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ABSTRACT

In many respects, the climate of northeastern Alberta
resembles that of the central portions of the province. It is
generally somewhat cooler, especially in winter, and precipitation
is slightly less. The area has a very definite continental climate
and its distance from the Pacific Ocean and the mountalns result
‘in the almost complete absence of winter chinooks which are often
thought of as an integral part of Alberta climate.

Winters are cold with relatively little snow. Heavy
snowfalls such as are common in the mountains and foothills are
rare. Intense cold outbreaks can last from several days to a few
weeks.

Summers are relatively short and cool, although the
occasional warm spell can cause temperatures to rise above 30°C.
About two-thirds of the precipitation falls in the summer months
with several major rainstorms generally accounting for much of the
seasonal rain.

Northeastern Alberta cannot be considered windy. High
winds do occur but they are infrequent and rarely last longer than
12 to 24 hours.

Although the topography does not have a major impact on
the weather patterns, certain terrain features are significant in
establishing windflow patterns that must be understood and consid-
ered In assessing the impact of climate on the development of the
Athabasca 011 Sands.
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1. INTRODUCT [ ON

T.1 BACKGROUND AND OBJECTIVES

tncreased human activity associated with the development
of the Athabasca 011 Sands has stimulated an active interest in
the climate of northeastern Alberta. Climatological Information
is required not only for the planning and assessment of various
industrial projects, but also people considering residence in the
area are Interested in knowing what to expect in the way of weather
and climate.

In the past there has not been a widespread interest in
the climate of this area and consequently the detailed information
that is now required is not available. This report, prepared for

rthe Alberta 0il Sands Environmental Research Program (AOSERP),
attempts to synthesize the available climatological data and iden-
tify information gaps. Since data are somewhat sparse the report
cannot be considered definitive and it may be desirable to revise
it in a few years as more data become available from the area.

The report attempts to present an overview of the climate
of northeastern Alberta and, although much of the information may be
of general interest, there is a great deal of specific information
that will be useful for the planning of industrial, recreational,
municipal, and highway projects. The basic information contained
in this report should meet the needs of those users requiring long-
term temperature and precipitation data. However, the detailed
information required by those users interested in air pollution
and atmospheric dispersion is lacking because historical wind data
are avallable from only a few stations.

The repeated emphasis in the report Is to extract as much
information as possible from the available data. In general, the
approach has been to establish principles relating Fort McMurray
airport (Fort McMurray A) data to other parts of the AOSERP study area
(Figure 1),

S| units are used throughout the report except in a few

instances where reference is made to historical data that were
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collected in Imperial units. Unless specifically noted, all time

reference is to Mountain Standard Time.

1.2 DATA BASE AND ITS LIMITATIONS
The data base for this report comprises all the historical
climatological data avallable from within the AOSERP study area.
Reference is also made to stations lying just outside the boundaries
of the area, and for comparison purposes, to some well known
communities in western Canada.
The earliest known weather observations from northeastern
Alberta date back to the early 1800's when explorers such as
Mackenzie, Thompson and Franklin described the weather in their
Journals., According to Powell (1974:9), the earliest known data
to be used in a climatological study were collected at Fort
Chipewyan by Lefroy in the winter of 1843-184k. Records compatible
with our present-day observational procedures and of sufficient
length to calculate averages began at Fort Chipewyan in 1883 and
continued with breaks until 1940,
Climatological records from the AOSERP study area fall into
three categories depending on the type and frequency of observations:
1. Ordinary climatologlical records--daily precipitation
(both type and amount). Most ordinary climatological
stations also report daily maximum and minimum
temperatures .
2. Synoptic records--observations of temperature, wind,
pressure, weather, and cloud at synoptic hours (see
Glossary). Records of daily precipitation and maxi~
mum and minimum temperatures are also made. These
records are not completely compatible with those of
category ""1'* because of the definition of the 'day".
3. Hourly records--observations of wind, temperature,
pressure, cloud and weather on an hourly basis.
Within the AOSERP area such records are available only

from stations established at alrports.



Table 1 summarizes the stations used in the preparation
of this report and indicates the category to which each station
belongs. It will be noted that the lookout stations (Lo) have
summer data only. These stations were established by the Alberta
Forestry Service primarily for the purpose of forest fire detection
but regular climatological observations have been an integral part
of this program.

Climatologists have examined the need for data upon which
to base a description of the climate of an area. To obtain a
reliable sample of the varying types of weather, the climatologist
concludes that in temperate climates observations taken over a
perfod of 30 years are needed. Such records are usually referred
to as ''normals’ and are usually recalculated every 10 years. The
latest set of normal values for Canada is based on the period
1941 to 1970 (see Section 10,2).

An examination of Table 1 reveals that according to this
criterion only Fort McMurray A has a record of sufficient length
for inclusion in this latest sét of normals. Because Fort McMurray
A is the only long-term station in the area, one must consider it
as a reference point and use its records as a starting peint in
asseésing the climate. Climatic data for Fort McMurray A are found
in Section 10.2. The area has a varied topography (Section 2.2) which
results in variations of climate within the area. Examination of
the records from the other stations in and around the area and com-
parison with those from Fort McMurray A and each other, permit one
to estimate these climatic variations. The results may be used,
but with a recognition of their tentative nature until records for
a longer period provide more reliable values for the measures of
climate.

The records from Embarras where an airport was maintained
from 1943 until 1962, and Stoney Mountain (radar site 1957 to 1963)
were useful in determining wind patterns and elevational relation-
ships of temperature and precipitation. The lookout stations were
invaluable in establishing summer precipitation and temperature

patterns.



Table 1. Weather stations in the AOSERP study area and
other stations to which reference is made,

b CategoryC
Name Lat. Long. Elei;;!On YrBega;D YrEndeao of
) ¥ ) : ' Record

Algar Lo® 56 07 N1 47 700 1959 Ok ¢
Anzac cé 28 RN 02 500 1972 t2 <
Blrch Mountaln Lo 57 43 11 51 853 1960 05 L
Bl tumount Le 57 22 141 32 350 1962 05 c
Buckton Lo 57 52 112 06 790 1965 06 [
Calgary A 5 06 11 0l 1079 1339 0!} H
Edmonton Ind, A 53 34 113 3 677 1937 10 H
Edra Lo 57 51 M3 15 790 1366 06 c
£115 Lo 57 1 12 20 560 1961 04 ¢
Embarras A 58 12 1t 23 236 1843 ¢2 1962 09 H
Fort Chlpewyan 58 4% ni 07 228 1962 10 H
Fort HcMurray A 56 39 [ i3 370 194k 0% H
Fort Smlth A 60 01 11t 58 203 1943 09 H
Fort Vermilion 58 23 116 03 280 1908 07 o
Gordon Lake Lo 55 3 1o 30 g0 1964 Q4 C
Grande Lo 56 18 12 13 530 1965 08 ¥
Johnson Lake Lo 57 35 110 20 550 1965 05 [
Keare Lo 56 e 1o 17 Lgo 1964 05 c
Legend Lo 57 27 112 53 850 1962 05 C
Livock Lo 56 28 113 1 580 1965 09 C
Mildred Lake 57 0z 128 36 110 1973 07 ¢
Huskeg Lo 57 o8 110 54 550 1959 06 8
Muskwa Lo 56 05 i1 38 600 1867 @5 [
Richardson Lo 57 55 g 58 300 1960 04 c
Saskatoon A 52 1¢ 106 n 502 1941 04 H
Seafarth Lo 57 4 321 820 1961 04 1969 08 c
Stoney Mountaln 56 23 [REEERE 780 1957 11 1963 12 5
Stoney Mountain Lo 56 23 il 14 760 1954 05 ¢
Tar {stand 56 59 m 28 288 1970 06 ¢
Thigkwood Lo 56 53 120 39 520 1957 04 c
Wabasca 56 58 113 50 545 1965 08 o

8 A1l lookout stations {Lo) have summer data only,

Indicates beginning of uninterrupted recerd. For complete station history see Hllgate (1978},
C - ordinary cllmatologlcal data--dally precipitation or daily precipltation and
maximum, minimum temperatures.
$ - synoptlcm~cloud, weather, temperature, humidity, pressure wind at synoptic hours (see Section 10.1).
H - hourly--similar to synoptic but on hourly basis,



Researchers, faced with a paucity of climatological data
from the study area, are often tempted to use Fort McMurray A data
as being representative of the area. |In the long term this may be
valid for certain weather elements. For instance, the long-term
temperature extremes, the mean monthly temperature, and the mean
monthly precipitation values for most of the area can be estimated
by applying appropriate adjustments to the Fort McMurray A values.
The Fort McMurray A wind regime, as shown in Section § of this
report, is far from being representative of the study area. Data
on other climatic elements, such as sunshine and fog, are lacking
so one must base any conclusions related to these to the data from

Fort McMurray A and reports from stations outside the AOSERP area.



2. PHYSIOGRAPHY AND CLIMATIC CONTROLS

2.1 THE AQSERP STUDY AREA

The boundaries of the AOSERP study area as defined in
Figure 1 are generally acceptable for the purposes of this cli-
matic study. However, use is made of stations outside the area
for comparison and to derive a broad picture of the variation of
the climatic elements. These stations are listed in Table 1,

Section 1.2 along with the stations in the study area.

The present extraction plants are located near the centre
of the study area. Because the weather elements, such as temperature
and wind, near these plants, are affected by their surroundings, the
study must not be limited to the immediate vicinity. The hills on
either side of the river form a basin which is open to the north.

The weather on the sides of this basin influences that along the
river valley. The study area then must include the surrounding
hilltops. The major interest is directed to that area within the
boundaries of the river basin. To the south, it extends toc the top
of the Stoney Mountain ridge. To the east the limit is the Alberta-
Saskatchewan boundary. (No weather stations are east of the boundary
for many kilometres.) The plateau of the Birch Mountains with its
series of lakes form the western boundary. Lake Athabasca and Lake

Claire limit our interest to the north.

2.2 TOPOGRAPHY OF THE STUDY AREA

The area of study is part of the drainage basin of the
Athabasca River which rises in the Columbia lce Fields in the Rocky
Mountains. 1t flows northward to Jasper, and leaves the mountains
at Entrance. From here 1t flows generally in a northeasterly direc~
tion, gathering water from other streams in its path, until it
reaches Fort McMurray. Through the last part of this journey, it
flows in a deep canyon with the Thickwood Hills to the north and

the Stoney Mountains to the south.



At Fort McMurray it is joined by the Clearwater River
which rises in Saskatchewan and flows from the east through a valley
between Stoney Mountain to the south and the Muskeg Mountain to the
north. Downstream from the confluence, the water flows northward
at a slow pace toward Lake Athabasca. The drop in 200 km is less
than 40 m. At the northern end it broadens out into a wide delta
ptain before it enters the lake. The topography of the area is
shown in Figure 2.

To the east, south, and west of the valley are high hills,
The rate of rise from the town of Fort McMurray (250 m) south to
the high point at Stoney Mountain {780 m) is rapid. The elevation
of the mountain complex drops as it extends east and west and
particularly south.

Northeast of Fort McMurray and east of the Syncrude Plant
near Mildred Lake T1ies the Muskeg Mountain uplands, where the hills
reach about 600 m. The drop to the Clearwater River to the south
is quite rapid, but the land slopes gently northwestward toward the
Athabasca River. The Steepbank, Muskeg and Firebag rivers carry
water off the uplands to the Athabasca River. Farther north, water
from the uplands flows via the Richardson River into the delta plain
of Lake Athabasca. West of the Athabasca River lies the Birch
Mountain Plateau, with an elevation of about 700 m. Near 580N the
rate of rise from the river to the top at Birch Mountain Lockout
(elevation 853 m) is rapid. South of Birch Mountain Lookout, the
gradient is more gradual. A series of lakes lie in a saucer-shaped
depression at the top of this plateau and drain via the MacKay and
Etls rivers, at first southeastward and then northeastward into the
Athabasca River. The northwestern part of the Birch Mountain Plateau
drains into Lake Claire and the Peace River. The Thickwood Hills,
rising to about 600 m, lie between the MacKay River and the Athabasca
River west of Fort McMurray and so to its junction with the Clearwater
River.

North of the district lie Lake Athabasca, Lake Claire, and

extensive swamp areas, forming the Peace~Athabasca Delta. This large
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area of water modifies the climate, particularly during the spring
period between the time when the temperature rises above freezing
and ice is almost gone and again in fall during the period between
the time when the alr temperature drops to freezing and when ice
once again covers the water. |In springtime, the loss of heat to
melt the Tce and warm the water tends to keep surrounding areas
cooler. In the autumn, the heat stored in the water and released
when freezing tends to keep surrounding areas somewhat warmer.
These influences are felt in the immediate vicinity.

The area under study is not large on a world scale.
Most major weather systems tend to influence the total area more
or less uniformly. This is not always true for meso-systems, such
as individual thunderstorms. Even with these, the conditions con~
duclve to thunderstorms will generally exist over the whole

district so that all parts of the area may be affected.

2.3 CLIMATIC CONTROLS

The climate of the earth has its origin in the sun and
the radiative solar energy that the earth Intercepts. Terrestrial
influences cause the climate to vary from one district to another.
These climatic factors or controls are discussed at length in most
textbooks on climatology. Miller (1964) lists the following:

1. Llatitude;

2. Altitude;
Proximity of oceans;

Prevalling winds;

-

. Ocean currents;

Lakes;

. Physical features; and
Soils,

When consideration is given only to the large-scale

Q@ ~ O\ B W

climatic factors of latitude, distance from the ocean, and the
general circulation of the atmosphere or the prevailing winds, one

is led to conclude that the climate over the area should be uniform.
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Other climatic factors listed by Miller are more local in their
influence. |In particular, for the study area, elevation, topo-
graphy and proximity to bodies of water are significant. Because
of these, there are small but significant differences in the
climate. Some of these differences can be detected from available
data, and are revealed in thils study. Other differences may be
inferred from general principles, but must await further data

collection to be confirmed.

2.3.1 Latitude

The study area lies between 560 20' and 590N. The
change in latitude from equator to pole results in a change in the
amount of incident radiation from the sun. If we consider the
radiation at the top of the atmosphere, at the summer solstice
the long hours of daylight result in more radiation at the latltude
of Fort McMurray than at the equator. At the time of the winter
solstice, the daily amount Is less than 15% of that at the equator.
For the year as a whole, radiation above Fort McMurray is about
60% of that above the equator.

The reference to the top of the atmosphere is misleading.
There is significant energy loss between the top of the atmosphere
and the ground. Reflection by clouds, and absorption of the heat
as it passes through the atmosphere are major factors In reducing
the solar radiation reaching the ground. Based on average solar
radiation values (Titus and Truhlar 1969), and that computed by
Melankovitch (List 1963) for the top of the atmosphere, the atmo~
sphere reduces the solar radiation by about 50% at the latitude
of Fort McMurray.

In winter, the solar input at the earth's surface Is
small for three reasons. The low angle of the sun results in a
small amount of Intercepted energy. Because it travels by a long
path through the atmosphere, It loses a considerable amount of its
initial energy. Third, the snow surface reflects as much as 80%

of the solar radiation reaching It. The greatest amount of energy



12

is lost from the earth by long-wave terrestrial radiation from

the snow surface. This is relatively small because of the low
surface temperature, but it is greater than the absorbed solar
energy. The net result is a cooling until mid-January. This
cooling would be more rapid if winds aloft did not result in a

net influx of heat from southern latitudes. Before the end of
January, the higher sun and longer daylight hours increase the

solar input sufficlently that incoming energy exceeds outgoing
energy, and the land begins to warm slowly. The maps from Titus

and Truhlar indicate that the net incoming radiation for the three
months, November, December and January is approximately 190 langleys
for the southern boundary of the district, and 140 langleys for

the northern boundary (see Section 10.1). The difference results in
slightly lower mean temperatures in the north than in the south.

In summer, the different items of energy flow differ
considerably from winter values. Solar input is large because of
longer days, higher sun, and more absorption of the energy reaching
the ground. The variation because of the latitudinal differences
is slight. Titus and Truhlar show that for the three months of
highest sun, May, June, and July, Fort McMurray receives 1,575
langleys, and the northern boundary 1,610 langleys. Mean summer
temperatures in the northern portions of the study area are not
significantly different from those in southern portions.

Visitors or newcomers to the area soon notice the effect
of latitude on the length of day. At the height of summer there
is an almost complete absence of darkness and there are almost 18
hours of daytight. Conversely, in winter the days are short with

less than seven hours of daylight at the end of December.

