4.4 ,., l.4 5.8 5.2 2.0 l.8 5.0 12., 12.8 12.1 ,.5 4.2 3.5 5.6 

J.t 3.2 2.5 S.9 5 . 1 ,.o l. 7 4.J 6.l 12.9 12.9 14.6 5.l 5.l 4.8 5.l 

,.2 J.l 2.2 s.o ,., J.8 1.1 l.J 5.9 ll.4 ll.8 16.0 ,., 5.2 5.S 6.5 

J.l J.l a.> ,., 4 . 7 l.O 1.0 2 . 4 4.1 11 . , 15.l 15.J 4.2 5.7 6.0 7.9 

2.7 J.J J.J !LJ 4 .1 J.8 . 5 l.4 l.O 11.4 JO. 7 17.t ).J l.9 4.l ,.o 

4.0 4.4 l.2 '6. l s .o l.S l.l 2.1 4.4 10.6 15.l 14.l l.9 4.J 4.l ,.s 

Mean monthly and annual percentage frequency of winds from 

various directions - Rivers (Brandon) 

••• u ••• I ... •• .... w .. .. .. I 
lhlE .. ua I 

4.l 1.t 1 • • 1.• 2.0 6.2 1.1 , .. u.1 lt. 7 ,.1 5.4 
,.-,uy 1., 1. , l.t a. 2 

••• a.a , .. l . ) ,.1 a.a 6.) • . 1 a., .. , u.1 ,.a 6. 3 
raaiaaY J. l ).5 ••• 
,:>JICH ,.2 4 . l 6.a 10.0 10.0 I.I a.1 , .. 2.t 3 •• a. 1 ••• ,.1 u., t.6 t.2 

e.o .. , J. e ,.s ,., .. , , .. .. , 1.1 10.t ••• t.l 
, ,au, .. , .. , •• 1 ,.o 

t.l 1.a , .. 4.0 1.a 1.2 , .o l . S ,.o ••• ••• , .. S. 9 
AAY , .. 1 . • , .. .. , ,.1 e.1 •• 1 ,., ,.a 1.a ••• ••• , .. 1.1 ,.1 ••• ,., 6. 7 
iu• ••• 

••• ••• l.t ••• ,., 6.1 ,., .. , ,.o u ., , .. ,.o 
J ULI' J.J .. , ,.a a., 

,., , .. , .. ,., l.O ••• ,., ,.a , .. 6.2 5. 1 t.O , .. ,.o 
t.uall9 ,.1 , .. .. , , .. ,.1 ,.o 1., .. , ,.1 ,.o .. , , .. u., ,.a 6. 7 
sunaaa ,., , .. • •• , . ., s., ,.1 5 . 'J l.O ,.o 1.1 ,., .. , 6.7 a.1 1),1 .. , ,.o 
'...cTG9P ,.a , .. 

a.a ,.s ,.2 2.1 .. , .. , ,., ••• ,.s ,.1 15.J ,., 6.1 
'l0YSNU& 3.1 •• o ,.1 

••• a., ,., ,., 1.4 ,.1 2., ••• 1.1 .. , ••• 1,.1 ••• s.a 
:,sc ..... J.2 J.I 

·. , . ., 1., a.a 'J . 5 5. l 2.1 ,.1 !-l l!t , • .1 ,., ,., u., ,., ,.1 
Tua ••• . ~ .. 

I 
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Mean monthly and annual percentage f requency of winds f rom 

various directions - Portage la Prairie 

--·- ·· - ·---- . ., . 
' 111:IL Ht l't ' t5f. . ( 

ss• i: SI $ .SW WSW w WNW NV NNW ,. 
' ' l.8 .6 • 'o . fl L4 5.) 6.9 ·1. 7 2.6 l,6 11 . 8 10.1 ,., 10.t l.S. l s.e 

1.9 • (i . 9 1.7 4.4 7. 0 7.'l 4.8 J, l 3.6 ~ 9 . 4 e.s 8,6 11;1 15.4 4.8 
1.-., 1.1 l.G 2.6 6.4 7,6 8.7 s. 2 3.2 ). 4 s.1 4,) 5,7 9,) 20. 0 7,8 s . ) 2. • i ., ). 2 4.9 6.0 8.2 5.1 4,:t 3 . 8 S. 5 ) , 9 s., s. 2 14. 7 u.o 
5.4 ).) 2.G 4.2 S,) 6.5 8.1 7.0 4.6 4 ,8 e.o 4 . 4 s.2 4.7 9,8 12, ) 
S. l • .l 2 ,6 2.6 3.2 7 .3 9.1 7.2 4 . 5 5.4 7.3 5 . 1 6,i 5,1 7 ." 8 . 3 •.l ) . ) Z. 2 2.4 2.5 s.o 8.4 7.3 4 . 9 6.5 8 .6 7,8 0.4 S.4 6,3 ., . ) 
5 . 1 3 . 3 2 . 4 ).) l ,8 6. 0 9.• 6.6 3.7 5.0 7.7 6,l 6.7 6 . 1 s.e 8 .2 
4.) 2.2 1 ,) l.8 ).) 5 ,2 9 , 4 7.S 5.1 6 , ) 9,4 e.2 e.o 6 . 7 7. 5 1 . ) 
3 . 6 l.) 9 .9 l . l 3.4 5.7 9.4 6,l 4.9 6 . 7 9,2 8,3 a.a G.5 9. 0 7.S 
J.S 2.1 16 ,8 2. 0 3 . 9 5.6 7,7 6.• 4,0 4.9 7.8 7.4 10. 1 9 . 7 11.5 ,. , 
1.8 l. l 1.3 1.9 4.1 6 , 5 8.4 4.5 l,0 4 . 5 9. 9 ••• 9 . 8 10.9 12.2 S . 3 ).6 2,1 2.7 2. 3 3. 9 6. 1 8.4 5 . 9 4 .0 ' 4. 9 8 . l 6.4 . 1 • ., ., .e u .. 2 7, 9 . 
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Mean mont hly and annual percentage frequency of winds from 
I 

va rious direct i ons - Yorkton 
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---.... - - t 

ti ~ .tflll!. !e::f 
,. - -• 1airm I ... .. HB I 81 ... •• •- t . -- · -·- - -· 

' ,i,,~--,v 1.j t ... ••• ••• ,.a 4.1 ,., 10.) S.t ••• • . s , .. u.1 a~., S.l ' .. , 
I ,,,,~ l ,l 1,4 •• i .e J.l S. l .. , u.t , .. i' 'J . ) . 6 ,., u.o u .o ••• J 1.1 

