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ABSTRACT 

Maps of mean daily temperature, precipitation, number of days with a minimum temperature 
of _2.2°C or below, and water deficiency assuming a soil moisture storage level of 100 'mm are 
presented for the individual summer months May to September and for the summer season (May to 
September). The study used data from 360 stations for the months May to September for the years 
1961-1970 and included all stations in the forested areas of the Prairie Provinces with an adequate 
record during the same period, but only selected stations in the southern agricultural area. It was 
necessary to generate missing daily values for many of the forest-fire weather stations, especially 
in May and September, to provide complete sets of data to estimate mean values for the period. 

R ESUME 

Les auteurs ont dresse des cartes indiquant la temperature moyenne quotidienne, les pre­
cipitations, Ie nombre de jours ou la temperature minimale etait de _2.2° C ou moins, et la deficience 
hydrlque (en supposant que la teneur en humidite du sol rut de 100 mm) pour chacun des mois de 
mai a septembre ainsi que pour toute la saison estivale (mai a septembre). Leur etude s'etayait sur 
les donnees provenant de 360 stations pour les mois de mai a septembre des annees 1961 a 1970, 
et incluait toutes les stations situees dans les regions boisees des Prairies ayant une fiche adequate 
durant la periode etudiee, mais seulement quelques stations choisies parmi les regions agricoles du 
SUd. Pour se procurer des ensembles complets de donnees permettant d'estimer les valeurs moyennes 
concernant la periode etudiee, il leur a fallu generer les valeurs quotidiennes qui manquaient pour 
plusieurs stations foret-meteo, particum�rement en mai et septembre. 

! Assistant Professor, Geography Department, York University, Downsview, Ontario. M3J IP3. 
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INTRODUCTION 

A large volume of climatological data 
was generated during the development of 
a factorial summer climatic classification of 
the forested regions of the Prairie Provinces 

(Powell and MacIver 1977). That study used 
data from 303 stations for the individual 
months May to September for the years 
1961-1970. Daily temperature and precipita­
tion values were employed to provide mean 
monthly daily temperatures, monthly pre­
cipitation totals, frequency of days with a 
minimum temperature >_2. 2° C, and water 
deficiency values for the months May to 
September for each of the stations used in the 
analysis. In a further study briefly reported 
by Powell (in press), 24 stations were added 
to the earlier study to represent the southern 
predominantly agricultural area of the Prairie 
Provinces, and Churchill was added to repre­
sent northern Manitoba. Mean monthly daily 
temperature, monthly precipitation totals, and 
frequency of days with a minimum tempera­
ture of _2. 2° C or below were obtained for 
these additional stations and for a further 32 
stations in the agricultural area, including 
Cypress Hills Park, for the months May to 
September for the same period (1961-1970). 

Most of the above data, with the addi­
tion of locational data for each station, were 
used to develop maps of summer climatolog­
ical zones for the area (Powell in press; Powell 
and MacIver 1977). However, these publica­
tions do not provide information about the 
individual climatic variables used in the analy­
sis, other than to show which are the most 
significant variables and to give zonal means 
and ranges for them. In order to make this 
information available, seasonal and monthly 

(May to September) maps have been drawn of 
mean daily temperature, precipitation, fre­
quency of days with a minimum temperature 
of -2. 2°C or below, and water deficiency 
assuming a soil moisture storage level of 100 
mm at the beginning of the season. 

METHODS AND MATE RIALS 

All climatological stations in the pre­
dominantly forested area and fringe agricul­
tural areas of the Prairie Provinces with 6 or 
more years of daily temperature and precipita-

1 

tion data during the months May to September 
inclusive in the 1961-1970 period were con­
sidered for use in this study. A few stations 
in the adjacent portions of British Columbia, 
Ontario, and the Northwest Territories were 
included to aid in the placement of isolines. 
Most of the raw climatic data was purchased 
from the Atmospheric Environment Service, 
Environment Canada, Downsview, Oritario. 
The study was restricted to the summer 
months, as data are available for these months 
only from the majority of the forest-fire 
weather stations in Alberta. Unfortunately, 
comparable data were not available from 
forest-fire weather stations in Manitoba and 
Saskatchewan. Data from 57 selected stations 
from the southern agricultural regions were 
added to cover the non forested portions of the 
Prairie Provinces. The density of stations for 
the nonforested portion of the study area is 
therefore sometimes less than for the forested 
areas, where all stations meeting the selection 
criteria were included. In the maps the 360 

(Figs. 1-18) or 303 (Figs. 19- 23) stations used 
for the study are shown by dots. Powell and 
MacIver (1977) mentioned that a few stations 
appeared to have inconsistent data. Data from 
these suspect stations were checked in the 
Monthly Record (Canada Department of 
Transport 1961-1971); in most cases the earlier 
data proved to be inconsistent and were 
therefore adjusted for use in this report. 
Adjustments included derived data for the 
number of days with a minimum temperature 
of _2.2° C or below. but water deficiency data. 
were not recalculated using adjusted data. 