2.3.2 Elevation and Climate

Mankind has recognized that usually the weather becomes
colder as one climbs mountains. Records of rainfall have shown
clearly that the mountain ranges change the precipitation patterns.
Most of such studies have examined the effects of high mountains

ridges on climate.
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In the study area the greatest difference in elevation
is about 600 m. This is small compared to the differences in
elevation in, say, British Columbia. Nevertheless, the same
principles are stil] valid., The studies of the temperature and
precipitation regimes {Sections 3 and 4) show that temperature
and rainfall are influenced by the differences in elevation within
the study area. The differences are not great in compariscon with

differences found in mountainous areas, but are significant.

2.3.3 Proximity to Oceans

Next to latitude, the most significant factor in deter-
mining the variation of climate over the earth's surface is the
proximity of the ocean. The high thermal capacity of the ocean
waters dampens fluctuations of temperature. Also water surfaces
are sources of moisture through evaporation when the water tempera-
ture is higher than the dew point of the atr. The additional
moisture provides vapour to form cloud and fog droplets and rain
drops If the weather processes are favourable.

The study area lies some 1,000 km from the Pacific Ocean
and is separated from it by several major mountain ranges. Thus
the modifying influences of the Pacific Ocean reach the area with
difficulty. On the other hand, the absence of a significant
west~east mountain barrier between northeastern Alberta and the
Arctic Ocean permits the frequent incursion of cold Arctic air
originating over the polar icepack. The climate of the study area

is thus definitely "continental."

2.3.3.1 The continental climate of the AQSERP area. The differ~

ences between marine climates and continental climates can be seen
in both temperature and precipitation. Continental climates have
greater variability in temperature, a variablility that Is revealed
in the dally range, the annual range, the variation from day to day,
and from year to year. Regarding precipitation, continental

climates tend to have the maximum during the warm parts of the day
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or year. It often falls in convective showers or thundershowers.
In contrast, marine climates have more uniformity of occurrence
and amount.

Climatologlsts have sought some method by which they can
indicate the continentality of a climate. Landsberg (1958) favoured
a formula developed by Johansson {1931} as giving a good represen-

tation. The formula is:

1.6 A _ "
Sin ¢

where K is the desired index, A the mean annual range of temperature
(°c), and & is the latitude. Values of K on the world scene vary
from near 0 for a marine climate to about 100 for some places in
Siberia. MacKay and Cook (1963) used this formula to obtain the
variation through Canada. The highest values, slightly over 65,
were found in a band from western Keewatin south into northern
Saskatchewan and then southeastward across Manitoba into northwest-
ern Ontarico. For Fort McMurray, the index is 59 and Fort Chipewyan
has an index of 65, Thus the area has a high index of continent-
ality. In comparison, Edmonton has an index of 47.

The continentality of the climate of the study area can
be readily recognized In the data for Fort McMurray A (Section 10.2).
Summer is the season when precipitation is highest whereas places
with maritime climates, such as Victoria, have highest precipitation
in winter. At Fort McMurray about two-thirds of the annual precip-
itation falls in summer, often in the form of showers. The conti-
nental nature of the climate is also revealed in several aspects of
the temperature regime. The range between the absolute maximum and
absolute minimum reached at Fort McMurray A is about 87°C whereas
at Victoria, B.C. this range is only 51°C. In maritime climates
the maximum and minimum temperatures usually remain fairly close
to the long~term averages throughout the year. In northeastern

Alberta the summer values can be expected to lie near the long-term
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averages only during the summer. Winter temperatures are character-
ized by rather large swings from the average. Cold periods and

mild periods alternate at irregular intervals. Thus reference to
average temperatures for the winter period Is of little signifi-
cance because on any given day the temperature may be considerably

above or below the long-term average.
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3. TEMPERATURE
3.1 DAILY AND ANNUAL REGIME OF TEMPERATURE AT FORT McMURRAY

The AOSERP study area is one of the coldest areas of
Alberta. The plateau areas of Alberta's northland, such as the
Caribou Mountains and the Birch Mountain Plateau, may be colder
but, because the data in winter are lacking, one cannot be sure.
According to Longley (1972), the area is about 4°c cooler in
July than the warm areas along the U.S. boundary and the South
Saskatchewan River. In spring and autumn, the difference is
about 5°C. The contrast is greatest during the winter when
Lethbridge is 1306 warmer than Fort McMurray.

The ciearest picture of the temperature regime for the
AOSERP area is found by examining the records for the only long-
term station of the area, Fort McMurray A. The mean curves of
daily temperature by months are given in Figure 3. Climatic data
for the station are given in Section 10.2. Data are available from
the Hourly Data Summaries (Canada, Department of Transport 1968b)
for Fort McMurray A. Mean temperatures are available for eight
individual hours of the day.

Using the data from which Figure 3 is derived, one dis-
covers that the difference in January between the mean value at
the coldest time of the day and that at the warmest time of the
day is 4.2°%, and in July 11.0°., The warmest time of the day is
between 1400 and 1700 MST. it is warmer at 1700 for the months of
February to June, and at 1400 for September to January. The coldest
time of day normally is about 30 minutes after sunrise, and from
the curves given in Figure 3, one would expect that this is true
at Fort McMurray A. The mean daily range, f.e., the difference
between the mean maximum and the mean minimum, varies between 9.30,
the November value, and 14.6°, the June value.

Figure 4 gives six curves related to the annual trend of
temperature for Fort McMurray through the year. Curves ¢ and d
(Environment Canada 1975a) give, respectively, the mean daily

maximum and minimum temperatures. The other four curves use data
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from Hourly Data Summaries and are based on the 10 years, 1957 to
1966 (Canada, Department of Transport 1968b}. Curves a and f give,
respectively, the highest and lowest temperatures recorded in each
month. Curve b gives the 90th percentile of recorded hourly temper-
atures; only one observation inIIO 1fes above this curve. Similarly,
curve e gives the tenth percentile; one record In 10 lies below
this curve.

Curves ¢ and d show again that the range of temperature
Is highest in May and lowest in November. The mean annual range
is 37.8°. The data from which curves a, b, e and f are derived
show that the mean values come from a broad distribution of temper-
atures. The absolute range of temperature in January during the
10 years was 530; In April, h9°; in July 35%: and in October, 47°.
No frost was recorded in July but there was a temperature of 0.5%
recorded. Every other month recorded frost, with June having 48
observations and August, eight, during the 10-year perlod. Because
some of these records might have occurred during the same night,

this does not give the number of days with frost.
3.2 SPATIAL VARIATIONS IN THE STUDY AREA

3.2.1 Computation of Normal Temperatures

A study of the temperature distribution in the study area
Is hampered by lack of data. To make use of the Incomplete records,
avallable data from 1958 to 1976 were examined and compared to
corresponding data for Fort McMurray A. For example, December mean
maximum temperatures were available for Stoney Mountain for six
years. For those six years, the averages showed that Stoney Mountain
was 1.49C warmer than Fort McMurray A. The mean 1941-1970
maximum temperature at Fort McMurray A is -12.2°C. So a tentative
Stoney Mountain normal December temperature is -10.8°¢.

The method outlined was used for any station and menth
when the records were avallable for four months. For many of the
values, the method permltted the use of data not included in

published normals which used data only until December, 1970
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(Environment Canada 1975a). |t also made allowance for the pos-
sibiTity that the periods of observations did not have normal
temperatures. Table 2 glves the mean maximum and Table 3 the mean
minimum temperatures for the different stations in the region.

Normals for stations surrounding the area are also given.

3.2.2 Winter Temperatures in the Study Area

An examination of the January mean minimum temperatures
tn Table 3 shows that there is a gradual decrease as one moves north
from Fort McMurray, with -26.9°C to Fort Smith at -32.1°C. The
normal south-north gradient of temperature is apparent, but from
Fort McMurray to the south shore of Lake Athabasca the variation is
less than 3°¢. Stoney Mountain, 3°C warmer than Fort McMurray A,
is an anomaly In this picture. It shows that the winter temperatures
on the hills are higher than in the river valley. This is the only
hill station with winter records avallable. The extent of the
warming on the other hills is unknown. Because of this lack of
information, January isotherms for the area can be drawn only
approximately. Figure 5 gives normal January temperatures for the
study area. The normal range is about 10°C and 50 mean maximum or
minimum temperatures may be estimated by adding or substracting 50
from the map value.

3.2.3 Summer Temperatures in the Study Area
With the forestry station records, the distribution of

summer temperatures is better known. As representative of summer
temperatures, Figure 6 presents the mean July maximum and minlimum

temperatures. Data are given in Tables 2 and 3.
The south-north gradient of maximum temperatures, noted

for winter data, is almost non-existent in the high summer. Fort
Chipewyan is colder than other statlons, but this could easily be
a result of a cold lake. In August and September, Fort Chipewyan
and Fort Smith have approximately the same mean maximum temperatures,

and in October and November, Fort Chipewyan is warmer.



Table 2. Mean maxjmum temperatures (°C), 1341-1970. Part 1 values are taken from published
normals. In Part 2 mean values for available data from 1958-1976 are adjusted as
described in the text.

Station Month

J F i A M A I\ N [}

PART 1

Embarras A ~16.9 -12.7 -3.9 6.2 15.1 20.5 23.7 21.8 Th 4 6.9 -4 .8 -13.6

Fort McMurray A -16.0 -10.2 -2.3 7.8 16.3 20.8 234 21.7 5.2 8.5 -3.8 -12.2

Fort Smith A -21.8 -15.5 -7.6 3.2 13.6 20.0 22.8 20.9 12.9 4.8 -7.7 -16.8

Fort Vermilion -18.3 -i2.7 -3.9 6.9 16.5 21.3 23.5 21.6 14.8 6.8 -6.7 -15.4

Uranjum City -22.6 -16.9 -8.9 1.8 1.6 18.9 21.3 19.9 11.3 4.2 -7.6 -16.7

Wabasca -13.1 - 7.k -0.9 8.8 15.6 20.1 22.5 21.1 15.3 9.2 -1.9 - 9.3

PART 2

Algar Lo 12.9 17.5 20.2 18.8 12.3

Anzac -1h4.9 -10.06 -2.6 7.0 15.5 20,1 22.7 21.1 8.5 -3.9 -11.0

Birch Mtn. Lo 11.3 16.4 19.1 17.2 10.8

Bitumount Lo 15.9 20.3 22.8 21.1

Buckton Lo 10.9 15.8 18.8 17.6

Edra Lo 1.7 16.9 19.4 17.6

Ells Lo 14.9 19.1 21.8 20.1

Fort Chipewyan -20.7 -15.5 -7.2 3.2 13.4 19.% 22.6 20.6 13.1 5.7 -6.3 -14.5

Gordon Lake Lo 15.3 19.8 22.3 20.2

Grande Lo 15.1 19.5 22.2 20.3

Johnson Lake Lo 13.2 18.6 21.% 19.0

Keane Lo 15.6 201 22.8 20.9

Legend Lo 12.4 16.8 19.6 17.7 11.6

Livock Lo 13.8 18.7 21.2 19.5

Mildred Lake 2.0 22.2 15.4 -12.3

Muskeg Lo 13.3 18.5 21.1 19.0 12.7

Richardson Lo 15.2 20.7 23.4 21.6 13.8

Seaforth Lo 17.5 19.7 18.1

Stoney Mtn. -t4.0 ~10.7 ~3.4 5.1 13.2 17.8 20.8 19.3 12.8 6.1 -4.6 -10.8

Stoney Mtn. Lo 13.0 17.5 20.1 18.4 12.0

Tar Island ~16.4 -11.3 -2.9 7.4 16.5 21.3 23.9 22.9 15.4 8.2 =4 3 -11.9

Thickwood Lo 14,9 19.1 21.6 20.0 13.7

a
Data Scurce:

Environment Canada

1975a.

A
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normals.
described

Mean minjmum temperatures (°c), 1941-1970.

Part 1 values are taken
Part 2 meanavalues for data available from 1958-1976 are
in the text.
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Although the south-north gradient of temperature is
slight during the summer season, the gradient with elevation is
not. The data of Table 2 show clearly that the warmest spots in
June and July are the stations in the low areas near the Athabasca
River: Tar lIsland, Bitumount Lo, Richardson Lo, and Anzac. To
evaluate this tendency for individual months the mean maximum
temperatures were correlated with elevation. Sixty values of the
rates of decrease of temperature (i.e., the lapse rates, see
Glossary) were determined for the months May to September, Inclusive.
0f these, 37 had correlation coefficients above 0.90. Only five
were below 0.81, and these were in May and September. The average
lapse rates are given in Table 4.

With the high lapse rates, given in Table 4, the variation
of maximum temperature is closely related to elevation. This is
apparent in the isotherms of July maximum temperatures in Figure 5.
The greatest lapse rate occurs in June, a value close to the dry
adiabatic. By September, when the solar radiation has decreased
considerably, the lapse rate is 2° lower.

The relationship between elevation and minimum temperatures
is less clear than with maximum. Of the 58 computed correlation
coefficients, only eight were above 0.70, and five were zero or nega-
tive. Minimum temperatures are influenced greatly by local topo-
graphy. Cold air flows off hillsides and into low-lying areas. |In
such situations, the lower location is the colder. The average
lapse rates for minimum temperature are given In Column 3 of Table
L, These are clearly low compared with those for maximum tempera-
tures. The decrease from June and July till September continues
during the autumn so that in winter the minimum temperatures are
lowest in the bottom of the valley.

As during the winter, the values for Fort McMurray's
summer temperature give a first approximation to temperatures in
the study area. These should be adjusted for elevation, with a
drop of about 8°c per km for maximum temperature and about 2°¢ for

minimum temperature. The value.obtained for maximum temperature is
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Table 4. Average lapse rate (°C per km} of temperature in the
study area, May to September.

Max i mum Minimum
May 8.0 2.3
.June 8.2 2.4
July 8.0 2.4
August 7.6 1.7
September 6.3 1.2

probably reliable. For minimum temperatures, consideration of
the surrounding topography or the proximity to a lake area would
suggest an adjustment to the value obtained.

3.3 FROST-FREE PERICD [N THE AQSERP STUDY AREA

Data on the occurrence of late spring and early fall frosts
are sought by farmers because of the effect of frosts on crops.
Other people whose occupations take them out-of-doors also wish to
know about the occurrence of frosts. Hemmerick and Kendall (1972)
present frost data for Fort McMurray A.

According to Hemmerick and Kendall, the average frost-free
perlod at Fort McMurray A lasts from 15 June until 24 August, or for
69 days. Such a period of growth is too short for wheat and other
grains, but does permit the maturing of some vegetables. Farming
can be carried on with care, particularly because of the longer
summer days of that latitude. But frosts may occur any time of the
year. The shortest frost-free period was eight days, from 9 to 18
July. On the other hand, one year had no frost between 24 May and
17 September, or for 115 days.

It Is difficult to generalize for the area from the Fort
McMurray A data. The occurrence or non-occurrence of frost is a

function of the topography and the proximity of water. Embarras,
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farther north but at a lower elevation, has a frost-free period of
89 days, three weeks longer than at Fort McMurray A. At least part
of the reason is the fact that the Athabasca River is near, and, on
a cold nlght, warms the air so that it is not so llkely to reach
the frost point.

As noted [n Section 3.2.3, the minimum temperature In
summer tends to be lower at higher elevations. Thls would result
in more frequent frosts. Some locations on the sides of hills
would keep warm on these critical nights because the cold alr would
drain past them into the valley below. Because of the various
factors, it is difficult to draw a pattern of the length of the
frost-free period.

Some evaluation was done by examining the number of
occurrences of frost recorded at stations in the study area during
the five months, May to September, inclusive. The normal for the
season for Fort McMurray A is 26 days. The average number for most
of those for which data are available were within three days of
this flgure. No station had over 29. Richardson Lo, one of the
lower stations had 18, and Tar Island, also a low station, 19.
Stoney Mountain Lo, one of the highest stations, had 22. Certainly
the pattern is not well defined.

The data for Fort McMurray may then be taken as a first
approximation, and the data adjusted considering the tapography of

the district and the occurrence of bodies of water in the vicinity.

3.4 BREAKUP AND FREEZEUP OF RIVERS

Another result of the annual cycle of temperature is the
freezing and thawing of water bodies. The rate at which these
occur depends upon other factors, such as the movement of the water,
the depth of the pond or lake, fhe strength of the wind, and the
depth of snow on the ice. No general picture can be established for
an area.

The occurrence and thickness of ice on the Athabasca

River at Fort McMurray has been recorded for over 20 years, and at
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Embarras while the weather observations were taken. The medlan
date for an fce cover on the river Is about mid-November. The
date has varied, at Fort McMurray, from 27 October in 1958 to 3!
December in 1953 (Allen and Cudbird 1971). WNormally, the maximum
thickness Is 85 cm. !ce begins to break up in late April and is
gone during the first week in May. Data for Embarras are similar.
Small ponds and shallow lakes freeze sooner than the flowing river,

usually two to three weeks after the mean minimum reaches freezing.