\ • --- ••• , .. a.a ... , .. ••• 8 . 5 10.7 ,. 1 !, 2 ),) 4.t , .. U .J e.e j 8. I 
I 

I 
Ul&II, ,.z .:, , .. ••• ..o • •• o.o 10. , s.1 s.o J . t 5.1 ·•·· u . s ,., 

l 
,.a 

~ 1-- .. , .. , J.I ••• .., ,., l . 4 10.6 5.8 ,. ' ,., , .o s.1 t . O , .. 
' 

O. l. 
• 

, .1\1- , .. , .. , .. ••• , .. 7,S 7.4 10.S 6.) , . <' 4 . 3 1., ,.1 ,., 4.0 .. , 
j.na.r 1.0 a., ••• ••• , .. I .> 6,4 10.0 s.1 ,., I . ' ·• n.o O.J 10.e , .: '. , .o 

~ 

IAVWS1' >.l .. , ••• ••• ,., •• 1 7.8 10,1 .. , ••• ••• 7.1 ,., ••• ••• 
t 

s., .. ,., ...... , .. , .. 1.1 ,.1 , .. S,6 1., U.I s. t l . 6 S.2 9.1 1.1 U.l S. J !.J 

OCTOal'>Jl 2.• .. , 1.1 l . f J.1 4.7 8.0 14,0 7. 1 7. 1 ••• e.o , .a u., ,.1 l , .o _ .. 
1.1 l.t 1.• a., 2., S.2 I • 'J u.2 I 7 . ) ••• ) .. ,.a 10.) 14.4 , .. S.l 

I 

I 1' 1<:."111111 1.1 l.4 1., 1., 1.1 S.3 8.1 u., 7.2 7. 5 4 . 6 , .. 10.s 1'.l •·, I ,. ' .... J,I 2.1 ' 1.7 ,., ), l 6.1 7 . 8 11 . 5 ,., 6 . 2 4.2 ••• ••• u.1 ,.1. 1,.2 
I 
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Table 5.5 Mean monthly and annual percentage frequency of winds from 

various directions - Wasagaming 

CALM N NE B SE s SW If 1111 
I 

i 
I 

I 

.JANUARY 5.3 6 .4 6.S 3.7 13.3 7.2 7.9 19.7 30.l ; 
I 

FEBRUA.RY 6.3 7.6 7.4 2.6 ll.l 8.2 10.0 19.5 27. 2 : 
I 

NAROI 5.4 8.2 12.l 5.8 16.2 7.3 9.5 14.5 21.1 : 

APRIL 3.3 8.3 14.5 7.2 22.3 7.9 8.7 7.8 20.1 I 

MAY 2.6 8.7 16.9 e.5 19.3 6.7 9.2 5.2 23.0 

JUNE 2.4 5.8 14.S .7.4 22.1 6.1 11.l 8.2 22.4 I 

JULY 1.5 5.0 8.8 7.6 20.7 5.a 11.8 9.6 29.2 

AUGUST 1.2 3.9 11.3 8.8 29.6 5.9 8.s 7.5 23.3 

SEPTE.MBER 1.2 3.5 10.4 5.3 26.0 7.5 12.4 8.5 2s.1 

OCTOSER .9 s.2 12.0 5.6 16.1 8.8 11.l 10.6 29.0 

IIOVEMBER 2.1 s.s 7.7 l.l 15.7 9.S 11.6 12.7 31.4 

DECEMBER 3.5 7.0 6.8 4.0 20. 3 7.7 9.1 13.9 27.6 

TUilk. , 2.7 6.2 10.8 S.7 19.5 7.4 10.l ll.S 25. 7 

I 

Over southern Mani toba and southeastern Saskatchewan, there 

are, on t he whole , two preva iling wind directions, northwest and south

east. This i s c ertainly true for Wasagaming (Table 5.5); a similar 

t r end probably exists in the wind field over the central portion of 

the Park. At Wa sagaming 19.5% of all winds occur from the southeast, 

with a maximum of 29.6% in August, while 25.7% occur from northwest, 

wi th a maximum of 31.4% in November and secondary maxima of 30.1% in 

January and 29 . 2% in July. I t should be mentioned that the wind field 

is highly affec t ed by topography. While many eastern prairie stations 

report f requent southwesterl ies and northwesterlies for most of the 

year, Dauphin, lying between Duck Mountain to the northwest and Riding 

Mountain to the s.:>uthwest, is an exception to the rule. Winds oft.en 

funnel in a we sterly direct i on between these two hills, so that the most 
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prevailing direction at the station (Table 5.1) is west through south

west for all months of the year. 

MEAN WIND SPEED BY DIRECTION 

Tables 5.6 to 5.9 give the mean monthly and annual wind 

speed by direction in miles per hour for each of sixteen compass 

points for Dauphin , Rivers (Brandon), ·Portage la Prairie and Yorkton. 

Table 5.10 gives s imilar data for Wasagaming for eight directions. 

Again, the wind direction is the direction from which t he wind is 

blowing. 

Table 5.6 Mean monthly and annual wind speed by direction 

(mph) Dauphin 

... .. .. I ... aa ... • ... -- • ..., -.. • 
, ... u .• .. , 1. , .. , t.l 11., 1., ••• ,., u.t u .• 15.'1 u.s ••• , .. u., 11 • .: ..... 10.• 10.1 lil. t l.l 1.a u., , .1 .. , 1.1 ... , u.a U.l u.• t.o , .. u., u.c 
... 10.1 10.'7 ,., t.o 1.0., u.a ••• ,., ••• 1a.t u.s 12.1 u ., ••• ••• ~· U.6 

~- u.1 u.o 10.f lOJ 10., u., .. , 10.0 u .• lS.I u.t u.o u., u.a ••• u.a u., 
ICU u., U.I u., u.1 10.• 1,. , u.o u.1 u.o 1,., u., U.6 11.0 u.o u.1 w., U.I 

JUD u., u., 10.1 10. 1 , .. u., 10., 10.1 11.s u.1 M.S u.o u.a u.a w.2 u.e 1).1 

"11.Y ... , 10.l .. , t.1 ••• 10.e ••• 8 . l ••• U.5 ••• ll.2 u., u., 10.a u ., 10., ... 10.0 10., .. , ... , t .o u .• .. , ... t.l U.8 s., u.o u.a u .o ••• u.a 10.9 

~- u., u., 10.0 ••• • •• u., ..3 ••• 10.•) 14. l u .• u.e u., 12.1 11.t u.t u.s 
")CT. u.t u., 9.6 , .. ••• U.l • •• ••• 10., u.o U.'1 u., u.1 u., u., l&.1 u., 

-• 

u., 10.• ll.1 .. , ••• 11.l ,.o , .. 10.1 u., u., u.• u .• u., 11., u., 12., 

•• u.o 10.1 , .. t . l t.o u., 2.• , .. .. , u.a u., i.u., u.a ••• t.1 10., 11.5 ,.. 11., u., t.o ,.s ••• u.2 .., e.o .. , U.1 u., U,.1 u., u., ••• 12.1 U.l . 
-



... 