The factor analytic procedure used for 
the macroclimate grouping required complete 
sets of daily observations for each station 
for the period 1961-1970 from May to Septem­
ber inclusive. It was therefore necessary to 
generate missing daily values for many of the 
forest-fire weather stations, especially for 
portions of May and September when they 
were often closed. The estimation procedure 
involved curvilinear regression analysis, using 
available data from an incomplete station as 
the dependent variable, with corresponding 
data from a nearby complete station as the 
independent variable. If the F-ratio was signif­
icant at the 95% confidence level, the regres­
sion equations were used to estimate values 
for the missing data from the data for the 
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complete station. If the regressions were not 
significant, the stations were eliminated from 
further analysis. Water deficiency values were 
calculated using Thornthwaite's water balance 
technique (Thornthwaite and Mather 1955) 
adjusted for a 7-month period from April to 
October, assuming a soil moisture storage 
level of 100 mm (4 in. equivalent) per year by 
the end of March. The _2. 2° C (28° F) minimum 
temperature was selected because values below 
it are considered to be killing frosts for most 
sensitive vegetation. Further details on the 
method of generating data, the selection of 
stations and variables, the study period, and 
study area are given by Powell and MacIver 

(1977). 

R ESULTS 

Temperature 

Seasonal (May to September) mean daily 
temperatures are shown in Fig. 1. Mean tem­
peratures range from 5.6° C at Adams Creek 
Lookout to 16AoC at Medicine Hat. Seasonal 
mean daily temperatures are> 15° C in portions 
of southern Alberta, Saskatchewan, and 
Manitoba. For much of the rest of the agricul­
tural area they range from 12.5 to 15° C, 
although a few locations have means below 
12.5°, including some in the Peace River area 
and in the area north of North Battleford in 
Saskatchewan. In the Rocky Mountains and 
Foothills area of Alberta there is a considerable 
gradient in means from <6.0° to > 10° C. 
Most of the lower Foothills and the Swan Hills 
have values between 10 and 12.5° C. Areas of 
higher elevation in northwestern Alberta and 
around the Birch Mountains have mean tem­
peratures close to 10° C, but most of the boreal 
forest area in Alberta has values between 11 
and 12°C. 

There is considerable range in the mean 
May temperature in the area (Fig. 2). The 
southern area, including most of the grasslands, 
has mean May temperatures> 10° C, but some 
of the lookout stations in the Rocky Moun­
tains have mean May temperatures close to 
0° C. The isolines of the means tend to form 
almost uniform bands stretching from north­
west to southeast. Thus, the 10°C isotherm is 
south of Winnipeg in Manitoba, but north of 
Edmonton in Alberta. Isotherm bands are 

also found parallel to the mountains, although 
stations in the major passes have higher tem­
peratures. Certain local uplands, such as the 
Swan Hills and Birch Mountains in Alberta 
and Riding Mountain in Manitoba, have notice­
ably cooler temperatures. Mean May tempera­
tures are generally <5°C in northern Manitoba 
and northeastern Saskatchewan. 

By June most of the agricultural area has 
mean temperatures> 15° C (Fig. 3). The highest 
mean temperatures for June are recorded at 
Emerson (17.5°C) and Morris (17.1°C) in 
the Red River valley, and at Medicine Hat 

(17.0°C) in southeastern Alberta. Several 
other stations record mean temperatures 
> 16° C in southern Manitoba and Saskatche­
wan. A few lookout stations in the Rocky· 
Mountains still record mean temperatures close 
to 5°C, and several others <100e, but most 
stations in the study area have mean tempera­
tures > 10° C. In the Peace River area mean 
temperatures range between 12.5° C and 
14.7° C, the latter occurring at Fort Vermilion. 
A few of the extreme northern stations have 
mean temperatures <12.5°C, as do stations in 
the Birch Mountains and northwestern Alberta, 
while the mean June temperature at Churchill 
is only 604° C. 

Mean July temperatures (Fig. 4) reflect 
almost the same pattern as mean June tem­
peratures, although southern stations are 
considerably warmer than in the earlier month. 
Several stations in the extreme south have 
mean temperatures >20° C, and much of the 
agricultural area has temperatures >17.5° C. 
A few stations at �igher elevations in the 
Rocky Mountains still have temperatures 
< 10° C. Most of the remainder of the study 
area has mean temperatures > 15° C, although 
there are notable exceptions. These include 
stations in the Alberta Foothills and some to 
the east of these in the Swan Hills and the 
area north of Lesser Slave Lake. Other areas 
with mean temperatures <15° C include the 
Birch Mountains, northwestern and east-central 
Alberta, northeastern Saskatchewan, and 
northern Manitoba. 

