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ABSTRACT

Various climatic or related classifications have been produced for

the Prairie Provinces of Canada, often based on Koppen’s or
Thornthwaite’s system. Many of these classifications were discipline-
oriented and were based on predetermined climatic-parameter class
limits or included subjective biases about vegetation or physiographic
features. Examples of these classifications are given along with their
uses and limitations for the area as a whole. Recently, a factor
analysis approach was used to establish summer climatic zones for
the forested and agricultural fringe areas of the Prairie Provinces and
was extended for the whole area on a more limited scale. This ap-
proach involved the use of over 300 stations for the years 1961 to :
1970, each with a matrix of 22 independent variables based on daily-
temperature and precipitation records for the months of May to .*
September. These variables were used as input for the factor analysis
to develop eigenvalues and eigenvectors for each station, and factor
scores. The factor scores then became input for a hierarchical profile
grouping procedure to delineate stations having similar summer cli-
matic regimes. Discriminant analysis was then used to test whether
the groups were significantly different, to establish the degree of
stability within and between groups, and to position the boundaries
between groups. This approach provides a more rational statistical
process of analyzing climatic data and more efficiently delineates
climatic regions than the more traditional a priori climatic classifica-
tions.
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INTRODUCTION

Classification is a process basic to all sciences. The goal of any cli-
matic classification is the grouping of a large number of local climates
into a few climatic regions that are reasonably homogeneous and can
be defined in terms of numerical climatic data. Such boundaries
should also have relevance in terms of limits of plant communities,
soil groups, and other natural features. Thornthwaite (1943) stated
that “the purpose of a climatic classification is to provide a concise
description of the various climatic types in terms of the truly active
factors”, primarily those of moisture and heat. A classification
should not only differentiate between types, but should also show
the relationships among them. At the same time it should supply
the framework for differentiation of the innumerable microclimates
that make up a climatic type. Thornthwaite holds that no matter
how numerous or complex the techniques of this field of study be-
come, one major problem will remain: “Climate is an extremely
complex phenomenon, and any classification of it necessitates great
over-simplification and involves the risk of serious error.”

Climatic classification originally was the concern of plant geog-
raphers and biologists such as Alexander von Humboldt, Alphonse
de Candolle, Carl Linsser, A. Grisebach, and Wladimir Koppen (see
Thornthwaite 1943; Hare 1951; Thornthwaite and Hare 1955).
Ko6ppen, who is often referred to as the father of modern climatic
classification, presented his first classification in 1900 and continued
to modify it until his last paper appeared in 1936. He accepted the
hypothesis that climate is reflected by the distribution of vegetation.
In his initial and subsequent classifications he attempted to delineate
different vegetation boundaries by means of quantitative averages of
climatic parameters.

Climatic classification has assumed various forms relating directly
to the level of sophistication and technology of the techniques im-
posed by climatic analysts. Classifications have ranged from broad
global zones to very specific areas on a local scale. Today there are
over a score of different schemes of classification of world climates
(Trewartha 1968), but those of Képpen (1900, 1918, 1924, 1931,
1936) and Thornthwaite (1931, 1933, and 1948) are probably the
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most familiar in North America and noteworthy because they are
quantitative systems that use numerical values for defining the
boundaries of climatic groups.

The present paper attempts to discuss some of the climate or
climate-related classifications developed for or which include the
Prairie Provinces of Canada, and to present a classification of the
summer climate of the area based on the factorial analysis approach.

CLIMATIC CLASSIFICATIONS FOR
THE PRAIRIES AREA

A number of climatic classifications are available for the Prairie Pro-
vinces or portions of the area. Some of these have been based on
features of general climate rather than on quantitative values for
different climatic parameters. Examples of such classifications for
the area are those of Taylor (1947) and Kendrew and Currie (1955).
Koppen determined five major climate types roughly corresponding
to five major vegetation regions of the earth. These he further sub-
divided on the basis of other climatic factors. Kdppen’s classification
has often been applied to all or portions of the Prairie Provinces on
the basis of different 30-yr normal periods (Canada Department of
Mines and Technical Surveys 1957; Haurwitz and Austin 1944,
Longley 1970, 1972; Rheumer 1953; Richards and Fung 1969).