Table 5.7 

I Nu.Jr .it 

rAN. 11.1 8 .7 

,£1l. ll. l 10.9 

~ - ll. !l 12.0 

' r PR . ll.S ll . 2 

~ y ll. 7 ll.2 
I 

C 12.l 12.) 

10. 6 9.4 
I 
f'UC. 10. 8 9. 6 

~ -
12.) 12.4 

12.7 l).6 

~ v. 12. 2 10.4 

~ - 11. 7 8 . 4 - 12.l U.2 

I 
• 
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Mean monthly and annual wind speed by direction 

(mph) - Rivers (Brandon) 

- ua I ua SI ua s .. SW ... • WIN - ... • 
9.0 10. 5 10.2 11.7 7.8· 7 .6 7.8 10 . 8 11.8 12. 2 12.2 14.t 16.6 ll. l 10. > l 

8 . 6 ,., 10. 2 11.4 8 . 7 7.t 7. t 9.8 12. l 10.1 u.z ll.6 u.8 U .5 10 •• 

10 . 1 11. l u . 7 12.3 U .l 12.2 10.5 10.) 10.t 10. 7 11.2 14.0 14.S 12. 7 11.1 

l l. 6 12., 11.4 12.l 13.4 14.3 12.9 u., 1) . 2 U . 2 14.8 16.) 17. 2 u.o u.1 ; 

12. 2 13. 2 12. 2 12.1 u., u ., ll.4 ll . 2 U . t 14.4 14.7 1,.s 17.S u., u.z 
t.7 11.8 10.0 11.J 12.1 14.0 ll.5 12.t u .1 13. 6 U.7 15.1 14.l U.4 11-•1 
1.2 t.5 1.7 10.1 1.0.5 11 . l 11.2 11 . 1 11 . 1 12.5 12.2 l l .t 13. 2 11.4 ,.a . 
9 . 9 11.S 10.) 11.0 10 . 2 11.1 ll.4 11.9 10 . 1 11.) 12.7 14 . 6 12.2 10.6 t.7 ' 

11.0 11 . 4 10. 8 U.l ,., 12.l 12. 2 ll.l 12.4 12., u.o 14.t 14.2 U.4 u.z i 
' 

10.6 u . o U . l u. ~ 10.6 10.8 11 . 5 12. l 12 . l u.o 13. l 15. 7 16.4 14.8 U.7 

, ., 11.2 10.7 u.2 ,., 10.1 10. ) u.8 11.2 U.2 12. l 16.0 16.t ll.7 u., 
8 . 4 11.9 10 . 9 U.9 10. 3 t.8 8 .4 10. S 10.3 10.2 U.l 15.l 16.6 14.l ,., I 
9.t 11 . ) 10. , u.5 10.4 11.2 10.t 11.7 U.7 U.l 12.7 15.2 15.5 13.4 11.5 , 

t 

Table 5.8 Mean monthly and annual wind speed by direction 

(mph) Portage la Prairie 

.• 
I ··- - ., .. _ . 
i """" .. - .. -~ tH u SSI • s 

. 
Sft SW •• • " .. .. .. Ifft • 

' 
.... 

-- . , ... 
Jl, ',f( 11 . s ••• 1.2 ,.~ t.l 10.s 10., 1' . 1 10.0 9 . 8 l CJ. 0 U.I ll.S lb.t 12.0 14. 2 12.9 

., , ... 10.t il. > , .. 7.7 ... , 10.2 10.1 1) . 9 11.8 ll.O •l0.9 11.l, ·u.z 10., 10.6 1).5 13.0 

!VJ', . 1. 1.S a. i s., t.2 10.1 10.0 u . 1 16 .9 12., 11.) . 11.:0 10.2 a •• z. , .. 10.6 u.o .l•• 7 

AN . 11., 10. , .. , 11.l 11.1 10.t u., 16 . 2 13.t ll.2 U.4 U.2 1;1_. 5 U.• 12.0 15,1 u .a 

NAT u. , 10.7 , .. 10.f 10.1 11. 7 11.4 15.5 1'.l 13. 2' 12.!. u., · u~• u.s U. l U.l 14.0 .. 
JVO 9.9 10.6 9.0 t.l 1.0 10 . l 10.9 U . l 11.4 10.4 10.7 10.l· 10.S 9.9 10.l u.o ll.l 

JULY 8 . 9 8.2 7.1 7.4 7.0 7.8 9.1 12.6 10.8 10.l 10.2 10.0 10. 1 9.5 10.4 10.6 S . 6 

AUG. t.J t.2 ••• • •• t.O 9.5 10.1 13 .4 10 .7 10.0 10.1 ,., ,., 10.1 10.0 11.0 10.e 

•1rr. 10., t.t 9 . 0 10., 7.1 t.t 10.1 ll. 5 11,6 11.3 l0.9 11 ., 10.) 10.7 U.l 12.7 U.6 

OCT . 11 ., 10,7 7.t 1.7 7.8 8.5 10.0 14.8 11.1 U.6 11 . 0 11.0 U.6 11 .9 13.0 ll.S 12.e 

.,,,_ 11 . :, 10.1 .. , 10.0 7.9 9.7 10. l 12.6 10.9 11.0 10.S 11.4 11 . t 11.6 u., u.s 12.• 
DCC. 10.t t . J 1 . 1 .. , I.I 9.S 11.J 14.0 10.8 9.2 9 . 9 10.s 11.7 10.6 12.1 15.1 u., 

11M 10.t t.9 8.J I.I 8.9 9.9 10.1 14.l 11. 7 u.o 10.1 11.J 11.7 11.6 11.8 u.s u.1 

-



Table 5.9 

""'· 
JAIi. 11. J 

,u. 11.0 

""'. II.) 

'• • • I I• J 

"..•f , l. l 

Hro 11., 
Jl."l'I' 10. s 

Al 0 , 10, I 

llPT. 1 I . t 

........ ll . 0 

.uv. 1 1. l 

:>Le . 11. J 

1" .. II. \ 

I ,. 