The pattern of mean August tempera­
tures (Fig. 5) is very similar to July except 
that temperatures are slightly cooler. Mean 
temperatures in southeastern Alberta and 



Lt") , 
N ! 

• 

• 

• 

" . 
-

-'-'-'-'-'-'-'�'-'-'- I-'-'-'-'--

i 
I 

C;::; ! I 
e· i 

• 

. .  
• • 

� • • 

. . " " . 
• • 

• ! , i 
. i \2;)1 (!;.M • ! 

• ! 
I 

• 

·_._t_._ -'-'-'r'-'-'-'-'-'-'-'-'-'-'-' 

10 

• 

........ I 

. � · i i '12·5 ----_....;.... r ...... 
...... i 

....... / i 
. . . \ 

E .. • 

i • 

, , .. ' � � .!��., J. � 
, /. i I i 

'PA 

·s 

• • 

• 

• 

• • 
• 

• 

\ / 
I 
\ 

/ 
I / / i 

./ 
I \ 

, - \ 
. i 

\ 

· i • 
\ 

i "  \ 
. . \ 

• !. • • \ \. �: . " �J • • •  
---....,;---� . \ 

w 

/ 
/ 

i i 

i 
I I 

.-.--._.--. ...... 

.\ 
. .  , . r, 

'J . 1...,)- ! • - . : .�.-.. J ' . '- ' 
. _. __ .!. __ ._._._,:" ,_,_",_,-,-,-'-'-'- .... --.....- . .a. . .; ...... , 

Fig. 1. Mean May to September temperature (OC); 1961-1970. Dots represent stations used in the analysis. 
B-Brandon; C-Calgary; E-Edmonton; FM-Fort McMurray; FV-Fort Vermilion; GP-Grande Prairie; L-Lethbridge; PA-Prince 
Albert; R-Regina; S-Saskatoon; T-The Pas; W-Winnipeg. 

c,., 



S ·_·-·_·-· .... ·_·-1-·_·-

; 
I 
; 

._.-. \ 
-'--'-'\-'-'-r '-'-'-'-'-'-'-\-'-'-'-' 

I 

i 
i 

I 
i ... .. 

• 
i!>. 

v 

• 

I 
'f I /­
i , I 

1. I 

I 

• • 

- 1 ", . 

• 's 

i 

. - .- . - . - .�-:-

°l 

Fig. 2. Mean May temperature CC), 1961-1970. 

'PA 

\ ! 

R .  

• , 

• • • 
, 

• 

"& 

. \ 
r t?) 

, 
• 

• 

I 
� 
! • 

.1 " ! 

, 
i 

2'5� 

• • 

" i 
0_. __ '_ ...... _._.J:.. -�"-'-'-

...... , 

s ......... 

" . ' , 

....... 

--

. . 

,/ 
I 
\ 
\ 

, , 

\ 
\ 

I 
/ i ; i i 

I I 

Ii 
l 

./. 

\ 
\ \ \ "\--, 

I 
I I 

j \ 
.... , ._.. . ...... -.� . ."., .. . ..... 

"'" 



� 

---_.-.--._. 

- . - ---'-'-1 -'-'-' 

�2s...· ':....J .. . . 

'(E� 

-

I i ; i i 
I (M .j , 

. , .� ; i • I. i 

i 

! . • 

i i· 
, I i i 

/. i 

....... -
o L -<;t? j � 

i ' " 
. . -. - .- . - . .  - . .. 

• 

Fig. 3. Mean June temperature (C), 1961-1970. 

.-.-._.­--'-'--'-'-'r'-'-'---'--'-'-'-'-' 

·s 

R • 

o 

I i i 
t 
i i 
i i • 
i { ! 
I i \ 
i 

. \ 
r 
I , 

\ 
\. 

" 
y. 0 ........ 

'-
'-

'" 

I i I 
./ 
I 
\ 
\ I 
\ ! 
I i. !� • • 

" \ . 'fY 'A\� 
• eo • \ I ' � 
W 'h • \ aO . , 

,j 
\. p 

-.-
i 

,!.._. 
. 

.- . -1:.._._._._._·-
._._.: '-�'-'-'-

01 



6 

, i " 

; 
, i 

, 
i 
, i , r-'-'-'-'-'-' 
i 
; 
� 
, 
\ 
; 
, 
j 

,V> ! 
/ I 

I I 
i 

/ 

/ 

,._.-._._. 
; _._. __ .-

, 
i 

J 
I 

! 