3.5 {iNVERSIONS AND STABILITY
3.5.1 Inversions

Normally, in the free atmosphere, temperature decreases
with height. Occasionally this tendency is reversed and an inver-
sfon cccurs. An inversion Is a condition in which the temperature
aloft is higher than it is below.

The significance of Inversions is related to thelr effect
on alr quality. With an inversion, there is very 1lttle vertical
mixing, and so any gas released below the inversion is not readily
dispersed. If the release continues, the concentration of the gas
may reach critical levels.

Inversions are identified by temperature profiles in the
atmosphere. These are determined by radiosondes, or minisondes by
captive balloons, and by temperature measurements on a tower.

Until recently, none of these had been done In the AOSERP study area
on a routine basis. Therefore, we have no long series of measurements

to determine accurately the frequency of inversions.

3.5.2 Lapse Rates Based on Surface Observations

It Is possible to learn something of the frequency of
inversions from surface observations if the stations are suitably
located. It Is fortunate that the Stoney Mountain and Fort McMurray
Airport stations were so located. The horizontal distance is only

about 25 km, and Stoney Mountain is 409 m above the airport. A
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comparison was made of the daily maximum and daily minimum tempera-
tures at the two stations to learn about the variation In lapse
rate over the 409 m. Table 5 glves the frequencies of tnversion
based on these values, [.e., the percentage of time when Stoney

Mountain was warmer than Fort McMurray.

Table 5. Frequency (percent) of inversions, based on fort
McMurray A and Stoney Mountain temperatures.®

Maximum Temperatures
Freq. 58 32 21 7 14 4 6 6 11 2 37 53
Minimum Temperatures

Freg. 68 65 61 50 53 60 67 61 54 60 58 64

3pata Source: Environment Canada, Monthly Record.

The data In Table 5 show that inversions were common
at night ranging from a low of one night in two in April to two
nights in three in January and July. These would be minimum fre-
quencles. On many occasions, an inversion would be found above
the alrport, with the warmest temperature below the level of Stoney
Mountain where the temperature would be lower than at Fort McMurray A.

Data on maximum temperatures show that Inversions during
a summer afternoon are rare, but in mid-winter, the inversion may
persist through the afternoon on one day out of two.

Another comparlison was made, using daté from Fort McMurray
Airport and Tar Jsiand. The stations are not so well situated for
the purpose, particularly because of the influence of the river
temperatures on the Tar Island values. In general, the results

supported the conclusions based on Stoney Mountaln.
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3.5.3 Stability Over the River Valley

Information about surface temperatures is available
from a number of places wlthln the area. To understand some weather
phenomena, it Is necessary to know, or to be able to estimate, the
temperatures above the ground. When the temperature aloft is
decreasing at a rate near to or greater than the adlabatic, the air
is unstable. Vertical currents readily develop, carrying molsture
and also pollutants aloft. At such times, cumulus clouds may develop
and showers posslibly occur. When the lapse rate Is small or nega-
tive, vertical currents are dampened, winds near the surface are
generally lighter, and gases released into the atmosphere disperse
stowly.

In Section 3.5.2, an attempt was made to cobtain the fre-
quency of stable and unstablie conditions using temperatures at
Fort McMurray A and Stoney Mountain. Vertical temperature profiles
taken at Mildred Lake during 1975, 1976, and 1977 permit further
examination. These observations were taken by minisondes several
times each day. The data were analyzed by hour of the day and by
season of the year. Stability classes followed the pattern laid
down In a pamphlet prepared by Environmental Research and Engineer-
ing {1976). They identifled five classes according to the lapse
rate of temperature for the layer from the surface to 255 m as

follows:

Lapse rate ¢ /km

Unstable 2-].15

Neutral 1.15 > a2 0.75
Isothermal 0.75 > 0 2-0.10
Weak Inversion -0.10 > o 2~1,22
Moderate lInversion -1.22 > ¢ 22,03
Strong Inversion -2.03 > o

Table 6 glves the relative frequency of the different
classes for those observations taken at Mildred Lake before 0900,
and for those taken between 1200 and 1500,
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Table 6. Relative frequency of stability classes at Mlldred Lake
{(percent).d

16/11 - 15/3  16/3 - 15/5 16/5 - 31/8 15/09 - 15/11

Before 1200- Before 1200- Before 1200- Before 1200-
0900 1500 0900 1500 0900 1500 0900 1500

Unstable 6 27 2 79 3 63 - 59
Neutral 8 21 N 18 5 31 3 30
Isothermal 16 30 18 1 27 L 29 7
Weak Inv. 27 13 25 ] 30 2 33 -
Mod. Inv. 14 3 20 ] 19 - 19 }
Strong lnv. 29 ¢ 24 - 16 - 16 3
No. of Obs. 86 119 29 80 165 188 68 95

3source: AOSERP unpublished data, 1975, 1976, 1977.

The data presented in Table 6 cannot be considered as
valid for all times. There were times when no observation was
taken, sometimes for weather reasons. There may thus be a blas.
Yet, they do illustrate the changes that occur in stability during
the day and during the year.

Before 0900, there Is an inversion on most days. The
frequency of moderate and strong inversions is less during the
summer and autumn than during the six months, mid-November to mid~
May. Even during summer unstable or neutral conditions are rare.

During the early afterncon from mid-March till mid-
November the air is usually unstable. Conditions [sothermal or
more stable are very uncommon. But the data for winter show that
in these months, the inversion of the early morning disappears by
early afternoon except for one day in four. In terms of the impli-
cations for alr quality, it would seem desirable to examine these
days when the inversion persists. These are the times when poliut-
ants released Into the air will remaln near the surface during the
day, and then be augmented the following night. This can result

in high concentratlons of pollutants. Care to restrict the release
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of offending gases when such conditions exist, would, perhaps,
reduce the risk of pollution becoming a serlous hazard.

Analysis of five and one half months of tall tower data
located on the Syncrude lease confirms the general conclusions
expressed in the previous paragraphs. Temperatures near the base
of the tower (10 m) were compared with those at the top of the
tower (152 m) for two periods of the day, 0000-0800 and 1200-1800.
The percentage frequency of inversions (i.e., temperature of top >
temperature of bottom) are shown in Table 7.

The significant features to note are as follows:

1. In the Athabasca Valley inversions occur frequently
during night-time hours. Even In mid-summer, there
is an inversion in one out of three hours between
midnight and 0800. During fall and winter, this
increases to at least one hour in two.

2. 1In summer, the Inversions break up by mid-afternoon
but during fall and winter inversions may persist
throughout the day. The December period covered a

very cold outbreak,

Table 7. Percentage frequency of inversions in the Athabasca
River Valley. @

Frequency of Inversions

Month 0000-0800 1200-1800
July 35 1
August T 1
September 80 12
October 56 25
November Sh 15
December (1 - 10) 65 41

3Source: AOSERP Tall Tower: 1 July 1977 to 10 December 1977.
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3.6 PERMAFROST ‘

The annual cycle of air temperatures is reflected in the
annual cycle of temperatures of the top layers of the sofl. During
the period when the soll is warming, heat [s passed downward to
lower layers. This stored heat returns to the surface during the
fall and early winter.

In some areas the flow of solar heat during the spring
is not great enough to melt the ice of the previous winter before
freezing comes again. Thls creates a layer underground which Is
permanently frozen, permafrost. The southern boundary of the area
of contlnuous permafrost lies north of the oll sands area (see
Brown 1967). There are regions within the area where permafrost
exists. These areas are areas under muskeg, a composite of water,
soil, and decaylng vegetation. The conductivity of heat is small,
and this is why some of the soil underneath never thaws during

the summer.
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b, PRECIPITATION

k.1 ANNUAL REGIME OF PREC!PITATION IN THE STUDY AREA

As with temperature, one must look to the records from
Fort McMurray to learn and understand the precipitation regime of
the study area. The data gathered from the surrounding stations
may be used as guides to spatial variations. But the perlods of
records are too short to permit normal values to be determined
with assurance,

The continental climate of the three prairie provinces
is a determinlng factor for the precipitation regime. The maximum
occurs in the warmer months of the year, and there is little winter
precipitation. This characteristic is brought out clearly by
Longley (1972) in his treatment of the climate of the three provinces.
Figure 7, giving the annual trend of precipitation for Fort McMurray
and four surrounding statlfons in Alberta and Saskatchewan, illustrates
this tendency.

Figure 7 shows that during the seven coldest months,
October to April Inclusive, the monthly precipitation normally lies
between 15 and 30 mm. There Is a rapid rise In spring to a maximum
in Jupe or July, and a rapid fall between August and September. At
Fort McMurray and Fort Smith, the spring rise occurs between May
and June. The fall decrease is also delayed and September is wetter

at Fort McMurray than at any of the other four locations.

4.2 SPATIAL DISTRIBUTION OF PRECIPITATION

To determine the spatlal distribution of precipitation
for the study area, use was made of the records of the various
stations for the period 1958 to 1976. To allow for the variation
of precipitation from year to year, for each statlion, the average
for the months for which records were available was compared with
the average for the same months at Fort McMurray A. The mean for
the station being considered was then adjusted to give an estimate
of the normal for the station for the month. This method is similar

to the one mentioned In Section 3.2.1 dealing with temperature.
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Figure 7. Mean monthly precipitation, 1941-1970. (Climatic Normals,
1941-1970, Environment Canada 1975b).
Totals: Calgary 437, Edmonton 446, Fort McMurray 435,
Fert Smith 335, Saskatcon 353.
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The results are given In Table 8. This method of adjustment cannot
be consldered precise, although the accuracy should increase with
the length of record.

To illustrate the spatial pattern of preclipitation,
totals were calculated for the warm months, May to September. These
were the months when most forestry stations were open, and sc mean-
Ingful totals could be obtained. The values were plotted, and
isohyets drawn {Figure 8).

The map emphasizes the large differences in summer pre-
cipitation given also in Table 8., The values range from 230 mm at
Ml ldred Lake, a short-term statior, and 243 at Richardson Lo, 3
long-term statlon, to 414 at Stoney Mountain Lo and 447 at Stoney

Mountain. Such differences prompt a search for causes.

k.3 CAUSES FOR SPATIAL VARIATION

One explanation for the variation In precipitation over
the region Is the general south-north gradient in rainfall. As
seen from Table 8, Fort Chipewyan and Fort Smith both have less
summer precipitation than any station In the area south of Lake
Athabasca. In this latter area, although the south-north gradlent
may be present, Tt s overshadowed by other factors.

One cause for local variations in ralnfall Is the topo-
graphy of the land, It has long been known that when rain-bearing
winds are forced to rise over a slope, the rainfall is increased
on the windward facing slope. Janz and Storr (1977) examined this
effect on the eastern slopes of the Rocky Mountains. They discovered
an Increase in annual precipitation with altitude, and determined
regression equations relating the annual total to the elevation.

A siightly different method of analysis was used to check
the relstionship between elevation and precipitation In thls study.
There were 69 months when the number of stations reporting precipi-
tation was great enough to make the evaluation of a coefficlent of
correlation worthwhile. Of the 69 values, 2] or nearly one-third

of the total number were zero or negative. On the other hand, 12



Table 8. Mean monthly precipitation (mm) 1941-1970 based on Fort McMurray A. Part 1 values taken
from established normats. Part 2 values based on Fort McMurray A as described in the
text.

Station Month

J F M A M J J A S 0 N [ Year

PART 1

Fort McMurray A 21.1 17.3 18.3 20.3 33.0 61.5 73.7 64.0 53.1 241 24.9 2501 435.4

‘Fort Smith A 17.5 15.5 14.5 17.5 24.6 33.8 2.8 37.8 37.6 28.7 21.7 23.1 3311

Fort Vermilion 20.3 21.1 20.8 16.8 31.2 ki .i 61.7 4g.2 30.7 22.4 22.9 24.9 360.1

PART 2

Algar Lo 48 84 103 82 66

Anzac 21 19 20 22 i 64 82 50 17 27 33

Birch Mtn. Lo 32 83 ac 75 5 28

Bitumount Lo 34 63 77 73

Buckton Lo 39 99 100 59

Edra Lo 28 81 89 65

Ells Lo 3h 68 Th 64 38

Embarras A 10 g 14 14 36 53 73 52 52 25 22 11 m

Fort Chipewyan A 23 15 22 21 26 45 59 ig L2 26 23 21 368

Gordon Lake Lo 33 76 79 67

Grande Lo 3h 80 a4 €0

Johnson Lake Lo 47 68 86 &4

Keane Lo 28 55 58 71 68

Legend Lo 31 68 9N 62 35

Livock Lo 43 87 80 60

Mildred Lake 63 48 41 13 13 22

Muskeg Lo 35 69 85 75 62

Richardson Lo 26 54 61 59 43 27

Seaforth Lo 25 61 100 68 38

Stoney Mtn. 17 25 25 38 56 99 109 81 102 8 13 25 628

Stoney Mtn. Lo 50 91 104 85 84 45

Tar Isiand 19 12 12 13 30 62 57 44 59 21 28 25 382

Thickwood Lo 39 77 92 68 61

L€

aData Source: Environment Canada 1975b.
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Figure 8. Mean precipitation (mm) in the AOSERP study area and
surroundings, May to September, 1941-1970 {based on

Table 8).
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only had values above 0.50, and two In the range 0.71 to 0.80.

The median value s 0.25. With such results, one may conclude that
there 1s a positlve correlation but the relationship Is weak. When
the adjusted means were correlated with elevation, correlations
tended to be somewhat higher, although still not great.

An examination of the locatlons of the stations gives a
clue to the reason for the low correlation. In contrast to the
eastern slopes of the Rockies, there is no general trend to the
land. As described in Section 2.2, it is very irregular. With the
variation In aspect, as well as In elevation, the effect of eleva-
tion on the amount of rain varies greatly with the direction from
which the raln-bearing winds are blowing.

Yet Figure 8 does show that in general the high points
of the country tend to have the greatest summer precipitation,

This principle i{s clearly shown in a comparison of the precipitation
at Fort McMurray A with that of Stoney Mountaln and Stoney Mountain
Lookout. According to the figures of Table 8, during the seven
months October to April, Stoney Mountaln had greater precipitation
in five. But the amounts at thls time of year are small and the
totals are not greatly different: Fort McMurray A, 149-mm; and Stoney
Mountain, 181 mm., During the five summer months, May to September,
both the Stoney Mountain observing stations have greater means than
Fort McMurray. Stoney Mountain has 55% more precipitation, and
Stoney Mountaln Lookout 45% more precipitation that Fort McMurray.
The contrast is also seen when comparing the values for individual
months, Out of 28 summer months, Stoney Mountain had more precipi-
tation In 24 months. And out of 90 summer months, Stoney Mountain
Lockout had 79 with more preciplitation,

A contrast appears when we examine the records for
stations along the river. These are Embarras, Bitumount Lo, and
the new stations Tar lsfand and Mildred Lake. The precipitation
at each of these four stations is less than that found to the east
and west on either slde of the river. This may be caused by the
gorge of the river, an effect that Longley {1974) examined for four

different locations In Saskatchewan and Alberta. He examined the
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precipitation reported at the bottom of river gorges with that
reported on the land on either side of the gorge. The results
showed that the mean precipltation In the gorge and even along the
edge, but at the level of the surrounding country, was 5% to 20%
less than in the general vicinlty. The difference varied with the

slope of the land on the sides of the gorge.

4.4 DAYS WITH PRECIPITATION

The average number of days with measurable precipitation
at Fort McMurray A is 131 (Environment Canada 1975b), with little
variation from month to month. April has the fewest number of days,
with eight. December, January, and July have the greatest number
of days with 13.

In considering the number of days of precipitation over
the study area, It was again necessary to adjust short-period data
by using the Fort McMurray fong-pertod normals. This is seen
particularly when one compares the mean number for the five warmest
months for Fort McMurray A for the period 1961 to 1975 with the
value as given by the normals (1941 to 1970). The first value is
64, the second 55 days. The 1961 to 1975 period had more frequent
precipitation than the 1941 to 1970 period.

An examination of the total for the five warm months, May
to September, shows a south-north gradient similar to that for pre-
cipitation noted In Section 4.1. Fort McMurray A has 55 days pre-
cipitation while Embarras, Fort Chipewyan, and Fort Smith, &7 days.
In general, over the area south of lLake Athabasca, the total lles
between 50 and 55 days. Richardson Lo presents an anomaly with
only 44 days. On the plateau of the Birch Mountains, over Stoney
Mountain, and also at Muskeg Lo, the total is near 60 days. These

were areas where precipitaticn during these months was high.

k.5 MAXIMUM ONE-~DAY PRECIPITATION
The occurrence of a period of high rainfall has at times
an adverse effect on the activities of people whose activities take

them out-of-doors. Rainfall data are important in the design of
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drainage systems, highways, etc. Some information on the frequency
of heavy rainfall s desirable.

Storr (1963) studied the frequency of heavy ralnfall over
Alberta, and from his study determined the highest amount that would
probably occur in 5 years, 10 years, and 25 years. His data for
Fort McMurray are glven in Table 9.