Table 5.10 

i', 

JANUARY 

FEBRUARY' 

MARCH 

APRIL 
NAY 
JUD 

JULY 
AUGUST 
SEPTEMBER 
OCTOBER 

JIOVEMSB.R 

DECEMBER 
TUI. 
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Mea mon thly and annua l wind s peed by di r ection 

(mph) - Yorkton 

-IL .. ·- I , ui. n u, • SSW " 
.,.., II - IAI 

11., 
l •· 

••• , .1 IU. • II.I l1.6 ll .0 10.S t.4 10., 10.0 H.6 14. I ll.4 &1J . 

11.4 .. ••• ,., , • 1 10., ll. I 10.1 11.1 ,., ,., 10. 5 u., 14. 7 lJ, ~ 11. 

14.0 9,J t.' 11.\ II , l II.I IJ.0 11 ., 10., ,., • •• 1,).4 14,l I J . t 11.6 ". 
l •. • 11.'f I• • 9 lU.Y 11 • I 11. • I J.1 11.0 11 . t 10. , 10.1 11. l 14 .t lS.7 11.8 11. 

n., I J.6 ll.9 11. 4 11.0 ll.l 11. J 11., 12.0 ll . l u . 1 u .s 16.J a.4 l • .4 11. 

l • .0 l l. t 11.4 IO. 4 11.e I 2. I 12., II. I 11., 11.l l l.6 11., U.1 l •.I 11.6 II ... 
10 . 0 ,.1 I , I ... I 10.0 10.6 11.9 10.S 10 .1 10 .0 10.4 11. ) U . • 12. l ll . l 10 . 

9 . 1 J0.0 ,.o ••• 11.0 I I. e 10., 10 . • 10. ) 10,4 11 . 0 ll,2 12. • 11.0 10.1 :11 

11. t .. , , .. ,., 10. 6 11. l U . 9 u., 11.S 10.9 11.2 u., l • . I 14 . 9 14. 4 I J • J 

11. t 11. I 10 .0 9.7 10 .0 11. l l l. 0 11.l 11.) 10.7 10,7 11 . 7 lS .J n.o l l . 2 I l 

u .o .. , 1 . 6 I . J ,.1 10. S 1 2 . • u.s 11., .. , ,.s ll .l lS.6 U . 7 l l.6 11 .& 

1 1.9 , .o t . 4 9 . l 10. 1 11 . S ll.0 10.5 10.1 t . 4 9. 2 10.1 14.8 u., 11.1 IV 

12.• 10. 2 9.7 , .. 10 . 6 11.4 11 . , 11 . 1 11.2 10 . J 10. 5 11.• u .s 14 . l 1 l . II 11 

Mean monthly and annual wind speed by direction 

(mph) - Wasagaming 

-
• .. g SB s SW V W" N2AN 

4. 5 5.6 4.1 s.a l.9 4 .6 3.7 6.5 4.9 
s.2 7. 7 4 .2 5.7 ,., 4.9 4 . 1 6.5 · s_. 1 j 
S.l 7.8 5.5 6 . 4 4.2 s.s .... 6.6 S.6 I 

4.8 8.S 5.7 7.3 5.8 8 . 1 s., 8.1 6.9 I 
S.3 a.4 .. , 7.4 6 .8 8 .3 6.2 -a-.o 1.0 i 
4 . 0 6 . 5 .. , 5.9 S. 3 7.7 5.6 6., S . 9 t 
l . 7 S. 6 4.5 S.5 3.9 1.1 , .1 7.1 S.8 
3.2 5 . 8 4 .3 5 .4 ,., 6.~ 4.3 6. '7 5.5 I 

s.2 ,., 5.8 6.5 3.9 7.7 6. 6 7.8 6 .8 . 
5.5 7.1 4 .9 6 .7 5.2 7.0 s.2 9.4 7.l l 
5.3 6.8 4.1 6.4 4. 5 5.7 4.S 8 . 5 ,.3 
·~ 3 

6.3 4.1 5.7 4 . 1 s.1 -... 6.6 5. l ! 
4.6 6.9 4.6 6 . 2 4.? 6 . 6 4.86 7.3 6.0 

I 
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Over the western plains of Canada, air moves over the 

obstruction-free terrain with very little difficulty, resulting in 

relatively high wind speeds. It can be seen from Tables 5.6 to 5.9 

that mean annual wind speeds at the four stations range from 10.9 mph 

at Portage la Prairie to 12.1 mph at Rivers near the Brandon area. 

In comparison, the annual mean wind speed is only 6.0 mph at the 

Wasagaming townsite. The lighter winds in the Wasagaming area result 

from the higher frictional effects of the rolling topography and the 

influence of the forest, and areof benefit to the recreational use of 

the Park. There is considerable variation in mean winds from month 

to month and from one direction to another. 

MEAN PERCENTAGE OF WINDS BY SPEED RANGES 

Tables 5.11 to 5.14 give the mean monthly percentage frequency of 

winds by various ranges of speeds at Dauphin, Rivers (Brandon), Portage 

la Prairie and Yorkton. At most stations and for most months, wind 

speeds are most frequently in the range, 8 to 12 mph. 
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Table 5 .11 Mean moithly percentage frequency of winds by variouw 

• 

.JUUMY 

naauuY 

MAIICII 

AftlL 

NAY 

,1UD 

JULY 

A~S't 

urruan 

OCfOIH 

wovacau 
DIC'llaU 

ranges of s peeds (mph) 

CAUi 
I ,1- ) 

7.1 I 7.) 

a.a 8.2 

,.s 6.7 

,.2 s. 2 

J. f 4.1 

J.t S.J 

>.• 1.4 

4.1 .I •• S.8 
, 

~.o , . ., 
1., ' , .. 
s:o ,., 

\. f. J . ,., ,. 
- . . .. 

4-7 

21.6 

23.3 

22.9 

21.7 

lt.6 

21.a 
25.J 

26.S 

20:-0 

i, .• 
20., 

12.2 

1-U 1 3-11 H-H 

25.J 20. 12 . J 

26 . S lt. l 10.t 

31.0 22.0 t.l 

30.2 22.7 10.1 

J0.4 23.5 U.7 

w., 22., ,.a 
)7.6 n.o ,.o 
l7.2 18.2 6.1 

34.5 23 . 1 10.) 