Fig. 1 shows the area using Koppen’s classification based on data for
the 1921-1950 period (Canada Department of Mines and Technical
Surveys 1957, Plate 30). Most of the area falls into Képpen’s Humid
microthermal climates, D, but portions of southeastern Alberta and
southwestern Saskatchewan fall into his Dry climates (BSk Middle
latitude steppe or Cold steppe). The forested area of the D climate
falls into his Dfc region (Sub-Arctic or Cold “snowy forest” climate).
The remainder of the D climate, in the parkland and prairie area,
falls into his Dfb region (Humid continental, cool summer, no dry
season, or Cold “forest”, cool summer). Some mountain areas of
Alberta belong to the Polar climates E (ET-Tundra and EF-Ice Cap),
but the information necessary for their detailed classification is lack-
_ ing (Longley 1972). Others, such as Rheumer (1953) and Trewartha
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Dfc
Dfc

Source: Canada Department of Mines and Technicat Surveys 1957

Dfc  Sub arctic

Dfb Humid continental, cool summer, no dry season
BSk Middle latitude steppe

ET Tundra

EF lce cap

Fig. 1 Climatic regions based on Koppen's classification and data for the
1921-1950 period

(1954, 1968), have modified Koppen’s classification and applied
them to this area. Rheumer’s (1953) classification, which uses the
climatic year concept, especially further subdivides Képpen’s classi-
fication parallel to the Rocky Mountains in Alberta. Trewartha’s
(1968) most recent classification is so modified that he suggests that
Koppen’s name should no longer appear on it. Maps using Képpen’s
basic classification but with different climate periods and station data
can show considerable variation (¢f. Canada Department of Mines
and Technical Surveys 1957; Haurwitz and Austin 1944; and Longley
1970). Maps of climatic regions, natural vegetation, and zonal soils
from the Atlas of Saskatchewan (Richards and Fung 1969) show how
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closely such different classifications are related.

There are several weaknesses and limitations in the use of
Koppen’s system because of its complexity, the arbitrary nature in
which the climatic numerical limits were chosen, its broad zonation,
and lastly its empiricism; however, it does use simple temperature and
precipitation values. He himself never regarded his classification as a
finished product, and in every contribution to the subject he re-
marked on the need for classification having a more rational founda-
tion (Thornthwaite 1943).

Thornthwaite attempted to solve some of the problems inherent
in the Koppen scheme by basing his classification on precipitation
effectiveness and thermal efficiency. In his first attempts Thorn-
thwaite (1931, 1933) he assigned the major role to the moisture fac-
tor, and in his later attempt (1948) to potential evapotranspiration.
His classifications were more sophisticated and rational and follow
from the relationships among computed monthly or annual totals of
actual evapotranspiration, water surplus, and water deficiency. In a
later paper (Thornthwaite and Hare 1955) he noted that “any effec-
tive system of climatic classification in forest or grassland regions
must necessarily seek to express this process (evapotranspiration)
and to use it as the central parameter.” Thornthwaite’s system has
many features that are better than the Koppen classification, but it
is not easy to employ or to establish boundaries. Ellis (1938) used
Thornthwaite’s early precipitation effectivity and temperature effi-
ciency formulae to help define the climate of the vegetation regions
of Manitoba. Sanderson (1948) employed Thornthwaite’s second
system to establish climatic types for Canada, and Trewartha (1954)
showed a map using this system. Each of the atlases for the three
Prairie Provinces includes an example of moisture regions derived
from Thornthwaite’s formula involving annual moisture deficit and
moisture surplus (Government of Alberta and University of Alberta
1969; Richards and Fung 1969; Weir 1960). These maps are usually
based on the latest publication of Thornthwaite for computing po-
tential evapotranspiration and water balance (Thornthwaite and
Mather 1957).