.�-. "' ........ 
" 

I 

/ 
/ 

I 
I 

---.---
• 

-----

� y'{J. 

. . 

._-- . -'-. -. 

• 

; 
,. 
\. , 
.,-, 

• j 
..£_. 

---_.---. " 
, "', 

. . 

'" . 

• • 

• 

. • • , 
• • • '\0 

.. 
• -3: .. � • 

� • 
• 

• 

·cO 

� \ 
, 

• i i 
..

. . 
. , .-. -.- .--_.-._-_._., :. : : .� 

e 
CIt· • 

• ! 

-�-' �. / .. __ ...... 
• r 

.-.� � of 

i 
j .i 

.' I 
f 

� -
o 

o '-' 



.... 
tv 

,_.- ...... -
-

,. :�� . -.- . -. - . .' 
.-._._.-.-

. 
{� -'-;-'---'-'-

'
-'-'-'-'-'-'-'-'-'-'-'-'-'-'r

'-'-I 
• 

. . , , I I • 
• . i <-) I i 

I 

1! : ! F.V (:--.. . I i I . 
. 

. 
I I 

. ,... I 
• 

• 
.. , . 

• 
I 

I 
. • 

. 
I 

00 

'.�-.5' 

.... -.. 

. 

c'& .e • • 
• 

• ! 

i 
I 
i i 
I i \ I .,. 

• 
• . . 

15 

i . 
! • • 

f · -(:i." · W . 'PA 
I • 

/. 

. � 
I 
I 
i 
I 
\ 
! ·1 
I • I' i I 
'\ 
t 

i 
\ 
\ \ 

_ i 
.\ " 
. � , 

\ . \ 

! R � • • : \ 

i / I l / 

/ 'y'") I <.S I 

........ 

• 

j. �. 0 .�
.

. . • 
°0 \. _17·5-

. ! o ·  0 11\5 oW ��17'5- I 
'l �. 0 �. 8'·' • or' d . 

\ 

. 

. . 

. 

. . 

. . • . i .  . 0 _"J '. 
. -�-. . . '. ., - .. -. !-.�.-- ....... . - . ... ,""'.,. , 

- , '-'- . ._ • ...,._, • .,.. 2' __ '=---"· ___ ._.J_ .. __ .. -._.-"- '-' 
,..----

Fig. 5. Mean August temperature CC), 1961-1970. 
-.J 



8 

southern Manitoba are still > 19° C, and a 
considerable area of the southern prairies 
has means >17.5° C. A few stations in the 
Rocky Mountains have mean temperatures 
<10° C, but all others have higher tempera­
tures. Most of the forested zone in Alberta 
has mean temperatures <15°C, but in Sas­
katchewan and Manitoba the southern boreal 
forest zone has mean temperatures ranging 
from 15° C to as high as 17.5° C in south­
eastern Manitoba, where elements of the 
Great Lakes Forest Region are found. Only 
a portion of the Peace River area has mean 
temperatures> 15° C. 

Considerable cooling has occurred by 
September (Fig. 6). Only a few southern 
stations have mean temperatures >12.5° C; 
Medicine Hat (13.3° C) and Morden (13. 2° C) 
record the highest values. Much of the north­
ern fringe of the agricultural zone has mean 
temperatures > 10° C, but only a few locations 
in the Peace River area do. Several areas in 
Alberta, generally at higher elevations, have 
mean temperatures close to 5° C, although in 
Saskatchewan and Manitoba only the extreme 
northern stations have temperatures <7.5° C, 
and none have a mean temperature <5.7° C 

(Churchill). 

Precipitation 

The seasonal (May to September) map 
of precipitation (Fig. 7) shows values ranging 
from around 150 mm on the south shores 
of Great Slave Lake to 483 mm at Emo, 
Ontario. In Alberta there are several areas 
in the Foothills with total precipitation 
>450 mm, and the Swan Hills and Marten 
Mountain-Stoney Mountain areas have >400 
mm. Most of the agricultural belt in Sas­
katchewan and Alberta, including the Peace 
River area, receives between 200 and 300 
mm, although <200 mm occurs in parts of 
southeastern Alberta and southwestern Sas­
katchewan. Southern Manitoba generally 
receives more precipitation, from 260 mm to 
>400 mm in the extreme southeastern area 
and at Riding Mountain Park. Much of the 
boreal forest zone receives >300 mm, al­
though totals are less in the northern area. 