. 31,9 24.0 -10.•· 
2°3.J ' . · ·u., ·. 29.6 , 

27.6 21.l 11.J 

Dauphin 

: , 1• , _54 25-U 32-JI H-46 SS-t 

4.'7 1.1 .2 

4.1 . .1 • 
2.8 •• • 
4.3 1.1 • 2 • 
s.s 1., ., • 
,.1 ., • 
J.1 •• • • 
1.1 . , • 
3.4 . , • • 
,.o ., ·.i 

3.8 .t • • 
. ,.o . 6 • 

-· ·-· 
\ ,,, 

Table 5.12 Mean monthly percentage frequency of winds by various 

range of speeds (mph) - Rivers (Brandon) 

CAs. 1- , 
· - 1 

0-.U 13-U, l t - 24 JS- 31 U-Jt 31-tt 41- 54 55 .. 13 
1~Y ••• s.o 11.1 l0.2 23.7 11., ,., 1.3 .a PDMIUY ,. s I s., 21.S ll.1 22., 1. 3 l.5 .6 .a ' • • JIUQI a., I , ., 20.J JJ.7 27.0 9.1 l .1 1 .0 .z • Utm. ••• ,.. H.l n . , 2t.1 12.5 1 .7 l .J . l • MY 1., f J.5 14.1 30.6 30. 7 13.1 s. 2 2.0 ., • .,,, .. 

2.5 .J.4 lt.l 32.6 26.8 11., 3.1 .8 . 2 ftll.l J.J ,., u .s 38.1 22.l t.5 J . l .5 • AVOOft ,.o ,., JJ.6 l0. 9 23.0 ,., ,.s .7 • Nl'RICUa 1. s l.1 lt.J 35.,~ . 25. 0 10., 4 . J .t • ' OC"Naaa 2.1 a., 17.0 lS.O 2s., 10.7 s.o 1.6 •• ~ 2., ,l .1 11. 5 
.. 

34.S 25.t 10,0 · ' 3.9 l.l .s • oec .. n - • . ~-., . ~--1 19.0 lO.I 24.S 10.2 4.1 . . . .• t. .z • .. 
• i.a, ftLU .1s 
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Table 5.13 Mean monthly percentage frequency of winds by various 

ranges of speeds (mph) - Portage la Prairie 

CM.a 1- 3 ... 7 e-u u-ia H-M U-11 aa-• )9-46 ,,_,. SS-'3 

JUV.UY ,.o ).2 1 , • • •. , n.1 a.a a., ••• • 
rDIIIAD ,.o 4.l u ., at., .. , ,.o 1.s •• .J • , 
MAilat , .. 3.6 1,., ••• H.1 , .. 1.1 ., .2 

Anll. 4.t 2., H.O •. s 12.2 10., ,.s ., .1 

IIAY s.t 2.4 17.l n.o .. , 10.J ,.s ., • 
J"Uft I.J 4.4 z,.1 u.o 2,.1 S.> 1., .l • 
JULY ,., s.2 2,., u., JO.O 4.0 ., • 
AUQJST 10.l 4.t 2,.2 u.2 20.t 4.t 1.4 .1 • 
SEl'RMIID ,.s 4.0 20., N.1 N.l 1.4 2.0 .2 • 
ocroau. , .. J.2 19.5 H.t H.S ,., 2., ., .1 

IIOY'DaD 5.2 a., 10.0 . l2.t aa.o 1.l 2., ., • • 
I occaa• 7.1 l.6 21.s JO.I U.l .. , a.t ., • 

• L&II 1HAII .11' 

Table 5.14 Mean monthly percentage frequency of winds by various 

ranges of speeds (mph) - Yorkton 

• 

l• l ... 7 1-U U-11 1~24 H-ll )2-Ja Jt-46 47-54 55-U 
CAI.II 

, .. 20.0 ll.S 24.S , .. 2.7 .4 • 
J ;...'-'vAltY 4.7 

19.5 ll.t 25.0 e., 2.s . s • • 
f'EBRUAaY ,.1 s., 

KAIICH 4.6 4.) 11.5 32.2 za.2 t.7 2.5 .) • 

17.l 12.1 21.1 11.2 4.2 • 9 • • 
A.PllIL l.6 1., 
MAY 3.4 1., 16. 7 U.2 as., 11.t S.1 1.7 .2 

1., 17.5 H.O 2,.1 10.5 3.5 .s • 
JU!III: l.l 

21. 7 38.0 21.0 ,.1 l. 7 • 2 • 
JULY , .. ,.1 
AUGUST s. s 4.l 22. 7 37.S 21.t 6.l l.9 . 2 

st rromu ,.o 3.4 16.0 JS.I 26.6 9.6 l.S .7 • 

17.2 ]6.2 27.5 9.5 3.4 .7 • 
OCTOBl:lt 2 . 7 l.2 

19. 2 34. 1 JS. 9.2 ).5 1.0 .l • 
SO\"tMB£1t 4.2 l.2 

21.0 12., 25.3 ,., 2.9 • 5 • • 
;:>£C£MBE• , . 2 4.4 

• U:SS fflAJf • lS 
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fv'AXIt-ffi WIND GUSTS 

Data on maximum wind gusts are useful in the developmen t 

of most human structures and provide explanation for the destruc ~ive 

effect of winds on vegetation. Figures 5.13 to 5.17 show the computed 

maximum gust speed in miles per hour for January , April, October and 

the year over southern Saskatchewan and southern Manitoba . Inte~

polation between the isople ths is risky, as local var iations must be 

significant, depending on topography. On the open prairie, wind 

gusts have reached 80 miles per hour or more in most months. Sl i ghtly 

lower values can be expected in the forested areas of the Park, 

however. 

MEAN WAVE HEIGHTS ON CLEAR LAKE 

Clear Lake is the largest body of water within the boundaries 

of Riding Mountain National Park. The ·1ake is oriented roughly 

southeast-northwest three miles wide and seven miles long. A significant 

feature of the lake is that -it has an unobstructed fetch extending 

five miles to the northwest of the Wasagaming beach and dock area . 

Very little dat~ are available relating wind speed with wave he ight 

fo r small inland lakes. Some information was gathered in the summer 

of 1972 from the Wasagaming dock area. These data are summarized in 

Table 5.15, in which a comparison is made between mean wave heights in 

inches and broad wind-speed classes. 
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Table 5.15 Comparison of mean wave heights (inches) with wind-speed 

classes at Wasagaming dock 

1f111D DIRECTIOS 

SPEED • IIE g S& s SW w "" 

S MPH OR L!!SS •2 2 •o 0 •O 3 l l 

6 - 1S MPH •o 5 •3 l •• 4 •10 9 

•• •• •• l •• •16 •12 *18 
16-25 MPH 

25 MPH or GR.EATER N 0 RECORDED O C C U R R E N C E 

* l ess than 5 occurrences 

** no occurrences 

It is possible to generalize from the data in the above table that 

relatively high waves occur when strong winds blow from the westerly 

quadrant. No precise relationships can be determined between wave 

height and wind speeds with the small amount of data gathered in only 

one summer. 

