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PREFACE:

The Northern River Basins Study was initiated through the "Canada-Alberta-Northwest Territories Agreement
Respecting the Peace-Athabasca-Slave River Basin Study, Phase Il - Technical Studies" which was signed
September 27, 1991. The purpose of the Study is to understand and characterize the cumulative effects of
development on the water and aquatic environment of the Study Area by coordinating with existing programs and
undertaking appropriate new technical studies.

This publication reports the method and findings of particular work conducted as part of the Northern River Basins
Study. As such, the work was governed by a specific terms of reference and is expected to contribute information
about the Study Area within the context of the overall study as described by the Study Final Report. This report
has been reviewed by the Study Science Advisory Committee in regards to scientific content and has been
approved by the Study Board of Directors for public release.

It is explicit in the objectives of the Study to report the results of technical work regularly to the public. This
objective is served by distributing project reports to an extensive network of libraries, agencies, organizations and
interested individuals and by granting universal permission to reproduce the material.

This report contains referenced data obtained from sources external to the Northern River Basins Study.
Individuals interested in using external data must obtain permission to do so from the donor agency.
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THE CLIMATE OF THE PEACE, ATHABASCA AND SLAVE RIVER BASINS

STUDY PERSPECTIVE

The Peace, Athabasca and Slave rivers are sub-
basins of the Mackenzie River Basin. Their aquatic Related Study Questions
ecosystems are large, complex and subject to

significant seasonal variation. o )
13a) What predictive tools are required to

determine the cumulative effects of man
made discharges on the water and aquatic
environment?

The aquatic environments contained within the
Northern River Basins Study area (NRBS) are
undergoing change as a result of development. The
ability to predict changes likely to arise from one or
more developments was a challenge presented to
researchers from the onset of the Study. Weather
and its prevailing set of conditions, i.e. climate, is a
strong catalyst for modifying or enhancing changes
brought about by development. In recent time there
has been increasing discussion over the probable
effects of climate change on the environment,
particularly in northern latitudes. Any significant
climatic change will have implications on how these areas are managed.

14) What long term monitoring programs and
predictive models are required to provide
an ongoing assessment of the state of the
aquatic ecosystems. These programs must
ensure that all stake holders hove the
opportunity for input.

Climate within the NRBS study area varies significantly as does its influence on the aquatic environment. This
report describes the climate of the study area in the context of known climate classifications. Information on
weather regimes that give rise to various precipitation and temperature characteristics are described. Some
discussion of the likely changes the area will see in climate and its effects on the vegetation is presented. A
complementary discussion of climate changes is found in Northern River Basins Study Project Report No. 65
(The Potential Effects of Climate Change in the Peace, Athabasca and Slave River Basins: A Discussion
Paper).






Report Summary

This climate ofthe Northern River Basins, o

* shows where the Northern River Basins fit in various climate classifications; _

* presents current climate statistics for the Northern River Basins in tables, graphs and figures;

» discusses some of the weather regimes that lead to given temperature and precipitation events
across the Northern River Basins; and o _

* |ooks at climate with respect to climate based activities such as agriculture,
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10 INTRODUCTION

The Northern River Basins encompass most of northern Alberta, a large section of northeastern British
Columbia, and a section of northwestern Saskatchewan. Figure 1 shows the Northern River Basins area
relative to western Canada. The terrain across the Northern River Basins varies from mountains to
valleys to plains and hills. This climate of the Northern River Basins focuses on the climate that exists
across the Basins as reflected bY meteorological measurements during the past 30 years in particular.
A map of the meteorological stations whose data was used to make this climate annotated with the
_erlﬁvatll_on ?fthe station and a separate map annotated with the station number are in Appendix A.
e climate:
» shows where the Northern River Basins fit in various climate classifications; _
* presents current climate statistics for the Northern River Basins in tables, graphs and figures;
* discusses some of the weather regimes that lead to given temperature and precipitation events
across the Northern River Basins,
+ touches on meteorological related t_0ﬁ|cs such as permafrost; and _
* |ooks at some aspects of climate with respect to climate based activities such as aFncuIture.
Thhe climate concludes with a section on meteorological, or linked to meteorological events that made
the news,

References not reviewed are given within the text in italics but are not listed in the Reference section.