For the most part, May is the driest of 
the five summer months, with most of the 
area having precipitation values between 25 

and 50 mm (Fig. 8). The Alberta Foothills 
area extending out to the Swan Hills, and 
southeastern Saskatchewan and southern 
Manitoba have precipitation totals >50 mm. 
In the extreme south of Manitoba and in two 
areas of southwestern Alberta totals are 
> 75 mm. In the main plains area there are 
four small areas with >50 mm and three with 
<25 mm, including southwestern Saskatch­
ewan. The extreme northern stations all 
have precipitation totals <25 mm, and values 
at several stations in the Rocky Mountains are 
<50 mm. 

As precipitation reaches the maximum 
level for the year in June and July, the 
pattern of rainfall distribution changes 
radically from May's. In June several areas 
in the southern Alberta Foothills have precip­
itation totals > 125 mm, and generally 
much of the southern Foothills receives 
> 100 mm (Fig. 9). The northern Foothills 
have <100 mm, some of the stations in the 
interior valleys of the Rocky Mountains 
receive < 7 5 mm, and Jasper receives < 50 
mm. Several high-elevation stations in the 
Swan Hills and northeast of Lesser Slave Lake 
have totals > 100 mm. Throughout the 
agricultural belt of the Prairies, including 
much of the Peace River area, totals generally 
range between 50 and 75 mm, with localized 
areas in west-central Saskatchewan and 
southeastern Manitoba receiving more. The 
extreme northern stations, including stations 
in the Lower and Upper Peace River area, 
have totals close to or < 50 mm. In July 

(Fig. 10) the highest precipitation totals 
occur in southeastern Manitoba and adjacent 
Ontario, and in a zone in central Alberta. 
Precipitation totals > 100 mm also occur in 
northern Alberta. Most of central and north­
ern Saskatchewan has <75 mm, exceptions 
being portions of the eastern and western 
provincial boundary areas. In Alberta the 
southwest, the valley-bottom stations in the 
Rocky Mountains, the Peace River region, 
and some of the northern areas all have 
<75 mm. The lowest precipitation totals 
«50 mm) occur in southern Alberta from 
the Porcupine Hills south to the border with 
Montana, and throughout southwestern 
Saskatchewan. The lowest July precipitation 
occurs at Manyberries (27. 2 mm) in south­
eastern Alberta. 
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The August precipitation pattern is 
roughly the same as July's, but totals are 
generally lower; most of the area receives 
between 50 and 75 mm of precipitation 

(Fig. 11). Central and southern Saskatchewan, 
southern Alberta including stations in the 
Rocky Mountains, the Peace River region, and 
northern Alberta and adjacent Northwest 
Territories all receive < 50 mm. Southeastern 
Manitoba and a triangle in west-central Alberta 
all receive >75 mm, with the highest values 

(124.5 mm at Goose Mountain) in the Swan 
Hills. The lowest August precipitation occurs 
at Medicine Hat (19.1 mm) and Carway (22.9 
mm) in southern Alberta and at Val Marie 

(22.6 mm) in southwestern Saskatchewan. 

By September total precipitation is 
generally much lower (Fig. 12), although more 
falls in portions of southwestern Alberta during 
this month than in July or August, generally 
the wettest months throughout the area. 
Precipitation ranges between 25 and 50 mm in 
a broad band through southern Manitoba, 
central and southern Saskatchewan, and south­
ern, central, and northern Alberta. The lowest 
total occurs at Nashlyn (21.6 mm) in south­
western Saskatchewan. Other low totals 

(25-30 mm) occur in a small area west and 
northwest of Saskatoon, and at four isolated 
stations in Alberta. Several areas have> 50 mm, 
including the triangle of west-central Alberta 
that had some of the higher precipitation 
totals in earlier months, two areas in south­
western Alberta, and a broad band running 
from southeastern Manitoba through northern 
Manitoba, north-central Saskatchewan, and 
Alberta. Only a few small areas receive >75 
mm (highest, 94 mm at Stoney Lookout in 
northeastern Alberta). 

Frequency of Days with a Minimum Tempera­
ture of _2.2° C or Below 

The seasonal map (Fig. 13) of days with 
a minimum temperature of _2.2° C or below 
shows the greatest range in the Rocky Moun­
tains and Foothills area of Alberta, with 
frequencies ranging from <10 to over 35 days. 
Elsewhere, frequencies tend to range from 3 
to 20 days, with those in the agricultural area 
generally with a frequency of <10 days. 
Most northern stations have frequencies over 
15 days, except for some in the northwestern 
portion of the study area. 