Wind in the Park i s generally lighter than over the surrounding 

area due to the sheltering effect of the heavy tree stands. Occasional 

peak wind gusts in excess of 80 mph can be expected, resulting in 



- 219 -

dead-falls and dama&e to structures in the Park area. The prevailing 

wind is northwester:y during most of the year. As a result, rough 

lake conditions at t he Wasagaming dock and beach area can be expected 

on occasion. 
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MISCELLANEOUS PHENOMtNA 
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Climatological data concerning various miscellaneous weather 

phenauena are of interest to park planners and tourists alike. Tnis 

section concerns sunshine and cloudiness, fog and blowing snow, and 

the number of hours of freezing precipitati on. 

SUNSHINE AND CLOUDINESS 

Practicall y all recreational activities are more pleasant 

in sunny weather than in cloudy conditions. During hot spells at mid

summer, however, the reverse may be true, particul arly for sporting 

events and other vigorous pursuits. 

Table 6.1 shows the mean number of hours with bright sunshine 

in each month at Winnipeg, Dauphin, Brandon (Rivers) and Yorkton 

(surrounding area) and Toronto and Vancouver (distant areas). No 

data are available f r om sites within the Park boundaries. The Campbell

Stokes sunshine recorder is used at Canadian climatol ogical stations. 

This instrument has limitations in that sun shining through cirrus 

clouds will not be bright enough to produce a record and t hat even on 

a cloudless day the intensity of the sun's rays will not be sufficient 

to produce a record until one-half hour after sunrise nor after one 

half -hour before sunset. It is important to realize that records of 

bright sunshine are only comparable with records taken by similar 

instruments . As such, the data presented in Table 6.1 are compatible for 

all Canadian records, but should be used with caution when compared with 

sunshine records from other countries, such as the United States. 
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Table 6.1 Mean number of hours with bright sunshine by months at 

selected stations* 

NU l r.:u JULY AUG. $&PT~ OCT . NOV. •. tEC~ · .Q1111JAL 

ST-'TlOII JAN. rn·. NAR , APR . 
' 

81 "!96 
~ 

2.230 
170 209 2•6 259 311 276 18) 158 

wlNNIPEG 112 U9 

179 221 256 281 257 197 153 82 n 2 , CMS 
, OROm'O A. 87 llO 1,s 

180 253 2•3 305 255 118 116 70 •• l, 931 
\' ~OUVEA A 5 5 93 129 

)24 273 I 1 75 155 88 92 2,284 
.• AU" Hl N 116 138 l76 217 26' 266 

I 
I l 71 94 c;;s 2,359 

• ?AS:DON ,l'>lc 116 14 1 l 74 210 261 270 339 295 193 

'- 1vec• A , 
2U 270 271 323 29 5 187 118 75 89' 2.2•.• 

<ORXTON 102 12 7 174 I 

* Yorke and Kendall (1972) 
** Annual total for Brandon CDA 2157 

I 
I 
I 
l 
I 
l 

' 

' 

Southern Manitoba, including the Riding Mountain National 

Park area, is one of the sunniest areas of Canada, only southern Alberta 

being more sunny. The closest reporting station to the Park, Dauphin, 

receives 2284 hours of bright sunshine annually, the greatest monthly 

total being July, with 342 hours, and the minimum monthly total being 

November, with 88 hours. 

Cloudiness is the inverse of sunshine. In some ways, cloud 

data are preferable, as sunshine data are obviously dependent on the 

length of day, which in turn is totally dependent on the time of year. 

In any case, knowledge of cloudiness during night-time hours d.s of 

some interest. 
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Table 6.2 gives the mean cloud amoun ts and percentage frequencies 

of cloudiness in the three ranges, 8 to 10 tentns (cloudy skies), 3 to 

7 tenths (partly cloudy skies), and zero to 2 tenths (sunny or clear 

skies), by months at the same selected stations described f or the sunshine 

data. 

Table 6.2 Mean cloud amounts and percentage frequencies of cloudiness 

in three ranges by months at selected stations 

••' - - -

r-_:· ~l~'\ 
-

JAN . FEB. IV.R. APR. KAY JUNE JULY AUG. SEPT. OCT. &IOV. Ut:C. YEAA I " 
I -

i.1 · ··. rrtc 
~:,..:a~. Clol.ld 5.8 5 . 4 6.0 6.0 6.1 6.4 5.1 5.3 6.0 5.7 7 , 2 6 . 3 5 . 9 
Frequency of 
e -10110 53 48 54 51 52 53 39 42 49 so 6 7 57 51 
). 7/10 u 1 3 13 18 19 23 l7 24 2 2 16 11 l3 18 
0- 2/10 35 39 33 31 29 24 34 34 29 34 22 30 31 

TOROl'rI'O A 
Mean Clo\1111 7.3 6 .8 6.3 6.2 6 . 3 5.7 5 .0 5.1 5.3 5.6 7.3 7.3 6.2 
Frequel'\cy of 
8- 10/10 67 62 55 53 54 " 3 38 41 47 65 66 53 
3- 7/10 13 15 17 lt 20 26 21 27 22 18 18 15 19 
0- 2/10 20 2l 28 28 26 29 35 35 37 35 17 19 28 

Wv:COUVEA A 
4lle&n Cloud 8.0 7 .5 7.1 6.8 6.4 6.8 , .. 5,1 5. 4 7.l 7.9 8 .1 6 .8 
i.-quency ot 
1 -10/ 10 77 69 6' 59 54 59 30 42 46 65 74 77 61 
3- 7/1 0 t ·13 16 19 20 20 1' 19 15 13 11 11 15 
0 - 2/10 14 , Hl 20 22 26 21 42 39 3 7 22 15 1 2 24 

DALPHlN 
M &fl Cloud s.s s., 5.a 6.0 5.9 6.4 5.2 s •• 5.8 5.6 6.9 S.9 s .8 
Frequency of 
8-10/10 49 so 52 so 50 53 39 41 41 48 64 55 so 
]- 7/10 1' l4 l4 20 21 24 29 26 23 18 12 13 19 
0- 2/10 )7 31 34 30 H 23 32 31 30 34 24 32 Jl 
B ~:-1>0:-
(R l\'t'CS A) 

