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ABSTRACT 

The evaluation of the climate of a large area with few reporting 

stations requires a special approach. Northern Saskatchewan, examined in 

this study, is an example of such an area. The objectives of this study, 

therefore, are to determine how to evaluate the climatic environment of a 

large area with few reporting stations and to apply the methods to an 

analysis of the climate of northern Saskatchewan. 

A completeness index, developed by the author, was used to measure 

how satisfactory the climatological records were in terms of length and 

number of gaps. A correlation analysis, the point distribution coeffici

ent and the spatial pattern of the completeness index were employed for 

the evaluation of the network of observing stations. 

Methods for temporal and spatial estimation were applied and the 

results were tested. It was found that monthly data and normals could be 

estimated satisfactorily but that daily data could not be as adequately 

estimated. The results of the spatial estimation were found to be 

acceptable, although estimated precipitation values were usually less 

acceptable than estimated temperature values. 

The improved data base was then used to evaluate the temperature 

and precipitation climate of northern Saskatchewan. Several intriguing 

features were disclosed. For example, it was found that stations in the 

central portion of the study area have January extreme minima that are as 

much as 6° C. higher than those of the stations of the southern margin of 

the study area. The frequency of occurrence of mean monthly temperatures 

proved useful in both temporal and spatial analyses. Cold and warm spells, 
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that is, periods of consecutive days with temperatures below or above 

certain levels, respectively, were also examined. A noticeable pattern 

in the distribution of cold spells was found. The distribution shows an 

abrupt increase in the average number of cold spells per winter north of 

about 57° North. 

Other aspects of the climate of northern Saskatchewan such as the 

frost-free season, growing degree-days, heating degree-days, wind chill 

and humidex were evaluated, where possible. It was found that wind chill 

factors at locations in the study area are less than those at Regina, the 

comparison station in southern Saskatchewan. The length of the frost-free 

season was found to be just as long in parts of the northern margin as in 

the southern margin of the study area. Climatic classifications and the 

continentality of the study area were also examined. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

The climate of an area is significant because of its impact on 

and ~nterrelationships with innumerable aspects of the environment, such 

as soils, landforms, vegetation, and domesticated and wild animals. 

Climate also intersects with numerous factors which are more direct 

aspects of human life. 

Climate should be referred to for decision-making in an entire 

spectrum of planning situations from large-scale decisions such as where 

industrial sectors should be located down to small-scale decisions such 

as what to wear on a certain day. These weather sensitive aspects have 

significant economic, social and environmental connections. So climatic 

knowledge is fundamental to the knowledge of an area and to the judicious 

development of an area, such as northern Saskatchewan, and therefore can 

not readily be ignored. 

Pioneer areas, that is, areas which are not yet being developed, 

or areas just beginning to be developed, are usually the areas with few 

and recent climate stations. Yet the climatic knowledge of these areas 

is just as, or even more urgently needed than for other areas due to their 

incipient development. 

Usually, areal studies of climate are based on an adequately 

dense network 1 of stations for the size of the study area and the stations 

have lengthy and complete records of observation. In contrast, in areas 

1 
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of little and sporadic settlement this basis certainly is not sufficient. 

Such pioneer areas have 1) an irregular and meager network of stations, 

and 2) most of the stations have short and incomplete records. 

Both of these problems are found for northern Saskatchewan which 

has been selected for the study area. In fact, some of the reasons for 

choosing the study area as the area north of 53° North are based on these 

problems. This study area has the following handicaps for a reliable 

climatic analysis: 

1) Settlement density, and thus population numbers diminish rapidly 

north of 53° North, the bulk of the population lying south of that 

latitude. 2 In concurrence with the settlement decrease there is also a 

distinct northward decline in the number of weather observation stations 

which are operating currently or have operated in the past. 

2) Due to the recency of the settlement in the North, the length of 

record at each station is generally much less than the thirty years of 

data usually accepted as normal for climatological purposes. 3 

3) In addition to the difficulties presented by the short-term 

records, the latter are often incomplete, as days, months, or even years 

may be missing from the record, and because not all types 4 of ~ecords are 

maintained or even taken in the first place. 

4) Also there are only a few studies dealing with the climate of the 

prairie provinces or parts thereof. In these studies, the climate of 

northern Saskatchewan receives much less attention because of the 

previously mentioned handicaps. 

As a result there is a dearth of studies and this particularly holds true 

for this study area as there is no study of the climate of northern 

Saskatchewan. 
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1.2 OBJECTIVES 

This study attempts to illustrate that even in a large area with 

few reporting stations, it is possible to provide a framework for a 

reasonable climatic interpretation. Some methods must necessarily be 

developed or utilized innovatively to improve the climatic knowledge of 

such pioneer areas because of its significance for any future planning 

and development. 

Therefore, there are two main objectives of this study. The 

first one involves the estimation of climatic data in both time and space. 

It will include the development of two types of method~: One type for 

estimating the missing observations in the time series, where possible, 

and the other type for the extrapolation of data for the small number of 

available stations, applying the data to the entire region, thus patching 

spatial gaps. The second objective is the analysis of the climatic 

environment of the study area by mapping and examining the data processed 

according to the methods of the first objective. 

1.3 THE STUDY AREA AND ITS PHYSICAL SETTING 

The study area of northern Saskatchewan includes the province of 

Saskatchewan north of 53° North. This line is arbitrarily chosen for the 

following reasons as representing the division between northern and 

southern Saskatchewan: 

1) there is a noticeable change in hydrology north of 53° North 

latitude to more lakes, swamps, muskeg and small streams; 5 

2) soils gradually change from predominantly grassland chernozems to 

predominantly forest podzols; 6 
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3) agricultural use of land also tends to fade away near this 

boundary as the capability for agriculture rapidly diminishes northward. 

Climatic limitations due to coolness reflect their severity north of this 

line in decreasing agriculture and settlement; 7 

4) this line approximates the transition zone of the grassland and 

grove region to the south to the forest with swamp and bog to the north; 8 

5) the province north of this line is mainly comprised of the 

Canadian Shield, the Manitoba Lowlands and only the northern parts of the 

Saskatchewan Plains and the Alberta Plateau Region. 9 

The obstacles to climatological analysis listed in the intro

duction also provide reasons for the southern boundary of the study area. 

The study area encompasses three main physiographic regions 

(Figure 1.1). The Canadian Shield Region comprises the largest portion of 

the area. It is a roughened landscape consisting mainly of rock-knob and 

basin terrain and the rolling terrain and sand plains of the Athabaska 

Plains Region. Its elevation ranges from less than 200 meters to about 

400 meters above sea level. 

The second largest physiographic region in the study area is the 

Central Lowlands Province consisting of a small portion of the Manitoba 

Lowlands Province and the Saskatchewan Plains Region. Its surface is 

mainly lacustrine plains and till deposits. Its elevation ranges from 

about 300 to about 600 meters above sea level. 

The third and smallest physiographic region of the study are~ 

is the Alberta Plateau Region. It contains the dissected hills and 

rolling morainic hills of the Missouri Coteau, Thickwood Hills and Mostoos 

Hills. Its elevation is mainly greater than 600 meters above sea level. 

An understanding of the nature of the physical surface is basic 
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to a study of this type as the surface acts as a climatic control. Slope, 

aspect, elevation and relief act to affect climate, especially local 

climates. Network density is a function of the type of terrain. A plains 

region requires fewer stations than a mountainous region. This is a 

result of the fact that climate changes much more radically from location 

to location within a shorter distance in an area of greater relief than in 

a flatter area. Terrain type thus is one of the main factors defining 

maximum admissable distances between stations. 10 

Hydrology is also a climatic control. Water bodies exert a 

moderating influence on the temperatures of local climates, especially on 

the lee sides of the water body in conjunction with a large fetch over the 

water. This moderating effect is exerted only when the water body is not 

frozen over. Open water bodies may also increase the humidity and 

precipitation at downwind locations, of course, the effect being determined 

by and dependent upon the size of the water bodies. Figure 1.1 illustrates 

the extent of the areal coverage of the water bodies. 

1.4 PAST STUDIES 

The approaches to a study of the climate of such areas of sparse 

settlement have usually been either through case studies of individual 

stations or through the extrapolation of data from stations fringing the 

area to be studied and by using a few of the stations from the study area 

with the longest and most complete records. 

Studies 11 of individual stations are useful in examining the 

climate of the immediate locality, and only tenuously used to represent 

the greater surrounding area. This type of study is used to analyze the 

climate of the greater surrounding area only when that station is the 



sole source of a certain type of data. 

Hofer's work 12 concerning the climate of the Churchill River 

basin is the type of study in which only a small areal portion of 

northern Saskatchewan is examined. This is the area bordered by 102° 

and 104° West and 55° and 58° North. He recommended that more stations 

be added by the Atmospheric Environment Service even within this small 

area. 13 Bauer's study14 of the climate of the Prince Albert National 

Park concerns an even smaller area of northern Saskatchewan. However, 

he also recommends that there be additional stations, as well as 

observations of additional elements besides temperature and precipi

tation. 15 

7 

Most climatic studies16 that include northern Saskatchewan show 

little interest in it as they cover a much larger area generally situated 

to the south of the. study area. Few, if any, stations in the study area 

are included and isolines are extrapolated through the area on the basis 

of these few stations and/or on the basis of the stations of the fringing 

areas. Therefore, isolines passing through the study area are often 

highly generalized, have little detail, and often are designated by 

symbols which indicate that the isolines are not reliable as they are 

based on incomplete and inadequate data. 

Other spatial studies of sparsely settled areas, such as the 

work by Burns, 17 state that the estimates used have poor confidence due 

to the paucity of the data. Another such study of a relatively Wlsettled 

area states that "it is necessarily incomplete, chiefly because no long 

series of observations is available for this territory" 18 and because the 

existing records are not of the same period. 

Fletcher and Young also come across similar problems. They 
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state that "certainly a longer record of observations would be desirable 

for more tccurate mean precipitation values and there are several large 

areas of ihe Arctic that have never had a weather station."19 They also 

show point values, rather than isolines, for several of their maps because 

of lack of data. 

Such generalized studies of the climate of northern Saskatchewan 

and other similar pioneer areas may be improved by developing methods for 

more scientific applications of the available sparse and incomplete data. 
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CHAPTER 2 

NATURE OF THE DATA AND METHODOLOGY 

2.1 INTRODUCTION 

Initial study has revealed the considerable lack of climatic data 

for tpe study area. Therefore some methods were used to compensate for the 

following handicaps: 

1) the incomplete areal coverage of the climatological network; 

2) the missing observations in the time sequences of the data; and 

3) the short record lengths of most of the stations. 

An examination of the nature and availability of the data was 

undertaken before developing a methodology for their effective use. 

2.2 AVAILABLE DATA 

2. 2.1 Types of available data 

The primary source of data for this study was the climatological 

archives of the Atmospheric Environment Service (A.E.S.). The A.E.S. has 

a catalogue 1 of the observing programs 2 for the network of observing 

stations across Canada. This data catalogue indicates the observing 

program, that is, the element(s) observed, the start and end dates of the 

record, as well as changes in the location and/or changes in the station 

name. The record type most commonly maintained for most stations is daily 

measurements of precipitation and/or extremes (maximum and minimum) of 

temperature. 

11 
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This record type is termed the number four type 3 by the A.E.S. 

The number four record, however, may contain a considerable variety of 

data, such as maximum and minimum temperatures, maximum and minimum 

relative humidities, six-hour amounts of precipitation, twenty-four hour 

amounts of rainfall, snowfall and total precipitation, snow depth, days 

with freezing temperatures, thunderstorms, rain or drizzle, freezing rain 

or drizzle, hail, snow or snow grains, fog or ice fog, smoke or haze, 

blowing snow, and wind-speeds equal to or greater than 32, and 39 mph., 

the direction and the speed and the hour of peak wind gust. Mean daily 

temperatures, growing degree-days and heating degree-days may also be 

computed and recorded daily for this record, but only for ·first order 

stations. Unfortunately, only a few of these parameters are reported for 

each station and some of the stations report only precipitation. 

The A.E.S. also has monthly summary record, types S41 and 542 4 

which provided another source of data for ~his study. 5 These two record 

types are basically daily data summarized for each month. 

Tables 6 of normal and values of several climatic elements have 

been published by the A.E.S. Some of this information has been used for 

this study as well. 

The data used in this study were recorded in English units. So 

most of the analysis was performed in English units, and the results 

converted to their Metric equivalents. 

2.2.2 The amount of available data 

The climatological network of the study area has been examined to 

determine what quantity of each type of data was available. 
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The period of record considered in this study is from 1941 through 

to 1970, inclusive, or the period during which the station has been 

operating within that time span. This time period has been chosen as it 

is the standard normal period recommended by the World Meteorological 

Organization. This standard normal period is the "most recent available 

period of 30 years, starting on 1 January of a year ending with the digit 

1".7 

One of the first questions to be asked about the amount of data 

concerns the number of stations in the study area with records during the 

1941 to 1970 period. Initial scrutiny has indicated that there are as 

many as sixty-seven stations in the study area, but unfortunately, fifty

three (79%) of these are in the south between 53° and 55° North. Of 

course, this distribution greatly over-emphasizes this southern portion of 

the study area which has less than half the area of the remaining portion 

between 55° and 60° North. As part of the approach to correct this 

imbalance, all but eight of these stations between 53° and 55° North were 

removed from the network because there are nearby stations with longer and 

more complete records. 

The locations of the nineteen stations thus selected to achieve a 

more uniform distribution are illustrated in Figure 2.1. The stations are 

tabulated in Table 2.1 with their station number, elevation, location and 

period of record. 

The World Meteorological Organization recommends the density of 

temperature recording stations to be SO to 60 kilometers apart and 

precipitation recording stations to be not greater than 30 kilometers 

apart. 8 This further emphasizes the low density of the study area network 

where the distance between stations ranges from 58 kilometers in the South 
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to 297 kilometers in the North. 

Eleven out-of-the-study-area stations were also introduced for 

use in the study. They were chosen on the basis of their proximity to 
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the study area and their length and completeness of record. These stations 

were used to facilitate analyses of border conditions, as well as the 

analyses of very sparse areas of the network near the borders of the 

study area. 

Some of the stations included in Table 2.1 have part of their 

record under another station code number. A new code number is given to 

a station in situations such as when its name and/or location have been 

changed. In cases where changes in instrumentation, observer(s), observing 

routines, the exposure of instruments and the like occur, the homogeneity 

of the data may be affected. 

The exposure of the instruments may change with a change in 

location. Local exposure also may change through vegetation growth, urban 

growth, pollution, drainage of water, construction of artificial water 

bodies and so on. 

"A data series is said to be homogeneous if it is a sample from a 

single population." 9 When changes occur it is often questionable whether 

the data can be considered to have come from the same statistical popu

lation, and therefore not be representative of that same population. But 

the Atmospheric Environment Service states that the move from town to the 

airport, which occurred for many stations, did not destroy the homogeneity 

of the data. 10 Also, considering the Atmospheric Environment Service were 

not able, as of February, 1976, to develop an acceptable method for check

ing the homogeneity of data, 11 no attempt was made to check the homogeneity 

of stations in this study. 
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The type of record varies considerably among the stations. Most 

stations have only maintained daily records of temperature and precipita

tion. Four of the stations in the selected network have recorded 

precipitation only. Also to make matters worse, three of these four are 

located in the northern half of the study area where the stations are 

already rare. Six of the stations have recorded wind data, although only 

two have maintained records for more than ten years. One station has 

recorded soil temperature, but only for two years. Only two stations, 

Prince Albert and Island Falls, have adequate humidity and cloud cover 

data. Ten study area stations have records of snow cover depth and six 

have records of thunderstorms but most of these stations have less than 

ten years of records within the standard period. Prince Albert is the 

only station of the study area with records of sunshine amounts. 

The stations'· record lengths also vary. Only six of the selected 

stations of the study area have records extending for the full period of 

thirty years, whereas nine have records of less than fifteen years. Also, 

not only are the stations located irregularily over the area, but those 

with the best records (codes 1 and 2 in Figure 2.1) are concentrated to 

the south and east within the study area. 

2.3 NETWORK EVALUATION 

A completeness analysis and correlation analysis were carried out 

in order to evaluate the network. 
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Table 2.1 Stations used in the study. 

CODE NUMBER STATION NAME LOCATION E.EVATION OPERATIVE PERIOD 
( 1at.&1ong.) (meters) (in 1941-1970) 

NORTHERN SASKATCHEWAN STATIONS 

4060520 Beaver1odge Lake+ 59" 34' 108' 29 1 312 5301-5804 
4060980 Buffalo Narrows+ 55" 52' 108' 29 1 421 6202-6806 
4060981 Buffalo Narrows+ 55" 59' 108" 30' 422 6807-7012 
4061860 Cree Lake+ 57" 53, 106' 40' 479 6205-6911 
4061861 Cree Lake+ 57"21' 107' 08' 497 6912-7012 
4071960 Cumber land House 53" 58' 102. 18' 271 4101-6512 
4062660 Foster Lake 56" 48' 105" 21' 514 6203-7012 
4063420 Ile a la Crosse 55" 27' 1 07" 52. 421 6201-7012 
4063560 Island Falls 55~ 32 I 10~21 I 299 4101-7012 
4063980 Kinoosao 57. 05' 108" 01' 351 6201-6908 
4064150 La Ronge A. 55. 06' 105'18' 369 5906-7012 
4065055 Meadow Lake+ 54~07' 108"26' 482 6708-7012 
4065060 Meadow Lake+ 54. 08' 1 08" 26' 494 5911-6707 
4075520 Nipawin 53"21 '104" 21' 358 4101-7012 
4056230 Prince Albert+ 53"10' 105" 45' 436 4104-4212 
4056240 Prince Albert A.+ 53.13' 105" 41' 431 4212-7012 
4047080 St. Walburg 53" 36. 106" 09' 625 4101-7012 
4067720 Spiritwood 53'22' 107" 31' 589 4501-7009 
4067795 Stony Rapids 59' 16' 105° 46' 213 6007-7012 
4068340 Uranium City A.+ 59" 34' 108" 29' 312 6202-7012 
4048520 Waseca 53" 08' 109 .. 24' 648 4104-7012 
4068560 Waskesiu Lake (s) 53" 55' 106" 05' 532 4605-7012 
4068840 Whitesand 56' 20' 103' 15' 358 . 4104-7012 
4069020 Wollaston Lake 58" 03'1034 10' 396 5507-.7012 

SOUTHERN SASKATCHEWAN STATIONS 

4083320 Hudson Bay 52. 52' 102" 24' 372 4008·7012 
4045600 North Battleford A. 52• 46 • 1 08" 15 • 547 4204-7012 
4057118 Saskatoon+ 52' 15' 106" 30' 482 4104-4203 
4057120 Saskatoon A • .,. 52'"10' 106" 41' 501 4104-7012 

ALBERTA 

3081680 Cold Lake A. 54" 25 • 11 o· 11 • 544 5212-7012 
3062360 Embarras A. 58'" 12' 111" 23' 236 4302-6209 
3064360 McMurray+ 56" 39' 111" 13' 371 4401-6212 
3062639 Fort McMurray+ 56• 39'11t 13 I 370 6301-7012 

MANITOBA 

5060520 Brochet 57" 53' 1or· 40 1 351 4808-7012 
5051640 Lynn Lake+ 56" 51 I 101" 01 f 340 5204-6707 
5051646 Lynn Lake A.+ 52" 52' 101~ 04' 354 6808-7012 

NORTH-WEST TERRITORIES 
2301100 Ennadai Lake 61" 08' 100" 55, 325 4910-7012 
2202200 Fort Smith A. 6Cf 01 1 111 .. 58 I 203 4309-7012 

*Operative period between Jan.l of 1941 to Dec. 31 of 1970, inclusive. 
Dates are given as the last two digits of the year. then the month number~ _ 
For example, 6901-7001 means Jan. of 1969 to Sept. of 1970. 
Note: A. indicates a station located at an airport. 
+indicates that part of the station's record is under another code number. 
(s) indicates that the record is seasonal. 
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2.3.1 Indices of completeness 

The time series of data were inspected to determine the number of 

gaps. This was accomplished by the use of a method developed by the 

author to quantify the completeness of data in terms of both the number 

of missing observations and the completeness of record length for each 

station as compared to the standard normal period. This was done for the 

temperature and precipitation programs as they were the basic climatic 

elements studied. This method yields a numerical index of the completeness 

of each station in terms of the number of gaps and record length. Thus 

this index indicates the temporal adequacy of the stations' records. 