Table 9. Maximum one-day rainfall (mm), Fort McMurray (after
Storr 1963)

Return
Period (yrs.)} May June July August Season

5 18 25 37 33 50
10 24 32 51 L6 64
25 32 b1 71 6L 81

To compute reliable values of probable maximum ratnfaltl,
such as given In Table 9, from original records requires a long
period of observations. Such periods are not available for the
stations of the study area except for Fort McMurray. Yet some
guidance may be obtained from the short series of records available
if these are compared with Fort McMurray. For example, conslder
the series from Stoney Mountain Lo. For this station we have
records for 15 years. For the 60 months, May, June, July and
August 1961 to 1976 for which records are avallable, there were
47 months when the highest one-day rainfall at Stoney Mountain was
greater than at Fort McMurray A, 12 when Fort McMurray A had the
higher maximum one~day rainfall, and one month when the values
were the same. Obviously, the probability of high intensity rain-
fall is greater at Stoney Mountain Lo than at Fort McMurray A. |If
the highest one~day rainfalls for all Mays for both stations are
added, and divided one by other, we discover that the average one-

day maximum at Stoney Mountain Lo 1s 40% higher than the Fort
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McMurray value. Similarly a ratio was determined for the three
other months, giving 1,78, 1.26 and 1.44, The seasonal average is
1.46. One may conclude that the seasonal maximums of one-day rain-
fall for Stoney Mountaln Lo are about 1.5 times the corresponding
values for Fort McMurray A.

There are, of course, many assumptions implied in the
above calculations, but the resultant values should glve some guide
to the maximum rainfall expected at Stoney Mountain Lo. Similar
calculations were made for other stations of the study‘area. The
ratios are given in Table 10.

Based on the results given in Table 10, one concludes
that heavy rains In the low lands east of Embarras are approximately
the same as at Fort McMurray. Over most of the higher country, the
amounts are about 20% greater than at Fort McMurray and, as noted

above, at Stoney Mountain over L0%.

Table 10. Ratio of totals of monthly maximum one-day summer rain-
fall at Forestry Lookout stations in northeastern Alberta
with corresponding values for Fort McMurray A.®

Statlion Ratio Station Ratio
Algar 1.31 Johnson Lake 1.19
Birch 1.25 Keane 0.94
Bi tumount 1.13 Legend 1.07
Buckton 1.21 Muskeg 1.20
Ells 1.13 Richardson 0.94
Gordon Lake 1.26 Stoney Mtn. 1.46
Grande 1.21 Thickwood 1.25

aData Source: Environment Canada, Monthly Record of Meteorological
Observations.

4.6 SHORT-DURATION RAINFALL-FREQUENCY DATA
Short-duratlion rainfall information, both Intensity and
amounts, is necessary in the design of various structures such as

culverts, drainage systems, etc. These data are much more difficult
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to obtain than the 2k-hour rainfall discussed in the previous sec~
tion. In the study area, the only data avallable are from Fort
McMurray Alrport. Return periods calculated on the basis of eight
years' records are presented in Table 11. They should be used
with caution as the length of record is shorter than usually

conslidered sufficient for such calculations.

4.7 HEAVY STORM-RAINFALL EVENTS

Heavy ralnfalls of two or three days duration occurring
In and upstream of the study area can have significant impacts on
river and lake levels. For instance, about 250 mm of rain fell over
the Pelican Mountains during the period 27 June to 2 July 1970.
Richardson Lake rose about one metre as a result of the runoff,
Recorded storms yielding in excess of 100 mm of precipitation are
listed in Table 12.

Several features, both interesting and significant emerge

from this table:

1. Two storms occurred in the same year (1960);

2. The apparent Tncrease in frequency of heavy storms
after 1960 is probably a reflection of the increased
number of forestry lockout stations; and

3. There is a definite tendency for higher elevations
to have heavier and more frequent rainstorms yielding
In excess of 100 mm.

The majority of heavy rainfalls of the kind listed iIn

Table 12 are associated with Ycold lows" (see Section 10.1). The
synoptlc patterns giving rise to the 1377 storm are depicted in
Section 10.3,

4.8 SNOW AND RAIN

In high latitudes, the precipitation falls as snow during
the cold season, and as rain during the summer. This is true of
the study area. Table 13 gives normal values for Fort McMurray for
the different months.
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Table 11, Short-duration rainfall~intensity data for

Fort McMurray A.®

Part 1
Rainfall Rates in mn/h

Return Perlod

Years 5 min 10 min 15 min 10 min T h ih 6 h 12 h 2h h

2 63.5 k5.5 A 22.9 13.5 8.8 4.6 2.8 1.7

5 82.3 62.0 55.2 32.8 19.0 13,5 6.8 4.2 2.4

10 4.5 72.4 65.5 39.4 22.6 16.7 8.2 5.2 2.9

25 10,2 85.6 79.0 47,8 27.2 20.6 10,0 6.4 3.6

Pare 2
Ralnfall Amounts {mm)
Return Period

Years S min 10 min 15 min 30 min 1 h 2 h 6 h 2 h 24 n
2 5.3 7.8 9.3 1.5 13.5 17.6 27.6 13.6 43,2

5 6.9 10.3 13.8 16.4 19.0 27.0 4.8 50.4 61.0
to 7.9 Tz, 16.8 18.7 22,6 33.4 4g.2 62.4 73.7
25 9.2 14,3 149.8 23.9 27.2 51,1 60.0 76.8 91,4

8pata Source: Envircament Canada 1977.

Table 12. Heavy rainfall events in or near the AOSERP study area.®
Area of
Duration Heaviest
Date (h) Rainfall (mm) Rainfall
1935, Jul 28-29 ? 105 Fort McMurray
1960, Jul 22-24 66 180 Stoney Mtn,
1960, Sep 4- 7 66 127 Pelican Mtn,
1962, Jun 3- 6 90 133 Cowpar
1967, Aug 4 ? 105 Primrose Lo
1970, Jun 27-dul 2 120 250 Pelican Mtn.
1971, June 7 133 Buckton Lo
1973, Aug 4- 8 96 155 Cowpar
1976 Aug 24-26 60 134 Stoney Mtn. Lo.
1977, Jul 2- 3 36 107 Birch Mtn. Lo

3pata Source:

Environment Canada ND, monthly.
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Table 13. Mean monthly precipitation, Fort McMurray A2

J F H A H J J A s 0 N 0 Annual
Raln {mm} 0.5 0.3 1o 7.1 3t 6.5 737 640 bos 13,2 2.5 0.5 304.6
Snow {cm} 22,1 191 193 12,7 2.0 T 2.8 11,z 246 25.9 135.7
Total precliplta~

tlon {mm) : 21,1 17.3 18,3 20,3 33,0 &1.5  73.7 M0 53,1 4.t 24,9 24 W3S
Percentage rain 2 2 5 35 9 100 100 100 43 54 10 2 70

*Daca Scurce: Envlronment Canada 1975b,

As Table 13 shows, during the deep winter, December,
January, and February, almost all of the precipitation falls as
snow although light rain is cccasionally recorded. March is similar
although the possibility of rain increases slightly by the end of
the month.

During the mid-summer months, June, July, and August,
snow is almost unknown, although it does fall at times briefly in
June. Some snow Is probable in May and September, but the amount
is normally less than 10% of the total monthly precipitation.
During the other months, April, October, and November, the precipi-
tation Is sometimes rain, sometimes snow, but the probability of
rain in November is low.

Except for the period June 1958 till December 1963 when
observations were taken at Stomey Mountain, there is no available
information on precipltation on the hilltops by which to compare
the snow at these levels with that at lower elevations. During the
period when observations were available at both locations,

precipitation was almost entirely snow from [ November until
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31 March. During June, July, and August, only traces fell at Fort
McMurray A, and also at Stoney Mountain except In June 1960. During
that month Stoney Mountain recorded 15 cm of snow. During Septembers,
snow fell at both locations in five years out of six, but amounts
were slight. During the other three monthé, the proportion of the
total precipitation falling as snow was significantly greater at
Stoney Mountaln than at Fort McMurray A, In April the ratios were
94% at Stoney Mountain, 73% at Fort McMurray A. Corresponding values
for May were 35% and 20%; for October 59% and 55%.

The comparison of records leads us to the conclusion that
the proportion of snow increases with elevation between Fort McMurray
A and Stoney Mountain during the transition months of spring and
autumn. |t would appear that the differences in spring are greater
than in autumn, but further data are necessary to confirm this

hypothesis.

k.9 SNOW COVER

Low winter precipitation is reflected in the Tack of a
thick snow cover in the AOSERP study area. Statistics given by Potter
(1965) provide data for Embarras and Fort McMurray based on the
period from 1941 until the date of publication. Table 14 glves
significant data from this report.

The data from the table show clearly that there is
considerable variation from year to year in all aspects of snow
cover. The means of the maximum recorded depths are approximately
equal at the two locations. The range of values at Embarras is
smaller, but that may be a result of the shorter period of observa-
tions. The duration is over two weeks longer at the northern
location.

Preliminary results from a snow survey program being
conducted for AOSERP suggest that snowpack distribution
is consistent with the principie of increasing precipitatlon with
increasing elevation. Thus, the higher ground in the study area

has, in general, deeper show during middle and late winter than



Table 14,

L7

Snow cover {2.5 em or more) statistics for Fort
McMurray A and Embarras. 3

Fort McMurray A Embarras

Date Days Date Date Days Date

of with of of with of

first snow last first SNow last

show cover snow snow cover snow

cover cover cover cover
Earliest or least 5 Oct. 127 27 Mar. 11 Sep. 127 3 Apr.
Mean 31 Oct. 154 17 Apr. 17 Oct. 171 28 Apr.
Latest or most 2 DPec. 186 12 May 1 Dec. 199 27 May
Least Mean  Maximum Least Mean  Maximum

Maximum depth 23 Le 104 28 Lg 66

¥pata: Source: Potter 1965.

the areas at lower elevations. It appears that the region where

the present extraction development is taking place has, on the

average, the shallowest snow cover In the study area.

24-HOUR SNOWFALL

Heavy snowfalls are unusual

410
in northeastern Alberta. The
A fall

There are only four

heaviest 2h-hour fall on record is 33 cm on 22 March 1942,
of 25 cm in 24 hours must be considered heavy.
recorded snowfalls of this magnitude in the Fort McMurray area.
Heavy snowfalls are likely more frequent over higher ground such
as Stoney Mountain and the Birch Hills.

.11 THUNDERSTORMS

The frequency and severity of thunderstorms are of interest
to a number of agencies within the study area. Not only are the
short term high intensity precipitation events associated with
thunderstorms but lightning may disrupt electrical facilities and

start forest fires.
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Thunderstorms pose a threat to the forest because of the
danger of lightning starting forest fires. This danger Is greater
in an area like Alberta than in a well-watered area. In the latter,
the surface fuels may not get dry enough for ignition by lightning
strikes. Because of the risk from lightning, the Alberta Forest
Service initiated Forestry Lookouts where observers are posted each
summer to report lightning in sight of the station. The weather
reports taken at these stations provided much needed information
on weather throughout northern Alberta.

The average number of days with thunderstorms for the
six-year period 1972 to 1977, supplied by the Alberta Forest Service,
Is given in Figure 9. This shows that the average for those years
varied considerably over the area. The period is too short to accept
the pattern as giving the normal picture of the spatial distribution.
Yet it does indicate that one may expect about 20 days with thunder-
storms during the summer. June and July see the largest number of
storms, six to eight days each month, with frequency dropping off
in August when the solar radiation has dropped from its peak value.

The data on stability (Sections 3.5.2 and 3.5.3) showed
that unstable air frequently developed along the Athabasca River
during summer afternoons. In this unstable air, vertical currents
develop, producing cumulus clouds. These at times become shower
clouds and under extreme conditions, thunderclouds. Although the
air is unstable almost every afternoon of June and July, only on
one day of four or five do the vertical currents produce a

thunderstorm.
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Figure 9, Average number. of days with thunderstorms in the AQSERP study

area and surroundings, May to September, 1972-1977
(Alberta Forest Service 1977} .
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5. WIND
5.1 INTRODUCTION

Winds are an important feature of weather and climate.
Because of them, air is carried from one area of the earth's
surface to another. This flow may bring warmer, colder, drier or
mofister air to an area. The. winds may also carry pollutants
such as dust, smoke, noxious gases, etc. OSmall eddies in the cur-
rents of alr redistribute these components and so reduce their
concentration with time., The concentration may, eventually, become
small enough to pass unnoticed.

Winds are also a factor In determining the comfort of
mankind. Strong winds during winter make people feel cold when
otherwise the temperature may not be unpleasant. In a hot, humid
period in summer, a breeze will remove saturated air from around
a person, permitting more evaporatlion into the fresh air and so

cooling of the individual.

5.2 WIND VARIATION

Winds are a common feature of the weather and climate of
any location. Frequently we experience a wind and do not stop to
realize that others not far distant may not be experiencing the
same wind as we. The most rapid change occurs with height. At
ground ltevel there may be no air movement while we have a slight
breeze on our faces and a flag on top of a nearby building may show
a strong wind, The difference arises because earth-bound objects,
such as grasses, rocks, trees and buildings exert a drag on the alr
to stow it down. The effect of this frictlonal force varies,
depending upon the stability of the alr and other factors, but is
usually present through a depth of 200 to 300 m.

The slope of the land can influence wind direction and
speed. When the sun is shining and warming the ground, rising air
will follow the slope to produce an up-slope wind. During & clear

night, air will subside along the valley sides to create a down-slope
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wind. At the bottom of the valley, the winds from the two sides
tend to join to form a down-valley wind. We shall see examples
of the influence of temperature patterns in determining the winds
through the Athabasca River Valle}.

When air rises it cools. The rate of cooling if no
other changes are occurring is 1°C/100 m, the adiabatic lapse
rate. |If air rising comes In contact with air with the same temp-
erature as Its new temperature it tends tc remain at that level.
The air column is said to have neutral stability. |If the lapse
rate in the free air is greater than adiabatic, the rising atlr,
even though cooling, remains warmer than its surroundings. Buoy-
ancy forces then tend to keep it rising until it meets air of the
same or warmer temperatures. In a summer afternoon, vertical move-
ments are common. The surface air rising carries moisture aloft
which forms clouds which sometimes give showers. The turbulent
currents distribute foreign material over a great depth and assist
any high concentrations to disappear through dispersion.

With inversion situations (Section 3.5), vertical currents
are inhibited, and pollutants are not dispersed. Also the lack of
exchange of air between surface layers and the rapidly moving air
aloft reduces the movement of energy downward. Winds under an
inversion tend to be light. Often in winter, plumes may be chserved
to rise slightly, and then flow horizontally, They rise until
they meet a stable .layer or inversion and then remain at that
level. 0On the other hand, in an unstable atmosphere, winds tend to

be stronger and gusty and plumes disperse readily.

5.3 WIND OBSERVATIONS IN THE STUDY AREA
In the study of temperature and precipitation, much use
was made of the observations at Fort McMurray A to interpret the
other data available and reach conclusions on the distribution of
these two weather elements over the AOSERP study area. A similar method
is more difficult with wind data. The observations of wind at Fort

McMurray A provide the best set found in the area, but some data
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are available for Embarras A and Stoney Mountain.

Mean monthly wind speeds for Embarras A for the period
1955 to 1962 and for Fort McMurray A for 1955 to 1972 (Environment
Canada 1975¢) are given in Table 15,

Table 15. Mean monthly wind speeds (km/h) for tmbarras A and
Fort McMurray A (Environment Canada 1975c),

Embarras A 10.3 9.8 10.1 11.9 12.4 11.1 11.0 10.5 11.9 12.2 11.4 10.3

Fort
McMurray A 8.9 9.2 10.3 11.6 11.8 10.1 9.3 9.2 10.0 10.8 9.5 8.7

The wind speeds at these two locations are relatively low.
In comparison with a mean wind speed for the year of 11.1 at Embarras A
and 10.0 at Fort McMurray A, the value for Grande Prairie is 14.3,
for Wagner, 14.8 and for Edmonton International 14.0 km/h. The low
speed in the AOSERP stations is a result of the protected locations
in the saucer of the Athabasca River Va1ley.

There is a variation of mean wind speeds during the year.
The windiest months are the transition months, April and May, and
again September and October. Midwinter has the lowest mean speeds,
but there is a secondary minimum in August. This annual fluctuation
is found for many observing points on the prairies.