!1eill! Cloud 5 . 7 5 .3 5.8 6.0 6.1 6.4 4 .9 s.2 s.s S.3 6 .1 5.9 5. 7 
r.:-equency of 
8-10/10 so .a 52 52 53 54 37 42 47 46 61 s, 50 
)- 1 'lO ll 11 14 1 7 19 23 25 22 19 li 11 12 16 
0- U l O 37 41 34 31 28 Z3 l8 36 34 30 20 34 34 
~ VTO.'> 
' :~•n Cloud 5 .3 4. 9 5.1 s.o S.l S.7 4.3 s .o s.s S.2 6.1 5,8 5.3 
fr•iu•"cy of 
8- l / 10 48 44 45 42 43 47 30 40 48 46 55 Sl 45 
l- -110 l2 l2 12 17 20 22 26 22 17 14 12 /0 1' 0- 2/10 40 44 43 41 37 .·n 44 18 35 4G n 1.37 1• 
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Dauphin, the closest station to the Park, has an average cloud 

cover of 5.8 tenths of the sky for the year, with a monthly maximum of 

6.9 during November and a minimum of 5.2 in July. Comparison of mean 

cloud amounts in the Riding Mountain National Park area with other areas 

of Canada suggests that southern Manitoba has generally 1.0 tenths 

l e ss ave rage c loud cover per year than do most qther major regions of 

Canada. Further insight into the pattern of cloud cover over the 

southern sections of Manitoba can be gained by studying the frequency 

of various ranges of cloud amounts over the area. 

The Dauphin area has a cloud cover 8 to 10 tenths (cloudy 

skies), 50% of the time; 3 to 7 tenths (partly cloudy skies), 19% of 

the time; and zero to 2 tenths (sunny or clear skies), 31% of the time. 

Of particular interest is the distribution of the frequency of various 

ca tegories of cloud cover in the month of November, as compared to 

the month of July. In November, the sky is covered by 8 to 10 tenths 

of cloud cover 64% of the time, as compared to 39% of the time during 

the month of July. Further, the data in Table 6.2 indicate that the, 

s easonal variation of cloud cover is typical for the area of the Park 

and southern Manitoba , with the most cloud occurring during November 

and the least occurring during July. Similar patterning of annual 

distribution of cloud cover i s observed in the Toronto and Vancouver 

areas. 
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fCX, AND BLOWING SNOt 

The area of southwestern Manitoba is agrarian in nature and 

very lightly industrialized. There are few obstructions t o vision, 

visibility restric t ~ons being generally the result of fog and blcwing 

snow. 

Fog data are compiled in various ways, such as frequency 

of hours or frequency of days . To make matters worse, fog is defined 

in two ways, dependi ng upon the user. 

In Table 6. 3, the mean number of days with fog f or each 

month and year are tabulated for the stations des cribed earlier i n this 

section. In this case, the visibility criteria is 5/8 mile. Thi s 

may be thought of as thick fog, and its signifi cance in the pursuit 

of recreational act i vities is obvious. All that is necessary to have 

a day with fog is t o have one occurrence during the day with the 

visibility less than 5/8 mile (unless, of cour se, the obstruction is 

snow or some other phenomenon). The drawback of the data in Tabl e 6.3, 

is that no indication of duration can be given . The occurrence on 

any day might have lasted ten minutes or ten hours. 
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Table 6.3 Number of days per month of fog (visibility less than 5/8 

mile) at selected stations* 

STATION ANH- JAN. PEB . MAR . APll. NAY ,1\Jlfl JULY AUG, IDT, OCT, •CN • Dae. 
UAL 

WUllflPt:G 20.7 1.1 2,5 2. J 1.2 o.e 1.0 1,0 1., 2.0 1.8 2., a., 
TORONTO 40 . 7 . 3.8 3.1 3. 9 3. 2 3,3 2.4 2.1 2.4 J.6 ,., J.I ,., 
VA.NCOUVtR 62 . 2 7.6 6.4 2.9 1.2 0.8 o. 4 0.8 3.7 t . 7 11. 3 .. , ••• 
DAUPHllf A ll.2 o. 6 0,5 l. ) 1.5 o. 7 o.8 0. 't 1 . 6 1.7 1.1 l.S 1.0 

, 

BRANDOM 34 . ) .... , . 1 4 . 4 2.) n.9 1. 5 1.3 1.7 2., 2.1 ,.o , . s 
(Rivera) 
YOIUCTON .. 21. 7 2 . l 2.8 2 . 8 1.2 1.0 0,8 1.2 1.1 1.1 1.2 2.0 2.1 

* Hemmerick (1971) 

Desp i te the drawbacks of the data presented in the above table, 

some interesting comparisons can be made. The area of southwestern 

Manitoba has on the average one-third the number of days with fog as 

Vancouver and less than one-ha lf the annual number as Toronto. Dauphin 

has the lowest annual numbe r of days of fog in the group, with a 

maximum during the month of September, when 1.7 days out of 30 can be 

expect ed to r eport fog, and a minimum in February, when one occurrence 

of fog can be expected in two years. It should be pointed out that 

the occurrence of f og is highl y dependent on local topography. While 

Dauphin normally reports 13 days with fog per year, Rivers, near 

Brandon, reports 34. It is d i fficult to make any valid j udgment as to 

fog conditions within the Park area, and, no doubt, conditions vary 

significantly, depending on t errain. 
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Some data are available on the number of hours per montn with 

fog. These were presented earlier as Tables 3.14 to 3.17 for Dauphin, 

Winnipeg, Rivers (Brandon), and Yorkton in Section .3, dealing wi~h 

precipitation. Th se duration data are i n some ways more useful than 

that given in Table 6.3, but the visibility criteria is six miles, 

a useful value for aircraft operation, but of little interest f or 

recreation pursuits except photography of distant land features. 

The other maj or restriction of visibility is blowing snow. 

The data presented in Tables 3.14 to 3.17 described above also include 

the number of hours per month of blowing snow. The average number 

of hours of blowing snow at Dauphin (Table 3.14) is 156 over t he 

winter season, wi th the maximum monthly occurrence being January, with 

56 hours. The blowing snow conditions across the open prairie 

surrounding the Park show considerable uniformity . However, wind speeds 

over forested areas of the Park are much lower on the whole, so that 

the occurrence of blowing snow would be also considerably less. An 

exception may be in the western highland area of the Park, where grassy 

knolls may be exposed to winds similar to those that occur at Yorkton 

and Brandon. 
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Nl.MBER OF HOURS OF FREEZING PRECIPITATION 

The data presented in Tables 3.14 to 3.17 described above 

also include the number of hours of freezing precipitation. These 

data include both hours of freezing rain and of freezing drizzle. 

The former is much more serious than the latter, but both conditions 

are grouped together. The data for Dauphin (Table 3.14) indicate 

that 54 hours of freezing precipitation can be expected in a normal 

winter, with the worst month being November, with 14 hours. 