The completeness indices for each station are listed in Table 2.2 

(page 19). A description of the derivation of each column will illustrate 

the basis of the concept of this completeness index. 

Column one of Table 2.2 lists the total number of days which have 

no records for temperature within the standard period for each station. 

Column two lists the total number of months which have no records for 

precipitation within the standard period. The number of months rather 

than the number of missing days of precipitation was tabulated. The number 

of missing days of recorded precipitation would be misleading as there are 

some days with no recorded precipitation because no precipitation fell. 

These days would not be considered to be gaps, yet are difficult to 

distinguish from the gaps. In other words, precipitation is a statis

tically discontinuous time series. 

Column three gives the total number of days comprising the record 

length from the starting date to the ending date for each station. If a 

station's record continued after the end of the standard period, that is, 

after December 31, 1970, the record was terminated at that date. The 



Table 2.2 Station completeness, 1941 to 1970. 

1 2 3 4 5 6 7 8 9 
STAT ION NAME Total Total Total Percent Percent Percent Completeness Completeness Final 

missing missing record recorded recorded record Index for Index for Completeness 
temp. precip. length temp. precip. length temperature precipitation Index 
(days) (months) (days) 

Buffalo Narrows 334 25 3287 89.8 80.0 30.0 60.0 55.0 57.5 

Cree Lake 1645 45 3136 47.5 60.5 28.6 38.1 44.6 41.4 

Cumberland House 1537 56 9131 83.4 81.3 97.4 90.4 89.4 89.9 

Foster Lake ** 33 3411 64.3 68.0 31.1 ** 49.6 ** 
Ile a 1a Crosse )f-l(- 39 3287 ** 63.9 30.0 ** 47.0 ** 
Island Falls 5 0 10957. 99.9 100.0 100.0 100.0 100.0 100.0 

Kinoosao ** 45 ~·8oo ** 51.1 25.5 *IE- 38.3 ** 
La Range 2206 85 4232 47.9 38.4 38.6 43.2 38.5 40.9 

Meadow Lake 338 21 2830 88.1 84.1 37.0 63.0 60.6 61.8 

Nipawin 554 0 10957 94.9 100.0 100.0 97.5 100.0 98.8 

Prince Albert 5 0 10957 99.9 100.0 100.0 100.0 100.0 100.0 

St. Walburg 1170 49 10957-. a9.3 86.4 100.0 94.7 93.2 94.0 

Spiritwood 285 14 9403 96~9 95.5 85.8 91.4 90.7 91.1 

Stony Rapids 352 8 3805 90.7 93.7 34.7 62.7 64.2 63.5 

Uranium City 1042 53 6574 84.1 75.5 59.8 72.0 67.7 69.9 

Waseca 78 0 10957 99.3 100;,0 100.0 99.7 100~0 99.9 

Waskesiu Lake 5635 70 9011 37.5 64.6 82.2 59.9 71.1 65.5 

Whitesand 258 0 10957 97.6 100.0 100.0 98.8 100.0 99.5 

Wollaston Lake ** 37 3287 ** 60.6 39.4 ** 50.0 ** 
....,. 

Note: ** indicates that the station records precipitation only. \0 
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maximum possible record length is 10957 days. 

Columns four and five were derived similarly for temperature and 

for precipitation. The percentages of recorded data were found by sub-

tracting the percentages of missing values (daily for temperature, 

monthly for precipitation) from one hundred percent as follows: 

where 

PRT = 100 - PMT = 100 - TMT X 100 
TRL 

.... (2.1) 

PRP = 100 - PMP = 100 - TMP X 100 
TRL . . • . (2. 2) 

PRT = the percentage of recorded temperature; 

PRP = the percentage of recorded precipitation; 

PMT, PMP = the percentage of missing temperature and the percentage 

of missing precipitation values, respectively; 

TMT, TMP = the total number of missing values of temperature and 

the total number of missing values or precipitation, 

respectively; 

TRL = the total record length during the standard normal period 

of 1941 to 1970. 

Column six, the percentage record length, is the total record 

length divided by the total possible record length within the standard 

period, that is the ideal record length of thirty years. The percentage 

record length was obtained as follows: 

PRL = TRL X 100 .... (2. 3) 
IRL 

where PRL = the percentage record length; 

TRL = the total record length; 

IRL = the ideal record length. 
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Columns seven and eight are lists of the completeness indices for 

temperature and precipitation, respectively. They were derived by com

puting the mean of the percentage recorded data and the percentage record 

length. 

The mean of these two ratings was then calculated to obtain the 

"final" completeness index for each station which recorded both temperature 

and precipitation. This index is tabulated in column ten of Table 2.2. 

The completeness indices measure the temporal adequacies of the 

stations' record lengths and continuity of their records on a scale from 

zero to one hundred percent. Thus they provide measures of the reliability 

of the observed data for climatic analyses. They are indicators of the 

stations' data as compared to the ideal situation where the record length 

is thirty years and there are no gaps in the record. 

On average, temperature records have slightly superior completeness 

indices than precipitation records. The meal! of the temperature indices 

is 78%, as compared to 71% for the precipitation mean, although the range 

of values for both is the same, at 62%. 

The completeness indices have been plotted12 to produce Figures 

2.2, 2.3 and 2.4. These maps demonstrate the spatial distribution of the 

network's completeness. 

Figure 2.2 shows the areal variation of temperature completeness. 

The. areal variation of the lowest completeness values (less than 52%) 

approximates a figure eight pattern, looping up past Cree Lake and do~ 

around La Ronge. It comprises a large portion of the center of the study 

area. Intermediate values of· the completeness index (i.e. between 52% and 

84%) occupy most of the area. A double maxima (i.e. between 84% and 100%) 

exists, one in a southern strip south of a line joining Cumberland House 
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Figure 2.2 Temperature completeness (in percent), 1941 to 1970. 
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and St. Walburg and the other on the eastern boundary between Wollaston 

Lake and Island Falls, reaching out to encompass a portion almost as far 

west as Foster Lake at its farthest western extent. 

Precipitation completeness, Figure 2.3 (page 24), reveals a 

slightly larger area of minimum values (less than 52%). Intermediate 

values (52% to 84%) are also somewhat greater in area because the area of 

maximum values (84% to 100%) on the eastern border is diminished in extent 

as compared to Figure 2.2 (page 23). The area of maximum values in the 

south is of similar shape and extent as the respective southern maximum 

in Figure 2.2. The total area of maximum values for precipitation 

completeness is less than for temperature completeness. 

Figure 2.4 (page 24) illustrates the combined completeness ratings 

of temperature and precipitation, an average of the values shown by 

Figures 2.2 and 2.3. It displays the distinct depression of values 

reaching almost to Stony Rapids and down close to Waskesiu Lake, with a 

maximum width of at least one-third the distance across the study area in 

its northern loop. The northern quarter is fairly complete due to the 

presence of Uranium City and Stony Rapids. 

2.3.2 Correlation analysis 

Further scrutiny of the network was undertaken through the use of 

a correlation analysis. Correlation coefficients for monthly and annual 

means of temperature (maximum, minimum, and mean) as well as monthly and 

annual amounts of precipitation (rain, snow, and total precipitation) 

were determined for many pairs of stations. Isoline maps of the 

correlation coefficients were plotted12 so that spatial patterns could be 

discerned. The author is aware of only one other source (Foster13
) 
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having prepared such maps and then only for annual precipitation. 

The correlation analysis augments the completeness analysis in 

the demarcation of the strengths and weaknesses of the network. The 

greater the correlations of the data series between a pair of stations, 

the greater is their mutual representativeness. This analysis can 

additionally assess the value of a station in a network as a station is 

said to be redundant if it correlates with another station with a coef

ficient greater than 95%. 1 ~ If a station has a much lower correlation 

than 95%, more stations are required to represent that area adequately. 

The lower the absolute value of the correlation, the greater is the need 

for the existing station, and the greater is the need for more stations 

to be installed. 

The geographical pattern of correlation coefficients can be used 

to distinguish climatic zones in which similar values and variations, that 

is, homogeneous zones exist, as well as to distinguish the areas of 

discontinuity between them. 

When correlations are plotted as isopleth maps, steep gradients 

are associated with marked topographical features or true climatic dis

continuities when there are no topographical interferences. Foster states 

that sharp decreases in correlation coefficients mark areas of usual 

frontal action and zones of climatic discontinuities. 15 Where correla

tions change rapidly with distance more stations are required to monitor 

the rapidly changing climatic element(s). Thus correlation values 

indicate where stations could be added or where present stations could 

delete the recording of certain climatic elements. 

The correlation analysis is also invaluable in the various 

estimation procedures in both time and space. Selection of the stations 
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most suitable for use in the estimation of gaps in the missing data for 

other stations as well as the extension of means from a shorter record to 

the standard normal is based on the best correlations. 

Furthermore, if a large area has only a few well correlated 

stations then it is more likely that they are good estimators of the area 

even though they may be far apart, than if they were poorly correlated. 

The areal correlation maps can be used to determine how well and the 

extent to which records of neighbouring stations can be used to estimate 

statistics of other less complete stations or estimate statistics across 

areas of few or nonexistent stations. 

Three stations were selected as examples to illustrate the areal 

variations of correlation over the network. The sets of significant 

correlations for each of these stations with several other stations forms 

the basis for Figures 2. 5 to 2.10 and Figures A2 .~ 1 to A2 .12. 16 

All correlations of temperature (Figures 2.5 to 2.7 and Figures 

A2.1 to A2.6 are examples) are generally greater in absolute value, more 

significant, and have smaller ranges than the precipitation correlations 

(Figures 2.7 to 2.10 and A2.7 to A2.12 are examples). Many more precipi

tation correlations than temperature correlations were negative also. 

This is as expected because precipitation varies greatly and is 

much moTe sporadic than temperature, even over small areas. This means 

that the existing network is less adequate for precipitation than for 

temperature. It means that the stations are less representative of a~ 

area for precipitation, that there are fewer redundant precipitation 

recording stations, that there are smaller and fewer homogeneous areas of 

precipitation and finally that the estimations will be less accurate for 

precipitation. 
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One would expect correlations to decrease uniformly with 

increasing distance between stations. But results show that there are 

discrepancies in these expectations. For example, Figure 2.5 shows July 

mean temperature correlations to decrease with increasing distance towards 

the central portion of the area then to increase with increasing distance 

towards the southeast and the southwest. 

Another example is Figure A2.1 where correlations decrease north

west of Prince Albert to Spritwood then increase in the same direction to 

a secondary maximum at St. Walburg. Therefore actual distance may be 

greater than that recommended for distances between stations, 17 but 

statistical distance as measured by the correlation coefficient may reveal 

that the network is of adequate density in some locations where it appears 

to be inadequately dense in terms of actual distance. This means that 

statistical distances should be used in conjunction with actual distances 

to evaluate network densities. 

Several areas on the maps have only gradual gradients in the values 

of correlation. Figure 2.6 is a good example. This type of pattern 

indicates that there are only slight changes from place to place and that 

the area is homogeneous, that is, it has similar values and variations of 

the climatic element(s) over the area. 

But discontinuities or inhomogeneous areas show up where the 

isopleths are close together, that is, where steep gradients occur. An 

example is Figure A2.11 where the correlations of annual precipitation 

decrease fairly uniformly from Prince Albert, but then increase rapidly 

over a short distance to higher correlations again to the northeast. On 

Figure A2.7 correlations of annual rain decrease quickly over the 

relatively short distance from Prince Albert to Cumberland House. A drop 
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of more than 80% from Nipawin to the northeast over only about 150 km. 

occurs on this map. The same pattern type occurs for Figure 2.5 where 

correlations of July mean temperatures change radically towards the Cree 

Lake area. Only weak or nonexistent inhomogeneities exist for the 

remainder of the temperature correlation maps, while precipitation maps 

show regions of inhomogeneities more commonly and more distinctly than 

temperature values. So the results reveal that correlations are by no 

means uniform in their patterns. 

Seasonal differences in temperature correlations as well as 

differences in temperature extremes can also be discerned. January 

temperatures are more significant, have higher correlations which are more 

often positive and have smaller ranges than July temperatures. The same 

is true for the correlations of maximum temperatures as they are generally 

better than the minimum temperature correlations. This suggests that 

January temperature records and maximum temperature records are more 

representative of the study area than are July temperature records and 

minimum temperature records, respectively. These differences probably 

occur because January air masses are more homogeneous over the area than 

July air masses and minimum temperatures are influenced to a greater 

extent by local site factors than maximum temperatures. 

Almost half of the values of January correlations were 95% and 

greater, denoting that the stations' records very adequately represent 

each other. This also means that they would be very adequate time and 

space estimators for the network as they vary so similarly. 

The areal correlations of temperature show that the entire study 

area has uniformly high temperature correlations. Exceptions do exist, 

as in Figure 2.5 which has a steep gradient around Cree Lake leading 
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with the other stations, 1941 to 1970. 
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Figure 2.9 Annual snow correlations (in percent), Uranium City 
with the other stations, 1941 to 1970. 
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towards a rather low correlation value of 41% at this station. Tempera

ture completeness around the Cree Lake area (Figure 2.2) is also 

comparatively low, again reflecting this weak area of the network. 

Correlations of the precipitation values have very few redundant 

stations (i.e. stations with correlations greater than 95%). In the maps 

given as examples there is only one redundant station for Prince Albert, 

one for Uranium City, and none for Buffalo Narrows for annual precipi

tation correlations. This means that the network for precipitation is 

less-representative of the area than for temperature, especially winter 

temperatures. Also there are fewer suitable stations to be used for the 

estimation procedures. 

Areal correlations of precipitation show only localized areas of 

strengths or representativeness in the network. Ranges are the greatest 

and means the lowest for the correlation of rain and comparatively better 

for snow and total precipitation. Therefore snow and total precipitation 

can be more satisfactorily extrapolated and provide a better network than 

the records for rainfall. Correlation analysis can thus be used for the 

examination of network strengths and weaknesses as well as for the maximum 

utilization of incomplete records through the best selection of stations 

to be used for spatial and temporal estimations. 

2.4 TEMPORAL ESTIMATION PROCEDURE 

Only eight of the selected stations in the study area have 

temperature and precipitation records that are more than ninety percent 

complete. So interpolation techniques were used to compensate for the 

gaps in the time series. Three types of temporal categories were 

considered: 1) daily values, 2) monthly values, and 3) thirty year 
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normals. 

Complete data are most beneficial to an analysis, but not always 

available as in the case of this study. So, wherever possible, daily data 

were reconstructed. Since daily precipitation values form a statistically 

discontinuous series, they can be estimated only with unacceptable error 

levels and low reliabilities. Therefore, only daily temperature values 

were interpolated. Monthly precipitation sums form a statistically 

continuous series and can be estimated. Normals for both temperature and 

precipitation series were adjusted. 

2.4.1 Daily estimation 

The completeness analysis revealed that only one station, Island 

Falls, is complete with respect to daily temperature records in the thirty 

year standard period. The worst station, in terms of a preponderance of 

daily gaps, is Waskesiu Lake. 

Basically, the author followed the procedure used by the Atmos

pheric Environment Service18 to estimate daily temperature data. This 

procedure was adapted for use in this study by modifying the selection of 

comparison stations, by applying a correction factor, and by the use of 

additional restrictions. 

The comparison stations used by the Atmospheric Environment 

Service for estimation were simply the two closest stations to the 

station to be estimated. 19 But correlation analysis showed that the 

closest stations may not be as well correlated with the station to be 

estimated as stations somewhat farther away. Therefore the closest 

station may not be the best estimator. So comparison stations were 

selected not only on the basis of their proximities to the station to be 
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estimated, but also on the basis of their correlations with that station. 

Comparison stations with higher levels of completeness were also preferred. 

Thus it is possible to select comparison stations with greater precision. 

Furthermore, the author used three comparison stations where 

possible. This permits an extra estimation capability as just two stations 

may not be adequate estimators. 

Situations where only one comparison station is available occur 

more frequently in areas with fewer stations. The author modified the 

Atmospheric Environment Service's equation in order to make it applicable 

in these circumstances, and therefore less restrictive. The modified 

equation is as follows: 

.... (2.4) 

where qx = the missing temperature value for the station to be 

estimated; 

ql = the temperature value for the station to be estimated on 

the day preceding the day of the gap; 

a1, az = the temperature values at the comparison station on two 

consecutive days where az corresponds with the missing 

day for the station to be estimated and a1, the preceding 

day. 

The author first tested the procedure before the actual estimation 

took place. Estimates of actual values were computed and compared to the 

actual values by means of correlation. The standard error of estimate20 

was also calculated. 

In order to avoid poor estimates the author set up limits of 

correlation and standard error to be passed before comparison stations 
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were used for estimation. Acceptance values were arbitrarily chosen by 

the author as no previous guidelines have been established that the author 

is aware of. The limits were set at 5.0 for the standard error of estimate 

and at 0.6 for the correlation coefficient. If these limits were not met, 

the gaps were not estimated and the data series was left incomplete where 

that particular gap was positioned in the record. 

A correction factor was also calculated. This correction factor 

is the average difference between the actual and estimated values of the 

test situation. If the estimated values were generally higher or lower 

than the actual values, the correction factor was applied to offset this 

tendency. 