Although wind observations were taken at Stoney Mountain
during its period of weather observations, there are very few data
available from its records. The Monthly Records for the perlod give,
for 1100 and 1700 only, the number of occurrences during each month
of calms and of winds in the ranges 1-20 and 21-61 km/h. Even so
a comparison with similar data from Fort McMurray A and Embarras A
for the same period does provide some evidence that the winds on

the higher parts of the area are stronger than in the river valley.
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The frequency of calms shows an annual rhythm with low
values, 3%, in July, and values near 10% in the winter months,
The mean for all months is the same, 6%, for Embarras A and Stoney
Mountain but is 10% for Fort McMurray. Calms and light winds occur
near the centre of an area of high pressure or underneath a strong
inversion. Anticyclones formed by polar continental air are commen
during the months with a snow cover, but high pressure areas over
the district are rare in summer.

The frequencies of winds in the two classes, 1-20 and
21-61 km/h, at the stations show clearly the effect of altitude.
0f all the winds reported, Stoney Mountain had 32% in the 21-61 km/h
class while Embarras A had 15% and Fort McHMurray A had 12%. For the
1-20 km/h class, the corresponding figures are 62%, 79%, and 78%,
respectively. Clearly, at many times when the winds in the valley
were below 20 km/h, the winds on the higher hills were above that
value.

More information from ACSERP is now becoming available
which will permit a fuller analysis of the winds at higher eleva-
tions of the area. An analysis of these data will give a much

clearer picture of the variation of wind speed with elevation.

5.4 WIND DIRECTIONS AT THE SYNOPTIC STATIONS

0f the three stations, Fort McMurray A, Stoney Mountain
and Embarras A, Stoney Mountain is the highest and so is the one
best situated to represent the general flow over the area. |t Is
at 780 m, on a narrow ridge running east-west south of Fort
McMurray. The period of six years of cbservations is not suffi-
ciently long to establish a reliable normal. Nevertheless, the
information the data provide will give a guide to upper air flows.

When the Stoney Mountain data for the two cbserving times
1100 and 1700 for the twelve months are examined, it 1s discovered
that west is the predominant wind direction. Southwest winds tend
to be almost as frequent for the five months, August to December.

The percentage frequency of these two directlons drops below 30 for
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the months, March, April, May, and June. During these latter
months winds with an easterly component, northeast, east, and
southeast, were relatively frequent with the combined frequency
reaching 30% in June. During the other months, winds with an
eastward component were low, usually between 10 and 20%. The wind
roses for Stoney Mountaln for three separate times, shown In
Figure 10,{1lustrate the tendencies described.

To obtain data with which to compare the wind
directions at Fort McMurray A and Embarras A, use was made
of statistics (Environment Canada, Monthly) for the years
1961 to 1976 for Fort McMurray A and for 1947 to 1962 for
Embarras A.

When one compares wind roses for Fort McMurray A and
Embarras A with Stoney Mountain, as seen in Figure 10, one notices
marked differences. These are seen most clearly in the comparison
of the wind roses for January 1700 and April 1100. At these two
times, Embarras had a high frequency of winds from the southeast,
with west and northwest winds common and few winds from other
directions. In the vicinity of the old airstrip, the river is
flowing northwestward to a flat area west and northwest of Embarras.
The surface winds, then, reflect the local topography.

The wind roses for Fort McMurray A at these same two
times show a high frequency of east winds. To the east of the Fort
McMurray Airport the Clearwater River flows from the east in a
narrow valley, turning to the northwest near the airport to join
the Athabasca River at the town of Fort McMurray. Many of the
east winds are then drainage winds down the gorge during cold
perlods of the day. This tendency for east wind is seen again in
the wind rose for October, 0500 MST (Figure 10).

During summer afterncons, the air tends to be unstable
and vertical movements are common. Under these circumstances, the
winds are not influenced so greatly by topography. The wind roses
for the three stations for July 1700 are similar, as seen in

Figure 10.
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As noted in Section 5.2, the diurnal heating causes
changes in the surface air flow. The drainage winds noted above
are an example. Figure 1l shows the wind roses for Fort McMurray
A for June for the four synoptic hours. There is considerable
similarity between the wind roses for 1100 and 1700. During the
daytime, west and northwest winds flowing up the slope from the
town predominate. Drainage winds flowing downward from off the
Stoney Mountain ridge or down the valley of the Clearwater are most
.common at 0500 and 2300.

The foregoing analysis shows clearly that the winds at
both airports are greatly influenced by the topography within 50 km
of the observing points., The same will be true for other locations
within the valley. But the topography of the area varies so much
that it is impossible to generalize with any hope for accuracy for

any point without a careful analysis of the local topography.

5.5 GENERAL COMMENTS ABOUT WINDS [N THE AOSERP STUDY AREA

Generally speaking, winds in the entire area must be
considered light--certainly by the standards of southern Alberta.
Strongest winds occur over higher land such as Stoney Mountain and
the Birch Mountalns where winds of the order of 80 km/h have been
reported. Maximum observed speeds at Fort McMurray A and Embarras A
(Environment Canada 1975c) are 72 and 64 km/h, respectively. Winds
associated with snowstorms generally do not reach such speeds and
consequéntly blizzards, such as occur over the prairies, are virtu-
ally unknown in the area.

Reports from the AQOSERP telemetry stations and minisonde
observations near Mildred Lake indicate that strongest winds are
almost invariably westerly. Such winds usually are associated with
an unstable westerly flow. Stable conditions are usually accom-
panied by light southerly surface winds over the main part of the
valley.

These observations also indicate that in stable situations
there may be a considerable difference in speed and direction between

winds near the surface and those at several hundred metres above the
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surface. This is also confirmed by plume observations during cold
weather which suggest that surface emissions and stack emissions

are often governed by different wind regimes. In stable conditions,
on the other hand, vertical transfer of energy tends to encourage
more uniform wind speed and direction in the lower few hundred
metres.

These data show that there is a definite preference for
the winds in the vicinity of the Athabasca River between Fort
McMurray and latitude 58°N  to be northerly or scutherly. The
stations further west, such as Birch Mountain, Ells, and Stoney
Mountain show more of a preference for westerly winds.

This tendency for the lighter winds to blow up and down
the valley has, of course, important implications insofar as air
quality considerations are concerned. frequently, in the regions
of current development, the combination of light winds, stable
atmospheric conditions and topography create less than ideal
ventilation conditions.

A very important fact deserves repeating: namely, that
within the AOSERP study area wind data cannot be transposed from one
locality to another. Wind data are valid only for the locality

where they were taken.
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6. SUNSHINE, CLOUD, FOG,AND BLOWING SNOW

6.1 SUNSHINE

Data on the duration of sunshine in the study area are
too few to give normal values. The only record comes from Fort
McMurray A which has not been continued long. Records are avail-
able for Fort Smith, north of the study area, and Fort VYermilion
on the Peace River and west of the area. Figure 12 gives the
normal hours of sunshine at these locations (source, Yorke and
Kendall 1972).

Under simiiar conditions, Fort Smith will have more
hours of sunshine when the sun is north of the equator and less
during the winter six months. This is in general the situation.
But the difference is large in September and Qctober. During these
months, water surfaces tend to be warmer than land areas. This
leads to rapid evaporation from lakes and rivers and condensation
into cloud. Because of the greater extent of water surfaces near
Fort Smith than near Fort Vermilion, there is less sunshine there
during this period of the year.

Five years' data, 1972 to 1976, for Fort McMurray A
permit a comparison with the two other stations. The totals of the
monthly averages for the period for Fort Vermilion, 2,091 hours and
Fort McMurray, 2,117 hours, would suggest that the two places are
about equally sunny, For the months of November, December, and
January, Fort McMurray A had 39 more hours sunshine than Fort
Vermilion, and for the months of July, August and September, 21}
less hours. The period is too short to permit the conclusion that
these differences are representative. One concludes that Fort
Vermilion and Fort McMurray are less sunny than most places in the

prairie provinces but sunnier than many other areas of Canada.

6.2 CLOUD COVER
The extent of cloud cover is another climatic element
which affects man's activities, although the effect is less than

that of temperature and precipitation. Data on the cloud cover
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are obtained from hourly observations taken at airports and
sometimes elsewhere,

Data for 16 vears, 1961 to 1976 inclusive, were examined
to learn the extent of cloud cover at Fort McMurray A for the synop-
tic hours, 0500, 1100, 1700 and 2300 MST. The mean values for 1100
and 1700 were averaged, and the curve is given in Figure 12, The
data for these two sets were taken as being representative of day-
time conditions. Also, the data are more reliable than for 0500
and 2300. Study has shown that high, thin clouds are often not
noted at night because they do not obscure the starlight,

The variation through the year of daytime cloudiness
does not vary greatly, going from 67% in March to 73% in November.
During the summer months, from May to August, inclusive, the
afternoon is more cloudy than the morning, the result of the devel-
opment of convective clouds during the afternoon. During the
other months, the morning mean is 0 to 4% higher than the afternoon
mean. There is some burning off of cloud through the heating of
the sun. The means for the year are 70% for both times of
cbservation.

The difference between reported daytime cloudiness and
nighttime cloudiness results partially because of the difficulty
of observing thin cloud in the darkness. The December means for
the four synoptic hours illustrate this difference: 0500, 59%; 1100,
7h%; 1700, 70%; and 2300, 61%. In June and July, there is very
little darkness because of the high northern latitude, The reported
values can then be considered valid. These show that cloudiness
during the summer night is less than during the day. The means for
June for the day are: 0500, 65%; 1100, 70%; 1700, 74%; and 2300,
61%.

Two other stations reported cloud cover in the area.
Embarras closed in 1962 and Stoney Mountain, which took daytime
observations only, in 1963. A comparison was made of the cloudi-
ness at synoptic hours at each of these stations and Fort McMurray A.

Stoney Mountain was definitely less cloudy than Fort McMurray A, The



62

average for the year for the 1100 observation was 62% in contrast
to 70% for Fort McMurray A, and for 1700, 63%.in compartson with
70% at Fort McMurray A. The difference between Embarras A and Fort
McMurray A was less, but the monthly means for the synoptic hours
were all less at Embarras A than at Fort McMurray A, except for
October when the means were slightly higher.

The relative increase In cloudiness In October at
Embarras may be a result of evaporation from the warm river water
in the proximity causing cloud to nove over the airport at times.
The Stoney Mountain results seem less easy to understand. Normally
one expects clouds on mountain peaks during the season of convective
cioud. Yet mean cloudiness at 1700 in July was 63% and at Fort
McMurray A 73%. The difference may be because the years after
Embarras A and Stoney Mountain closed had more.cloud and rain than
prior to that date.

The analysis has shown that the AQSERP study area has con-
siderable cloudiness throughout the year. There are not sufficient
data to estimate any varfation in cloudiness over the area, although
what data are avallable suggests that cloudiness over Fort McMurray

is slightly more extensive than at other stations.

6.3 FOG

Fog exists when cloud droplets near the surface of the
earth restrict visibility. To produce fog, the air must be close
to the saturation point. With some types of material in the atmo-
sphere, e.g., salt crystals or sulphur dioxide, fog will form at
relative humidities under 100%. The cooling and the formation of
fog happen most frequently in continental areas when the nocturnal
cooling reduces the temperature to the dew point. Air can also
become saturated when evaporation from a body of warm water adds
moisture to the air so that the moisture in the air passes the
saturation point of the ambient air temperature. Fog can be reported
on a hill or mountain when the hill becomes enveloped in a cloud
formed from rising air. All three processes are active at times in

the study area.
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Data on fog occurrence are found in Hourly Data Summaries
for Fort McMurray A (Canada, Department of Transport 1968b). Figure
13 gives the number of days per month when fog is expected to occur
at Fort McMurray A. it is based on the 10-year period of observations
1957 to 1966. For Figure 13, fog is said to occur when water droplets
reduce the visibility below 10 km. Alsc given is the curve which shows
the time of sunrise at Fort McMurray.

It will be noted in the diagram that the month with the
most fog is August, followed by September. The diagram also shows
that fog is often closely associated with sunrise. This, of course,
occurs because the time of minimum temperature normally is just
after sunrise.

The diagram also gives evidence that evaporation from
water is a contributing factor to the fog at Fort McMurray. [n the
fall months, the waters of the rivers and lakes tend to remain warm.
Evaporation from the warm water produces vapour which, when it meets
cold air aloft, results in "'steam fog." Fog is much more common in
September than in May, and in August than in June because of the
water temperature.

The fog of the winter season is usually ice fog. Although
this is more common during the morning than during the afternoon,
the dlurnal variation is slight compared to that of the summer
months.

According to Croft et al. (1977), ice fog is usually
found when the temperature drops to -30%¢ although with a fresh
supply of moisture the fog may occur at -20°C. The moisture in the
study area is usually sufficiently high that the air will become
saturated at the Jower temperature. The probability of ice fog Is
then closely related to the frequency of -BOOC temperature or below.
This may occur in November and March, but is more probable in the
mid-winter months. Naturally, one may expect more ice fog in a
frost holiow than on the surrounding hills. With such low tempera-
tures, any open pools or river will supply water vapour rapidly to

the air to form the fog.
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Although -30°C Is considered a necessary temperature for
the formation of ice fog, it does not follow that ice fog will
necessarily form if this temperature is attained. Surface winds,
even quite llght, may disperse the available moisture sufficiently
to prevent fog formation.

Fog, and particularly ice fog, 1s sometimes classified
as air pollution (Murray and Kurtz 1976). Whether or not this
classification is accepted depends on one's definition of alr
pollution. However, the confusion probably arlses hecause ice fog
and air pollution events often occur under similar meteorclogical
conditions, namely low temperatures, inversions, and light winds,

An interesting phenomenon observed in the study area is
the 'snow out'' of the GCOS plume. Under certain conditions when
temperatures at plume level drop to ~30°C the moisture in the
plume condenses and falls out as "'light snow' rather than dispersing
as it does at higher temperatures, This "snow out' may deposit
several centimetres of ''snow' over a period of several hours. This
phenomenon 1s usually confined to the downwind region within about
3 to 4 km from the source.

Records of fog occurrence are avallable from Embarras A
and the Stoney Mountain station of 1956 to 1962, Embarras A is the
only station in the valley. A comparison of the records for 1946
to 1962 with similar records from Fort McMurray A shows no significant
difference, except that the frequency of fog at Fort McMurray A is
more than double that at Embarras A at 0500, July and August. This
15 over one hour after sunrise, when solar heating can be noted.

It may be that during the period after sunrise, gusts of wind
carry fog and saturated air from the valley of the Athabasca River
up the slope to the Fort McMurray Airport.

It is impossible to generalize on the extent of fog in
the valley of the Athabasca. Fog occurrence, like minimum tempera-
tures, is closely related to topography. In dips in the land,
particularly, if a lake is present, fog is more probable than in

flat country or on a hillside.
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Records are available for Stoney Mountain for daytime
only. Reduced visibllity was more common in November than at
other times, but the number of occurrences is below the correspond-
ing number for Fort McMurray A . The number is larger at Stoney
Mountain at 1700, July, August, and September. During this season
of the year and time of day, convective clouds are common. These
will envelop high hills such as that on which Stoney Mountain
observing point was located. For this reason, fog will sometimes
occur at Stoney Mountain when no fog is reported in the valley

be low.

6.4 BLOWING SNOW

Visibility Is at times reduced by blowing snow. This
results in severe conditions in the open prairies such as found
near Regina. Climatological records indicate that this does not
occur as frequently por with such severity in the AOSERP study area.

For winds to produce blowing snow, they must be strong
and the snow recently deposited. A wind of 30 km/h will pick up
fresh light snow and carry it along. For older snowflakes which
have lost their star-like formations, the wind should be above
L0 km/h. Such winds are rare at .Fort McMurray. In 10 Januarys,
1957 to 1966, of hourly observations, there were only 12 observa-
tions of winds 40 km/h or above, and such winds were less frequent
during the other months. Under such circumstances, one can under-
stand why there were only 122 times in 10 years when blowing snow
reduced the visibility below 10 km. Annual totals for other places
are: Calgary, 24; Lethbridge, 43; North Battleford, 84; Moose
Jaw, 167; and Regina, 216 hours, The phenomenon at Fort
McMurray was most frequent in January with 68 of the reported
ohservations occurring in that month.

As indicated in Section 5, the frequency of high winds
at Stoney Mountain and similar high elevations Is much greater than
at Fort McMurray. Exposed areas around such hills likely have a
higher frequency of blowing snow than the wooded areas surrounding
them.



67

7. CLIMATE AND HUMAN ACTIVITIES

7.1 AGRICULTURE

Section 3.3 discussed the frost-free period for the
AOSERP study area. Frosts may occur at any time of the year and
the average frost-free period is only about 10 weeks. Such condi-
tions do not encourage agricultural activities. Some vegetables
have been grown with equally poor climatic conditions at Fort
Simpson and other locations along the Mackenzie River. But the
grey-wooded and peat bog soils of the ares are extremely acid and
are thus unsuitable for farming. The combination has resulted in
a lack of agricultural activity.