The frequency of days with a minimum 
temperature of -2.2° C or below in May ranged 
from over 15 at stations in the Rocky Moun­
tains to <2 in several areas (Fig. 14). The latter 
stations were concentrated in the Peace River 
region, where 10 of the stations had frequency 
values between 1 and 2 days. Thirteen stations 
in central and southern Alberta also had 
values of <2, but only five in Saskatchewan 
and none in Manitoba. The isolines of 6, 10, 
15, 20, and 25 days generally trend from the 
northwest to the southeast. The greater con­
voluting of the 6-day isoline is probably due 
to the larger density 9f stations upon which 
to position the line. Isolines are also found 
parallel to the Rocky Mountains, with a major 
indentation following the Athabasca River 
through the mountains, where Jasper has a 
value of 4 days. The topographic effect of the 
Rocky Mountains is shown by the very rapid 
gradients in short distances in the number of 
days with minimum temperatures of _2.2° C 
or below. 

By June (Fig. 15) only a few areas in 
the Rocky Mountains have > 5 days with a 
minimum temperature of _2.2° C or below; 
none have more than 10 days. Many areas 
have no days with a killing frost , and most 
other areas have <1 day. Nearly all of the 
Peace River region, including an area north­
ward to Bassett and Naylor Hills, has no June 
killing frosts. Other areas at scattered locations 
in central and southern Alberta, as well as in 
discontinuous bands across Saskatchewan, and 
in Manitoba also have no June killing frosts. 

In July (Fig. 16) a large part of the area 
has no killing frosts. Very few stations have 
a frequency of > 1 day; these occur at isolated 
lookout stations in the Rocky Mountains. 

In August (Fig. 17), many stations are 
still without days with a minimum temperature 
of _2.2° C or below. These occur throughout 
the area. A few stations in the Rocky Moun­
tains or high Foothills have > 1 day with a 
killing frost, with the highest frequencies 
occurring at Muskeg Ranger Station (3.3) 
and at Adams Creek Lookout (3.5). 

By September there are considerable 
changes. A few areas in the Rocky Mountains 
have > 10 days with a minimum temperature 
of _2.2° C or below (Fig. 18), and most of the 
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agricultural fringe area now has values from 1 
to 5 days, with isolated locations having >5 
days. The lowest frequencies « 1 day) occur in 
southern Saskatchewan and Manitoba and 
adjacent northwestern Ontario. Several stations 
close to large water bodies such as Lake Atha­
basca, Great Slave Lake, and Lake Winnipeg 
retain relatively low frequencies of killing 
frosts through September. 

Water Deficiency 

The water deficiency of stations in the 
southern agricultural zone was not analyzed. 
In the forested and fringe agricultural zone 
some areas have no seasonal (May to Septem­
ber) water deficiency (Fig. 19). These areas 
occur largely in the Rocky Mountains (exclud­
ing the major river valley locations) and Foot­
hills, with a few stations also in the area 
south of Fort McMurray. Highest water defi­
ciencies (>150 mm) occur in northern Alberta 
and adjacent Northwest Territories, and in 
central Saskatchewan around North Battle­
ford-Saskatoon-Lost River. Most of the agri­
cultural fringe areas, including the Peace 
River region, have water deficiencies > 100 
mm, although areas in southern Manitoba 
and west and east-central Saskatchewan have 
deficiencies between 75 and 100 mm. In the 
zone of the outer Alberta Foothills there is 
a rapid gradient of increasing water deficiency 
eastward from 0, or <25 mm, to >100 mm. 

In May the only station to record a 
small water deficiency was Emo(5 mm) in 
northwestern Ontario. 

The June water deficiency pattern 
(Fig. 20) illustrates that precipitation for 

the year is at or near its maximum during 
this month. A broad band in western Alberta 
and much of the northwestern and north­
eastern areas of the province experiences no 
water deficit in June. In Saskatchewan the 
areas with no water deficiency are more dis­
continuous, and only three exist in Manitoba, 
including the far north. The highest water 
deficiency areas (>25 mm) occur close to 
Edmonton and in a band from Rosthern to 
Tisdale in Saskatchewan. The rest of the area, 
including the Peace River region and much of 
the contiguous northern grain-growing lands 
in Alberta, Saskatchewan, and Manitoba, 
shows only small water deficiencies. 

23 

By July there is a general increase in 
the area experiencing a water deficiency 

(Fig. 21). In Saskatchewan all stations experi­
enced some deficit, with the highest amounts 
recorded at Melville (58 mm) and Uranium 
City (53 mm). In Manitoba, only small areas 
near The Pas and in the southeast recorded 
no water deficit; highest deficits were recorded 
at Moosehorn (64 mm) and Steeprock (61 
mm). In Alberta, water deficiencies >50 mm 
occurred at several stations in extreme north­
ern Alberta and in the Peace River area, and at 
Jasper, but much of the Foothills had no water 
deficit. 