S~RY 

The Riding Mountain area of southern Manitoba is one of the 

sunniest in Canada. Visitors can expect about 150 hours of bright 

sunshine during a two-week period during July or August. Also, 

during July or August, the cloud cover will be 7 tenths or less 55 

to 60% of the time and 2 tenths or less about 30% of the time. 

Little r estriction in visibility due to fog can be expected 

during the summer months at the Park. Only one or two days with an 

occurrence of fog is normal from May through to September. 



SECTION 7 

RECOMMENDATIONS 



- 249 -

GENERAL RECQ\t-'1ENDATION 

The most obvious recommendation f lowing from the production 

of this inventory is to caution individuals reading this report ~ot 

to consider this report as the final statement. This is, and must be 

the first step of an on-going inventory. 

To assure that this report is not the final statement, the 

following recommendations should be pursued. 

RECO"MENDATIONS ON LAND USE 

The relatively low temperatures of both the air and water 

in the Wasagaming area will frequently cause discomfort during the early 

and late portion of the summer recreational season. To promote the 

usefulness of exist ing facilities in the highland area and Wasagaming 

townsite area of the Park, the following recommendations are offered: 

1. Tent ~ng areas be provided with semi-enclosed, heated 

kitchen shelters. 

2. Swimming facilities be developed in one of two ways: 

firstly, the isolation of shallow lagoons to take advantage of the sun ' s 

heat; or secondly, the development of a semi-enclosed heated swimming 

pool area to extenci the swimming season throughout the period of the 

summer. 
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Rainfall in the Park during the summer months is largely 

in the form of showers or thundershowers, resulting in occasional 

inconvenience to visitors in the park. Hiking trails and golfing 

areas, especially in the areas that are relatively open, should be 

provided with small rain shelters to protect people from wetness and 

from the potential hazard due to lighting strikes. 

Occasional wind-storms in the Park area can result in two 

difficulties for Park officials and users. The prevailing northwesterly 

wind direction over the Wasagaming area will frequently cause rough 

water conditions in the dock and beach areas. Strong winds will also 

be a hazard in the Park, causing the failure of older, less durable 

or dead trees and unsound structures in the Park. A system should be 

developed whereby Park wardens assess the health and durability of 

large trees in developed a r eas. The gradual cutting of dangerous trees 

would considerably diminish the danger to humans and safeguard 

facilities within the Park. 

During the winter season in the Park area, the Park has an 

adequate snow ba se and snow cover to support numerous winter sport 

activities. Although temperatures in the Park are generally 1ower than over 

the surrounding areas, winds are usually lighter, and the development 

of winter resources within the Park area should be a high priority. 

To promote the use of cross-country ski runs and trails and snowshoeing , 

a network of chalets or shelters might be developed at intersections of 
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sk routes to provide warmth and protection for people using the trail 

network. The Park area represents a large resource for the development 

of winter sports in southwes tern Manitoba, and every effor t shoul d be 

made to develop this natural r esource with a minimum impact to tae 

environment of the Park area. 

RECCX''t1ENDATIONS ON METEOROLOGICAL MONITORI NG 

The basic climatological network, both inside and outside the 

Park boundaries, should be improved. These observation sites are 

shown in Figure 7.1, and they should be equipped to make daily observations 

of maximum and mi nimum temperature and precipitation. In addition, 

supplementary climatological observations should be taken from a 

number of sites within the Park. 

Improvements to the Basic Climatological Network Outside the Park 

Parks Canada, should in this fiscal year (1975-76) approach 

Environment Canada (Atmospheric Environment Service) to develop voluntary 

climatological stations meeting the national standard at the following 

locations: 

1. Gilbert Plains Manitoba 

2. St . Rose Du Lac, Manitoba 

3 . Erickson , Manitoba 

4 . St. Lazare, Manitoba 
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Improvements to the Basic Climatological Network Within the Park 

The Atmospheric Environment Service should be approached to 

help establi sh climatological stations at the following locations: 

1. Moon Lake Campground area 

2. Whirlpool Lake 

3. Lake Audy 

4. Birdtail Creek - Gunn Creek Junction 

In addition, observations should be continued year-round 

at the present climatological stations: 

1. Wasagaming Townsite 

2 . Riding Mountain Park Climatic Station 

These stations should be operated by Parks Canada employees. 

Supplementary Observations Within the Park 

Wind 

Continuous recording anemometers should be procured and 

established at the Birdtail Creek - Gunn Creek Junction site and replace 

the obsolete recording anemometer at the Wasagaming townsite. 

Precipitation 

Continuous recording storage type rain gauges and snow gauges 

should be procured and established at the Birdtail Creek site and the 

Wasagaming climatological station. 
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Evaporation 

An evaporation pan and accessories should be procured and 

established in the Wasagaming climatological station. 

Snow Survey 

One or two snow survey kits should be procured for use at 

snow survey runs to be established a t the following stations: 

1. Moon Lake Campground area 

2. Whirlpool Lake 

3. Lake Audy 

4. Birdtail Creek - Gunn Creek Junction 

5. Wasa gaming sites 

Supplementary observations such as mentioned above are 

currently being carried out at the Riding Mountain Park climatologic{3.l 

station. Officers of Parks Canada are advised to familiarize themselves 

with the operation of this station by touring the facility. 

Lake Water Temperature and Ice Break-up and Freeze-up Dates 

Submersible thermometers should be procured and measurements 

of lake water temperature should be made at the following sites: 

1. Wasagaming 

2. Lake Audy 

3. Whir lpool Lake 

4. Moon Lake Sites 
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A log of the break-up and freeze-up at the above sites should 

be kept. 

Data Storage 

The Atmospheric Environment Service should be approached for 

the processing of information arising from all newly established 

climatological network stations established in the study area. Information 

of a supplementary nature should be gathered and recorded on suitable 

forms and an archive established at the Parks Canada Regional Head

quarters in Winnipeg. 

Personnel 

The supplementary observations and the Park climatological 

stations will require the services of at least one man per year. 

Negotiations with Atmospheric Environment Service should be conducted 

either to train an individual contracted by Parks Canada or to supply 

a qualified technician to conduct the observation program. This 

individual should be on the site by the summer of 1975 with the 

complete program to commence operation by Sept'ember 1, 197 5. 

Expenditures 

Environment Canada has recently adopted the policy of cost 

recovery for service. Parks Canada can expect to assume the cost for 

the entire supplementary observation program and personnel. Environment 
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Canada will , howev r, supply, install and inspect all cliiilatological 

sites, provided that data is made availdble to them. Thib situa.:ion 

alr~ady exists int e operation of the Wasagaming climatological site . 
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