Tf}ose aeeking information on climate change and the potential effects on the Northern River Basins are

referred to:

* Environment Canada, 1995, The State of Canada's Climate: Monitoring Variability and Change, SOE
Report No. 95-1, 52 [é}o _ _ _

J Hen?_eve_ld, 1995, Understanding Atmospheric Change - A Survey of the Background Science and
Implications of Climate Chané]e and Ozone Depletion, Second Edition, Atmospheric Environment
Service, SOE Report No. 95-2, 68 pr _

« Mills, PF, "1994. The Agricultural Potential of Northwestern Canada and Alaska and the Impact of
Climate Change. Arctic, Vol 47, No 2 (June 1994):115-123

20  CLIMATE CLASSIFICATIONS

The climate across the Northern River Basins can be classified in many ways. On a global scale, Figure
2 shows how the Northern River Basins fits onto the world classification system developed by Koppen.
Koppen's climate classifications are based on a combination of temperature and precipitation and their
effect on vegetation and are empirical. Table 1 outlines KopFens climate systems descriptors and
conditions. In Table 2, more detail is provided of how the climate of the Northern River Basins is
classified accorqubto Koppen's system. In Table 2, the climate of the Northern River Basins is also
cIassmeId on the basis of: temperature; annual precipitation; natural vegetation; and air-mass
meteorology.



For those who prefer absolute rather than ‘labelled' cllmatoIoPy, Figures 4 and 6 provide maps of
temperature and 7prempltatmn respectively for January, April, July, and October for the Northern River
Basins. Figure 7 shows the mean annual precipitation for the Northern River Basins. The complete set
of monthly temperature maps is given in Appendix B and the complete set of monthly precipitation maps
is given in Appendix C. Figure 5 shows extreme maximum temperature and extreme minimum
temperature recorded at various sites across the Northern River Basins.

Site specific climates for sites within the Northern River Basins also exist. For example, Mills, 1993,
created a site specific computerized version, Climate Classification System, of the climate rating for
arable aﬂrlculture in Alberta as developed by the Alberta A?rometeorology Advisory Committee in
1987. The data base for the computerized version includes data from many sites in the Northern River
Basins. Mills' Climate Classification System is concerned with climate only. Mills cautions that any
climatic rating, classification, or recommiendation, will ne_cessanly{_be mterf)ret_ed in the light of separate
soil and landscape limitations. The climate component in the Climate Classification System is hased
on the more I|m|t|nP of moisture or energy component, and modified as required by excess spring
moisture, excess fall moisture, fall frost factor, hail factor, day length, and aspect factor. Figure 8 is
sample site-specific output from Mills' Climate Classification System and is for Grande Prairie.

Figure 1. Northern River Basins area relative to western Canada.



Figure 2. World distribution of climatic types according to the Koppen system. (From
Encyclopedia Britannica, 1980, from Lamb, Climate: Present Pastand Future). Outline
ofNorthern River Basins area superimposed on blowup of western North America.

Per Koppen, the Northern River Basins is labelled as
having a "Df "climate - D for colder temperate forest
climate and the small "f' to show that all seasons are
moist. KOEpen's climate is a world climate. 1t is the
opinion ofthis author that the level of detail given on the
Koppen figure over the Northern River Basins i
vulnerable to scrutiny. Not knowing what data were used
to compile the figure, it is suggested that the detail such
as the unlabelled area that covers a section of the
Northern River Basins on the Alberta / British Columbia
border is a reflection that there are some areas, but not
necessarily this particular area, of different climate
conditions which may or may not fit the BS or E
categories.