Table 2.3 below shows the quantity of data which could be 

adequately reconstructed for several stations. The percentage of gaps 

Table 2.3 Percentage of gaps estimated for daily data 

STATION 

Temp. Buffalo Cumberland Nipawin Prince Stony Uranium Whitesand 
Narrows House Albert Rapids City 

Maximum 7.9 1.4 26.1 100.0 20.9 1.1 15.8 

Minimum 1.7 1.0 21.8 100.0 8.9 0.0 17.2 

estimated varies considerably ranging from a minimum of zero to a maximum 

of 100 percent, although most of the percentages are quite low, being 

around 15 percent. 

The estimations have been based on both time and space checks. 

Time checks were applied by using preceding days from the station to be 

estimated as well as the estimator stations. Spatial checking was 

accomplished through the comparison with the neighbouring stations. 
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Analysis of daily temperature was thus based on more complete, 

improved data as a result of the utilization of this reconstruction method. 

2.4.2 Monthly estimation 

The procedure for the estimation of mean monthly temperatures and 

monthly sums of precipitation are based on the methods of differences and 

the method of ratios, respectively. The Guide to Climatologiaal Praatiae21 

stip¥lates that the method of differences is applied to air temperature 

and other continuous parameters and that the method of ratios is applied 

to precipitation and other statistically discontinuous parameters, expressed 

as a sum. 

These methods are based on evidences that the differences of 

temperature means between two neighbouring stations is quasi-constant, as 

is the ratios of precipitation sums between two neighbouring stations. 

Conrad and Pollack state that "the quasi constancy of differences (or 

ratios) is made evident, both by means of a general geophysical concept 

and by experience."22 Brooks and Carruthers state that "With mean pressure 

and mean temperature, experience shows that at two neighbouring stations A 

and B the difference between the means tends to remain constant (type 1). 

With rainfall it is the ratio between the totals which tends to remain 

constant (type 2)."23 Thorn says that "it may be shown by theoretical 

analysis that the classical difference and ratio methods are close to 

optimum for the adjustment of temperature and precipitation means."24 

The aforementioned authors apply the methods of differences and 

ratios to the adjustment of means to longer periods, but Conrad and Pollack 

state that they also offer a means of interpolating missing values, 25 

leaving the exact procedure up to the reader. 
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Firstly, appropriate neighbouring stations were selected as 

estimators. In the same manner as for daily estimation these stations 

were selected on the basis of their proximities to and their correlations 

with the station to be estimated, as well as the completeness of their 

records. Estimators with 25 to 30 years of data had preference because 

the thirty year normals were used in the calculations. If the available 

estimator(s) had less than 25 to 30 years of data, averages adjusted to 

the 30 year normal were used in the calculations. A comparison station 

could not be used if the corresponding value ~f the month to be estimated 

was missing in the records of the estimator. This is because this corres

ponding value is required in the calculations. 

Brooks and Carruthers consider that an essential criterion for 

the use of an estimator station is that the variability of the difference 

(or ratio) of corresponding values at the station to be estimated and the 

estimator station be less than the variability of the values at the 

estimated station. 26 Therefore the selected estimator stations were 

further screened according to this second rejection criterion. 

The standard errors of estimation27 of the monthly temperature 

(mean maximum and minimum) and precipitation (rain, snow and total 

precipitation) values were also calculated for each estimator station. 

The standard error was calculated to determine whether a second estimator 

should be used. Brooks and Carruthers say that "no advantage is gained 

by including a second station C unless the standard error of the reduction 

by station C is less than ~times the standard error of reduction by 

station B."28 Then the actual estimation could take place when the most 

appropriate comparison stations were filtered out. The author modified 

the equations given by Brooks and Carruthers, and Conrad and Pollack for 
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the adjustment of means so as to make them suitable for the interpolation 

of missing months. This was accomplished by substituting the thirty year 

normal value of the comparison station by the monthly value of the com

parison station which corresponds to the monthly gap at the estimated 

station. This was done for both sets of equations. 

Results of the estimation were tested as for daily data by comparing 

actual data and estimates of actual data by means of correlation. Corre

lation coefficients were· generally high, few being lower than 0.7 and most 

ranging between 0.8 and 0.9. 

The quantity of monthly gaps estimated was generally considerable 

(refer to Table 2.4, page 43). On average more temperature was estimated 

than precipitation (that is except for the stations which did not record 

temperature) as was expected due to the greater variability of precipi

tation. 

Therefore, analysis of monthly data was also based on more complete 

and improved data as a consequence of this reconstruction. 

2.4.3 The estimation of normals 

Examination of Table 2.1 reveals that the length of data series 

at different stations differs considerably, varying in length from the 

entire thirty years to just less than ten years. Only six of the stations 

in the study area have records of temperature and precipitation that 

extend over the thirty year period. But "the dangers of comparing 

climatological averages at adjacent stations which are based on different 

periods of record have long been recognized by climatologists." 3 ° Conrad 

and Pollack also insist that "series of different periods, however, are 

not comparable with one another." 31 This consideration is very 
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Table 2.4 

PERCENTAGE OF GAPS ESTIMATED 

MONTHI. Y DATA 

STATION NAME Maximum Minimum Mean Rain Snow Total 
Temperature Temperature Temperature Precipitation 

Buffalo 
92.5 100 100 78.1 47.1 94.4 Narrows 

Cr.ee Lake 100 79.1 89.7 72.7 76.6 66.6 

Cumberland 100 92.0 100 64.5 85.2 90.8 House 

Foster Lake 94.6 86.1 63.9 

Ile a la 87.5 68.3 68.3 Crosse 

Island Falls No Gaps NoGaps No Gaps No Gaps ••••• 

Kinoosao 93.2 65.3 79.2 

La Range 98.7 100 100 79.5 76.6 89.6 

Meadow Lake 100 100 100 93.3 88.0 88.2 

Nipawin Na Gaps No 6aps No ~aps No Gaps •••• : 

Prince Albert No Gaps No Gaps No Gaps No Gaps ••••• 

St. Walburg 92.8 86.5 86.5 68.9 74.5 71.7 

-Spiritwood 100 100 100 . 75.0 100 88.2 

Stony Rapids 100 100 100 84.6 64.3 50.0 

Uranium City 100 95.7 100 88.5 88.5 82.3 

Waseca No Gaps No Gaps No Gaps No Gaps ••••• 

Waskesiu Lake 100 100 100 99.5 87.3 95~7 

Whitesand No gaps No gaps No gaps 100 100 100 

Wollaston Lake - 91.7 72.2 71.4 

Indicates that no temperature data was recorded. 
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restrictive as cases where all of the stations in a study area are of the 

same record length are rare, and this study area is an excellent example. 

A solution to this problem of uncomparability of averages of 

dissimilar periods is the estimation of averages for the entire thirty 

year period. The World Meteorological Organization, Conrad and Pollack, 

Brooks and Carruthers, and the Atmospheric Environment Service 32 advocate 

the method of differences and ratios as applicable to the adjustment of 

means. Aston and Kendall tested these methods by the comparison of actual 
. 

and estimated normals as well as by the use of regression equations. 33 

Differences were reported not to be significant. 

Besides comparability, other benefits accrue through the extension 

of short-term averages to longer periods. Of course, this technique adds 

to the data base, though artificially, producing a mean which is repre-

sentative of the long-term -thirty year period. The World Meteorological 

Organization states that "the paucity of data can, to some extent, be 

minimized by reconstruction of the climatological time series backwards, 

whenever comparable neighbouring station data are available." 34 

Extending the short-term averages to thirty year normals produces 

averages that are representative of a longer time period. Thirty year 

normals are statistically more stable, being less subject to short-term 

variations. Increased confidence can be placed in statistics based on 

longer time periods (i.e. larger sample sizes) as sampling error decreases 

with larger sample sizes. 35 The World Meteorological Organization supports 

this statement saying that "the sampling error of normals based on a short 

period is relatively large compared with that based on a longer period." 36 

Several thirty year normals were already adjusted by the Atmos-

pheric Environment Service. 37 Those which were not available were 
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Environment Service and others 38 but modified with regards to the 

selection of comparison stations. 
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Again, as for the estimation of monthly data, the best station 

estimator was selected on the basis of proximity, highest correlations, 

and highest completeness index. The completeness criterion was more 

stringent for normal estimation as comparison stations were required to 

have a thirty year mean. Comparison stations with actual normals were 

preferred, although estimated normals based on about twenty years of data 

were considered satisfactory where an estimator with a thirty year record 

was not available~ 

The author devised a means of testing the accuracy of the adjust

ment of normals as well. This was done by estimating thirty year normals 

from a shorter period average (nine years) for a station which actually 

has a thirty year normal. Then the actual and estimated normals could be 

compared. The results of this testing procedure are listed in Table 2.5 

(page 46). The differences were most often negligible, being around a 

degree or a fraction thereof for temperature and being generally less than 

9 mm. for precipitation, but jumping to 20.5 mm. in one example. There

fore results were considered acceptable~ 

2.5 SPATIAL ESTIMATION 

The isopleth maps in this study have been produced by automated 

means through the use of the SYMAP computer program. 38 Isolines were 

drawn by interpolation using the data at control points (the observation 

stations) "to estimate values at intervening locations, basing these 

interpolated values upon the values of and the distances to other data 
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Table 2.5 TESTING OF ADJUSTED NORMALS 
(Actual minus Estimated) 

PRINCE ALBERT 

January April July October 

Maximum Temperature 
(in °C.) -1.2 -0.9 0.1 -0.6 

Minimum Temperature 
(in °C.) 1.0 0.4 0.4 1.4 

Total Precipitation 
(itl nun.) 2.3 4.5 2.8 9.3 

WHITE SAND 

January April July October 

Maximum Temperature 
(in °C.) -0.6 0.6 1.3 0.3 

Minimum Temperature 
(in °C.) 2.4 -0.9 0.1 -0.1 

Total Precipitation 
(in nun.) 5.5 3.5 20.5 7.3 

ISLAND FALLS 

January April July October 

Maximum Temperature 
(in °C.) -0.8 0.2 -1.4 0.2 

Minimum Temperature 
(in °C.) 2.4 0.2 -0.1 -0.6 

Total Precipitation 
(in nun.) 3.3 -8.8 -2.0 8.0 
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points." 39 "The method of calculation is a weighted average of slopes and 

values of nearby data points developed from a gravity-type model."40 

Spatial extrapolation is required because data are measured only at certain 

discrete points over the area not at all points in the area, that is, on 

a continuous surface. So the data have spatial gaps to be estimated as 

well as temporal gaps. 

The main factors which are sources of error in isopleth mapping 

are 1) the quantity of available data, 2) the collection, recording and 

manipulation of data, 3) the locational scatter of the data, and 4) the 

accuracy with which a machine or person has rendered the map. 41 The first 

three factors, except for the manipulation of the data, are already 

established for this study. The author's use of SYMAP determined the 

fourth. 

The author attempted to control isopleth (class interval) density 

so that the lines were neither overly dense, indicating a greater level of 

accuracy than the quantity of data permitted, nor too sparse, concealing 

significant variations. The maximum number of classes is limited by the 

number of data points used, and the range of values. 

The accuracy of the maps produced is specific to the climatological 

element being mapped and it also varies from place to place on each map. 

Therefore it is difficult to test the reliability of the maps. Morrison 

uses the nearest neighbour statistic to infer probable accuracy. He says 

that this statistic "compares the actual mean distance from one point to 

the next nearest point to an expected mean distance if control points of 

that density were randomly distributed." 42 The point distribution coef

ficient ranges from 0, when all points are clustered at the same location, 

to 2.15, when the points have their maximum spacing, in which case they 
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are distributed regularly in a hexagonal or triangular pattern." 43 This 

statistic helps evaluate whether the maps are based on a sufficient number 

of points with adequate locational scatter. It was calculated to be 1.48 

for the temperature control points and 1.45 for the precipitation points. 

These are classified as the random to uniform type of distribution. There

fore the point distribution is considered to be satisfactory with respect 

to this indicator. 

Another mode of testing the interpolations was developed by the 

author. More than one testing method was employed in order to ascertain 

that the sparse data was being utilized effectively. Isopleths were drawn 

based on an incomplete set of data points, that is, three data points 

selected across the study area were left out of the compilation. These 

maps were then compared to maps based on the complete set of data points. 

Figures B2.1 to B2.4 are examples of these two types of maps. The differ

ences between the actual and the estimated values were calculated, and 

listed in Tables 82.1 and 82.2. Temperature differences were satisfactory 

as interpolated values were well within one standard deviation from actual 

values. Precipitation differences were occasionally greater than one 

standard deviation, indicating a poorer estimate due to greater variability 

over the area. 

2.6 CONCLUSION 

The main elements, temperature and precipitation, were the only 

two elements estimated, temporally and/or spatially, for this study. Other 

elements, such as cloud cover, humidity, thunderstorms and snow cover depth 

are examined in chapter 4 for a better understanding of the climatic 

environment. These other elements were not estimated because of the 
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extreme scarcity of data. 

The quantity of daily data that was estimated was low in comparison 

to the other estimations. This aspect is notable because it signifies 

that more daily data could be estimated only if standards of acceptance 

were lowered and that the daily data are fairly incomplete, not even 

complete enough to provide a basis for adequate estimations. 

The paucity of the data was reduced through various modes of 

estimation. Estimation accuracy was examined through several testing 

techniques (most of which were developed by the author) and only accurate 

estimations were accepted. Thus the analyses in the following chapters 

are based on more complete data, both spatially and temporally. 
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CHAPTER 3 

THE NATURE AND CHARACTERISTICS OF THE TEMPERATURE 
CLIMATE OF NORTHERN SASKATCHEWAN 

3. 1 INTRODUCTION 

Temperature is one of the most important aspects of the climate of 

northern Saskatchewan. It affects a wide range of activities ranging from 

forestry, fishing, wildlife and agriculture to mining, industry and 

construction. Temperature also has a considerable impact on recreation 

and air pollution concentrations as well as transportation and utilities. 

Another significant role temperature plays is one of influencing human 

comfort and health. 

For many the word 'north' is synonymous with the word 'cold'. It 

is known that the temperature of northern Saskatchewan is somewhat cooler 

than southern Saskatchewan but the amount and the significance of this 

difference should be established. Stations of southern Saskatchewan, 

usually Regina in the central portion, were used for comparisons between 

northern and southern Saskatchewan. 

The isotherms of this study are based on actual temperatures rather 

than temperatures reduced to sea level because differences in elevation 

over most of northern Saskatchewan are slight and gradual. 

3. 2 THE SEASONS 

For this study the year is subdivided into four equal parts: 

53 



54 

1) December, January and February, 2) March, April and May, 3) June, July 

and August, and 4) September, October and November. For convenience these 

periods will be referred to henceforward as winter, spring, summer and 

fall, respectively. The middle north of each division will be considered 

representative of each of the season's established characteristics. These 

key months will generally be used in order to simplify analysis and 

description. 

This definition of the seasons was based on monthly units as 

montHly summaries were used for most of the analyses rather than daily 

data. It was pointed out in chapter 2 that it was more difficult to 

estimate missing data in the series of daily observations. Therefore 

monthly data were preferred for most of the analyses as they provided a 

more complete data base for northern Saskatchewan. 

The seasons have been defined in this fashion in .other literature, 

as for example, in a meteorological glossary1 and in Longley's "The 

Climate of the Prairie Provinces". 2 

3.3 WINTER TEMPERATURE CLIMATE 

3.3.1 Normals and the frequency of monthly values 

As expected for a land-dominated climate, January is the month 

with the coldest normal temperatures at all stations in northern 

Saskatchewan. Note that January appears as the lowest point on each of 

the graphs of normal mean temperatures for the four stations selected 

from the southern to the northern parts of the study area (Figure 3.1). 

January normal mean temperatures average about 5°C. less than the corres

ponding values for February. December is slightly warmer with normal 
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mean temperatures averaging about 9°C. higher than January temperatures. 

The isotherms of normal mean temperatures for all key months 

(Figures 3.2, 3.11, 3.17 and 3.19) exhibit a general northeastward decrease 

in values. This gradient is much more pronounced in winter. January 

normal mean temperatures (Figure 3.2) drop from about -20°C. in the warmer 

southwest to less than -28°C. in the northeast, an average gradient of 

1°C. in 56 km. 

January normal monthly minimum temperatures (Figure 3.3) also have 

a general pattern of northeastward decrease. So when the temperatures are 

compared to a station in southern Saskatchewan,such as the comparison 

station of Regina, only the southwest portion of the study area has 

negligible differences, but the temperature differences between stations 

of the northern margin of the study area and Regina are considerable, 

being greater than 8°C. 

Values for January normal maximum temperatures (Figure 3.4) are 

more than twice as low for northeastern Saskatchewan as for the comparison 

station of Regina. Yet these temperatures are only less than 2°C. to 4°C. 

lower for a large portion of the south, that is for the area south of a 

line running from about 55° 30' North on the western boundary to about 

54° North on the eastern boundary. 

The percentage frequencies of monthly means were calculated in 

order to analyze the frequency of occurrence of the entire range of 

temperatures. The frequencies were converted to graphs called ogives 

which are distribution curves of the cumulative percentage frequencies. 

Three examples (Figures 3.5 to 3.7) are given including one from the north, 

one from the south as well as one more unusual example. (The graphs for 

the rest of the stations are given in Appendix D.) 



NORTHERN SASKATCHEWAN 

3.3°C. 3.3°C. -28° 3.9°C. 0 110° 102 

6oqr'----t-----------------~-J~--~----_J~\-------1'-6oo 

• Foster Lake 

" 

0 
-28 c. 

';i~ •Sci'" w~ 
~ Spiritwood• 

j .waseca 

53~1:-------~~--------------~~~~=--------------------------~ ~ , -s~-

noo 

so 200 Km. 

-----=======~------~ 
0 100 

57 

Figure 3.2 January normal mean temperatures, 1941 to 1970. Also the 
standard deviations of January mean temperatures from the normal mean 
temperature of the same period. 
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Figure 3.3 January normal minimum temperatures, 1941 to 1970. Also 
included are the January extreme minimum temperatures for each station 
recording temperature. (The extremes are given beside each station with 
the number of years of record of daily data upon which the extremes 
were based.) 
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Figure 3.4 January normal maximum temperatures based on the period 1941 
to 1970. Also included are the January extreme maximum temperatures for 
each station recording temperature. (The extremes are given beside each 
station with the number of years of record of daily data upon which the 
extremes were based.) 
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The frequency method used in this study has several advantages 

over the use of a usual method such as normals for example. As well as 

giving a measure of central tendency, the median, the ogives also show 

anomalous temperatures and their rate of occurrence, all on the same graph, 

thus facilitating comparisons. 

Ogives are more realistic and meaningful than the normals in that 

they show the percentage of occurrence of the entire range of values. 

Therefore they are a better source of data for planning purposes, for 

examPle, than normals, especially when the values exhibit a large range 

about the normal. 

Features that the normals tend to mask are revealed by the ogives. 