A small area near the confluence of the Clearwater and
Athabasca Rivers has been cleared for market gardening, and this
activity may be expanded slightly using the suitable soil on the
river bank. An experiment is being conducted by Alberta Agriculture
to grow grasses near Fort McMurray but the results so far have
been discouraging (Per. comm., Larry Gareau, Alberta Agriculture).
The lack of suitable fodder for cattle and the plague of flies

discourages the devetopment of cattle ranching In the area.

7.2 WINTER RECREATION

Masterton et al. (1975) have studied the recreational
potential of the prairie provinces. The discussion here and
in section 7.4 is based largely on their analysis. Some data
for Edmonton are included for comparison.

Major outdoor winter recreation in Canada is found in
skiing and snowmobiling. The analysis by Masterton et al. (1975)
considers these two activities. Other activities that might be
considered are skating and tobagganing but the conclusions about
the relative merits of different areas would not change much by
the expansion.

Based on subjective criteria about suitable temperatures,

wind speed, and snow cover, the study concluded that there are
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normally 118 days at Fort McMurray and 113 days at Embarras that
are suitable for snowmobiling. For skilng, the numbers were less:
80 for Fort McMurray, and 82 for Embarras. Corresponding numbers
for Edmonton are 89 for snowmoblling and 70 for skiing.

Much of the advantage that the Athabasca Valley has over
the Edmonton district is a result of the more reliable snow cover
of the area. There are many days suitable for outdoor activities
in late March and early April when the snow around Edmonton is
disappearing. The snow pack within wooded areas and on higher
levels is greater and less liable to disappear. There should, then,
be better opportunities for skiing and snowmobiling Tn such areas
than near the airport and at the bottom of the river valley,

The mean temperature is below freezing at Fort McMurray
from late October until early in April. During this period the
temperatures seldom rise above 5°C (see Section 10.2, Tables 24,
25 and 26). With the long period of sub-freezing temperatures it
is possible to plan curling rinks and hockey rinks where the need

for artificial cooling is minimal,

7.3 WINTER HEATING

The long and cold winters of the AOSERP study area result
in need for much heating of homes, offices, etc. The Climat-
ological Division of Environment Canada provides a measure of
the amount of heat required by giving the number of heating
degree days below 18°C for the different stations across

Canada (Environment Canada 1976).

Table 16 gives the annual total degree-days for Fort
McMurray and selected other stations. Monthly values, particu-

larly during the colder months, are closely related to mean
temperatures.

The table clearly points out that Fort McMurray is
colder than any well-populated parts of Canada. Heating
requirements are nearly double those in Toronto and more than

double those of Vancouver. These data merely emphasize what
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Table 16. Heating degree-day annual! normals, below 1800,
based on the period 1941-1970.9

Annual Annua)
Station degree-days Station degree-days
Fort McMurray 6778 Winnipeg 5889
Vancouver 3007 Churchili 9213
Fort Smith 7852 Toronto 4082
Inuvik 10,174 Dttawa Lke73
Edmonton 5589 Quebec 5080
Medicine Hat 4874 Halifax k123
Regina 5920 St.John's L8o4

2 Spurce: Environment Canada 1976.

has been brought out in other parts of this study, that northeastern

Alberta has a very cold climate, with a long winter season.

7.4 SUMMER RECREATION
in their study, Masterson et ai. (1975) examined

summer recreation in Canada by determining the frequency
of summer days suitable, first, for passive activities such as

walking; vigorous activities, such as soccer or canceing; and
activities on the beach and for swimming. Vigorous activity may be
enjoyed in cooler weather than passive activity, but cannot be
enjoyed by most people when the weather |s hot. The combination
results in aimost equal number of days for the two types of activ-
ities, 73 summer days at Embarras and 75 to 78 at Fort McMurray.
Edmonton has approximately 20% more days with 91 for passive
activity and 88 for vigorous activity.

A vacationer needs higher temperatures to enjoy lying on
the beach and swimming in the water. The criteria reduce the fre-

quency of such days to 42 in the AOSERP area, and to 47 at Edmonton.
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Most people enjoy swimming only when the water tempera-
ture reaches 20°C., In Fort McMurray (see Figure 2), the mean air
temperature rises above 15°¢ only for brief periods of the day
during June, July, and August, and only in July does it reach
20°c. Under such conditions, bodies of water will stay cooler
than most people enjoy for swimming. Masterton et al. (1975)
report that the mean July temperature of large lakes is 18°C and
of small lakes 19°C. Swimming is enjoyed by some residents during

high summer, but most people will prefer to lie on the beaches.

7.5 CLIMATOLOGICAL FACTORS IN CONSTRUCTION AND HOUSING

Design engineers and architects are becoming increasingly
aware of the importance of climatology in the design of buildings,
bridges, roads and dams. It is not within the purview of this
report to discuss the problems of building design in detail, The
reader is referred to a comprehensive treatment of the subject by
Page (1976).

Insofar as building design is concerned the significant
factor to bear in mind is the temperature extremes that must be
taken into account. According to the design Information given by
the National Research Council (NRC 1975) the July design temperature
(24%) is 28°C and the January temperature (2343) is -41°C. This is a
wider range than is given for southern parts of Canada. Yet in
spite of the falrly high design temperature for July, there is a
heating requirement every month of the year in the AQOSERP study area.

The design snow loading given by NRC for the AOSERP area
is about 200 kg/mz. This is somewhat higher than in central parts
of the province because there is relatively little ablation of the
snowpack during the winter menths.

Research Is currently underway to investigate the feasi~-
bility of alternate energy sources, such as wind and solar, in
Alberta. Special data will be gathered from the Fort McMurray area
in support of this project. Preliminary reports (Hay 1977; Hawrelak

et al. 1976) indicate that with current technology wind power does
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not appear very promising for the area. However, solar power is

certainly feasible for a number of specific applications.
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8. CONCLUS IONS
8.1 ADEQUACY OF DATA

Several significant generalizations emerge from this
report. Firstly, the study of temperature relationships suggest
that, on the basis of present knowledge, fairly reasonable esti-
mates of the areal temperature distribution can be made using Fort
McMurray A as the key station. Annual means, monthly means, esti-
mates of extremes should be reasonably accurate, but day to day
values could be somewhat less accurate.

Similarty, estimates of mean annual precipitation, and
the snow-rain distribution should be reasonably good. Day to day
summer values, however, vary considerably and the reiationships
developed for annual means are not applicable.

Wind, the parameter which is of utmost significance in
the development of the oil sands, is the very parareter about which
we know least. Detailed knowledge of the topographical influences
is lacking and the development of a relationship using Fort
McMurray A data as a key is not a promising approach,

In summary, existing data yield sufficient information
to make generally acceptable the estimates of temperature, precip-
itation, humidity, radiation, cloud cover and sunshine given in the
report. However, vertical temperature distribution and surface and
vertical wind patterns required for air pollution abatement require

detailed observational data.

8.2 CLIMATE SUMMARY

Winter in the AOSERP study area can be considered to
last six months, from mid-October until mid=-April. This collapses
the other three seasons into six months, two months each.

Spring in the area covers the perlod from mid-April until
mid-June. The weather warms rapidly, and 25°C can occur by the
middle of May. This is the windiest period of the year, but even

so, winds are generally not high. Early spring is dry, with small
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amounts of precipitation occurring about twice a week. May has
slightly more rain than April.

Summer Is short, with an average frost-free period of
only seven weeks. This, and the acid soil, hinders agriculture in
the area. Temperatures have reached 30°C not only in June, July,
and August, but also in late May and early September. But frosts
are always a threat. Rainfall Increases rapidly to reach normatlly
its highest monthly value of 75 cm in July. Periods of three
overcast days with rain in a row occur but infrequently. Rain
normally falls In Fort McMurray on 13 July days, but, with the
showery nature of the rain, some types of outdoor activity can
proceed with little interruption. These can Include recreational
activities, but, except for high summer, water temperatures are
usually too cool for swimming. August and September are still
quite wet, a circumstance that would make harvesting difficult if
there were many crops to harvest. The thunderstorm activity has
decreased markedly by September. Winds have increased slightly
from a summer minimum, but the average is bhelow the May value mean.

Autumn gives way to winter and a snow cover before the
end of October. Cooling is rapid between September and November,
l7°c in two months. Six months of snow cover begin in late October.
Monthly falls of snow are low, but little snow melts. Therefore
the snow pack continues to accumulate until late March. Although
~amounts are low, the frequency of days with snow is high, measurable
spow falling, on the average, two to three days per week through
the winter. Temperatures can be very low, ‘BSOC“having occurred
each of the six months, November to April. Winds in winter tend to
be light and so the discomfort of being out-of-~doors is relatively
small in spite of the low temperatures. Also blowing snow is
uncommon and the blizzard conditions of southern Saskatchewan and
elsewhere are almost never experienced.

One exhilarating feature of the weather of northeastern
Alberta is the amount of blue sky. Although the amount of cloud
cover is high, nearly 70%, much of this cloud consists of high thin
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cirrus, or puffy altocumulus, or cumulus through which the sky
can be seen. When the sun Is above the horizon, these clouds
permit the sunshine to reach the earth, at least intermittently.
The result is that the area has more sunshine than most of Canada.
The blue sky and sunshine with the Tight winds give a feeling of
well-being that compensates somewhat for some of the unpleasant

features of the climate.
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10, APPENDICES
10.1 GLOSSARY OF TERMS

Throughout this report, there are technical terms used
in the discussion and analysis of data. Some terms are well known
but the meanings that climatologists and meteorologists ascribe to
others are not famillar to the average reader. The following is a

brief glossary of such terms.

Adiabatic lapse rate: the rate at which a mass of air
cools with ascent because of decrease In pressure. Its value is
1°¢/100 m for dry air,

Cold low: a low pressure area characterized by an
Isolated pool of cold air within its vortex. In the AOSERP study
area these features are responsible for many of the extended periods
(two to three days) of rain. See Section 10.2.

Degree-day: a measure of the departure of the mean
dally temperature from a given standard. GCne degree-day for each
degree above (or below) the standard for one day. Used commonly

for growing and heating applications. Example:
Max + Min
frax 2 Al

Dew point: the temperature at which the air will

Heating degree-days (daily) = 18 -

become saturated with no change in moisture.

Inversion: a slituation with a negative lapse rate,
i.e. & rise of temperature with height.

Lapse rate: the rate at which the temperature drops
with altitude, glven as ®c/km or per 100 m.

Langley: a unit of energy commonly employed in radiation
theory; in cgs units one langley is equivalent to one gram-calorie
per square centimetre. The S| unit is MJ/mz. One langley =
0.04186 MJ/m2.

Macroscale: vreferring to the large scale, i.e. of the

order of 200 km or more.
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GLOSSARY OF TERMS (CONTINUED)

Mesoscale: in this study refers to an area of about
20-200 km across. The AOSERP study area is considered a mesoscale
area.

Microscale: refers to individual topographical features,
generally less than 20 km across.

Minisondes: small portable instruments equipped with a
thermometer and radio transmitter. They are carried aloft by
balloons and provide information about air temperatures and winds
above the station.

Neutral stability: occurs in an air column when the
lapse rate equals the adiabatic lapse rate.

Normal: the average value of a meteorclogical element
over any fixed period of years. Recommended international usage is
to recalculate normals at the end of every decade using data from
the previous 30 years. Thus the latest normals are for the period
1941 to 1970.

Percentile: when a series of numbers is put into order
from least to the greatest, the x percentile is that number such
that x % of the values are below the number and (100 - x) % are
above the value. The 50th percentile is called the median, or
middie number.

Radiation: the transfer of electromagnetic waves, or
(as used in this report) the amount of energy transferred by this
process.

Range: the difference between the highest and lowest
values of a variable is its range. The mean daily range is the
di fference between the mean maximum and the mean minimum tempera-
ture. The mean annual range is the difference between the mean
temperature of the warmest month and the mean temperature of the
coldest month.

Return period: the average interval in which an event

will recur.
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GLOSSARY OF TERMS (CONCLUDED)

Super-adiabatic lapse rate: a lapse rate greater
than the adiabatic lapse rate. An air column is unstable if
the lapse rate s greater than the adiabatic lapse rate, i.e.,
has a super-adiabatic lapse rate.
Synoptic: refers to measurements of data simultaneousiy
at specified times. The synoptic hours are 0000 GMT and every

six hours thereafter.
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10.2 CLIMATOLOG!CAL DATA FOR SELECTED STATIONS IN
THE AOSERP STUDY AREA
10.2.1 introduction

This section contains climatological data for Fort
McMurray A and selected normalized data for Embarras A and Fort
Cﬁ!pewyan. Tables 17 to 20 present data in a fairly standard
format. Tables 21 to 25 are based eésentialiy on the same data
set as Tables 17 to 20 but the data are analyzed in terms of risk
factors regarding the occurrence of certain events. These latter
tables when properly understood and applied can be very useful for
planning and operational purposes.
10.2.2 Explanation of Tables

Table 17 These data were calculated in accordance
with the formula given in section 10.1,
Line 1 relates to heating requirements,
line 2 gives a measure of heat available
for the growth of plants, and lines 3 and 4
relate to temperatures above or below freez-

ing.
Table 18 These tables present normal (i.e. over 30
to year period 1941-1970) data for three
Table 20 stations in the AOSERP area. The data set

for Embarras and Fort Chipewyan were of
less than 30 years and were normalized in
accordance with standard procedures.

Table 21 For the week beginning 1} January, there is
a 99% probability of the temperature drop-
ping to -18.9°¢ at least once during the
week. Similarly, there is only a 5% prob-
ability of the temperature dropping to -46°C
during the same period (i.e. about one year
in 20),

Table 22 For the week beginning 1 January, there fis
a 992 prgbability of the temperature rising
to -27.2°C or higher during the week. There
is a 10% probability that the temperature
will rise to 7.2°C at least once during the
week .

Table 23 Out of the total of 203 days of record
during the firsg week of January, 1% of the
minima were -43°C or lower, 10.8% of the
minima were in the -31°c to -327C range etc,
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Table 25
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Similar to Table 25, but gives data
relating to maximum temperatures.

Gives data concerning the probability
of precipitation. For example, during
the period of record there was no first
week of January with NIL precipitation;
44,8% of the weeks had 0.25 to 2.5 mm,
48.3% had 2.6 to 10.0 mm etc.
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Degree-day data for Fort McMurray A2

JAN FEB  MAR APR MAY JUN  JUL  AUG SEP  OCT NOV  DEC VEAR
TSPt 1237 978 850 k97 279 141 €9 112 271 k63 7s5 1086 677
o S aeareg s 0 0 1 24 k0 255 350 300 135 38 1 0 12i8
Thaq;zgv:egfgsg§ays 9 3 1z 100 262 405 505 4S5 272 125 13 3 2172
Free ing degree-days 680 472 30k 57 2 0 0 0 2 30 268 550 2345

(below 6.0°C)

#ata Source:

Table 18.

Environment Canada {1973).