Table 1 Koppen Climate System Descriptors and Conditions.
(Collated from material in Encyclopedia Britannica, 1980)

A Equatorial and tropical rain climates
Average temperature of every month above 18°C
Af driest month has 2 60 millimetres of rain produces rain forest

Aw  driest month has < 60 millimetres of rain and the year's total rainfall fails to make up for the deficiency
produces savanna (grassland, some trees)

B Dry Climates of the arid zone )
Average annual rainfall:

- where summer rainiest season 2T + 28 centimetres ( T=mean annual temperature in °C)
- where rainfall fairly uniform through year 2 T+ 14 centimetres
- where winter rainiést season <2T centimetres
BS Averai;e annual rainfall:
- where summer is rainiest season >T+14 centimetres
- where rainfall fairly uniform through year between T+ 7and T+ 14
- where winter rainiest season between T and T+7 centimetre

S = steppe or savanna. This climate produce grasslands or bush.

BW Average annual rainfall:
- where summer is the rainiest season; < T+ 14 centimetres
- where rainfall fairly uniform through year : <T+7 centimetres
- where winter rainiest season: <T

W = desert wastes

C Temperate climates of the mainly broad-leafed forest zone
Average temperature coldest month  18°C to -3 °C AND average temperature warmest month greater than  10°C

Cs Wettest month comes in winter and has over 3 times rainfall of driest (summer) month
Cs climates produce broad-leafed evergreen forests

Cw  Wettest month comes in summer and has more than 10 times rainfall of driest (winter) month
Cw climates produce evergreen forests of mountain heights in the Aw zone

D Colder temperate forest climates
Averagie temperature of coldest month < -3 °C AND average temperature of warmest month greater than 10'C
D climates are only found in the great continents of the northern hemisphere.
Milder b climates go with deciduous, broad-leafed forests
Colder b climates go with needle-tree forests

Dw  Wettest month comes in summer and provides more than 10 times the water equivalent
ofthe total rain and snow in the driest (winter) month

E Treeless polar climates
Average temperature of every month below 10°C

s dryseason in summer
W dryseason inwinter
f all seasons moist



Figure 3. Climate re%ions of Alberta. éFrom Agroclimatic Atlas of Alberta, Dzikowski and
Heywood, 1990.) Outline of Northern River Basins superimposed.



Table 2.

Basis

Temperature

Annual
Precipitation

rain plus water
equivalent of snow

Koppen's global
classification for
Temperature and
Precipitation and
their Effects on
Vegetation

from Lamb as cited
in Encyclopedia
Britannica, 1980

Natural
Vegetation

from Agroclimatic
Atlas of Alberta,
Dzikowski and
Heywood, 1990

’gRowe, J.S., 1992,
orest Regions of
Canada,
Environment
Canada, Canadian
Forest Service
Publication #1300,
172pp + map)

Climate of the Northern River Basins on the basis of temperature, annual precipitation,

Koppen's global classification for temperature and precipitation and their effects on

vegetation, natural vegetation, and air-mass meteorology.
Categories Comments

Northern River Basins Category
doff

tropical
mid latitude
polar

up to 100 millimetres
> 100 mm to 250 mm
> 250 mm to 500 mm
> 500 mm to 1000 mm
> 1000 mm to 2500 mm

A- equatorial & tropical
rain climates

B -dry climates of arid
zone

C - temporal climates of
mainly broad-leafed
forest zone

D -colder temperate
forest climates

s dry season in summer
w dry season in winter
f all seasons moist

boreal forest
mountains and foothills
parkland

subarctic

Recorded annual precipitation across the Northern River Basins ranges from
about 300 millimetres (northern most Slave Basm% to more than 800 millimetres
atone station in the British Columbia section of the Northern River Basins.