For example January's normal maximum temperatures are 1.6°C. higher at 

Nipawin than at St. Walburg. However this does not mean that all the 

maximum temperatures are lower at St. Walburg. In fact for January monthly 

maximum temperatures lower than -l8°C. the distributions for both stations 

are similar, that is, these temperatures have the same rate of occurrence 

(Figures 3.5 to 3.7). But for the same rates of occurrence above this 

temperature Nipawin does have higher maximum temperatures as the normal 

suggests. 

The ogives are a concise method of displaying a considerable amount 

of information. The rate of occurrence of any temperatures during a month 

can be read directly from the appropriate ogive. For example, it can be 

read from Figure 3.5 that January's mean maximum temperatures are less than 

-l7°C. for half of the time (i.e. a SO% occurrence rate) or fifteen out of 

thirty years. This statistic, termed the median, is the middle observation 

of an ordered group of observations 3 and in some cases is said to be 

preferable to the mean. 4 In comparison, the median for Stony Rapid's 



January mean maximum temperatures (Figure 3.6) is -24°C., considerably 

colder than Nipawin's 'middle' temperature conditions. 
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In addition to providing spatial comparisons, temporal comparisons 

can also be made through the use of the ogives. A month-to-month compari

son clearly shows that January temperatures are the lowest for all rates 

of occurrences with few exceptions. 

St. Walburg (Figure 3.7) provides one of the exceptions. The 

January mean minimum temperature graph crosses the February mean minimum 

temperature graph indicating that some of the warmest February mean. minimum 

temperatures were not as high as January's highest temperatures. Also 

when examining the_ogives for January and February's mean maximum tempera

tures one can see that the two ogives almost merge for a portion of their 

length. This means that the temperature distribution was very similar for 

both January and February for this portion (about 15%) of the time. 

Furthermore spatial comparisons can be made by superimposing the 

graphs and noting similarities and differences. For example, most of 

Nipawin's January mean minimum temperatures are located almost 10°C. to 

the right, that is, warmer than the similar curve for Stony Rapids. This 

indicates that Stony Rapids has a distinctly colder January. In fact, 

Nipawin's January mean minimum temperatures are more similar to Stony 

Rapids' spring, that is, March temperatures! 

The data from the ogives can also be used to produce a map of the 

areal pattern of frequencies for a certain range of temperatures (Figu!e 

3.8). The example given shows that north of about 58° North, almost all 

Januarys (more than 80%) have mean maximum temperatures that are less than 

-18°C., while south of a diagonal line joining Buffalo Narrows and 

Cumberland House there is only a chance (less than 35% occurrence) of 
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January having a mean maximum temperature less than -18°C. Thus the 

north to south contrast is made quite clear. 

3.3.2 The variability of winter temperatures and 
unusual winter temperatures 

"It is well known that the differences between years may be 
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considerable although conventional climatic averages conceal such vari

ability."5 Therefore indices of variability are necessary for a realistic 

evaluation of climate. More than one index was calculated because each 

reveals a different type of variation. The range, the standard deviation, 

and the diurnal range are the most commonly applied statistics. A less 

common index of variation, the precentage frequency, was also used. Cold 

and warm spells were evaluated as well. 

There have been ·some rigorously cold temperatures experienced at 

locations in the study area as indicated by the January extreme minimum 

temperatures (Figure 3.3). All of the extreme minima for the study area 

are less than -45°C. 

An intriguing feature of the spatial arrangement of the extreme 

minima is that the lowest values are reported for the southern margin, not 

the north as would be expected in general. A station of the southwest, St. 

Walburg, even has the lowest January minima of the study area, a piercingly 

cold -53°C. The rest of the study area have minima which are a few degrees 

higher. In fact Whitesand in the east central portion has a minimum which 

is 6°C. higher than that at St. Walburg which is almost 300 km. farther 

to the south. 

The east central stations have comparable, if not longer record 

lengths than the stations of the south, so this pattern can not be 
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attributed to differences in record length. The other stations of the 

central and northern regions do have shorter record lengths so for their 

cases record length could be a factor contributing to the less extreme 

minima for these locations. 

Stony Rapids with its short record length (nine years) has experi

enced a low of -51°C. If records had been taken for earlier years perhaps 

even colder conditions would have been recorded. Yet Uranium City with a 

record length that is five years longer has a minimum which is less severe 

than most of the southern locations. 

So less severe minimum temperatures are experienced in the central 

portion of the study area and perhaps even at some northern locations than 

in the south. 

January extreme maximum temperatures (Figure 3.4) soared to their 

highest values in the southern locations, reaching as high as 11°C. at both 

Nipawin and St. Walburg. So daily temperatures climb well above freezing 

even in January, the coldest month of the year. 

The majority of the stations of the central belt have extreme 

maxima that are only a few degrees lower than values for the south. Island 

Falls in the central region has a maximum which is even higher than the 

maxima for the southern stations with the exception of St. Walburg and 

Nipawin. 

North of the central region Cree Lake and even Uranium City have 

extreme maxima which are a few degrees above freezing. But the maxima in 

general decrease much more rapidly from the central belt to the north than 

from the southern margin to the central belt. For Whitesand on the 

northern margin of the central belt even twenty-nine years of data do not 

reveal a maximum greater than 4°C., a value which is only l°C. higher than 
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that of Uranium City in the northern margin. 

Stony Rapids' extreme maximum stresses the concept of the north's 

coldness as it has the lowest January maximum of only -2°C., a value whose 

cause could be partially attributed to a short record length as well as to 

the northern location. 

Thus the pattern of January extreme maxima indicates that high 

(10°C.) January temperatures can occur as far north as Island Falls. In 

fact extreme maxima as high as that for Regina (9°C.) occurred even as far 

north as Buffalo Narrows! All study area stations, with the exception of 

Stony Rapids, have January maxima that are at least a few degrees above 

freezing. 

With just a glance at the standard deviations for January and July 

(Figures 3.2 and 3.11, respectively) one can note the greater variability 

of the winter temperatures as compared to the summer temperatures. This 

situation reflects Kendall and Anderson's statement that "there is some 

tendency for higher deviations to be associated with low mean temperatures!' 6 

The seasonal difference in variability is primarily due to 'the domination 

of air mass control rather than solar control during the winter. 

However this difference in variability does not hold true for some 

areas during the winter season. Figure 3.2 shows that the northern, colder 

stations have standard deviations of January mean temperatures that are at 

least 1°C. less than stations in the south which have higher mean tempera

tures. For example, Uranium City and Stony Rapids have the least vari

ations of all of the stations in the study area at 3°C., while Spiritwood 

has the maximum January standard deviation of 5°C. even though it has 

warmer temperatures than those of the northern stations. 

Shorter record lengths of the central and northern stations likely 
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act to decrease variation to some extent. Yet the pattern of northward 

decrease in the standard deviations is verified by some of the centrally 

located stations, specifically Island Falls and Whitesand, which have long 

records as well as the lower temperatures and lower standard deviations 

than locations in the south. 

This implies that for January, the colder areas have mean monthly 

temperatures which have less variation from their normals than the stations 

that are farther to the south. So although the colder stations do not have 

greater maxima, neither do they have much lower minima. 

It has been said that "it [the standard deviations of monthly mean 

temperatures] is a measure of the fluctuating proportions of the time 

different air masses are dominant at a given place."7 Also air mass source 

regions show less variability than regions which lie along frontal zones 

between air masses. Therefore the lower standard deviations in the study 

area further to the north may indicate that there is less frontal activity 

at these locations at this time of the year. This also could mean that 

they are preferred locations for air mass source regions. 

The extremes provide the lowest and highest daily values reported, 

the standard deviations provide information about variations from the mean 

and the daily variations provide information on day-to-day temperature 

changes. But the ogives (Figures 3.5 to 3.7 and Appendix D) must be 

referred to for information regarding the actual frequency of unusual 

values. For examples of rare values, January mean minimum temperature.s 

at Stony Rapids (Figure 3.6) are below -38°C. for just 16% of all Januarys 

but are above -30°C. for only about 10% of Januarys (that is three out of 

thirty Januarys). January mean maxima at this station are usually (80% of 

the Januarys) below -22°C. and seldom (only 20% of all Januarys) below -28°C. 



Therefore these two values would represent unusual values as determined 

from the ogives. Thus the ogives can be used to evaluate the rarity of 

values as well as their rates of occurrence. 
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Percentage frequencies enable the evaluation of the occurrence of 

temperatures on a spatial basis as well. Figure 3.8 is such an example in 

which the frequency of temperatures below the arbitrary value of -18°C. 

was plotted. This was done in order to determine where such temperatures 

become unusual. 

Mean maxima less than -l8°C. (Figure 3.8) occur in practically 

none of the Januarys for stations north of Stony Rapids, while only a few 

(less than 20%) of the January mean maximum temperatures are less than 

-18°C. in the southwest. So percentage frequency information enables the 

evaluation of temperature probabilities on an areal basis as well as a 

temporal basis. 

An analysis of the daily temperatures was also undertaken. It was 

used to determine the number of spells, that is, how often the daily 

temperature was consistently warm or cold for how many consecutive days. 

A period of three days was arbitrarily chosen for the length of a spell 

for mapping purposes as a two-day spell would be the minimum length of 

time (i.e. a weekend) that people could stay in the shelter of their homes 

without having to go out to work or to shop, etc. 

The ranges of temperatures mapped as cold or hot spells were chosen 

because they indicate the unusual temperatures but still provide enou~h 

data to be analyzed. Figure 3.9 shows the average occurrence of cold 

spells (three or more consecutive days in length) during a winter. 

Temperatures selected to represent a cold spell were minimum temperatures 

of -40°C. or less. 
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Figure 3.9 Average number of cold spells per winter (December, 
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January and February),l941 to 1970. Cold spells for this figure refer 
to the periods of three or more consecutive days with minimum temperatures 
of - 4 0 ° C • or 1 e s s • 



72 

The noticeable feature of the distribution of cold spells (Figure 

3.9) is the abrupt increase in the number of cold spells per winter north 

of about 57° North. Uranium City, Stony Rapids and Cree Lake have more 

than twice the number of spells that the stations to the south of them do, 

with the exception of the Meadow Lake area, which has well over one cold 

spell per winter on average. This likely means that cold polar air 

stagnates over this area more often and for longer periods. To give an 

extreme case, Stony Rapids has almost eighteen times as many cold spells 

as Waseca and Cumberland House. 

Both Stony Rapids and Uranium City have experienced the longest 

cold spells, six with minimum temperatures of -40°C. or less for longer 

than five days. 

The number of warm spells per winter indicates that warm air does 

manage to invade the study area. The areal pattern of warm spells with 

maximum temperatures greater than -1°C. (Figure 3.10) also exhibits the 

pattern of the cold spell map, but in reverse. There is a sharp increase 

from 0.5 spells per winter in the Cree Lake area to almost 3 warm 

spells per winter in the southwest. Stations south of about 56° North 

have three times to as much as twenty-six times as many warm spells as 

stations north of this latitude. Figure 3.9 clearly indicates that the 

same pattern of warm spells is certainly not to be expected further to 

the north. 

Spells of maximum temperatures greater than 4°C. are exceedingly 

rare in winter, none being recorded for stations north of 57° North. 

This temperature maximum coincides with that commonly termed chinook 

conditions. 9 However this temperature condition will only be referred to 

as chinook-like as it is questionable whether a chonook would be experi-
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enced at such distances from the mountains. The ·mild temperatures may 

also be due to the influence of mild maritime Pacific air masses. Accord-

ing to Longley's map 10 the mean number of winter days with chinook con-

ditions is less than two to the northeast of a line extending from Prince 

Albert to Fort McMurray. Yet the author has found that the spells with 

maximum temperatures greater than 4°C. have occurred even as far north as 

Whitesand. Whitesand has experienced three chinook-like spells lasting 

two days or longer. Spiritwood has had the maximum number of chinook-like 
, 

spells, twenty-four spells lasting two days or longer. 

3.4 SUMMER TEMPERATURE CLIMATE 

3.4.1 Normals and the frequencies of monthly values 

July, the month representing summer, ·is the month with the warmest 

normal temperature values at all stations in the study area. It is the 

peak value of the curve of monthly normal means shown on Figure 3.1. 

The pattern of July normal mean temperatures (Figure 3.11) shows 

a considerably weaker north to south temperature gradient than the com-

parable figure for January (Figure 3.2). July normal mean temperatures 

increase from about 15°C. in the extreme northeast to over 18°C. in the 

southeast. This gradient, which is about l°C. per 150 km., is only about 

one-third of the north to south temperature change in January. One can 

see -that the northward decrease of temperature in summer is much less --

noticeable than in winter. 

These July normals also show a different areal pattern than that 

of the January normals especially in approximately the southern one-third 

of the study area. In this southern portion July normal means are highes~ 



sgq.l 

I 

NORTHERN SASKATCHEWAN 

0 0 2.0 C.2.0 C. 

0 l. 2 c. 

eFoster Loile 

so 200 Km. 

----*=======~--------
0 100 

Figure 3.11 July normal mean temperatures, 1941 to 1970. Also the 
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in the southeast while in contrast, January normal means are highest in 

the southwest. 
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Another interesting feature to note is that the July normal mean 

temperature for Stony Rapids, just north of S9° North is only 3.3°C. less 

than that for Regina, a station in southern Saskatchewan at S0° 26 1 North. 

Note that this difference from a station in central southern Saskatchewan 

is less than the maximum range between stations within the study area. 

Thus, in general, summer temperatures in the study area can be 

fairly warm. The July normal maximum temperatures (Figure 3.12) are 

usually in the low twenties. 

Another important aspect of July's temperatures is that they do 

plummet downward. Normal mean minima for July (Figure 3.13) range from 

around 8°C. to just over 12°C. 

The ogives ~f summer temperatures (Figures 3.S to 3.6 and the 

remainder are in Appendix D) provide a detailed portrayal of the summer 

temperature climate. Ogives for July are usually positioned to the left 

of the ogives for June and August. This indicates that warmer temperatures 

have a greater rate of occurrence during this midsummer month. For example, 

at Nipawin (Figure 3.S) about SO% of July have maximum temperatures less 

than 2S°C. but 96% or almost every August has a mean maximum less than 25°C. 

Furthermore,the ogives reveal anomalies in this general tendency. 

For instance the July ogives for Stony Rapids (Figure 3.6) merge with the 

August ogives in their lower portions for both maximum and minimum tempera

tures. This means that the cooler July and August months have the same 

rate of occurrence in contrast to the usual situation in which the lower 

temperatures that occur in August would not occur for July or would occur 

with lower probabilities. Buffalo Narrows and La Ronge (Figures 03.1 and 
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with the number of years of daily data available in the standard period 
also included.) 
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03.5, respectively) are additional examples of this phenomenon. 

The value below which half of the monthly temperatures occur, that 

is the median, ranges from about 20°C. to 25°C. for the July maxima of the 

study area stations. The medians for July minima range from as low as 

8°C. to about 12°C. So it can be expected that July's temperatures will 

be less than these values for one out of every two years. 

Figure 3.14, the percentage frequency of Julys with mean maximum 

greater than 20°C., is an example of how the data gleaned from the 

frequency analysis can be used to show areal patterns. It displays a 

distinct minimum in the Buffalo Narrows-Cree Lake area, but then the 

frequency rises both to the south as well as to the north to reach above 

75% in the Stony Rapids-Uranium City area. 

3.4.2 The variability of summer temperatures and 

unusual summer temperatures 

Again, as for winter the range, standard deviation, diurnal range, 

percentage frequencies and spells were used to evaluate the variability 

of the summer temperatures as well as to determine unusual temperatures. 

Extreme temperatures (Figures 3.12 and 3.13) reflect the fact that 

daily summer temperatures can be extraordinarily warm or cold. Extreme 

maximum temperatures (Figure 3.12) even as high as 42°C. (at Nipawin) have 

been recorded in the study area. In fact, Cree Lake, with an extreme 

maximum of 29°C. is the only station which has not recorded an extreme 

maximum in the thirties and this low value is just as likely due to its 

very short record length as much as its northerly location. 

The extreme maximum at Nipawin is only one degree less than the 

comparative value for a station in southern Saskatchewan, Regina. 
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Figure 3.14 Percentage frequency of Julys with mean maximum temperatures 
greater than 20°C., 1941 to 1970. 
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Note also that the central stations and even the northern stations have 

July extreme maxima that are comparable to those of the southern stations. 

Uranium City in the northern margin has a maximum (32°C.) which equals 

that of Prince Albert in the southern margin. Stony Rapids' maximum at 

36°C. is only one to two degrees lower than most of the stations of the 

south as well as being 4°C. higher than Prince Albert's maximum. 

In contrast to the July maxima, July minima (Figure 3.13) have 

dipped even below freezing in several areas. One of these locations is, 

as would be expected, in the northern margin at Stony Rapids. Yet several 

stations of the southern margin have minima as low as -3°C. and even down 

to -4°C. at Waskesiu Lake. These southern stations have the most severe 

lows, partially as a result of their longer records, but there are stations 

farther north in the central portion, Whitesand and Island Falls, which 

have comparable record lengths and actually have higher minimum tempera

tures than experienced in the south. 

The standard deviations (Figure 3.11) show that there is little 

variation from the July normal means, values being less than 2°C. over the 

entire study area. Values range from around l°C. in the south increasing 

to about 2°C. in the north. 

Another view of temperature variability can be had through the 

examination of diurnal variations of maximum temperatures. Very few of 

the highest diurnal variations occur in the summer months. The diurnal 

variations of summer maximum temperatures has been as high as 24°C. at 

Nipawin in June. Needless to say, this is quite a change in one's summer 

environment. 

The ogives (Figures 3.5 to 3.7 and Appendix D) show the minimal 

variation of summer month temperatures quite clearly. The graphs cover a 



82 

much smaller range of temperatures than the graphs for the other seasons. 

The average range for the mean maxima is 8°C. for all the stations of the 

study area while the average range for the July mean minima is even less 

at 6°C. 

A good conception of summer warmth and coolness can be gained by 

relating the frequency and duration of spells. The concept of spells used 

for this study was described in section 3.3.2. 

Figure 3.15, the average number of summer hot spells (i.e. with 

maximum daily temperatures greater than or equal to 27°C. for three days 

or longer) shows that north of about 55° North there are fewer than two of 

these hot spells per summer on average. A large loop containing Buffalo 

Narrows, Cree Lake and the area to the northeast often does not even have 

one of these hot spells per summer on average. But south of 55° North the 

number o.f hot ·spells suddenly increases to a maximum of greater than an 

average of four per summer around Nipawin. 

Several stations have even experienced spells of three days or 

more with maximum temperatures of 32°C. or greater. St. Walburg has had 

a spell with maximum temperatures greater than or equal to 32°C. for five 

consecutive days during the month of July. July is the summer month with 

the most frequent number of hot spells as well as the hottest spells. 

These hot spells certainly stress the occasional need for air-conditioning 

systems or the suitability of beach development, for example, at some of 

these locations. 

Of course, summer cold spells are also a factor of the environment. 