Climatological data for Fort McMurray A (1941-1970).°

JAN FED MAR APR MAY JUN JUL AUG SEPT DCT  NOV DEC YEAR
Mean Datly Temperature {©C) -21.5 -16,06 - 9.0 1.2 9,0 13.5 6.3 th,7 9,0 3,1~ 2.0 -16.9 = 0.5
Hean Daily Maximum Temperature ~16,0 ~10.2 ~ 2.3 7.8 16.3 20.8 23.k 21,7 15.2 B.5 - 3.8 -i2.2 5.3
Kean Daily Hinimum Temperature -26.9 -23.0 =16.4 - 5.4 1,7 6.2 9.1 7.6 2.0 - 2.4 -13.0 «21.7 - 6.8
Extreme taximum Temperatures 10.0 15.0 18,9 26,1 32.8 36,0 35.6 32.8 30.6 26.7 15.9 10.0  3G.1
He. of Years of Record 27 27 27 27 27 27 27 27 27 27 27 27
Extreme Hinimum Temperatures =50.0 ~50.06 -4h. 4 =35.0 ~13.3 - k.4 - 3.3 - 2.8 -15.6 -22.8 -37.8 -47.2 -50.6
Ho. of Years of Record 27 27 27 27 27 27 27 27 27 27 27 27
Ho. of Days of Frost 31 28 31 25 12 3 & 2 ] 22 26 31 223
Mean Ralnfall  (mm) 0.5 0.3 1.0 7.0 31,0 61.s5 7307 6h.0 495 13,00 2.5 0.5 304.6
¥ean Snowfall (cm) 22,1 191 19,3 12,7 2.0 T 0.0 0.0 2.8 11,2 24,6 25.9 139.7
Hean Total Precipltation (mm) 21,1 17.3 .18.3 20,3 33.0 6Al.5 73.7 6h.0 53.0 2h.% 24,9 25,1 435.4
Greatest Rainfall In 24 K () [l 4.0 6.1 10.9 38.4 k6.0 51.6 55,1 69,6 21,06 3.0 3.8 60.5
- Ho. of Years of Record 27 27 27 27 27 27 27 27 27 26 27 27
Greatest Snowfall In 24 h (em) 15,5 13,2 29,7 20.8 8.3 0.3 0.0 T 18,3 10.9 15.5 22.6 29.7
Ho. of Yesrs of Record 27 27 27 27 27 27 27 27 27 27 27 27
Greatest Preclpltatlon in 24 h (mm) 15,5 13,2 29,7 20.8 3¢.4 4.0 5Y.6 5B5.,% 60.5 22.9 15.7 22.6 0.5
Ho. of Years of Record 27 27 27 27 27 27 27 27 27 26 27 27
Ho. of Days wlth Measurcable Railn 3] <l 1 i 3} I 13 12 10 & 2 <1 57
Ko. of Bays wlth Measureable Snow 14 H 10 5 ] <l 0 0 1 5 12 13 12
No. of Days with M., Precipltation 13 1 10 B 9 1 13 12 10 9 12 13 131

8pata Source: Environment Canada 1975a,1975b.
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Table 19. Climatological data for Embarras A (1941-1970).°

JAN FED MAR  APR  MAY JUN JUL AUG SERPT OCT NOY DEC YEAR
Hean Daily Temperaturcs (°c) -22.4 =190 =112 - 6.3 8.6 139 1703 155 9.3 2.4 - Ba-18.4 - 10
tean Cally Maximum Temperatyre -16.9 -12,7 - 3,9 6.2 5.1 20,6 23.7 21.0 th,h 6.9 - 4.3 -13.6 4.7
#ean Dally Minimum Temperature -27.9 -25.6 =18.4 ~ 6.9 2.0 7.3 10.8 9.2 4.2 - 2.1 -13.2 -23.z - 7.0
Extreme Maximum Temperatures 11.7 2.8 12.8 22.8 32,8 33.3 33,9 33.9 32,72 26.1 18.6 1.4 33.5
Ho. of Years of Record 19 20 n 20 20 20 20 20 1% 19 18 I8
Extreme Minimum Temperatures #51.1 =52,8 -45.6 ~39.4 -16.1 = 4.4 0.0 - 2.8 -10.6 -23.3 ~40.6 -4B.3 ~52.8
No. of Years of Record 13 20 20 20 20 20 20 20 19 19 18 19
Mo. of Days of Frost 3 28 3 25 A 2 <l 1 6 21 25 31 216
Kean Ralnfall {mm) T 0.3 0.3 5.8 31.8 4k,7 56.4 53,8 56,1 3.2 3.3 0.3 266.0C
Hean Saowfall (em) 19.2 16,3 16.3 12,4 4.6 T 0.0 0.0 3.6 155 23,9 22,1 1331.2
Fean Total Preclpitation {mm) 19.3 16,5 16,5 18,3 36.3 447 56,4 53.8 59.% 27.7 27.2 Z2.4 399.0
Greotest Ralnfall in 24 h {mm) 0.3 1.5 2.3 12.7 21.% 42,2 BI.8 50.8 37.6 26.7 7.6 5.t O1.8
Ho. of Years of Record 19 20 20 19 20 20 20 20 19 19 18 19
Greatest Snowfall In 24 h (cm) 17.3 12.7 15,0 231 18.3 T Q.0 T 2.4 1.8 13,7 17.% 23.)
No. of Years of Reacord 14 20 20 20 20 20 20 20 1% 19 18 ]
Greatest Precipitatlon in 24 h {mm) 17.3 12,7 15,0 23.1 22.6 &2.2 8.8 50.8 37,6 26.7 13.2 17.5 B1.B
Ko, of Years of Record 19 20 20 13 20 20 20 a0 18 19 18 19
Ho. of Days wlth Measurcabie Raln 4 <l <l 1 [ 10 10 10 o 5 2 <l 55
Ho, of Days wlth Measureable Snow 11 16 9 5 1 0 o 0 ) 5 it H 64
Ho. of Days with M. Precipitatian 11 10 g 7 7 10 10 10 ¢ 9 12 il 116
aData Source: Envirenment Canada 1975a, 1975k,
. . . a
Table 20. Climatological data for Fort Chipewyan (1941-1970}.
JAN FEB HAR APR MAY JUH JUL AUG SLPT OCT NOY OEC YEAR
vean Dally Temperaturcs (°) ~26.2 =20.6 =13.7 - 2.7 7.0 1300 163 W9 8.2 1.6 -11.1 =20.5 - 2.9
Mean Daily Maxirum Temperature ~20.7 -15.6 - 7.2 3.2 13.3 19.6 22.6 21,7 43.2 5.5 - 6.8 -i5.4 %7
Mean Daily Minimum Temperature -31.7 -27.7 =20.2 - 8.6 .7 6.5 4.9 B.7 3.2 - 3.5 ~15.31 -25.6 =~ 8.8
Extreme Maximum Temperatures §.3 15,0 13.% 22,2 30.0 33.3 339 33.9 280 24.hF 13,9 13,0 13
to. of Years of Record 50 56 st 580 50 56 52 53 4§ 4g 55 53
Extreme Minlmum Temperatures «53.0 =5F,1 =47,8 -35,6 ~25.6 = 8,9 - 5.0 ~ 6,7 «12.2 ~25.0 =38.3 ~49.4 =51,
Me. of Years of Record 54 56 sh 57 49 49 50 49 46 49 54 sh
No, of Days of Frost 3i 28 31 27 13 2 <} 1 9 23 10 3 226
Mean Rafnfall {mm)} Q.3 T 0.3 5.6 18.5 343 51.8 &k 36,3 109 1.3 6.3 200.7
voan Srowfall (cm) . 18,6 17.8 17,5 13,7 hot T 0.0 4.0 1.3 tb2o2300 21, 127.8
Mean Yotal Precipitation {mm) 18.8 17.8 18,0 19,3 22.h 345 51,8 A1,k 381 22.6 24.h 21,6 330.7
Greatest Ralnfall in 24 h (mm) 3.3 1.8 5.6 25.7 31.0 38.v y6.2 44,5 hh&.2 15,2 15.z2 B¢ 76.2
No. of Years of Record 56 50 57 4 50 4f 52 51 47 51 o 58
Greatest Snowfall in 24 h (cm} 2.0 3.0 B 1.8 3.0 0.3 0.0 0.0 0.5 33 2.3 3.0 3.3
No. of Years of Rccord 45 L 45 i1 50 56 57 56 L8 4t 52 L&
Greatest Preclpitation in 24 h (mm) 20,3 30.5 17.8 26.9 31.8 38,1 76.2 44,5 44,2 33.6 22,3 30.5 76.2
Ho. of Years of Record 4 Im 45 i 48 48 52 5t 45 45 51 4
Mo. of DPays with Heasureable Rain <} ¢ <] I 4 7 3 8 7 3 < <] 38
Ho. of Days with Heasureable Snow 6 5 6 3 | < 0 0 < 3 4 5 35
Ho. of days with M. Precipltation 5 [ 4 5 7 4 8 7 6 6 [ 74

3pata Source: Envircnment.canaQa 1975a, 1975b.
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Table 21. Weekly minimum temperatures(oﬁ) at given percent risk levels, Fort
McMurray A (Enviromment Canada 1978).

WNEEK BESINS (. DF YEARS  g9¥% 95% 90X 15% 50% 25% 10% $%  LNWEST OBSERVED
JAN 29 18,9 =20.0 26,1 =30,6 35,6 =19.4 42,2 =451 b, 1
L] 29 23,3 26,7 =317 =32.¢ 36,7 -, 2 =45,3 =494 =49 .4
15 29 =-17,2 -18,3 -25.0 3141 -38,3 =41,7 45,0 =-47.2 47,2
22 29 2.2 =322 =30.0 =32.2 =394 43,9 =-45,0 50,0 “50,0
29 29 =1kl w22.2 25,0 -32.8 37,2 41,7 =~4z,4 =50.6 =50,4
FEB &S 29 2,8 =12.8 =172 22,8 =32.2 -40,.6 =-42.8 -43,3 -43,3
12 29 18,9 -23.9 -28.3 =30.6 “35,0 -394 =41,1 52,2 42,2
19 29 20,0 =2046 23,9 28,3 ~33,9 =37,2 -41,1 =-4%,% -43,9
26 29 - B9 =-13,73 -18,9 23,3 ~32.2 =34,7 “41,1 45,0 U5, 0
MAR % 29 -11.7 -13,3 19,4 =-25.6 =30,4 ~33,9 ~36,.3 =t41.1 =6f,1
12 2% =11.1 LI 16,7 =t3,.1 24,4 ~42.8 =36,1 =-315,9 -35,9
19 29 “ 7,8 10,6 11,7 ~57.2 =22,8 29,4 =33,9 =37.2 =37,2
26 2% - P2 - 4,4 =10e& “i1Z2.8 =189 =-28,3 -32,2 -33,9 =-531.9
APR 2 29 - b4 . 7.2 - T 10,0 =12,8 21,1 =261 =344 ~34.4
9 2% = 2.8 - 3,9 = Gad - 5.6 =10,0 ~;7.8 w22, ? =2h.7 =26.7
16 29 - 2,8 - 2.8 - 3.3 - 4.4 - 7,8 =14,4 -19,.4 =20,6 ~20,6
23 29 - 0,6 « Qab - 2.2 = 4,4 - 5,6 =10,6 =-17,.8 -25,6 25,6
30 29 3,9 4.6 - ek - 2,8 = 4.4 - 7.2 10,6 -20.0 “20,0
MAY 7 29 - teb o 141 " lat - 1,7 - 3.3 “ 5,6 - 7.8 “12.8 =12.8
t4 2% 2e? 1,7 Ol - 1.7 - 1,7 - 3,9 - 5.6 - 5,6 =- 5.6
21 29 6.7 2.2 1.7 Gt - 1,7 - 3,3 - 5,0 - 6,1 - 5,1
28 29 4,4 2.8 2.8 1.7 0.6 - 1,7 - 3.9 = 5.6 ~ 5.6
JUN 1 29 6.7 S.0 3.9 2.2 0.6 - 2.2 - 3.3 - 4,4 - 4l
11 29 Ta2 S8 Seb 5.0 2,8 - 1,1 = 1.7 - 3,9 = 3.9
18 29 %) 6,7 bal 1.3 0,6 - 1.1 - 1.7 oAb = 4,4
) 2% 29 10.0 8.9 67 5.0 2,8 0,0 - 1.1 - 2.2 - 2.2
JuL 2 29 L] B.9 a3 6,7 4,4 2.2 1.4 -+ 8,6 = 0.6
L} 29 12,2 10,0 Te8 6,7 4,4 2.2 0,0 - 3,3 - 3,3
16 20 £ .6 L 8,9 7.2 5.0 2,8 0.6 - 2.8 - 7.8
23 29 a3 7.8 Tu2 S.8 4,4 1.3 1,1 0,0 8.0
i 30 29 10,0 8,9 [ ] S.& 5.0 3,3 é,2 0.6 0.6
AUG & 29 9,4 8,9 B.3 T.8 S.6 1,7 2.0 - 2.8 - 2.8
13 29 7.2 7.2 5,0 4.0 2,8 - 0.6 ~- 1,1 - 1.7 - 1.7
20 29 7.7 6,7 Sub a4 1.7 6.0 - 2,7 - 2,8 - 2.8
27 29 1.2 6,1 S0 2.8 1.1 - 1,7 - 2,2 - 2.8 - 2.8
3EP 3 29 5,0 3.9 2.2 0.6 - 2.2 - 3,9 - 6,1 =11,7 -11.7
19 29 S.0 4,4 “1af 0.0 - i,7 - 3.9 - 5,0 - b,7 - 6.7
17 29 2.2 1,7 [ - 0,8 - 1,7 - 3,3 « 5,8 ~ 7.8 = T8
24 29 1,7 $a7 Gub - 1,7 - 2,8 - 6,7 -11,7 =15,b -15,6
neT ¢ 29 1.7 ] - 1.7 - 3,9 - 5.0 - 7,2 - 8,3 -§a,4 =14,.4
a 29 - 0,6 - 2.6 - 1,7 - 2,8 - 5,4 - 7.8 «10,0 -§5,0 =15,0
15 29 - 2,2 - 2.2 - 3.9 = 5,6 - 6,7 »i0,6 =id,4 ~21,7 =21.7
22 29 - 4,8 - 5,0 - 5.6 - 6,7 wid,n -14,4 -20.¢ ~22,8 22.8
29 29 - 2,8 - 4,0 - 6,1 - 9.4 “11,1 =183 =-23,9 =29, 4 29,4
NOY 5 29 - 2,2 - 6,7 - 8,3 10,0 =-12.0 w225 27,2 30,0 =30,0
12 29 51,7 -12.2 128 -15,0 -18,3 =30,0 -32,2 37,2 =37,2
19 29 N0 -12,2 15,0 17,2 22,2 =35,0 =-35,0 =35,.7 =3b.7
28 29 -13,3 =158 -18,3 -2, 6 -27,.8 =-35,0 -34,7 -31,.8 ~3t,R
DEC 3 29 -12,2 15,4 -1 T,.4 -21.7 26,7 32,8 ~40,6 -41,1 -41,1
10 29 -39 w15, 0 -i1ba} =23.9 34,7 -38,13 40,4 wldS, 0 =4%,0
17 29 -y4.4 =i7.8 ~1B,.9 a2%.9 =35,9 =39, .4 =q1,1 =472 “47.2

24 29 -16,7 “17,R -22,8 26,1 35,0 -37,2 40,0 i, 7 -t6.7

a8




Table 22. Weekly maximum temperatures (OC) at given percent risk levels, Fort
McMurray A {Environment Canada 1978).

WEEK BEGINS NO.OF YEARS  99% 5% 90X 5% S0X 252 1o% 5%  HIGHEST OBSERVED
JAN 1 29 =272 -22.8 20,6 16,1 = 1,T 3,3 7.2 8,9 8,9
8 29 .l b «23,9 - =17,8 =15.6 - 8,3 1,7 3.3 3.3 3.3
15 29 26,7 =22.8 20,6 15,8 - 6,7 - 1,1 4,4 10,0 10,0
22 29 25,6 w2l 20,6 14,7 10,0 1.7 4,4 10,0 10,0
29 29 “19,4 17,2 -15.6 0,86 - 2.2 2,2 5.0 13,9 13,9
FE& 5 29 “18,1 .l b ~13,3 11,1 - 1.t 5.6 8,9 13,3 13,3
12 29 15,7 wib,l »15.0 et - 2,2 1.7 6,1 7.2 1.2
19 29 TN wi2,2 {040 - b,7 - 1.7 &1 2.9 Gl L)
26 29 3,9 »12,6 10,0 - 5,0 1.7 1.2 12,8 15,0 15.0
MAR S 29 17,2 - 1,2 - 6, = 1,1 2,2 7.8 9,4 12,8 12.8
12 29 - 8,3 - 7.2 - 2,8 1,7 6,7 8,9 12,2 f4,4 14,4
19 29 . 9.4 - 7,2 0,0 3,3 7,8 11,1 12,2 te,7 16,7
26 29 - 5,7 - 0,6 3,9 5.6 8,9 12,2 14,4 18,9 18,9
ArR 2 - 29 8,6 1.1 2,8 8.3 12,2 13,9 15,46 20,6 20,6
9 29 2,8 3.3 7.2 9,4 13,9 16,7 18,9 22.2 22.2
16 2% 2,58 6,7 B.9 10,6 13,9 17.4 19,4 22,2 22,2
23 29 - 2,2 8,3 10,6 13,3 16,7 22,8 23,3 26,1 26.1
30 29 18,4 14,4 16,1 17.8 20,0 23,9 26,7 27,8 27 .8
MAY 7 29 12,2 12,2 15.6 16,7 22,2 24,4 26,7 32,8 2,8
14 29 13,3 14,4 17,8 20,6 22,8 26,1 28,9 32,8 12,8
21 29 17,2 £T.8 18,9 21.1 23,9 2r.2 29,4 31.1 3t
28 29 13,9 18,3 20,0 22,2 25,6 28.9 32,2 33,9 33.9
JUN & 29 17,2 20,8 22,2 23,9 25,6 28,9 31,7 36,1 36,1
11 29 21,1 22,2 21,3 25,0 26,7 28,9 30,8 31,1 3,1
18 29 T 20,6 20,6 22,2 23,9 26,1 28,9 36,9 11.7 51,7
25 29 22,2 22.8 23,3 25,0 25,6 27,8 30,6 31,7 31,7
Jup 2 29 22.8 23,3 24,4 25,0 28,3 30.6 32,2 33,9 3.9
9 29 22.8 24,4 28,4 25,4 2r,2 32.2 34,4 35,0 35,0
16 29 23.3 25,0 25,6 26,7 28,3 31,1 32,8 35,6 35,6
23 29 2.6 22,2 22.8 25,0 26,7 27.8 29,4 35.0 35,0
30 29 22,2 23,3 24,k 26,7 28,3 30,0 31,7 33,3 31,3
AUG & 29 21,1 22,8 23,3 24,4 27,2 29,4 32,2 32,8 32,8
13 29 19,4 20,6 22,2 23,9 a25,¢ 29,4 31,1 3.7 31,7
20 29 1R,3 18,9 20,6 22,8 25,6 30,6 32.2 12,8 32,8
a7 29 1B,3 18,9 19.4 21,7 2%,9 27,2 28,9 31,t 31,1
SEP 3 29 16,7 18,8 16,9 20,0 22,8 27.8 29,4 g8 30,6
10 29 12,2 15,8 18,3 20,0 21,7 25,0 26,7 30,0 30.9
17 2% 7.8 114 18,4 16,7 19,4 23,9 27,2 28,3 28,3
24 29 9.4 11,1 12,2 15,0 17,8 24,4 27,2 27.8 27.8
[+ 1) S 29 5.6 10,v 14,6 17,8 20,.¢ 22,2 23,3 26,1 26,1
L 29 5,7 8,7 10,0 12,8 16,7 21,1 25.0 26,1 26,1
15 29 - 2,2 a,4 641 11,1 13,9 19,4 24,6 26,7 28,7
22 29 3.9 4,4 S.6 T.8 12.2 17.8 t9.4 22,2 22,2
29 29 - 3.3 - i,1 2.8 &1 8,9 11,7 13,9 18,9 18,9
NOV S 29 =-10,0 - 8,1 - 2.8 - 0,6 6,7 10,0 13,3 15,6 15.6
12 29 12,2 10,0 - 8,3 - 1,7 1.4 6,7 9.4 15,0 1540
19 29 -13.3 12,2 =$0,0 - 4,4 1,7 6,1 10,6 12,8 12.8
26 a9 16,9 =15,0 -13,9 - 7,8 -~ 2,8 5,0 10,0 10,6 19,6
DEC 3 a9 ~18,9 -15,0 “13,3 -~ 7.8 - 5.9 2.2 5.8 10,9 19,0
10 29 =-30,0 -18,9 -17,2 11,7 - 7,2 3.3 6,7 8,9 5,9
17 29 23,3 22,2 16,7 -11,7 =~ 5.6 0,6 3.9 10,¢ 10,0
24 2% 23,9 =1%,4 -16,7 =11,1 - 4,4 £, 8,3 10,0 10,0
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Table 23. Part 2: daily minimum temperature (°C), percent frequency by week,
Fort McMurray A {Environment Canada 1978).