The August water deficiency pattern 
(Fig. 22) is similar to the July pattern. Areas 

of zero deficiency are those that receive the 
greatest amount of rainfall in midsummer and 
are now few and found only in Alberta. They 
include areas in west-central Alberta in the 
High and Low Foothills north of the Bow 
River, an area in the Foothills of southwestern 
Alberta, and several scattered areas in northern 
Alberta. Portions of southwestern Alberta, 
the Peace River region, the Alberta-NWT bor­
der, and a band across central Saskatchewan 
and south-central Manitoba have a water 
deficiency > 50 mm. Four stations had the 
maximum August water deficiency of 76.2 mm 

(Carway, Hay River, Fort Resolution, and 
Notikewin Lookout). In Manitoba, the lowest 
August water deficiencies occur in the south­
east «25 mm), continuing into adjacent 
Ontario. 

Water deficiencies in September (Fig. 
23) are less than in August. Most of the agricul­
tural area has deficits of between 20 and 40 
mm, while most stations in the forested area 
have deficits of 0 to 20 mm. The highest water 
deficit in September occurred at North Battle­
ford (40 mm). 

DISCUSSION 

Maps of mean annual temperature and 
precipitation are provided in most atlases 
covering the three Prairie Provinces, often 
along with maps for selected seasons or months 

(Canada Department of Energy, Mines and 
Resources 1973; Canada Department of Mines 
and Technical Surveys 1957; Government of 
Alberta and University of Alberta 1969; 
Richards and Fung 1969; Weir 1960; Weir and 
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Matthews 1971). However, generally these 
maps are based on 30-year periods of data 
from only first-order meteorological and 
year-round climatological stations; the density 
of stations is therefore relatively sparse. 
Because the forested areas of the Prairie 
Provinces have generally been represented 
on such maps by only a few nonrepresenta­
tive valley or lakeside stations, detailed 
information on them is lacking. Longley 

(1972) has used records from some of the 
short-term summer lookout stations in 
Alberta, but isolines for the Rocky Moun­
tains have been omitted, although some 
actual values have been inserted on the maps 
for the longer-term valley stations. Most 
atlas maps that use stations in mountain 
valley locations show below-average precip­
itation and above-average temperature values 
for these regions unless topography is taken 
into account. A few studies have made 
adequate allowances for topography and used 
hydrological data from other sources in 
preparing maps (Laycock 1957, 1967). Even 
away from the mountains, stations in deep 
valleys receive less precipitation than the 
neighbouring plains and hilly areas (Laycock 
1967; Longley 1973). Some precipitation 
maps have been based on all available data, 
such as that by Laycock (1967) for average 
annual precipitation, 1921-1950, or recent 
ones by Powell (1977) of annual, winter, 
and summer precipitation for the Eastern 
Slopes of the Rocky Mountains and adjacent 
areas of Alberta. 

There are no comparable seasonal maps 
of mean summer temperature (May to Sep­
tember), although Weir and Matthews (1971) 
give one for April to July 1931-1960. McKay 

(1965) gives monthly maps for the months 
May to September based on 1921-1950 data, 
and many sources provide a map of mean 
daily July temperatures based on 1921-1950 
or 1931-1960 data, but only Longley (1972) 
gives a map based on 1941-1970 data and 
a denser network of stations. 

McKay (1965) and Longley (1972) 
provide a seasonal precipitation map for the 
period May to September inclusive, and 
Shaykewich (1974) gives a similar map for 
southern Manitoba. Others have precipitation 
maps for the April-September period (Canada 
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Department of Energy, Mines and Resources 
1973); April-August (Government of Alberta 
and University of Alberta 1969), April-July, 
August-October (Weir and lVlatthews 1971), 
or for shorter seasonal periods (Canada 
Department of Mines and Technical Surveys 
1957; Longley 1972; Weir 1960). The Nation� 
al Atlas of Canada (Canada Department of 
Energy, Mines and Resources 1973) provides 
monthly precipitation maps, and for Alberta 
some monthly maps are given by Stashko 

(1971) and the Atlas of Alberta (Government 
of Alberta and University of Alberta 1969). 
The maps by Stashko include data for the 
forested area based on forest-fire lookout data 
for the period 1963-1970. 

The Agroclimatic Atlas (Canada Agri­
culture 1977) uses the base of _20 C (280 F) 
to show the number of days of the average 
freeze-free period between the spring and 
fall killing frosts and provides similar values 
to those of the present study, which gives 
number of days with a minimum temperature 
of _2.2° C (28°F) or below in the period May 
to September inclusive. Shaykewich (1974) 
also shows the average length of the killing 
frost-free period for southern Manitoba, 
based on a network of 32 stations. 