Figure 3.16 reveals that spells of three days or more with minimum tempera

tures less than or equal to 2°C. occur at least twice a summer on average 

at Stony Rapids and northeastward. A large area south of Stony Rapids and 
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Figure 3.15 Average number of hot spells per summer (June, July 
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Wollaston looping southward almost to Spiritwood has slightly less than 

one to almost one and one-half cool spells per summer. A greater east to 

west than north to south contrast exists for all of the area but for the 

northeast. 

It is unusual that places iike Uranium City and Buffalo Narrows 

have approximately the same number of summer cool spells as Prince Albert 

and even fewer summer cool spells than other places in the south such as 

St. Walburg and Spiritwood. This probably is a function of the shorter 

record lengths at Uranium City and Buffalo Narrows. 

Spells of minimum temperatures less than 2°C. are experienced at 

all stations of the study area during the summer months of June, July and 

August. The coolest summer spells are only two days long and occur only 

in June, but have temperatures less than or equal to -4°C. This type of 

spell has occurred at_Stony Rapids in the north as well as locations such 

as St. Walburg and Waskesiu Lake which are considerably farther south. 

On the other hand, a favorable feature is that there were no cool spells 

for the month of July, even as short as two days, during which minimum 

temperatures dropped below zero. 

3.5 THE TRANSITION SEASONS, SPRING AND 
FALL TEMPERATURE CLIMATES 

The three months of March, April and May, considered to be spring 

for this study, are transitional in that they encompass winter's rigor~ 

ourness as well as summer's incipient mildness. 

Similarly, the period of September, October and November, grouped 

as fall for this study, also is characterized by the intersection of both 

summer and winter temperatures, often felt in full force. 
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3.5.1 Spring temperatures 

Temperatures are definitely on the rise during spring. The increase 

in normal temperatures from month to month is a monitor of this change. 

The increase of normal mean temperatures for all stations of the study area 

from February to March, the month marking the beginning of spring, is only 

6.2°C. as an overall average. The March to April increase of 11.7°C. on 

average, shows an accelerated rate in the rising temperatures. This rate 

of increase diminishes slightly between April and May, the difference being 

7.9°C. The greatest increase, therefore, can be expected between March 

and April. 

Figure 3.1, the normal mean monthly temperatures for four selected 

stations, shows the increase of temperatures during spring (March, April 

and May). 

The coldest April normal mean temperatures (Figure 3 .17) lie in 

the extreme northeast. Temperatures rapidly climb to the freezing point 

just south of a line running from the northwest to southeast through Cree 

Lake to Island Falls. Normal mean April temperatures increase much more 

gradually to the south of this line. One can see a combination of the 

weak temperature gradients typical of summer in the warmer south and the 

steeper gradients typical of winter in the north. 

Mean maximum April temperatures (Figure 3.18) give an impression 

of impending summer. These temperatures are all above freezing and range 

from a high of over 7°C. to slightly less than 1°C. in the northeast.-

In contrast, April mean minima are reminiscent of the winter's 

tenacious grip. Mean minima (Figure 3.18) are well below -5°C. over all 

of the study area extending as low as -15°C. in the northeast. 
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Figure 3.18 April normal maximum and normal minimum temperatures, 1941 to 1970. 
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Extreme maximum April temperatures indicate that days which may 

be considered as hot, even during summer, have been experienced during 

this mid-spring month in some parts of the study area. For instance, 

maxima of over 30°C. have been reported for locations in the south, namely 

Nipawin, Prince Albert and Waseca. 

Extreme minima in April have dropped as low as a bone-chi~ling 

-39°C. and -38°C. at Stony Rapids and Uranium City, respectively, in the 

northern margin of the study area. Yet a few locations in the southern 
# 

margins have extreme minima ~hich are l0°C. or more higher than the 

temperatures in the north. 

Neither is the area free of spells of cold weather. A two-day 

period with minimum temperatures less than -34°C. was found for Uranium 

City. Yet no spells of minimum temperatures of -31°C. or less have been 

recorded during May, although spells of minima of -49°C. or less have been 

experienced during March at Stony Rapids. 

However consecutive days of warm weather have also touched the 

study area. A couple of spells of two days duration with maximum tempera-

tures of 27°C. or greater have occurred at Prince Albert. Even Uranium 

City has had a two-day long warm spell in April with maximum temperatures 

Of 21°C. t or grea er. 

Some average frequencies of all the study area stations were 

calculated for certain temperatures during April. For example it was 

found that, on average, April maximum temperatures are above freezing for 

most years (i.e. 93% of all Aprils). Few April mean minimum temperatures 

were greater than 0°C. but the average frequency of April mean minima above 

-l0°C. was high, 88% of all Aprils. 
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3.S.2 Fall temperatures 

The months of fall (September, October and November) undergo a 

general decrease in temperature. The greatest rate of decrease in normal 

mean temperatures occurs from October to November. The average decrease 

is quite large, being just a tenth of a degree less than the March to April 

increase of 11.7°C. The rate of decrease from September to October is 

only ~lightly greater than one-half of this value and the rate also 

decelerates from November to December. The November to December decrease 

in normal mean temperatures is 8.7°C. on average for all of the stations. 

Refer to Figure 3.1 for examples of the decreasing normal mean temperatures 

during the fall. 

Thus the greatest rate of decrease of normal mean temperatures 

during the fall takes place close to the end of fall, during the last two 

months and the greatest rate of change in spring occurs at the beginning 

of the season. In other words the greatest contrast in normal mean temp

eratures takes place from winter to spring and from fall to winter, the 

transition into and from summer being more gradual. 

October mean temperatures (Figure 3.19) are generally S°C. warmer 

than April mean temperatures. They range from being slightly greater than 

4°C. in the south to just below freezing in the north. 

Maximum October temperatures give the impression that summer's 

influence can extend well into fall. October normal maximum temperatures 

(Figure 3.20) reach about S°C. even north of La Ronge during the gradual 

decline to the north. An extreme October maximum of 31°C. has been 

reported at both Prince Albert and St. Walburg. 

Prince Albert also has had a couple of two-day long spells of 

maximum temperatures reaching 27°C. and higher in October. But no spells 
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Figure 3.19 October normal mean temperatures, 1941 to 1970. 
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with maximum temperatures of 21°C. or greater have been reported in 

November. 
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Yet, summer's influence can exert its dominance even in October. 

The frequency of October maximum temperatures of 0°C or greater over the 

study area is 98%, almost a certainty. October maximum temperatures are 

greater than 5°C. for almost 80% of the time. 

November may be lacking in warm spells but it does have several 

cold spells. Stony Rapids has been under the chilling influence of a 

three-day cold spell in November with minimum temperatures of -37°C. or 

less. 

Extreme minima for October also fall to icy lows. However these 

minima are still warmer than those of April, in general. Prince Albert 

and St. Walburg both have the lowest minima of the study area, -26°C. 

for October. 

October normal minima (Figure 3.20) reveal the more common lows. 

These range from about -l°C. in the Island Falls to Cumberland House area 

decreasing towards the west to -2°C. and decreasing to the north to less 

than -4°C., the latter value being almost l0°C. higher than April normal 

minima of the same location. 

3.6 CoNCLUSION 

There is no doubt that the winter temperatures of the study area 

are low. Normal means for January, the coldest month, decrease at a rate 

of about l°C. for every 56 km. northward to the coldest part of the study 

area,the northeast corner, where the normal mean January temperature is 

less than -28°C. This is more than l0°C. less than the normal mean 

conditions for Regina, the station in southern Saskatchewan,which is used 
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for comparison. The situation changes to the southwest corner, however, 

where January normal means are less than 3°C. lower than Regina's value. 

An unusual feature of the lowest daily temperatures recorded for 

the stations of the study area is that the most severe conditions have 

been experienced in the southern margin, not further north as expected. 

Stations in the central portion of the study area with equally long record 

lengths have January extreme minima that are as much as 6°C. higher than 

those of the southern stations and even 7°C. warmer than Saskatoon's 
. 

(another southern Saskatchewan comparison station) coldest conditions. 

The northward rate of decrease of summer (July) normal mean temp-

eratures is considerably less than that of winter, being only about a 

third of the winter rate. So south to north differences are certainly 

less noticeable than during the winter. In mid-summer (July) eve11 loca-

tions in the northeast ~orner of the study area have normal means which 

are only about 3°C. lower than Regina's July normal means. In fact July 

normal maxima are room temperature or higher for three out of five Julys 

for the area north of 55° North and these temperatures are almost a 

certainty (nine out of ten Julys) for the area to the south of this 

latitude. 

The warmest temperatures experienced in summer show an unusual 

pattern. The pattern is abnormal in that the central and northern portions 

of the study area have comparable if not higher extreme maximum tempera-

tures than stations of the southern margin. 

Spring and fall are seasons of rapid and numerous changes during 

which temperatures characteristic of both summer and winter vie for 

supremancy. 

The information presented in this chapter hopefully provides a 
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more detailed and clearer picture of the temperature regimes of northern 

Saskatchewan and may be helpful in achieving a better understanding of 

the climatic environment of the study area. 
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CHAPTER 4 

THE NATURE AND CHARACTERISTICS OF THE PRECIPITATION 
CLIMATE OF NORTHERN SASKATCHEWAN 

4.1 INTRODUCTION 

Precipitation is another significant element which is important to 

examine in order to increase the understanding of the climate of northern 

Saskatchewan. 

Precipitation plays a role in various human activities as well as 

many aspects of the environment such as soils, vegetation, landforms, 

stream characteristics and wildlife, for example. The human activities 

that are affected range from forestry and agriculture through to construc

tion and transportation as well as recreation and human comfort and health. 

On the other hand, human activities tend to affect precipitation in several 

ways as well. 

It is acknowledged that precipitation does increase with increasing 

altitude on the windward sides of hills, but in this study data were not 

adjusted for elevation and aspect differences because the relatively flat 

terrain in northern Saskatchewan causes very little variability in rainfall 

intensity. 1 

Considering that atmospheric moisture and cloudiness are intimately 

linked with precipitation, these aspects will also be dealt with in this 

chapter. 
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4.2 ATMOSPHERIC MOISTURE AND CLOUD COVER 

Only two stations in the study area, Prince Albert and Island 

Falls, have humidity and cloud cover normals. 2 This scarcity of data 

necessitates a spot analysis of these aspects of the climatic environ

ment. 

4.2.1 Atmospheric moisture 

The mixing ratio and relative humidity were the two main expres

sions of atmospheric moisture examined. 

Prince Albert and Island Falls have normal mixing ratios (Figure 

4.1) that are very similar, especially during the months of July, August 

and September when their normals coincide. The normal mixing ratios 

(given as grams of water vapor per kilogram of dry air) .range from 0.3 

98 

to 8.9 and 0.4 to 8.9 for Island Falls and Prince Albert, respectively. 

It was found that the driest month, in terms of the mixing ratio, is 

January and that the most humid month is July. This is clearly a direct 

but inverse relationship with temperature. Vapor concentration is higher 

during the summer as warmer air has a greater capacity for moisture. 

The extremes are indicative of the large variation in water 

vapor amounts held in the air. The extreme mixing ratio for Island Falls 

at 22.3 is much greater than that of Prince Albert at 16.9. This is 

possibly a result of the higher extreme maximum temperature at Island 

Falls (Figure 3.12) and may suggest a pattern of higher vapor concentra

tions, on occasion, in the central study area as compared to the southern 

fringe. 



Figure 4.1 Mixing ratio normals 
(in gms. of water vapor per kg. of 
dry air) for two study area stations 
as well as the comparison station of 
Regina, 1941-70. 
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Figure 4.3 Cloud cover normals 
(for the period 1941-70) for two 
study area stations as well as 
the comparison station, Regina. 
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Figure 4.2 Relative humidity normals 
(for the period 1941-70) for two 
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The relative humidities (Figure 4.2), in contrast to the mixing 

ratios, show a maximum during November, instead of July, at both stations 

with normals of 87% and 81% at this time for Island Falls and Prince 

Albert, respectively. The minimum normal relative humidities of 58% for 

Prince Albert and 62% for Island Falls occur during late spring for both 

stations. 

Prince Albert's relative humidity during the year is usually 1% to 

2% lower than Island Falls' relative humidity. The most noticeable 

difference occurs during the fall (specifically October). 

According to these two expressions of humidity for the two stations 

of the study area, the months of maximum and minimum normals are coincid

ental but Island Falls, the station that is farther to the north, has a 

climate that is slightly more humid in terms of relative humidity but has 

only a slight. difference in terms of the normal mixing ratio. 

4.2.2 Cloud cover 

Clouds are not only useful as indicators of weather, they are the 

originators of precipitation. They are also important to include because 

of their influence on air temperature and sunshine amounts. 

June and November are the cloudiest months (Figure 4.3) for both 

Island Falls and Prince Albert (the only two stations with cloud normals). 

In other words, the distribution is bimodal, however the June maximum is 

secondary for Island Falls and the November maximum is secondary for 

Prince Albert. 

Perhaps the maxima and minima of cloud coverage for the area to 

the north of Island Falls also have the same temporal pattern as for 

Island Falls. The values for the stations to the north of Island Falls 
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but just outside of the study area do suggest this pattern. Examining 

the cloud cover normals for Fort McMurray just to the northwest of Buffalo 

Narrows, one can detect a maximum and minimum also in the fall (September) 

and the late winter (February), respectively. Farther to the north, Fort 

Smith, northwest of Uranium City, shows a maximum in the fall (November) 

and a minimum in early spring (March). To give an example from the east, 

Brochet, just east of Wollaston Lake, also has its cloudiest conditions in 

October and its clearest conditions during February. 

In terms of the annual normals of cloud cover, Island Falls and 

Prince Albert have very similar values, Island Falls having slightly less 

cloud coverage. The southern Saskatchewan comparison station, Regina, has 

a normal annual cloud amount of just less than six tenths, an amount that 

is just between the two values for the study area stations. 

In terms of monthly normal cloud coverages, ·though, Island Falls 

has less cloud cover than Prince Albert by less than one tenth to over one 

tenth for seven months of the year from December to June. For the 

remainder of the year Island Falls has more cloud cover, but the difference 

is always less than one tenth. 

So the most cloud cover can be expected during early summer and 

late fall for the two study area stations and Island Falls, which is 

farther to the north, experiences only slightly cloudier or as cloudy 

conditions during the last two months of summer (July and August) and 

during the fall (September, October and November). Yet during the cold 

winter and early spring months the more northern station has clearer skies, 

thus sunnier days, than either Prince Albert or the comparison station of 

Regina. 



102 

4.3 ANNUAL PRECIPITATION 

Precipitation in northern Saskatchewan is generally light as is 

expected of an interior continental location. Only two small portions of 

the study area, however, one in the southeast and the other to the far 

north past 58° North, have total precipitation values less than Regina's 

normal annual precipitation of 398 mm. and even fewer northern Sask

atchewan stations (only two located in the southwest) have values less 

than_Saskatoon's normal annual precipitation of 353 mm. 

Values of the normal annual precipitation (Figure 404) range from 

320 mm. at Meadow Lake in the southwest to 486 mm. at Island Falls, an 

east-central location. This driest area around Meadow Lake also spreads 

to encompass a larger portion of the southwest and extends northward at 

Ile a la Crosse to interrupt what would otherwise be a continuous belt of 

the wettest (greater than 460 mm.) portion of the study area. 

So the overall pattern is one of decreasing amounts both from this 

central maximum (centered about 56° North) both northwards and southwards. 

One of the main reasons for this belt of maximum precipitation 

probably is that this area is a preferred location for cyclone tracks. 

Maps of cyclone tracks 3 show that cyclones move eastward along this belt 

during a large part of the year, that is, during the months from April to 

November, inclusive. During the remainder of the year cyclone tracks 

shift to the south of the study area. 

Conversely, one of the possible reasons for the interruption of 

this east-west belt of maximum precipitation by the dry area that wedges 

into the belt could be the influence of anticyclones. These high pressure 

centers tend to track in a southeastward direction across the belt at 

about 55° North and 108° West for several months of the year (that is, 
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Figure 4.4 Normal annual precipitation, 1941 to 1970. The percentages 
beside the stations give the percentage of the annual precipitation 
that falls as rain. 
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December to April as well as June and July). 4 

The annual number of days with precipitation (days on which 0.3 

mm. or more of precipitation falls, 5 shown in Figure 4.5) gives an 

indication of the dampness or dryness of the area as well as the intensity 

of precipitation. 

It would be expected that the pattern of annual number of days 

with precipitation would correspond with the pattern of mean annual pre

cipitation. The best example of an area for which this is true is the 

eastern side of the belt of the highest annual precipitation amounts 

(Figure 4.4). This area coincides with the location of the greatest number 

of precipitation days (that is, 112 to 130). 

Yet this relationship between the number of precipitation days and 

precipitation amounts certainly is not pronounced in other areas. For 

example, the western side of the maximum annual precipitation belt has 

only a moderate number of days with precipitation. This results in a 

greater rate of precipitation than on the east central side. In fact the 

intensity on the west central side is about 1 mm. per day with precipi

tation greater than the intensity of precipitation on the east central 

side. 

On the other hand an area around Uranium City has a moderately low 

amount of annual precipitation yet the area has a fairly high number of 

days with precipitation. This combination produces the lowest intensity 

of precipitation of the study area at only 1.8 mm. per day with precipi

tation. This fairly high number of days can be attributed to the greater 

proportion of days with snow rather than rain (69 as compared to 51 days 

with rain) as snow brings less precipitation (in water equivalent) than 

does rain during the year (Figure 4.4 gives the percentages). 
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Figure 4.5 Mean number of days with measureable precipitation, 1941 to 1970. 
Spot values are also given for the mean annual number of days with rain at 
each station. 
*More than o.gl inches (0.03mm.) according to the A.E.S Card Type S4l 
documentation. 
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The driest and wettest years for each station were also examined 

in order to pinpoint the extreme annual precipitation conditions. The 

annual precipitation totals were calculated from the estimated data. If 

even one month's total was missing and could not be estimated reliably the 

annual precipitation for the year was noted as missing. Thus there were 

many incomplete years for most of the stations which could not be used in 

the comparison and which could have been years that were drier or wetter 

than the years selected as the driest or wettest. 

According to the existing annual totals, 1968 and 1970 were the 

most common wettest years and occurred mainly for locations in the central 

study area~ The wettest years for the other stations were dispersed, 

although the late 1950~ and 1960s appeared to be the wettest years for 

much of the area. The amounts of precipitation which fell during these 

wettest years were, in general, over 500 mm., ranging as high as 699 mm. 

at La Ronge. 

The driest years on record for each of the stations were even more 

sporadically distributed during the periods of record but the most common 

of the driest years were 1967 to 1969. The amounts of precipitation which 

produced these driest years were values under 70 mm., and dropping as low 

as 57 mm. at Uranium City. 