Per Figure 2 and Table 1, the Northern River Basin fits into the D, colder
temperate forest climates, classification of Koppen's system. Per KOppen, the
D" cateqory is for areas where the average temperature of the coldest month is
below -3°C and the mean temperature of the warmest month is at least 10°C.
February is the coldest month across the Northern River Basins with mean daily
temperatures rang[ng from -6°C in and around the Jasper area to near -22°c
across the Slave River Basin. July is the warmest month across the Northern
River Basins with mean temperatures in the range 14 to 16°C

The "P subscript applies as the Northern River Basins receives moisture all
year long. However, there is, for the most part, a bias to the precipitation., 50
t0 65% falls during the four month May to August ‘convective' season. The
higher percentages lie across the central Athabasca Basin. There aretwo
exceptions. The firstexception occurs over the extreme northeastern section of
the Basin. At Fort Resolution and Uranium Clt¥, respectively, 36% and 46% of
the annual precipitation occurs during the May to August period. The second
exception to the majority of annual precipitation occur.rm%durmg. the May to
August period occurs over the western half of the British Columbia section of
the Northern River Basins. Here the May to August precipitation, per the
available data, ranges from 30 to 42% of the annual precipitation.

July is the month of greatest mean precipitation at almost all localities. Data
shows September amounts to be comparable to those for May.

Per Figure 3, boreal forest is the dominant natural vegetation type across the
Northern River Basins. There is an area of parklandon the southern fringe of
the basins and an area of mountains and foothills natural vegetation across the
western sections of the basins near and over the Rocky Mountains. Over
sections of the Peace River Basin, areas of prairie and parkland have developed
within the boreal forest.. Greater incidence of cold winter temperatures gives a
subarctic classification to northeastern-most section of the basin.

continued...



Table 2 Concluded. ~ Climate ofthe Northern River Basins on the basis of temperature, annual
precipitation, Kopﬁen's ?Iobal classification for temperature and

precipitation and their effects on vegetation, natural vegetation, and air-mass
meteorology.
Basis Categories Comments
Northern River Basins Category
'd off
ir- iti The Northern River Basins h tinental climate with d
e e I ke R B s onent e wit o summes 0,

“continental” label. Air masses with the "maritime" prefix do make their way
to the Northern River Basins. However, the RockK Mountains and other
mountain ranges between the Pacific and the Northern River Basins receive
much of the moisture that is available each time a Pacific (maritime) system
Pushes inland. In contrast, Arctic air masses have no problem_dro%pln_g south
rom the Yukon and Northwest Territories into the Northern River Basins during
winter without modification. During the summer, the Arctic air mass modifies
as it drops south, It picks up moisture from lakes, swamps, and vegetation
giving it a maritime flavour.

Figures 11 and 12 show the air masses that affect the Northern River
Basins winter and summer respectively.



Figure 4 Maps of mean temperatures for the Northern River Basins for JanuarK, April, July, and
October. (Data from Canadian Climate Normals, 1961-1990, Atmospheric Environment



Figure 4 Concluded.
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Figure 6. Maps of mean precipitation for the Northern River Basins for Januar%/, April, July, and
October. (Datafrom Canadian Climate Normals, 1961-1990, Atmospheric Environment
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Figure 6. Concluded.
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Figure 8. Sami)le Climate Classification per Climate Classification System Version 2.0.

(Mills and Friesen, 1993)

Agroclimatic Report for STANDARD SITE GRANDE PRAIRIE A, AB, per Climate Classification System Version 2.0
Lat: 55 deg 12 min  Long: 118 deg 53 min Elev: 669 Metres  Aspect: Level

. Lonﬂ term average Climatic Data .
Season: Start: APR 27 End: SEP 8 Duration: 134 days.  Hail risk : 2 Fall frost occurring 0 day(s) after regional average.