Climatic classifications in more detail exist for the agricultural
areas (Bowser 1967; Chapman and Brown 1966; Ouellet and Sherk
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1967; Watts 1968), but like many other classifications they provide
only one or two zones for the forested area, which constitutes ap-
proximately three-quarters of the geographical area of the Prairie
Provinces (Rowe 1972). Watts (1968) and Chapman and Brown
(1966) provided thermal and moisture classes for the area using
Thornthwaite’s system and combined the two classes to develop cli-
matic regions or climatic capability classes for agriculture. In both
these classifications bias is created in attempting to set the class
limits. Bowser’s (1967) map of Alberta delineates areas that have
similar climatic characteristics for cropping purposes based on a
combination of climatic factors, including the limiting factors of
summer heat units, frost-free periods, days between peak summer
rainfall and first fall frost, and lack of moisture. Ouellet and Sherk’s
(1967) map of plant hardiness zones gives climatic zones based on an
“index of suitability” developed from several climatic factors includ-
ing temperature, frost-free period, rainfall, maximum snow depth,
and maximum wind gust in a 30-yr period. Ecologically significant
site regions for Manitoba-Saskatchewan that incorporate general cli-
matic information were developed by Zoltai et al. (1967). A recent
preliminary classification of wetlands also reflects regional differ-
ences in climate (Zoltai et al. 1975). Mills (1970) discusses the de-
velopment of six climatically significant soil regions in Manitoba and
compares them with the classes of the equivalent portion of the pre-
liminary soil climatic map of Canada (Clayton 1970). A detailed
version of this map was published by the Canada Department of
Agriculture (1972); a simplified version appears in the National
Atlas (Canada Department of Energy, Mines and Resources 1973).
This map presents soil temperature classes and soil moisture regimes
and subclasses developed from a meagre network of soil temperature
stations and largely derived soil moisture criteria. In most cases the
boundaries of the various regional climatic areas have been made to
coincide with established soil and physiographic boundaries; other
limitations are indicated by Mills (1970). In this classification much
of the forested zone falls into the cold eryoboreal soil temperature
class, with more southern fringe forested areas falling into the mod-
erately cold cryoboreal or cool boreal soil temperature classes. In
the soil moisture classification most of the forested zone falls into
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the humid moist unsaturated regime with very slight water deficit,
and the agricultural fringe, including the Interlake area of Manitoba
and the Peace River area of Alberta, into the subhumid area with a
significant water deficit. Water deficiency and potential evapotrans-
piration values using Thornthwaite’s method were also developed by
Laycock (1967) for the Prairies. Longley (1972) used the percen-
tage of years with a 20-cm moisture deficit to help define the moist
and dry portions of the steppe zone in southeastern Alberta and
southwestern Saskatchewan. Shaykewich (1971, 1974) has also
been working towards a new climatic classification for agriculture in
southern Manitoba and has developed maps for frost occurrence,
corn heat units, seasonal precipitation, and soil water deficit. His
map of climatic regions for agriculture is based on the variables of
average soil water deficit on August 13 and average number of frost-
free days above 0°C (Shaykewich 1974).

FACTOR ANALYSIS APPROACH TO CLIMATIC
CLASSIFICATION

Steiner (1965) was the first to use the factor analysis approach for
climate. McBoyle (1971, 1972) used the approach based on princi-
pal component analysis for climatic classifications of Australia and
Europe. The factor analysis approach was also used in preliminary
classification studies of the summer climate of Alberta or portions
thereof (Maclver 1970; Maclver et al. 1972; Powell and Maclver
1975a, 1976). Miller and Auclair (1974) and Nicholson and Bryant
(1972) have employed a factor analytic approach to show relation-
ships between climate and forestry. The application of factor analy-
sis to climatic classifications seems appropriate because it allows for
the identification of the basic underlying patterns that control any
“regionalization” within a complex set of multivariate data. The
approach provides a rational statistical process of analyzing climatic
data using as input the selected climatic variables compiled for each
station, giving a posteriori classes rather than the traditional a priori
climatic classifications of Koppen, Thornthwaite, and others.
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A FACTORIAL SUMMER CLIMATOLOGY FOR
THE PRAIRIE PROVINCES

A climatic classification was developed for the forested and agricul-
tural fringe areas of the Prairies based on daily temperature and pre-
cipitation records from 303 stations, including many forestry look-
out stations, for the months May to September for the years 1961
to 1970. Details of the study are provided by Powell and Maclver
(1977), with earlier phases of the study briefly reported in confer-
ence publications (Powell and Maclver 1975a, b, ¢). A matrix of

22 independent variables that explain most of the variation between
stations was employed. The variables used were elevation, longitude,
latitude, mean monthly temperatures for May to September, month-
ly precipitation totals for May to September, frequency of days with
a minimum temperature -2.2°C in the months May to September,
and water deficiency values for the months June to September. Wa-
ter deficiency values were calculated using Thornthwaite’s water bal-
ance technique (Thornthwaite and Mather 1957) adjusted for a 7-
month period from April to October, assuming a soil moisture stor-
age level of 101.6 mm (4 in.) per year by the end of March.