The variability of annual precipitation as measured by the coef

ficient of variation also indicates that there are year to year changes in 

annual precipitation. The most notable features of the map of the 

coefficient of variation of annual precipitation (Figure 4.6) are the two 

areas of maximum variation (greater than 22%) that are aligned in a north 

to south direction in central Saskatchewan and that are separated by a 

wedge of the lowest variation (less than 13%) in the study area. 
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If the variability of precipitation is compared with the amounts 

of precipitation no well-defined relationship between the two aspects can 

be found, in general. For instance, the variability of the central belt 

of maximum precipitation is both high (in the west) and low (in the east). 

The relative amounts of rain, snow and total precipitation for each 

month throughout the year for selected stations are graphed in Figure 4.7 

in order to give an impression of the relative amounts of the different 

types of precipitation throughout the year. The amount of rainfall during 
~ 

the summer coincides with the peak of precipitation, while snowfall con-

tributes to the winter minimum of total precipitation. 

The percentages of normal annual precipitation which fall as rain 

(Figure 4.4) are well over SO%, the percentages ranging from a low of 56% 

at Uranium City to a high of 80% at La Ronge, the mean of all the stations 

in the study area being 68%. 

The percentage of annual precipitation which falls as rain rises 

rapidly south of Uranium City, even to Stony Rapids, reaching a value at 

Cree Lake which is even 1% higher than the percentage at Waseca far to the 

southern part of the study area. 

So the central portion of the study area receives more of its total 

precipitation in the form of rain (rather than snow) than either the north, 

or more strangely, even the south according to the annual data for these 

stations~ 

The reason for this pattern is possibly the seasonal fluctuation 

in the position of the cyclonic tracks across the area. An examination of 

the cyclonic tracks 7 reveals that they are positioned (about 55° North) so 

as to have full effect over the central area during the months during 

which there is a greater probability of rain and are shifted to the south 
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of the study area (at about 52° North) during the winter. So the central 

area experiences a greater seasonal change with respect to the position of 

the cyclonic track than the south which has similar fringe effects of the 

tracks throughout the year. As a result then, there is a greater contrast 

between the amounts of rain and snow for the central region than for the 

south. 

Normal annual rainfall totals (Figure 4.8) range from as low as 

203 mm. at Uranium City to as high as 378 mm. at La Ronge, a greater 

difference than for total precipitation. The lowest rainfall area then is 

in the far north, although there is a secondary minimum circling around 

Meadow Lake and south to Spiritwood. Otherwise it is similar to the map, 

Figure 4.1, for annual precipitation with a belt of maximum normal annual 

rainfall centered on La Ronge but shifted somewhat southward of the belt 

of maximum normal annual precipitation. 

Areas of the greatest normal annual snowfall amounts (Figure 4.9) 

are located in the far north as expected, but snowfall is also high (142 

em. or more) in the central west, in the central east, and even as far 

south as Waskesiu Lake. 

In comparison to stations in southern Saskatchewan, such as Regina 

and Saskatoon, for example, only the dry area located in the southwest has 

normal annual snowfalls that are less than Regina's and Saskatoon's normal 

annual snowfalls of 115 em. and 113 em., respectively. 

A comparison of normal annual rainfall totals reveals that only 

the central belt of maximum rain and its fringe areas have rainfalls 

greater than Regina's 292 mm., while all of the study area except for a 

small area in the north and one in the south around Meadow Lake have 

rainfalls that are greater than Saskatoon's 246 mm. 



NORTHERN SASKATCHEWAN 

217 mm. 
1100 106 0 10~ 

6oqr'------------~~---------!'------------------------~~-6oo 
i 

~· 
59.o ....... ;Syrs 

283 mm. 

• Foster Lalle 
44.3 ...... ;5y•s 

Whitesan 

283 mm. 

250 mm. 

283 mm. 

316 mm. 

S1110--lli:0======1=*0•0----·2ili00 K m. 

Figure 4.8 Normal annual rainfall in millimeters, 1941 to 1970. 
The amount beside each station gives the greatest rainfall in 
24 hours. 

111 



112 

Several points can be discerned through a comparison of the 

contributions of the rainfall and snowfall influences on the precipitation 

map (i.e. a comparison of Figures 4.4, 4.8 and 4.9). The maximum amount 

of snow in the northwest around Uranium City (more than 177 em.) offsets 

the influence of the low rainfall values in that area to give it a moderate 

amount of total precipitation. One can see that the small annual snowfall 

amounts contribute to a greater extent than the lack of rainfall to the 

interruption of the belt of maximum annual precipitation centered around 

56° North. 

4.4 WINTER PRECIPITATION 

4.4.1 Winter, the driest season 

The winter season (December, January and February) marks the low 

in the curve of precipitation amounts on the graphs in Figure 4.7. The 

normal winter precipitation totals (Figure 4.10) are only small percent

ages of the normal annual precipitation, less than 16% for all but Uranium 

City. Normal winter precipitation for Uranium City contributes to 21.5% 

of its normal annual precipitation, making it the only station at which 

this winter percentage is greater than the spring percentage of annual 

precipitation. 

Winter is not only the driest season at most stations, it also 

includes the driest month of the year for all but three stations. The 

driest month, in terms of normal precipitation, is February for the 

majority of the stations. The exceptions are three stations in the central 

part of the study area and Uranium City in the far north. Two of the 

central locations and Uranium City have spring minima and the other central 
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The amount beside each station gives the greatest snowfall in 24 hours. 
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Figure 4.10 Normal winter (December, January and February) precipitation, 
1941 to 1970. The percentage beside each station gives the percentage of 
annual precipitation received during the winter. 
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location, Buffalo Narrows, has a winter minimum, but it occurs in January, 

not February. 

4.4.2 Winter rain 

The type of winter precipitation was rarely rain. A map for winter 

rainfall has not even been included as the values are zero for over half 

of the area and the remainder has total winter rainfalls that are l~ss 

than_l.O mm. Normal winter rainfall values greater than zero are most 

common in the south, but even Cree Lake, farther to the north, has a value 

of 0.25 mm. for winter rainfall. Similarly a map of winter snowfall was 

not included as the difference from the winter precipitation map was 

negligible. 

St. Walburg, in the southwest, has the largest daily winter rain

fall recorded, 12.7 mm., a value which occurred during what is normally 

the coldest month, January. However, even the heaviest daily rainfalls 

for stations in the far north such as Uranium City and Stony Rapids are 

just a trace and zero, respectively. 

4.4.3 Winter snowfall 

Surprisingly enough, even though February is normally the driest 

month, some of the heaviest daily winter snowfalls for a few stations have 

occurred during February. Only one station, Buffalo Narrows in the central 

west portion, has a normal monthly minimum of snowfall in a month other 

than February. 

The greatest daily snowfalls occur in December for most of the 

area. This is certainly a more expected pattern for the study area as 

December is the most common month for the normal maximum snowfall. 



4.4.4 The distribution of normal winter precipitation 
and the variability of winter precipitation 
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The spatial distribution of winter normal precipitation is shown 

in Figure 4.10. The pattern is very similar to that of the annual snowfall 

distribution but values of the annual amounts are more than twice as much 

as the winter amounts (comparing water equivalents using the ten to one 

ratio). Therefore considerable amounts (in water equivalents) of snow 

must fall during the spring and fall seasons. 

Another difference in the two maps, annual snowfall and winter 

precipitation, is that the maximum of winter precipitation in the east 

does not extend as far north as for the corresponding maximum area of 

annual snowfall. Therefore stations in that region such as Kinoosao, for 

example, must get considerable amounts of snow during the spring and fall 

periods. In fact, for Kinoosao, fall snowfall is about 2 em. greater than 

the winter snowfall total and spring snowfall is only about 4 em. less 

than the winter snowfall. 

The study area exhibits a variability of winter precipitation 

(Figure 4.11), as measured by the coefficient of variation, that ranges 

from 24.4% at Foster Lake to as high as 50.4% at Cumberland House. 

A comparison of variability and amounts of winter precipitation 

reveals that as for annual precipitation, there are areas for which there 

is a direct relationship (in the north, for example) as well as areas with 

an indirect relationship (in the southeast, for example) between vari~ _ 

ability and the amount of precipitation. Therefore a definite relationship 

does not exist over the entire area. 
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Figure 4.11 Coefficient of variation of winter (December, January and 
February) precipitation, 1941 to 1970. 
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4.4.5 Winter snow cover 

Snow cover is certainly a dominant factor in the winter landscape 

of the study area. 

The snow cover data (Chapter 2) were quite rare, unfortunately, 

much more so than for snowfall or rainfall, so a graphical method of 

presentation (Figure 4.12) was used rather than a map. 

The last month of winter, February, is usually the driest month 

of t~e year, yet it marks the deepest winter snow cover for most stations 
. 

as the snowfall has been accumulating during the previous winter months, 

as well as during February. 

Note that the mean snow cover of the areas represented by these 

graphs ranges from a low of 20 em. at Spiritwood in December to a maximum 

of 51 em. at Island Falls during February. 

The snow cover depths during the years show pronounced extremes. 

The largest range of extremes occurs at Prince Albert. The deepest snow 

cover, 78.7 em., at this station was recorded during February of 1956 and 

the least snow cover, 2.5 em., was recorded in February of 1951. 

The graphs of snow cover clearly show that the greater depths of 

snow cover are sound at locations farther to the north, Uranium City and 

Island Falls in this case. These two stations have about 10 em. more snow 

cover throughout the winter than even Meadow Lake which has the deepest 

snow cover of the remaining stations (all located south of 54° North) and 

15 to 20 em. more snow cover than Spiritwood, the study area station with 

the lowest average snow cover through the winter. 

Examining Regina's snow cover for purposes of comparison, one can 

note that the snow cover for this station is less deep at the end of each 

of the winter months than for any of the stations shown for northern 



Saskatchewan. Therefore, according to the data shown on the graph 

(Figure 4.12) snow cover likely increases with distance northward . 
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Figure 4.12 Mean snowcover depth at the end of each of the winter months 
for selected stations, 1941-70. 

4.5 SUMMER PRECIPITATION 

4.5.1 Summer, the wettest season 

Precipitation amounts (Figure 4.7) swing up to their peak along 

with temperatures during the summer season. The greatest normal monthly 

total over the entire year occurs during a summer month, most often July 

for the study area. June is the month with the lowest normal monthly 
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precipitation during the summer for about half of the study area, mainly 

in the central and northern portions. This temporal pattern is in con

trast to that of the southern part of the province for which June is the 

month of maximum precipitation. 8 The exceptions to the July maximum of 

precipitation are found in the northeast where the greatest normal monthly 

precipitation occurs a month later, during August. 

August is the month during which many locations, dispersed through

out the study area, have their greatest daily rainfall amounts. Some of 

the wettest days occur during June for a few locations, but only a few of 

the wettest days are experienced during July. This is contrary to expecta

tions as July is usually the month of maximum precipitation. Thus the 

month with the greatest normal precipitation is not always the time of the 

greatest daily rainfall. 

The station with the greatest daily rainfall, 82.7 mm., is St. 

Walburg and this value occurred during June. Also most of the study area 

has the largest precipitation values in the form of rain and during the 

summer months. 

Summer, being the warmest and the wettest season, has by far the 

greater percentage of normal annual precipitation. This percentage is 45% 

on average for all of the study area, and ranges as high as 54% for Meadow 

Lake (Figure 4.13) and as low as 37% at Uranium City. 

4.5.2 Summer snow 

Normal values of snowfall greater than zero are unusual, rain being 

by far the most common precipitation type to be expected during the summer. 

Total normal summer snow is zero for most of the area, even including 

Uranium City and Stony Rapids in the northern margin. 
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Figure 4.13 Normal summer (June, July and August) precipitation, 1941 
to 1970. The percentage beside each station gives the percentage of 
annual precipitation that is received during the summer. 
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No snow has ever been reported in the study area during the last 

two months of summer (July and August), with the exception of Uranium City 

in the far north, which has experienced a trace of snow in August. Yet 

much of the east-central portion and other locations, both in the northern 

and southern margins, have experienced snow in June. Whitesand, in the 

central area, has experienced the greatest 24 hour amount of snow, a value 

of 17.8 em. reported during June. So if snow does fall during the summer 

(June, July and August) it will most likely fall during the first month of 

summer. 

4.5.3 The distribution of summer precipitation and 
the variability of summer precipitation 

The map of summer precipitation (Figure 4.13) shows values ranging 

from less than 137 mm. (131.8 mm. at Uranium City) to values greater than 

217 mm. (230.9 mm. at La Ronge). So normal totals differ by almost 100 mm. 

over the study area. 

The wettest summers are experienced in the central area in a broad 

band which extends almost straight north and south. Amounts decrease 

towards the south, and towards the north at even a greater rate than 

southward from the maximum. So the lowest values of summer precipitation 

are experienced in the north. 

Nevertheless this does not mean that the more northern part of the 

study area has low daily rainfall amounts. For example, Stony Rapids .. ~as 

had an extreme daily rainfall amount of 70.0 mm. as compared to Spiritwood's 

comparative amount of 56.5 mm. and Stony Rapids has had a normal summer 

precipitation which is 5.5 mm. less than Spiritwood's total. This gives 

the indication that normal values may be low but that some summer days may 
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bring a considerable amount of rain. 

The coefficient of variation was used to measure the reliability 

of summer precipitation amounts. The summer coefficients of variability 

(Figure 4.14) were lower, in general, than the winter coefficients, ranging 

from a low of 22% in the east central area to a high value of 42% also in 

the central area, just to the west of the minimum area. The differences 

between the winter and summer variabilities, as measured by the coefficient 

of variation, are usually less than 5% though, and there are a few cases 

in the south where the summer variability is greater than the winter 

variability. 

Trewartha says that "it is a general rule that variability increases 

as the annual amount of rainfall decreases." 9 This inverse relationship 

does occur for some areas in summer, for example, in the northwest where 

~recipitation is quite low and variation is quite high and in the east 

central area where the precipitation is quite high but variability is low. 

Yet a direct relationship occurs in other areas for example, in the 

central area where both precipitation amounts and variability are high, in 

the northeast where both precipitation amounts and var~ability are low and 

in the southwest where a moderately dry area coincides with a moderately 

low variation. 

Therefore, as for winter, a definite relationship does not occur 

between summer precipitation amounts and variability. 

4.5.4 Summer thunderstorms 

A thunderstorm day, according to the Atmospheric Environment 

Service, is "a day on which thunder is heard at the observing station. 

If several thunderstorms are experienced on the same calendar day it is 
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Figure 4.14 Coefficient of variation of summer (June, July and August) 
precipitation, 1941 to 1970. 
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counted as a single thunderstorm day." 10 The only stations with thunder

storm data are Buffalo Narrows, Cree Lake, Island Falls, La Ronge, Meadow 

Lake and Prince Albert. Regina, in southern Saskatchewan, is included 

for comparison. Their means are given in Figure 4.15. 

The annual averages range from a low of 7.6 thunderstorm days at 

Island Falls to a high of 21.4 at La Ronge. Regina's annual average is 

slightly greater at 22.6 thunderstorm days. Cree Lake also has a high 

value of 21.0 thunderstorm days for its one year of record in 1970. In 

comparison to the summer precipitation map one can see that the large 

number of thunderstorms at the two stations of Cree Lake and La Ronge 

compares well with their large summer precipitation normals. 

Yet this does not hold true for Island Falls which has a fairly 

high summer rainfall amount but the lowest thunderstorm average. Con

versely, Prince Albert has eighteen days with thunderstorms, on average, 

but is one of the drier areas, 33 mm. drier in terms of normal summer 

rainfall, than Island Falls, for example. So there are cases for which a 

higher or lower number of days with thunderstorms does not seem to have 

much of an effect on the amount of rainfall in terms of the normals. 

With the exception of La Ronge, the centrally located stations have 

about five to ten fewer annual thunderstorm days than either the southern 

margin, as represented by Prince Albert, or the northern area as repre

sented by Cree Lake. As a result, the general spatial pattern is one of 

decreasing thunderstorm days to the central area from the southern ma~gin, 

then increasing thunderstorms with progressive distance northward from the 

central area. Thus even though most of these centrally located stations 

have moderately high rainfall amounts, much of the rainfall must not 

result from thunderstorm activity. 
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Figure 4.15 Mean monthly number of days with thunderstorms,l941-70. 
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The month with the maximum average number of thunderstorms is 

easily July for all six stations. So the month with the maximum number 

o£ days with thunderstorms does coincide with the month that is the 

wettest at all of these stations, with the exception of La Ronge. 

4.6 SPRING AND FALL PRECIPITATION 

The seasons of spring (March, April and May) and fall (September, 

Octoper and November) are transition seasons in terms of precipitation as 
. 

well as temperature. These two seasons are neither as dry as winter nor 

are they as wet as summer. Also for both spring and fall neit~er rain nor 

snow are as predominant as they are for summer and winter. 

On a temporal basis, normal monthly precipitation starts to 

increase towards summer, reaching a spring maximum during the month of May. 

In fact, only a few of the stations, most of which are in the north, have 

their maximum spring monthly normals in an earlier month. The lowest 

precipitation occurs in the early spring, close to the influence of winter, 

for much of northern Saskatchewan. 

Fall shows the same temporal pattern with its greatest normal 

precipitation being in September (the fall month closest to summer) without 

any exceptions, and the lowest normal precipitation in the late fall 

(closest to winter), that is, November for most of the study area. 

Spring is usually drier in terms of total precipitation (Figure 

4.16) than fall (Figure 4.18). Several locations, mainly in the central 

and northern parts of the study area, have normal spring precipitation 

amounts that are at least 40 mm. less than their fall values. The 

exception to this finding is most of the area south of about 54° North 

where the spring normal precipitation values are greater than fall values, 
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although not by more than 6 mm. 

The pattern of spring total precipitation has three maxima, one in 

the southeast, one in the central east and also one in the central west 

area. Minima are located in the far north and in the southwest centered 

around Meadow Lake. Values range from as low as 48 mm. at Uranium City to 

as high as 93 mm. at Cumberland House. 

The most visible similarities of the fall precipitation pattern and 

the spring pattern is the peak in the Buffalo Narrows area (central west) 

and the low in the Meadow Lake area (southwest). Otherwise the strong 

southeast maximum of spring is very weak during fall and fall precipitation 

remains quite high (above 95 mm., a secondary maximum) north of around 58° 

North, whereas on the spring map the area is one of the driest (less than 

66 mm.). 

The percentages of annual precipitation which fall during the spring 

and fall seasons are included on Figures 4.16 and 4.18, respectively, as 

point values. Fall receives a greater share of the normal annual precipi

tation, an average of 18% as compared to an average of 14% for spring. 

During spring the northern half of the study area receives a 

smaller percentage, in general, of the normal annual precipitation than 

the southern half. Yet the opposite areal pattern occurs for fall, most 

of the northern half of the study area receiving greater amounts of their 

annual precipitation during fall than the southern half. 