April May June July Aug Sept Oct
Mean Daily Max Temp (°c) 84 164 199 2.1 211 159 9.9
Mean Daily Min Temp (°C) -3.1 3.6 75 9.7 8.4 37 -1.6
Daily Mean Temp (°C) 2.6 100 137 159 148 98 41
Mean Monthly Total Precip 195 36.0 70.0 65.1 60.5 314 26.6
(millimetres)
Results
Details of Calculations given in user manual. BASIC MOISTURE COMPONENT (Precip(P) minus Potential Evapotranspiration (PE)):
all units in millimetres Cereals Forages Forestry
Month Precip PE P-PE Weight P-PE Weight P-PE Weight P-PE
April 195 0.0 195 0.5 98 1.0 195
May 36.0 96.1 -60.1 05 -30.1 10 -60.1 2.0 -120.2
June 70.0 1148 -44.8 15 -67.2 15 -67.2 20 -89.7
July 65.1 119.9 -54.8 2.0 -109.6 15 -82.2 15 -82.2
Aug 60.5 934 -32.9 10 -32.9 15 -49.4 1.0 -32.9
Sept 374 3.1 13 05 0.6 05 0.6
Total 288.5 460.4 -171.9 -239.8 -248.6 -304.9

BASIC Growing Degree Days (GDD) of: 1099 modified by temperature range effect of: 0.994 and daylength factor of: 1.093

= Effective Growing Degree Days (EGDD) of: 1194

Cereals ~ Forages  Forestry

Energy 39 28 14

Moisture 28 20 34

Basic Rating (100 minus greater of Energy or Moisture Penalties) 61 7 66
Spring Excess Moisture 0 0 N/A
Fall Excess Moisture 0 0 N/A
Frost 0 0 N/A
Hail Impact ~ (+/-) 1 0 N/A

Aspect Impact (+/-) 0 0 0

Net Site Rating  ( Basic Rating less Modifying Variable Penalties) 62 7 66
Class (h for heat limited and m for moisture limited) 2h 2h 2m

Limitation: Cereal Crops: Slight heat Virtually all crop varieties are acceptable.
Forage Craps: Slight heat Virtually all crop varieties are acceptable. o
Forestry: Slight moisture Consideration should be given to drought tolerant varieties.
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30  TERRAIN INFLUENCES ON TEMPERATURE AND PRECIPITATION

Maps of temperature (Figures 4 and 5) and Prempltatlon (Figure 6) are given earlier in the section.
'‘Caveats' apply to these figures and other figures, tables, and graphs In this climate that present
temperature and precipitation data. The Northern River Basins' drainage area consists of river valleys,
sloping uplands and mountains.  The Caribou and Birch Mountains, for example, rise about 600 metres
above the surrounding lowlands which lie at 300 metres or less. T[acmgI back to the Rockies,
elevations rise to 2000 plus metres. Since the area is not homogeneous, climato o%m_al parameters such
as temperature and precipitation measured at point locations may only be representative of a small area
surrounding the location. In the mountainous drainages of the Northern River Basins, low-lyin
locations will usually receive less E(r_eupltatlon than higher elevations. Nemanishen and Cheng, 1978,
show that low level stations like Kinuso and Slave Lake usually receive about 60% of the rainfall of
stations above 1000 metres. Generally, temperatures will not varY as much as precipitation over a
given area, or with elevation. However, during winter months low lying valleys will most often have
colder temperatures than hlﬂher elevations, partl_cularIY overm?ht, Ue 10 radiative coollng. Figure 9
shows the relief of the Northern River Basins. FI%UTG 0, an infrared satellite photo for 05 February,
shows that there is sufficient temperature contrast between higher and lower terrain that topographic
features such as the Caribou and Birch Mountains "stand out". During summer, low lying valleys can
have warmer temperatures than surrounding higher elevations.