WEEK TUTAL ¢ H [ 12 & tn t2 i4 16 1R 20 »=
BEGING DAYS 1 3 5 T 9 11 13 t5 17 ty 21 22

JAN 1 203
8 203
15 283
22 20%
29 203 5 5
FEH 5 203 ]
12 20%
19 263
26 203 o5
MAR. S 203 .5

12 203 .5
1o 203 1.0
26 0% 4,4 .5
APR 2 203 4,9 1.5 2.5
9 203 9,9 &40 1,p L5
16 202 12,9 5.9 .0 5,0
23 203 5,3 7.9 3,0 3.0 1.0
30 203 20,2 11,8 11,3 4,8 3,5 1.5
HAY 7 203 19,2 14.3 12,3 6,4 3,0 2.0
4 2063 14 B 25.% 13,3 11,8 3.9 .5 2,0
21 203 15,3 18.2 11,R t2,R t2,B 9,9 2.5
28 273 12,3 1443 15,3 22,7 13.8 6,4 4,9 5
JuN & 203 9,9 19,2 j0.B 19,7 15,3 7.9 5.6 1,5 1,5
11 203 4,4 9,9 10,3 26,1 21.2 15.8 6,4 1,0
18 263 6,9 18.5 14,3 20,7 22.2 10,8 7,4 1.5
35 203 3,9 7,9 1t,3 20,2 23,2 14,3 12,8 1.5 (.0
JUL 2 203 1,5 H.0 10,3 16,7 25,6 19,2 15,5 4.4 1,0
9 203 54,9 8,9 12,3 22,7 19,7 21,2 B8 2,0 .5
16 2063 1,5 4,4 4,4 to,B t8,2 25,7 23,2 6,4 3,0 B
23 203 1,5 G.¢ 6,9 18,7 22,7 26,1 12,8 3.9 1.5 .5
30 203 1.0 5.9 4.4 2&.) 19,7 22,2 17,2 3.0 2,5
AUG & 203 3.0 5.9 3,9 12.3 23,6 18,2 23,2 8.4 5
13 203 3,0 7.9 6,4 23,6 25,1 13,3 11,3 1.5 .5
20 203 7,4 B,4 t0,3 18,7 21,2 16,3 15,3 2,3 1.0
27 203 S,0 14,8 15.% {4,7 20,7 11,3 8,4 1.0
8EP 3 203 14,3 16,3 t3.3 6,7 ta,3 H,4 3.9
10 203 tB,2 13,8 12,8 16,7 15.8 4,4 1,5
11 203 15.8 24,6 16,3 11.3 4,9 W5 .5
a4 203 13,3 1R.T 2,3 7.9 2.5 1.5 .8
peT 1 203 37,2 16,3 12,8 5.9 5 .S
8 203 16,3 12,3 B,4 4,4 .5
15 203 10,3 9.% 2.5 2.5 .8

22 203 10,3 3.4 1,5

29 203 S,4 2.5 .5 .5
NOV 5 203 2,5 ] 5 o5
t2 203 1.0
19 203 2.%
26 202 13- %
pEC 3 203 .-
16 203

{T 203 1.0 1.0
24 203 5
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daily maximum temperature ( C}, percent frequency by week,

Fort McMurray A (Environment Canada 1978).
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Table 25.

Weekly precipitation amounts (mm), percent frequency by
classes, Fort McMurray A {Environment Canada 1978).

. §.25 2.6 11 21 31 41 51 b1 71 81 91
WEE% TOTAL ™ TG 10 T O TO 10 m ™m T 08 MAX
BEGING DAYS 0 2.5 10 2y 30 L1 50 L1} Th B0 94 MORE  REPORTED
JAN 1 203 44.8 48,3 b.9 8,3
8 203 6.9 3l,0  S1,7 3,4 3.4 3.4 30.5
1S 203 34 3,0 48,3 17,2 16,5
22 20% 10,3 (3.} d1,4 b, ig8.8
29 203 5,9 20,7 65,5 6.9 12,7
FER 5 203 6.9 LA Tu,5 10,3 17.%
) 12 203 3.4 34,5 a4 .8 17,2 17.8
19 203 17,2 41,4 20,7 20,7 19,8
26 203 10,3 51,7 31,0 [ 15,0
MAR S 203 10,3 a4,8  ay,g 3.4 22,4
12 196 18,3 uz,9 F8.6 10,7 I.b 47,2
12 203 3.4 41,4 37.9 17,2 ’ 19,8
26 203 20,7 34,5 37,9 6,9 16,8
APR 2 EDY 6.9 34,5 47,9 17,2 3.4 33,8
9 203 24,1 14,5 *T.6 5,9 4,9 27.9
16 203 190,% 5%,2 24,1 3.0 6,9 22,1
23 203 27,6 31,0 24,1 13,2 3,4 21.8
36 203 17,2 31,0 3.0 17,2 3,4 28,4
#AY T 208 2n,7 37.9 3.0 3.4 3.4 3.4 LT-9%-1
14 203% 10,3 17.2 51,7 15,8 3.4 3,8 1,1
21 203 10,3 31,0 31.0 20,17 3.4 L) S4,9
.28 203 13,8 20,7 31,0 13,8 17,2 3.4 41,7
Jun 4 203 13.8 10,3 51,7 i3,8 6,9 3.4 B1,.%
i1 203 6,9 6,9 PO, 24,t 23,1 3.4 5,9 1.4 Skt
203 10,3 13,8 2T.6 27,6 10,3 3,4 3.4 3.4 86,9
25 203 8.9 5,0 3.8 31,0 24,1 6.9 5,9 5.4 60,7
JuL 2 203 6,9 6,9 37,9 21,6 &9 6,9 3.4 3.4 50,8
9 203 h,% 87,9 24,1 17.2 3.8 5.0 6,9 b% . b
16 203 6.9 3,4 44,8 an,7 13,8 b,9 3,4 52,1
2% 203 3,4 2T .6 31,0 24,14 6,9 3.4 3.4 &n,0
3o 203 3.4 4,3 20,7 10,3 65,9 3,4 L 3,4 77,5
A & 203 b9 3,0 20,7 Mo ,R 13,8 5,9 3.4 48,3
13 2n3 3,4 24,1 27,6 20,7 10.5 3.4 3,4 6,9 Sh, 4
20 203 10,3 20,7 33,5 15,3 13,8 3.4 You 5.4 5,4
21 203 11,2 §i7.2 31,0 11,2 6.9 ) 16,3 UL B
SEP 3 20% b,9 3,5 3.8 24,t 13,8 3.4 5.4 48,0
tn 203 13,8 13,8 17,9 17,2 6,9 ) 3.4 73,2
17 203 13,8 20,7 5,9 37,9 3.4 6,9 6,9 1,4 54,1
24 203 11,4 27 .6 27.6 17.2 8.9 3.4 3.4 46 .5
acr 1 203 13,48 34,5 u1,a 3,4 3.4 L) 50.8
5 203 10,3 24,1 L] 13,8 5 4 23,4
15 194 21.4 42,9 21,0 10,7 3,6 1.6
27 Z20% 13.6 27.6 37.9 17.2 3.4 25.4
29 203 17,2 31,0 2T.6 17.2 6,9 27.4
NOY 5 203 13,8 31,8 31,0 20,7 3.4 20.8
12 203 b, 24,1 55,2 10,3 3,4 #4.9
19 203 3,4 20.7 SA.6 15.8 3.¢ 32,0
6 1% 17.9 21,4 53,6 7.1 13,0
REL 3 203 41,4 51,7 6,9 15.5
10 203 13,8 24,1 um,3 13,8 15.5
17 203 17.2 19,3 SALe 1603 3.4 26,9
28 203 50,3 24,4 41,4 17,7 6,9 30,0

16
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10.3 SYNOPTIC PATTERNS AND SOME EXTREME EVENTS IN THE AOSERP
STUDY AREA
10.3.1 Introduction

Much of the information in the main body of this report
deals with long-term averages of the various meteorological elements.
However, extreme events such as heavy rainfalls, and cold and hot
spells are part of the climatological picture and may have profound
impacts on the activities within the study area.

The synoptic patterns glving rise to some of these events
are described in this section. The patterns are tllustrated with
a surface chart and an upper air chart (500 mb--approximately 5500

metres).

10.3.2 The storm of 1-3 July 1977

This storm, illustrated by Figures 14 to 16, is an ex-

ample of a '"cold low' mentioned in the text and defined in section
10.1. In this particular storm the main precipitation band was
closely associated with the 500 mb centre (Figure 15). This centre
entered Alberta in the vicinity of Grande Prairie and moved north-
eastwards toward the AOSERP area. The centre moved across the
Birch Mountains where a record 24-hour rainfall was recorded (87 mm
on 2 July),

The heavy precipitation assoclated with this storm was
confined to higher ground and a relatively small portion of the
AOSERP area (Figure 16), and it should be noted that southern

portions of the area received relatively little precipitation.

10.3.3 The cold spell of 6-8 December 1977

The AOSERP area with its continental climate is subject
to extended cold spells in winter. The synoptic patterns assoc-
lated with a fairly typical outbreak are shown in Figures 17 and
18.

The essential features to note In Figure 17 are the high
pressure area over the Northwest Territories and the position of
the low pressure area well socuth of the AOSERP area. It will also

be noticed that there is a flat gradient (isobars widely separated)
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over northeastern Alberta. This implies light winds, usually
a necessary condition for extremely low temperatures.

At 500 mb (Figure 18) the gradient over most of
Alberta and the southern parts of the Northwest Territories
is weak. This implies little motion of the high pressure
system lyling north of the AOSERP area. The combination of
surface and upper air circulation in this particular situation

was such that the cold spell lasted several days.

10.3.4 An example of a winter mild spell, 21 January 1977

The synoptic conditions favoring mild winter weather
in the AOSERP study area are depicted in Figures 19 and 20.
Such mild spells occur when upper air conditions are such that
the surface low pressure areas are steered through northern
Alberta. MNote that in Figure 19 the low pressure area lies
north of the AOSERP study area whereas in the cold outbreak
(Figure 17) the low pressure area lies in southeastern British
Columbia. Similarly there is a difference at the 500 mb level.
in the cold outbreak (Figure 18) the gradient is weak over most
of Alberta, whereas in the mild spell (Figure 20) there is a
high pressure ridge over British Columbia which has steered the

surface low into northern Alberta.
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Figure 19. Surface chart for 1700, 21 January 1977, o
Numbers to left of station circle are temperatures in "C.
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AQSERP RESEARCH REPORTS

AOSERP First Annual Report, 1975

AF 4.1.1 Walleye and Goldeye Fisheries Investigations in the
Peace-Athabasca Delta--1975

HE 1.1.1 Structure of a Traditional Baseline Data System

VE 2.2 A Preliminary Vegetation Survey of the Alberta 0i)
Sands Environmental Research Program Study Area

HY 3.1 The Evaluation of Wastewaters from an 0il Sand
Extraction Plant
Housing for the North--The Stackwall System

AF 3.1.1 A Synopsis of the Physical and Biological Limnology
and Fisheries Programs within the Alberta 0il Sands
Area

AF 1.2.1 The Impact of Saline Waters upon Freshwater Biota
(A Literature Review and Bibliography)

ME 3.3 Preliminary Investigations into the Magnitude of Fog
Qccurrence and Associated Problems in the 0i] Sands
Area

HE 2.1 Development of a Research Design Related to
Archaeological Studies in the Athabasca 0il Sands
Area

AF 2.2.1 Life Cycles of Some Common Aquatic Insects of the
Athabasca River, Alberta

ME 1.7 Very High Resolution Meteorological Satellite Study
of 0il Sands Weather: ‘'a Feasibility Study"

ME 2.3.1 Plume Dispersion Measurements from an 0il Sands
Extraction Plant, March 1976

HE 2.4 Athabasca 0i1 Sands Historical Research Design
(3 Volumes)

ME 3.4 A Ciimatology of Low Level Air Trajectories in the
Alberta 0il Sands Area

ME 1.6 The Feasibility of a Weather Radar near Fort McMurray,
Alberta

AF 2.1.1 A Survey of Baseline Levels of Contaminants in
Aquatic Biota of the AQSERP Study Area

HY 1.1 Interim Compilation of Stream Gauging Data to December
1976 for the Alberta 0il Sands Environmental Research
Program

ME 4.1 Calculations of Annual Averaged Sulphur Dioxide
Concentrations at Ground Level in the AQSERP Study
Area

HY 3.1.1 Characterization of Organic Constituents In Waters

and Wastewaters of the Athabasca 0il Sands Mining Area
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AOSERP Second Annual Report, 1976-77

Maximizatlon of Technical Training and Involvement

of Area Manpower

Acute Lethality of Mine Depressurization Water on
Trout Perch and Rainbow Trout

Review of Dispersion Models and Possible Applications
in the Alberta 0il Sands Area

Review of Pollutant Transformation Processes Relevant
to the Alberta 0il Sands Area

Interim Report on an Intensive Study of the Fish
Fauna of the Muskeg River Watershed of Northeastern
Alberta

Meteorology and Air Quality Winter Field Study in
the AOSERP Study Area, March 1976

Interim Report on a Soils Inventory in the Athabasca
011 Sands Area

An Inventory System for Atmospheric Emissions in the
AQOSERP Study Area

Ambient Air Quatity in the AQOSERP Study Area, 1977

Ecological Habitat Mapping of the AOSERP Study Area:
Phase |

AOSERP Third Annual Report, 1977-78

The Relationship Between Habitats, Forages, and
Carrying Capacity of Moose Range in the ADSERP Study
Area

Heavy Metals in Bottom Sediments of the Mainstem
Athabasca River System in the ADSERP Study Area

The Effects of Sedimentation on the Aquatic Biota

Fall Fisheries Investigations in the Athabasca and
Clearwater Rivers Upstream of Fort McMurray: Volume |
Community Studies: Fort McMurray, Anzac, Fort MacKay
Techniques for the Control of Small Mammals: A Review
The Climatology of the Alberta 0Qil Sands Environmental
Research Program Study Area

These reports are not available upon request. For further information
about availability and location of depositories, please contact:

Alberta 0il Sands Environmental Research Program
15th Floor, Oxbridge Place

9820 - 106 Street

Edmonton, Alberta
T5K 2J6
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