The coefficients of variation depict spring as being the season of 

the greatest precipitation variability, even having a variability which is 

2% greater, in general, than winter's variability. The coefficients of 

variability of spring precipitation (Figure 4.17) are, on average, about 

4% greater than fall's variabilities (Figure 4.19). Fall's precipitation 
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Figure 4.16 Normal spring (March, April and May) precipitation, 1941 to 
1970. The percentage beside each station gives the percentage of annual 
precipitation that is received during the spring. 
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Figure 4.17 Coefficient of variation of spring (March, April and May) 
precipitation, 1941 to 1970. 
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Figure 4.18 Normal fall (September, October and November) precipitation, 
1941 to 1970. The percentage beside each station gives the percentage of 
annual precipitation that is received during the fall. 
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Figure 4.19 Coefficient of variation of fall (September, October and 
November) precipitation, 1941 to 1970. 
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is slightly less reliable than summer, having coefficients of variation 

that are about 1%, in general, higher than summer's values. Thus summer 

is the season of the least variable precipitation. 

A comparison of precipitation variabilities and amounts revealed 

that, as for summer and winter, there are portions of the study area which 

have a direct relationship between precipitation amounts and variability 

and portions which show an inverse relationship between these two values. 

More than half of the spring total precipitation falls as snow 

rather than rain. Snowfall constitutes 54% of the total spring precipi

tation when the percentages of all the stations are averaged. The amount 

of snow during spring is high for the stations farther to the north, as 

expected. For example, 72% of the precipitation at Uranium City falls in 

the form of snow, but the exceptions are prevalent. Cree Lake and White

sand have values that are just less than 2% higher than Waskesiu Lake's 

value, and Waskesiu Lake is considerably farther south. Also Spiritwood 

in the extreme south is an anomaly having 15% more of its precipitation in 

the form of snow than even Uranium City. 

The spring snowfall pattern (Figure 4.20) is much more unusual than 

the fall snowfall pattern (Figure 4.21). The lowest values are in the 

southwest, as for fall snowfall, but values in the southeast and the 

central south are just as high or higher than those found in the far 

north. Also the highest snowfall amounts occur around Kinoosao instead 

of farther north as might be expected. 

Fall snowfall increases northward but it is at a maximum around 

Kinoosao just past 57° North. A secondary minimum (less than 32 ern.) 

occurs along the same latitude as the maximum which occurs to the northwest 

of Cree Lake. 
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Figure 4.21 Normal fall (September, October and November) rainfall and 
normal fall snowfall, 1941 to 1970. 
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Spring rainfall (Figure 4.20) has a secondary low in the south 

around Meadow Lake and around Waseca; otherwise the rainfall pattern is a 

more.typical distribution with values decreasing northward to the areas of 

lowest rainfall around the Uranium City area and the northeast corner. 

Unlike spring, the dominant precipitation type of fall is rainfall. 

The percentage of fall rainfall, as compared to total fall precipitation, 

is 64% for the study area stations' combined average. This is even greater 

than the contribution of spring snow to total spring precipitation. 

T~e fall precipitation pattern is shown along with the snowfall 

pattern on Figure 4.21. Again the rainfall is heaviest in the central 

portion, but tends to remain quite high towards the northeast instead of 

dropping off as would be expected. 

4.7 CONCLUSION 

Several interesting and notable features of the precipitation 

climate of northern Saskatchewan can be discerned in this chapter. The 

following provide some examples. 

The pattern of normal annual precipitation reveals that there is 

a central belt of maximum precipitation, and that amounts decrease north

ward and southward from this belt. This pattern is possibly related to 

the location of the cyclonic tracks across the study area. 

There is a considerable difference between the annual precipitation 

received during the driest and the wettest years, that is, the variability 

of precipitation can be high in northern Saskatchewan. The largest range 

indicates that the wettest year can be almost three times as wet as the 

driest year, but most of the study area has wettest years that are less 
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than twice as wet as the driest years. Also most of northern Saskatchewan 

experiences a lower range than the comparison stations of Regina and 

Saskatoon in southern Saskatchewan. 

No definite relationship was found, however, between the amounts 

of precipitation and variability (as measured by the coefficient of vari

ation) for the study area as a whole, as examples of both direct and 

inverse relationships between amounts and variability could be found. 

The central belt of maximum precipitation weakens considerably 

during the winter and disappears except for a remnant on the eastern side. 

Precipitation amounts also drop considerably during this season as well. 

Nevertheless, there is evidence that snow cover increases with distance 

northward. 

The month for which the greatest precipitation is recorded is 

usually·July for most of northern Saskatchewan, a month later than the 

time of greatest precipitation for southern Saskatchewan. The northeastern 

corner of the study area also experiences this lag in the time of maximum 

precipitation as it receives its maximum precipitation during August. 

An unusual feature of the spatial pattern of summer thunderstorms 

is that, in contrast to the central belt of maximum precipitation, there 

is a minimum of thunderstorm activity in the central area. Yet the month 

of maximum thunderstorm activity, July, does coincide with the month of 

maximum precipitation amounts. 

The transition seasons of spring and fall are not as similar ~s 

may be expected. They differ in regards to both the type of precipitation 

which falls and the amounts that fall. Spring tends to experience many 

more of the characteristics of winter than fall. Spring is even different 



in terms of variability as it has coefficients of variation that are, 

in general, even greater than winter values. 
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CHAPTER 5 

SOME ENVIRONMENTAL APPLICATIONS AND 
CLIMATIC CLASSIFICATIONS 

5.1 INTRODUCTION 

This chapter is a consideration of a few climatic aspects that are 

based on, or otherwise related to, the two main climatic elements of 

temperature and precipitation of the two previous chapters. These aspects 

are daylight durations, growing degree-days, the frost-free season, heating 

degree-days, wind-chill factors, climatic classifications and water 

budgeting. 

5.2 THE DURATION OF DAYLIGHT 

The ultimate cause of seasonal change is the change in amounts of 

solar radiation during different times of the year and at different 

latitudes. Seasonal differences in daylight durations are given in Table 

5.1 to illustrate these differences. 

Winter in the study area has few hours of daylight because of the 

study area's northerly latitude, but the summer season has a compensatory 

impressive length of daylight. For example, daylight lasts a brief six 

and one-half hours in mid-winter at 58° North, while in contrast, during 

mid-summer at the same latitude, daylight spans well over eighteen hours. 

As a consequence, the month of December has less than half the daylight 

hours of June. 
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Table 5.1 Duration of daylight (in hours and min.) 

Approximate Date Latitude (in degrees) 

53° 55° 58° 60° 

Dec. 22 7 h. 31 m. 7 h. 10 m. 6 h. 30 m. 5 h. 52 m. 
Feb. 9, Nov. 3 9 h. 26 m. 9 h. 15 m. 8 h. 52 m. 8 h. 36 m. 
Feb. 23, Oct. 19 10 h. 24 m. 10 h. 16 m. 10 h. 25 m. 9 h. 53 m. 
Mar. 8, Oct. 6 11 h. 17 m. 11 h. 23 m. 11 h. 07 m. 11 h. 03 m. 
Mar. 21, Sept. 23 12 h. 12 m. 12 h. 12 m. 12 h. 14 m. 12 h. 15 m. 
Apr. 3, Sept. 10 13 h. 04 m. 13 h. 11 m. 13 h. 19 m. 13 h. 25 m. 
Apr. 16, Aug. 28 13 h. 55 m. 14 h. 08 m. 14 h. 30 m. 14 h. 35 m. 
May 1, Aug. 13 14 h. 58 m. 15 h. 11 m. 15 h. 37 m. 15 h. 54 m. 
May 20, July 24 16 h. OS m. 16 h. 24 m. 17 h. 04 m. 17 h. 30 m. 
June- 30 16 h. 59 m. 17 h. 23 m. 18 h. 17 m. 18 h. 53 m. 

Source: w. Forsythe, ed., Smithsonian Physi~al Tables (Washington: 
Smithsonian Institute, 1954). 

On a spatial basis, the duration of solar radiation increases 

considerably from south to north. For example, daylight lasts ·16 hours 

and 59 minutes at 53° North in midsummer, but lasts a lengthy 18 hours and 

53 minutes during this same time at 60° North. This is a rate of increase 

of 16 minutes, on average, per degree of latitude. 

This extended daylength is a definite bonus, allowing for addition-

al outdoor activities. The extra daylight, as compared to more southern 

locations, may lead one to perceive summer to be longer than it actually 

is. 

The longer duration of radiation during summer in the north is 

also significant for plant growth and crop production, offsetting the 

shorter growing season and less intense radiation to some extent. 
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5.3 FROST-FREE SEASON AND GROWING DEGREE-DAYS 

Two of the most important limiting factors for vegetation growth, 

besides moisture, which will be dealt with in terms of water budgeting in 

a later section, are the length of the frost-free season and the number of 

growing degree-days. 

5.3.1 The frost-free season 

The frost-free season is the length of time during which most 

plants are not harmed or sent into dormancy by freezing temperatures. 

The length of the frost-free period (Figure 5.1) does not exhibit 

a regular decrease northward as would be expected for this area. Of 

course the shortest length is in the north in the vicinity of Stony Rapids. 

Yet Uranium City has an average frost-free period of 109 days which is one 

of the longest in the study area. In fact a large area in the southwest 

has a much shorter average frost-free season of only 90 days or 

less. 

The start and end dates of the frost-free season (Figure 5.1) are 

also quite sporadic. Cumberland House in the southeast has the earliest 

average date, March 23, for the onset of the season. However, even Cree 

Lake and Uranium City also have among the earliest onset of the frost-free 

season. 

Stony Rapids to the far north has the latest average date of ~ast 

frost on June 17, but Spiritwood in the south has an average date of last 

frost which is only six days earlier. So the onset of the frost-free 

season generally occurs in late May and early June, and can be as early in 

the north as in the south sections of the study area. 
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The average date marking the end of the frost-free season, that 

is the first frost, ranges from an early August 12 at Stony Rapids to a 

late October 9 for Cree Lake. This, the greatest difference occurs within 

only three degrees of latitude suggesting the influence of local factors. 

The moderating effect of a large water body on temperatures is evident in 

Cree Lake's long frost-free period. Local topography also has a major 

influence on the occurrence of frost. 

However frost has occurred during every month at half of the 

stations over their periods of record. These stations can be found at 

southern latitudes such as Waseca, for example, as well as northern 

locations. 

It must be noted that even minor topographical factors have 

considerable effect on frost occurrences. These are often local frost 

hollows where the frost-free season is· shorter than the map indicates and 

low ridge crests and upper slopes where the season is longer. 

5.3.2 Growing degree-days 

The number of growing degree-days for an area is a useful indicator 

of the amount of energy available to plants from the sun. Growing degree

days are calculated by determining the number of degrees by which the mean 

temperature for each day rises above a threshold temperature and by summing 

them for the total period. The threshold temperature currently being used 

is 5°C., 1 a mean temperature at which many plants germinate and begin to 

grow. 

The number of growing degree-days for the study area (Figure 5.2) 

decreases northward to about 56° North, then decreases in a northeastward 
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Figure 5.2 Average number of growing degree-days above 5°C.,l94l to 1970. 
The number of growing degree-days were accumulated during the May to September 
period, usually thought of as the growing season. 



direction north of this latitude. Because of this northeastward trend of 

the isolines there is often more of a west to east decrease in the number 

of growing degree-days than there is a south to north decrease. For example, 

the number of growing degree-days for Whitesand, in the east-central region, 

is 51 degree-days less than the number for Uranium City much farther to 

the north. The frost-free season for this east-central location was also 

among the shortest, making it a less desirable area for plant growth accord

ing to this aspect and growing degree-days than the northwest portion of 

the study area which is located over 400 km. farther to the north. 

5.4 HEATING DEGREE-DAYS AND HUMAN COMFORT IN 
TERMS OF WIND CHILL AND HUMIDEX 

5.4.1 Heating degree-days 

The concept of heating degree-days is a common and useful indicator 

of the adequacy of a building's heating system and insulation. It has been 

said that the "number of heating degree-days is an accurate index of the 

fuel required for heating a building."2 Heating degree-days are calculated 

by determining the number of degrees by which the mean temperature for each 

day falls below a threshold temperature and summing them for the total 

period. The threshold temperature used is l8°C. 3 

The distribution of mean heating degree-days for the study area 

(Figure 5.3) shows a general northeastward decrease over most of the area. 

So there is more of an east-west difference than there is a north-south 

difference. For example, heating requirements as measured by the number 

of heating degree-days are less at Cree Lake just north of 57° North than 

at La Ronge just past 55° North. 
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0 Figure 5.3 Average annual number of heating degree days below 18 C., 
1941 to 1970. 
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The isolines of heating degree-days also tend to converge quite 

noticeably towards the east while they diverge to the west, thus producing 

a much greater rate of northward increase in the east than in the west. 

In fact, the northward increase in the number of heating degree-days in 

the east, at four heating degree-days per km., is twice as great as the 

rate of increase in the west side. 

In general, fuel requirements are greater with locations further 

northward along the same longitude. However a building at a location in 

the east will often require more heating than one in the west that is 

located along the same latitude. 

5.4.2 The wind chill factor and human comfort 
in cold environments 

The wind chill factor has become a useful and commonly used means 

by which to express the degree of human comfort and the danger of freezing 

exposed flesh. The wind chill is used to express the effect of wind as 

well as temperature when determining the rate of heat loss. 

Wind chill factors were calculated for two stations, Prince Albert 

and Uranium City, as published normals for wind4 were only available for 

these stations. The wind chill factors graphed in Figure 5.4(a) were 

calculated from normals of wind and mean temperature and thus represent 

normal conditions only. Wind chill factors for Regina were also included 

for comparison with a station from southern Saskatchewan. 

The most interesting feature about the graphs is that Regina, in 

southern Saskatchewan, has the greatest wind chill factors of all three 

stations for all of winter (December through February). Only in November 

and March do wind chill factors for Regina drop below those of Uranium 
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City, but they are still greater than the wind chill at Prince Albert 

during these months. Regina's colder wind chill values are a direct 

result of the greater wind velocities at this station as its mean tempera

tures are warmer than the two stations of the study area. The lower wind 

velocities at these northern Saskatchewan stations are probably a result 

of the forest cover at these locations. 

Another aspect to note is that while Uranium City's wind chill 

factors are greater than Prince Albert's for all the months shown (November 

to December), the greatest differences occur, not during the coldest 

months, but during November and March. The wind chill factors during 

winter (December through February) are only 13 to 54 watts per square meter 

higher at Uranium City. 

The wind chill factors for these stations of the study ar~a are 

at the middle moderate level as rated by the Atmospheric Environment 

Service 5 during November and March, high moderate levels during December 

and February but rise past the level that can result in freezing of exposed 

flesh to high values in January. 

5.4.3 Humidex and human comfort in 
warm environments 

In contrast to the concept of wind chill, there are times during 

the summer season when the combinations of high temperatures and humidities 

produce uncomfortable situations. The humidex6 term is used to measur~ 

this combined effect of temperatures and humidity during summertime 

conditions. The humidex equals temperature in degrees (Fahrenheit) plus 

an equivalent degree value of humidity. 
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Normals for humidity were available only for Island Falls and 

Prince Albert. Humidex values were determined7 from the normals of 

relative humidity and mean maximum temperatures and were graphed (Figure 

5.4) for these two stations as well as Regina, the southern Saskatchewan 

station which is used for comparison purposes. 

For these mean conditions then, the comparison station has the 

highest humidex values for all months shown (May to September) ranging to 

higher than 85° during July. Beyond a humidex of 85° most people experi

ence varying degrees of discomfort. Prince Albert also has a humidex of 

over 85° during July but it is significant that Island Falls remains within 

the comfortable zone even during this, the hottest month. 

Of course for extreme maximum temperatures and humidities the 

humidex could possibly reach values of over 100° at these stations. At 

this level almost everyone is uncomfortable. 

Thus human comfort in the warmer months as measured by the humidex 

is at a suitable level for most of the time at the two locations considered 

and possibly for a large portion of the rest of the study area due to its 

slightly lower temperatures than those of southern Saskatchewan. So in 

terms of temperature and humidity northern Saskatchewan (as represented by 

these two stations) is a comfortable location. 

5.5 CoNTINENTALITY 

As a result of the study area's location in the interior of a large 

continent it has a climate which has a high degree of 'continentality'. 

The term continentality refers to the degree to which a location is 

influenced by a land mass. 8 Thus the study area is subject to marked 



seasonal extremes of temperature as well as moderately low amounts of 

precipitation. However precipitation amounts are not included in 'the 

measurements of continentality. 

The continentality of a location is measured by its range of 

temperature, usually the difference between the average temperature of 
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the warmest and coldest months, and by the latitude of the station. The 

empirical limits used to establish the constants of the formula were 100% 

continentality at Verkhoyansk, East Siberia and 0% at Thorshaven, Lofoten. 9 

Values of continentality11 for the study area (Figure 5.5) are all 

greater than 54% and range higher than 66% in the northeast. However, 

these values are low as compared to the average continentality at compar

able latitudes in Asia of 71% to 72%. In contrast, Europe's average 

continentality at comparable latitudes is only 38% to 40%. 10 

The isolines of continentality for the study area exhibit a north

west to southeast gradient in general, so the continentality is increasing 

towards the east as well as towards the north. So Waseca, a station in the 

southwest which has a continentality of 54.1%, has a climate which is less 

severe in terms of this index than Nipawin, a station in the southeast 

which has a continentality of 60.4%. This effect is likely due to the 

greater proximity of the west side to marine air masses from the Pacific 

Ocean, and perhaps also to the tendency for arctic airmasses to travel 

southeastward. 

As a result of this trend of the isolines there are locations in 

the southwest corner of the study area which have lower continentalities 

than Regina, the comparison station in central south Saskatchewan. 

Thus the continentality of the study area is quite pronounced, 

but is not as severe as comparable locations in Asia, and in the southwest 
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-Figure 5.5 Continentality (in percent) of the study area, 1941 to 1970. 
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continentality is similar, if not less than areas of southern Saskatchewan. 

5.6 CLIMATIC CLASSIFICATION OF THE STUDY 
AREA ACCORDING TO KOPPEN 

The climatic elements of temperature and precipitation have been 

examined individually in the preceding chapters. Yet it is also worth-

while and more realistic to examine the climate of the study area in terms 

of the combination of these elements. 

Theref6re Koppen's climatic classification12 has been applied to 

the stations of the study area (Figure 5.6). This classification is a 

useful as well as a commonly used classification. 

All but a small southern portion of the study area is classified 

as a cold snow-forest climate with cool short summers, that is, Dfc 

according to Koppen. Thus most of the ·area has normal mean temperatures 

of the coldest month which are well below -3°C. and the warmest month has 

temperatures above 10°C. Also the area has no dry season according to 

this classification of normal values. 

The area south of approximately 53° 30' North and the area around 

Cumberland House and La Ronge have a Dfb climate. This climate is differ-

entiated from the Dfc climate in that it has slightly longer summers, that 

is, it has at least four months with normal mean temperatures greater than 

10°C., while the Dfc climates have less than four months with normal mean 

temperatures greater than 10°C. 