For many of the forest fire weather stations it was necessary to
generate missing values for temperature and precipitation, especially
for portions of May and September when they are often closed.
Third-order polynomial regression equations were used to compare
a complete nearby station to a station with incomplete data. If the
F-ratio was not significant at the 95% confidence level, the incom-
plete stations were eliminated from further analysis. The complete
sets of input data for the variables were then used in a factor analy-
sis to develop eigenvalues and eigenvectors for each station. Only
eigenvalues greater than unity were considered and only if they ex-
plained at least 5% of the total variance (King 1969). The coeffi-
cients generated in a varimax rotated factor matrix, in combination
with the 22 input variables per station, give weighted indices per sta-
tion in the form of factor scores. Only those input variables with a
coefficient of >*0.700 in the factor scores were considered statisti-
cally significant variables.
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Table 1

THE NINE FACTOR SCORES WITH THE PERCENTAGE
EXPLAINED VARIANCE AND THE VARIABLES THEY
DESCRIBE

% Variance

Factor Explained Variable Description
1 18.7 May Temp. >-2.2°C, May Temp.,
June Temp. >-2.2°C
2 16.3 : Longitude, Elevation, July temperature
3 13.0 July Prec., Aug. Prec., Aug. Water Def.
4 9.7 Latitude, May Prec.
5 7.4 June Water Def.
6 6.8 September Prec.
7 6.2 July Temp. >-2.2°C
8 6.1 Aug. Temp. >-2.2°C
9 5.3 June Prec.
Total 89.3

Temp. = temperature °C; Prec. = precipitation; Def. = deficiency.

The analysis indicated that there were nine factor scores, each of
which explained at least 5% of the total explained variance and had
an eigenvalue >1.00. These nine factors explained 89.3% of the
variance and included 16 of the original 22 input variables (Table 1).
The original matrix of 6,666 items of climatic information (an input
matrix of 303 x 22) has at this point been reduced to nine factors
and 16 variables. The independent normalized factor scores for each
station are then used for a hierarchical profile grouping procedure
that groups the stations by means of their climatic characteristics.
This program compares a series of score profiles and progressively
associates them into groupings in such a way as to minimize an over-
all estimation of variation within the groups. The grouping proce-
dure indicated 26 as the “optimal” number of groups with an accep-
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Numbers relate to groupings of the hierarchical program

Fig. 2 Twenty six climatic groupings for the forested regions of the
prairie provinces

table (in this case 15%) minimum accumulated-error-loss. Multiple
discriminant analysis was then used to test the significance of the
factor analysis and heirarchical grouping outcomes and to identify
the major discriminating variables between groupings. The discrimi-
nant analysis indicated that the 26 climatic groups were separate
and mutually exclusive. It also showed that the “rule of thumb”
used in the factor analysis procedure of a cutoff limit of > 1.00 for
the eigenvalues if they explained at least 5% of the variance was
valid; however, it did show that factor score 8 (August frequency of
days > -2.2°C) was not a major significant discriminating variable be-
tween groups. The statistically important variables between groups
were used to help position the boundaries between the groupings.
Fig. 2 shows the 26 climatic groupings with boundary placement
using significant-between-group variables (the numbers on the figure
have no significance except that they relate to groups of the hier-
archical program). In a few cases stations isolated from their groups
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Numbers relate to groupings of the hierarchical program

Fig. 3 Twenty two climatic groupings for the prairie provinces

were included in the dominant surrounding group if the hierarchical
grouping procedure indicated a close relationship. The means and
interstation variability for each of the major significant discriminat-
ing variables for the 26 groupings are given elsewhere (Powell and
Maclver 1977).