Several sources show the seasonal or 
annual water deficit based on a soil storage 
of 100 mm of water at the beginning of 
March (Canada Agriculture 1977; Canada 
Department of Energy, Mines and Resources 
1973; Government of Alberta and Univer­
sity of Alberta 1969; Laycock 1967; Longley 
1972; Shaykewich 1974 ; Weir 1960). The 
amount of assumed soil moisture recharge 
in March of 100 mm is an average value for 
a loam soil with a cereal cover with moderate 
root development, and is therefore a generali­
zation. For a loam soil with a mature forest 
cover a storage capacity of 300 mm is gener­
ally assumed, and obviously if the soil is a 
sand or clay, or is shallow over bedrock other 
storage capacities should be used. Or again, 
if an area has a high natural water table the 
calculation of a water deficit based on 
climatic data is often meaningless. Most water 
balance calculations are based on monthly 
values, but in the present study daily values 
are used to calculate the monthly and 
seasonal totals. ' Pierpoint and Farrar (1962) 
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used daily values and showed that a water 
storage of only 25 mm was a more reasonable 
assumption for very shallow soils over bedrock 
in a �orested area of Ontario. Satterlund 

(1959) has also shown that forest vegetation 
can store an appreciable quantity of water. 
This is additional to the water stored in the soil 
and is particularly effective in areas of shallow 
soils. Because much of the northern areas of 
Saskatchewan and Manitoba has shallow 
soils over bedrock these two points should 
be considered in any detailed water balance 
studies of a forested area. 

With the exception of the maps prepared 
by Longley (1972), Powell (1977), Shaykewich 

(1974), and Stashko (1971), all the others 
referred to above are based on 1921-1950 or 
1931-1960 data, rather than the 1941-1970 
normal period or recent shorter periods. 
However, in the foreword to the Agroclimatic 
Atlas (Canada Agriculture 1977) W. Baier 
mentions "that the normals for 1941-70 do 
not significantly differ from those for 1931-
60"; thus,data from these two normal periods 
should be comparable. 

With a few exceptions the station den­
sity in Alberta used in the study is good 

(Powell and MacIver 1977). It could be im­
proved in extreme northern Alberta and at 
higher levels in Banff and Jasper national parks 
where summer climatological stations were 
generally lacking prior to the mid-1960's. Some 
recent ' data are now available for these areas 
and could be used in future studies to fill gaps, 
although daily temperature and precipitation 
data are still largely missing for higher eleva­
tions in the national parks (Janz and Storr 
1977). In northern Saskatchewan and Mani­
toba there is a general lack of stations, especial­
ly in the forested area. Kabzems et al. (1976) 
also note the lack of meteorological data in 
the forested areas of Saskatchewan in their 
ecological study of the Mixedwood Section 
and recommend the establishment of addition­
al stations on a year-round basis. Most of the 
fire lookout stations in Manitoba and Saskatch­
ewan could be instrumented and operated to 
take daily climatological records of tempera­
ture and precipitation for the growing season. 
At present some lookouts or ranger stations 
take fire weather records at irregular intervals 
with the emphasis on precipitation and midday 

weather conditions, which are of little value 
to the climatologist and are not maintained 
by the forecasting services beyond the fire 
season for which they were obtained. If mean­
ingful climatic data or derived data are going 
to be available for the forested areas of Mani­
toba and Saskatchewan, a program must be 
initiated to upgrade the climatological input 
from forestry stations and to establish new 
stations in areas presently lacking data. 

In using the maps it must be remem­
bered that they represent mean values; the 
range in values one can expect will depend 
upon the particular climatic parameter and 
month. Many of the stations used in the 
present report are situated in valleys, on lake­
shores, or on hill-tops in the case of fire weath­
er lookouts; therefore, caution should be used 
in identifying them as representative of the 
surrounding area. Some of the station values 
used in the present maps included estimated 
values for missing days, months, or years that 
was necessary to prepare complete sets of 
data for factor analysis for the associated 
study (Powell and MacIver 1977). Stations 
with short-term records that do not fit the 
complete study period will always be a prob­
lem for any analysis. However, records have 
accumulated for many of these stations since 
the cutoff year of 1970, and thus more accu­
rate values could be developed based on a 
longer period of record independently of other 
nearby stations. The maps presented in this 
report could be refined by adding new stations 
to the network or by using longer-term records 
for recently established stations. Greater 
emphasis could also be given to making topo­
graphic allowances in the drawing of isolines, 
especially in mountainous or hilly terrain 
where variations in both temperature and 
precipitation and their derived climatic para­
meters can be quite large. To do this adequate­
ly would require a larger map scale and, most 
importantly, sufficient information, now large­
ly lacking, to quantitatively describe such 
effects. 
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