During individual years the boundary between the Dfc and the Dfb 

climates will fluctuate northward or southward. For instance, in 1970 

even stations as far north as Uranium City and Stony Rapids had the longer 

summers of the Dfb climate, rather than Dfc as their normal temperatures 
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Dfc is a cold snow-forest climate with no dry season and cool short summers. 
Dfb is a cold snow-forest climate with no dry season and a cool summer. 
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indicate. 

Thus the study area is predominantly a Dfc climate in terms of 

normal values, but during individual years the Dfb climate extends farther 

northward than it does for the normal situation. 

5.7 THORNTHWAITE'S TECHNIQUE: WATER BUDGET 

Using the Thornthwaite technique13 monthly values of potential 

evapotranspiration, actual evapotranspiration, storage withdrawal and 

storage recharge were calculated and plotted (Figure 5.7) in order to 

show their seasonal variations. 

The general aspects of the moisture budget is similar for all four 

stations examined. During fall (September through November) evapotran

spiration falls off rapidly with the cooler temperatures and decreasing 

vegetative growth. So the precipitation that falls is able to begin to 

recharge the soil's moisture supply. Precipitation accumulates as snow

fall during the late fall through winter to early spring when it melts and 

continues to recharge the soil. Only when the soil reaches its field 

capacity (which is assumed to be 10 em.) can a surplus result. The 

surplus is lost to the groundwater zone and/or as runoff. There is a 

surplus for all of the stations although only a very small amount (less 

than 1 em.) for Nipawin. The time of occurrence of the surplus is some

time during the spring (March through May) for normal values. However 

during individual years a surplus may not even occur for some stations, 

especially Nipawin, or surpluses may be much larger than normal during 

other years. 

Evapotranspiration begins in the spring when the temperatures 
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Figure 5.7 Soil water budgets (Thornthwaite's technique) for selected 
stations. Note: a field capacity of 10 em. has been assumed. 
Description of the climates: 
Uranium City: A dry subhumid microthermal climate with a moderate winter 
water surplus and a summer concentration of precipitation (75%). 
Cree Lake: A moist subhumid microthe:cmal climate with little water deficiency 
and a summer concentration of precipitation (72%). 
Whitesand: A moist subhumid microthermal climate with little water deficiency 
and a summer concentration of precipitation (74%). 
Nipawin: A dry subhumid microthermal climate with little water surplus and 
a summer concentration of precipitation (69%). 
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begin their climb and plants begin their growth cycles. Actual evapo

transpiration rates are the same as potential evapotranspiration rates 

during the spring and early summer as there is as much water in the soil 

as is needed. Soon the soil storage is being used as well as the current 

precipitation. As summer advances even the larger amounts of precipita

tion that are concentrated in the summer are not sufficient for the water 

requirements so a soil water deficiency occurs. 

So there is a definite cycle of storage withdrawal and storage 

recharge as determined by the balancing of evapotranspiration amounts 

against precipitation amounts. 

The climate of all four locations can be described as rnicrotherrnal, 

that is C2, as their annual thermal efficiencies range between 44 ern. for 

Cree Lake to 55 em. for Nipawin. This pattern is unusual only in that 

Cree Lake·•s thermal efficiency is slightly lower than that of Uranium City 

which is more than 2° longitude farther north of Cree Lake. This occurs 

because only one of the months of May to September, during which potential 

evaporation is accumulated, is slightly warmer at Cree Lake than at 

Uranium City. All the stations have summer concentrations of precipitation, 

the concentrations ranging from 69% at Nipawin to 75% at Uranium City. 

The centrally located stations of Cree Lake and Whitesand have 

moist subhumid climates, that is C2, while Uranium City and Nipawin, the 

stations of the north and south, respectively, have dry subhumid climates, 

that is C1 • These differences result from the differences in surpluse~ 

and deficits giving Cree Lake and Whitesand positive moisture indices and 

Uranium City and Nipawin negative moisture indices. The positive moisture 

indices likely are the result of the central belt of maximum precipitation 

discussed in the previous chapter. 
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Differences also appear when the humidity and aridity indices are 

determined. The centrally located stations have a water budget with 

little water deficiencies, designated r, while Uranium City has a moderate 

winter surplus, designated w, and Nipawin has little water surplus, 

designated d. Uranium City maintains a slightly better balance between 

its surplus and deficit than Nipawin because its evapotranspiration rates 

are lower as a result of its lower summer temperatures. 

5.8 SUMMARY AND CONCLUSION 

The lengthy duration of daylight during summer and even late 

spring and early fall are definitely favorable aspects of the study area. 

In addition, the length of the frost-free season is just as long or longer 

in the northwest portion of the study area than in parts of the south. 

Even in terms of growing degree-days the greatest decrease occurs in a 

west to east direction rather than a south to north direction. So in 

terms of the combination of daylight durations, frost-free season and 

growing degree-days, conditions in the north, especially the northwest, 

can be thought of as favorable when compared to conditions in the southern 

portions of the study area. 

Nor does the number of heating degree-days decrease uniformly 

northward. Heating degree-days decrease in a northeastward direction so 

that heating requirements for buildings in the northwest, for example, 

are no greater than heating requirements in the east half of the central 

area. 

Wind chill and humidex factors were used to evaluate human comfort 

in cold and warm environments, respectively. It is significant that 
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northern Saskatchewan (as represented by the stations for which these 

factors were calculated) has a more comfortable environment in terms of 

the wind chill and humidex factors than the comparison station of southern 

Saskatchewan. 

The continentality of the study area is quite high (over SO%) yet 

it is important to note that the effect of the land mass increases more 

rapidly to the east than to the north. So northward increases in the 

continentality of the study area are not as noticeable northward as 

eastward increases. 

Two climatic classifications, Koppen's and Thornthwaite's, were 

applied to stations of the study area. Koppen's classification high

lighted the fact that the climate of the study area is a cold snow-forest 

climate with no dry season and that the length of summer decreases 

northward. Thornthwaite's classification is more discriminatory, reveal

ing the finer differences among the stations, especially in terms of their 

water budgets. The results of this classification indicated that there is 

a summer concentration of precipitation and that there are differences in 

water surpluses and deficiencies. 

Thus the other climatic aspects analyzed in this chapter suggest 

various uses of the climatic knowledge of northern Saskatchewan. The 

classifications permit a view of the climate in terms of the combination 

of its basic elements occurring simultaneously as they do in reality. 

The classifications also facilitate a comparison of similar climates in 

other parts of the world. 
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CHAPTER 6 

SUMr1ARY AND CONCLUSIONS 

6.1 THE APPROACH 

The main limitations encountered in dealing with a pioneer area 

include 1) the short and incomplete records of the climate stations and 

2) the sparse and irregular network of the climate stations. 

Initial analysis involved the evaluation of the extent of these 

limitations. The author developed an index (of completeness) to measure 

how satisfactory a climatological record is in terms of length and number 

of missing records. A correlation analysis, the point distribution 

coefficient and the spatial pattern of the completeness index were employed 

for the evaluation of the network of observing stations. 

The completeness indices for temperature and precipitation were 

found to be low (less than 52%) in a central strip (elongated in a north 

to south direction) with boundaries of about 55° North to 58° North and 

105° West to 108° West. Yet this index increases radially from this low, 

and fairly high maxima (over 88%) are to be found in the southern fringe 

and the east central portion. 

The correlation analysis also disclosed some interesting aspects. 

For.instance, it was found that temperature has much better correlatio~s 

over the study area than precipitation, that winter temperatures have 

higher correlations than summer temperatures, maximum temperatures have 

higher correlations than minimum temperatures, and that snowfall has 

higher correlations than rainfall. Higher spatial correlations signify 
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that the network is more representative for that particular climatic 

element. 

It was also found that stations only a short distance apart may be 

poorly correlated and vice versa. So distance may not always be the 

primary factor in determining the representativeness of a station over 

an area. 

After the network and records had been scrutinized, methods were 

developed or adapted to deal with the limitations of a 'pioneer' area. 

These methods, in general, involve estimations of two main types, 1) 

temporal estimation, that is, estimations of missing values in the time 

series of observations and the extension of short term means and 2) spatial 

estimation, the estimation of values for areas which are poorly repre-

sented by climate stations. Each of the methods used for the estimations 

was tested by means of methods developed by the author to determine how 

well they worked. 

Results of the testing indicated that the quantity of daily gaps 

that could be synthesized adequately was fairly low, being around 15%, 

although data for the stations with only a few, non-consecutive daily gaps 

and suitable comparison stations could readily be estimated. So this 

inability to estimate daily data accurately is largely a function of the 

sparse data. 

The quantity of estimations of monthly means was considerably 

greater. Testing procedures showed that the method used was satisfac~ory. 

The lowest percentage of temperature gaps estimated was still quite high, 

at almost 80%, and the comparative percentage for precipitation was worse, 

being only 64%. 

The shortness of record length was contended with by the estimation 
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of a thirty-year normal on the basis' of the mean of a station's shorter 

record. The author's testing of this estimation procedure showed that the 

results were acceptable. 

The spatial extrapolation was accomplished by means of the SYMAP 

computer program. The method was found to be fairly satisfactory for 

temperature, estimated values being within one standard deviation of the 

actual values, but not quite as suitable for areal estimates of precipi-

tat ion. 

Thus data limitations were pinpointed, methods adapted and devised 

to deal with the limitations and testing procedures applied to determine 

the accuracy of results. 

6.2 A SUMMARY OF THE CLIMATE OF 
NORTHERN SASKATCHEWAN 

The improved data were then employed for a climatic analysis of 

northern Saskatchewan. Temperature and precipitation were the primary 

elements examined as they are two of the most important elements and few, 

if any, of the stations recorded any other elements, and because estimation 

methods were developed or adapted only for them. 

The temperature and precipitation characteristics of northern 

Saskatchewan were also used to specify aspects of applied climatology such 

as degree-days, human comfort indices and water budgets as well as to 

classify the climate of the study area. 
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6.2.1 Winter (December, January and February) 

Mid-winter (January) is the time of the year that is characterized 

by normal means that are just greater than -20°C. in the warmer southwest, 

but drop to less than -28°C. in the northeast (i.e. they decrease at a 

rate of about l°C. per 56 km.). Normal January mean temperatures are 9°C. 

lower than the normal mean temperatures of December and are 5°C. lower 

than the normal mean temperatures of February. 

The accumulated heating degree-days of the study area are high as 

a direct result of the cold winter conditions. For example, according to 

the mean annual number of heating degree-days, a building at Stony Rapids 

in the northern margin requires almost 40% more heating than a similar 

building at the comparison station of Regina in central southern 

Saskatchewan. Yet in the southern margins of the study area mean annual 

heating degree-days are only about 10% higher than that of Regina. 

A favorable aspect is the wind chill factor which suggests that 

cooling rates experienced at locations in the study area are lower than at 

stations such as Regina, the comparison station in southern Saskatchewan, 

because of the lower wind velocities at the northern stations. 

Winter is the driest season primarily as a result of the low temp

eratures. Winter precipitation totals range from only 50 mm. to not much 

greater than 70 mm. and the type of precipitation is usually snow, rarely 

rain. 

6.2.2 Spring (March, April and May) 

The temperature increase from January to February (during winter) 

is hardly noticeable but it accelerates considerably during the spring 
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months (especially from March to April), marking it as a season of 

remarkable change. Spring, like fall, is a transition season during which 

extreme maxima are reminiscent of mid-summer and extreme minima are 

reminders of mid-winter. Yet spring is often colder than fall as winter's 

effects tend to linger and permit only brief invasions of summer's charac

teristics. 

Spring's total precipitation is also similar to winter's amounts, 

being drier than fall with values slightly less than 60 mm. to just over 

85 mm. The form of precipitation, being snow most often, is also more 

suggestive of winter-like conditions. 

6.2.3 Summer (June, July and August) 

Mid-summer (July) is the time of year during which normal maxima 

are a comfortable room temperature, or higher, for three out of every five 

Julys for the area north of 55° North, and for most Julys (nine out of 

ten) for the area south of this latitude. 

July normal means are higher than l8°C. in the warmer south, 

dropping only a few degrees to about l5°C. in the northeast (a rate of 

decrease of only l°C. per 150 km.). Therefore this is a much gentler rate 

of northward temperature decrease than the rate which occurs during winter. 

Summer is the season of vegetative growth. The length of the 

frost-free season is just as long in parts of the northern margin as in 

the southern margin of the study area, so local differences appear to be 

dominant rather than differences due to latitude. 

Summer is the wettest season of the year, having about three times 

as much precipitation as does winter. The greatest amounts of summer 



precipitation are found, as for annual precipitation, in the central 

portion of the study area. The number of thunderstorms also is at a 

maximum in the central portion of the study area. 

6.2.4 Fall (September, October and November) 
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The fall months are characterized by a general decrease in temp

eratures. However, warm conditions still linger on during fall, producing 

a sl~ghtly warmer transition season than spring. Fall, being warmer than 

spring, fosters slightly greater amounts of precipitation and the type of 

precipitation is more often rain than snow. 

6.3 CONCLUSIONS 

This study origi~ates from the observation that northern Sask

atchewan is somewhat neglected in terms of an adequate climatic analysis. 

However, the climatic investigation of such a 'pioneer' area requires a 

special approach. 

The author has developed and adjusted several methods which are of 

significance for the climatic analysis of an area with a sparse data base. 

One of the author's contributions is the completeness index, a tool which 

is useful for the measurement of the adequacy of a station's record and 

of the station network. This adequacy is important to determine for any 

climatic study. The completeness index could also be very useful for_the 

recommendation of the location, number and type of record for future 

climate stations in northern Saskatchewan as well as in other areas. 

Another contribution made by the author is the use of a correlation 

analysis for the examination of the network for temperature as well as 
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for precipitation. The spatial pattern of the correlation coefficient 

might also be used for the determination of climatic discontinuities. 

Considering that there are many other areas that are similarly 

'pioneer' areas with respect to climatic networks and records, the 

estimation techniques of the study should also have a wide range of 

potential use. The estimation techniques of the present study could also 

be adapted for use on smaller or larger scales. The various means of 

testing of the estimations developed by the author are important to 

-determine the reliability of the estimation and are definitely recommended 

for use in any other similar estimation procedures. 

Cumulative frequency distributions were used innovatively in the 

analysis of the climate of northern Saskatchewan. The ogives proved to 

be informative and often preferable to the more commonly used techniques. 

They could also be useful for many practical applications. The applied 

aspects of this information is left to the individual reader. The results 

of the climatic analysis of northern Saskatchewan could be useful for many 

applications, such as for land-use (recreation, agriculture, industry, 

etc.), hydrology, communication and transportation. 

This study can possibly provide a foundation for further research 

as more climatic data are accumulated from longer records, new stations, 

satellite data and the like, which will continuously improve the data base. 

However, there will always be pioneer areas for which the climate is 

important to examine. Therefore the techniques developed and adjusted. by 

the author to improve upon a sparse data base will often be required and 

have wide application. 
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Figure A2.2 July temperature correlations (in percent), Buffalo Narrows 
with the other stations, 1941 to 1970. 
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"Figure A2.3 January temperature correlations (in percent), Prince 
Albert with the other stations, 1941 to 1970. 
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-Figure A2.4 January temperature correlations (in percent), Buffalo 
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·Figure A2.5 Mean annual temperature correlations (in percent), 
Prince Albert with the other stations, 1941 to 1970. 
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figure A2.7 Annual rain correlations (in percent), Prince Albert with 
the other stations, 1941 to 1970. 



NORTHERN SASKATCHEWAN 

40% 
10~ 

r-----------~--------~~~~6-o--------------------~'-600 

Spiritwood• 

50 200 Km. 

-----========*--------
0 100 

Figure A2.8 Annual rain correlations (in percent), Buffalo Narrows 
with the other stations, 1941 to 1970. 
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Figure A2.9 Annual snow correlations (in percent), Prince Albert with 
the other stations, 1941 to 1970. 
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Figure A2.ll Annual precipitation correlations (in percent), 
Prince Albert with the other stations, 1941 to 1970. 
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Figure A2.12 Annual precipitation correlations (in percent), 
Buffalo Narrows with the other stations, 1941 to 1970. 
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Table B-2.1 
SPATIAL ESTIMATION TESTING 

(ACTUAL MINUS ESTIMATED) 

MONTHLY RAINFALL (in mm.) 

* January April July October 

Cree Lake -8.4 3.8 0.8 
Prince Albert 1.0 0.8 1.5 
Whitesand 4.8 -2.0 2.5 
Standard 

5.3 12.9 4.6 Deviation 

MONTHLY SNOWFALL (in em.) 

* January April July October 

Cree Lake 2.5 1.3 7.6 
Prince Albert -6.1 2.8 1.5 
Whitesand 2.5 0.3 1.8 
Standard 4.0 3.8 5.0 I::evia t ion 

MONTHLY TOTAL PRECIPITATION (in mm.) 

January April July October 

Cree Lake 3.6 13.2 3.8 -9.4 
Prince Albert -6.1 1.3 0.8 2.3 
Whitesand 2.5 1.3 -2.0 2.5 
Standard 3.6 3.8 12.9 6.9 
Deviation 

* Indicates that these values are zero or trace values. 



Table B-2.2 
SPATIAL ESTIMATION TESTING 

(ACTUAL MINUS ESTIMATED) 

MONTHLY MEAN TEMPERATURE (in C.) 

January April July October 

Cree Lake 1.1 0.3 0.5 -1.0 
Prince- Albert 1.3 -0.7 -0.1 -0.8 
Whitesand -0.7 0.7 -0.5 -0.2 
Standard 3.7 3.9 1.3 2.2 Deviation 

MONTHLY MINIMUM TEMPERATURE (in c.) 

January April July October 

.Cree Lake 0.5 1.2 -0.4 -0.4 
Prince Albert -1.7 -0.8 -0.1 -0.6 
Whitesand -1.3 0.8 -1.4 0.1 
Standard 
Deviation 3.5 3.9 1.3 1.5 

MONTHLY MAXIMUM TEMPERATURE (in C.) 

January April July October 

Cree Lake -0.6 0.1 0.3 -1.3 
Prince Albert -1.2 -0.1 -0.3 -0.4 
Whitesand 0.2 0.3 0 1.1 
Standard 4.1 1.0 1.8 3.2 Deviation 
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Figure C3.1 Cumulative frequency distributions for mean maximum and mean minimum 
temperatures at Buffalo Narrows, 1941 to 19i0. The numbers one to twelve 
represent the months January to December. 
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The numbers one to twelve represent the months January to December. 
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Figure C3.3 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at Cumberland House, 1941 to 1970. 
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Figure C3.5 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at La Ronge-, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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Figure C3.6 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at Meadow Lake, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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Figure C3.7 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at Prince Albert, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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Figure C3.8 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at Spiritwood, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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Figure C3.9 Cumulative frequency distributions for mean maximum and mean minimum 
temperatures at Uranium City, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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Figures C3.10 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at Waseca, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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Figure C3.11 Cumulative frequency distributions for mean maximum and mean 
minimum temperatures at Waskesiu, 1941 to 1970. 
The numbers one to twelve represent the months January to December. 
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