In order to obtain a climatic classification for the whole of the
Prairie Provinces, 27 stations were selected to represent the domin-
antly agricultural belt, and Churchill was added for northern Mani-
toba. The May to September, 1961-1970 data from these stations
were added to the data bank for the 303 stations in the forested and
agricultural fringe area; a factor analysis was carried out using only
the variables elevation, longitude, latitude, and mean monthly tem-
perature and mean monthly precipitation for the months May to
September. The additional limiting factors of frequency of days
with a minimum temperature > -2.2°C and water deficiency were
therefore not used in this analysis. Fig. 3 shows the map of the
Prairies with 22 climate groupings, the number of groups which was
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indicated as “optimal” in this factorial analysis. With one less group-
ing (21), groups 8 and 13 would combine, and with one more group
(23), the stations of Upper Hay River and Watt Mountain in north-
western Alberta would be separate from group 9.

From the comparison of Figs. 2 and 3, Churchill and the Hudson
Bay Lowlands, as expected, are indicated as a separate group. Most
of the agricultural zone not included in Fig. 2 forms one grouping
(3), while southeastern Saskatchewan and southwestern Manitoba
are joined with the areas to the north already present in Fig. 2. Many
of the groupings indicated in Fig. 2 are still present in Fig. 3, al-
though group boundaries are often changed, losing or picking up a
few stations. Group 1 of Fig. 3 has become much broader. Some of
the changes are a result of fewer groups indicated, but probably the
additional limiting variables used in computing Fig. 2 play a role in
further differentiating between groups, especially because in the
earlier analysis many of these variables were highly significant in the
factor scores.

DISCUSSION AND CONCLUSIONS

Factor analysis followed by hierarchical grouping analysis lends it-
self to numerous classification uses. Depending on the purpose, the
user may select the desired level of detail required from a series of
groupings, because this technique not only differentiates between
groups but shows the relationships among them. If a broader classi-
fication is required, the hierarchical program indicates how the
groups combine with each other to give fewer groupings. The clas-
sification system is therefore very adaptable to providing the user
with the required level of resolution. The factorial approach also
indicates which are the important variables in distinguishing be-
tween climatic groupings; this alone should be of value to the poten-
tial user in making decisions about certain areas.

There is a definite paucity of stations in northern Manitoba and
Saskatchewan and northeastern Alberta in the present study. How-
ever, relatively few groupings were indicated in these areas, suggest-
ing that a greater density of stations would not basically change the
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map or groupings, although there would obviously be some refine-
ment of the boundaries. In fact, any time the data base is changed
by adding or subtracting stations, it would be expected that the
groupings and their boundaries would change. This makes the sys-
tem very flexible and gives it a wide utility, but is a drawback when
compared with the a priori classifications that employ stable class
limits to set group boundaries. However, inherent in this classifica-
tion are some basic assumptions, typical of any classification
scheme, whether a priori or a posteriori. The selection of the origi-
nal climatic variables is left to the discretion of the investigator and
his estimate of their significance in adequately characterizing the
climate of an area or season. Secondly, it is assumed that the num-
ber of stations utilized and their distribution is adequate to repre-
sent the study area, and that the data do not include inherent
observational or reporting errors. Thirdly, each station may or may
not be representative of its surrounding area. Fourthly, in this
study it was shown that a 10-yr period at selected stations was ade-
quate to describe the summer temperature and precipitation regime
compared with the most recent 30-yr period; therefore, stations
with only a short period of record were accepted for inclusion in
the study. In accepting a classification, the period of data gathering
must always be considered because of the possibilities of climatic
change taking place. However, with the present classification, pro-
vided such changes are experienced throughout the area, the group-
ings should remain relatively the same because there are no class
limits, as in the a priori systems. Also, as McBoyle (1972) men-
tioned, there is little point comparing a factor analytic regionaliza-
tion for a certain time-period with a Képpen-type classification for
a different time-period. However, one valid general comparison can
be made: where Koppen’s classification (Fig. 1) indicates only
broad classes for the Prairie Provinces, the present factorial classifi-
cation adequately subdivides the area, especially the forested zones
of the region, into many classes, which was the main objective of
the study. The factorial classification approach should therefore be
a valuable tool in resource decision making. '
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