Figure 9. Reliefofthe Northern River Basins.
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Figure 10, Infrared satellite photo 05 February 1995 showing temperature contrasts across the
Northern River Basins sufficient to allow topographr to stand out, ﬁS_atelllte photo
received by Environment Canada, Edmonton, from polar orbiting satellitt NOAA-12,
Channel 4, 05 February 1995, 11:10 MST)

Per the legend on the photo, wanner temperatures are dark (dark black is -7°C and warmer) and colder temperature are white.
The whitest shade is -37°C and colder. The contrast between temperatures in valleys (cold and white) versus those over
higher tenain (warm and dark) is particularly evident over the Yukon and southwestern Mackenzie Valley. Some relatively
warm, and hence dark appearing, low cloud lies over northeastern Saskatchewan while some cold and hence grey to white
coloured, mid and upper level cloud lies over central Saskatchewan and British Columbia.
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40  AIR MASSES AND CIRCULATIONS AND THEIR EFFECTS ON TEMPERATURE
AND PRECIPITATION ACROSS THE NORTHERN RIVER BASINS, BY SEASON

41  WINTER

Figure 11, adapted from Phillips, 1980, shows the air masses and circulations that affect the Northern
River Basins during winter. In winter, the Northern River Basins experience extended periods where
continental Arctic air - dry, very stable, pronounced temperature inversion - resides over the area. The
continental Arctic air is driven into the area most frequently by winds aloft that are northwesterly and
occasmna_l% northerly or even no_rtheasterlkl oreasterly. At the surface, the continental Arctic air airives
when a high pressure system builds, and then settles into, the area. When the flow aloft is westerly,
Gulfof Alaska disturbances with their maritime Arctic air (ver>{ unstable, cloud, flurries) stream from
the northern Gulf of Alaska across the mountains of British Columbia into the Northern River Basins.
At the surface, low pressure centres routinely lose definition as they move inland and across the
mountains. However, to the lee of the mountains, redevelopment of the surface low can take place and
the approach and passage of such disturbances bring precipitation events to the Northern River Basins.

When the flow aloft becomes west-southwesterly through southwesterlly, the disturbances and air mass
drawn from the Pacific to the Northern River Basins area get the label maritime polar. The maritime
polar air mass is hoth milder and more stable than maritime Arctic air. The approach and passage ofthe
maritime polar disturbances, like those of maritime Arctic disturbances bring precipitation.

Any system that generates winds with an easterly component across the Northern River Basins generates
upslope winds because the terrain across the Northern River Basins rises, in general, from northeast to
southwest. A high pressure centre building southeast from Yukon, for example, is likely to generate
northeasterly and hence upslope winds across much of the Northern River Basins. UCpsIope winds, in
turn, cause air to rise and cool so that it may no Ionﬁer be able to hold its moisture. Clouds form and,
depending on the amount of lift and the nafure of the air mass, precipitation may develop.

When %peaking about the "flow aloft", weather forecasters focus on charts for the 500 hectopascal (hPa
level. The average 500 hPa level lies at about 5500 metres but varies in height depending on how cold,
or warm, the air mass below itis. Lines Jrommg equal heights of the 500 hPa surface are essentially
Parallel to the winds at the 500 hPa level. The closer together the lines of equal height are, the stronger
he flow. Thus, 500 hPa height charts provide meaningful indicators about underlying temperatures and
the movement of weather systems.

For the Northern River Basins, the mean chart of 500 hPa heights for January (Figure 13) shows that the
mean upjﬁer flow is west-northwesterlg and the median he|g1ht of the 500 hPa surface is about 5300
metres. The lower the he|§iht of the 500 hPa surface, the colder the air mass. Heights are even lower
to the northeast so one would expect surface temperatures to be lower there. Referring back to Figure
4, the surface isotherms (lines of equal temperature) for January almost parallel the 500 hPa height
contours for January having progressively lower values towards ‘the northeast.
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42  SPRING

The mean flow aloft, at 500 hPa during APriI, for example, per Fi?\t‘Jre 13, favours southwesterly from
the Pacific into British Columbia and shifts to westerly across the Northern River Basins.  The median
height of the 500 hPa surface is about 5450 metres. This value is 150 metres higher than the January
value and reflects warmer air. 1t is during spring that mean daily temperatures reach ﬁosmve values
allowing the growing season to begln. For a?rlcultural purposes, the day that the mean daily
temperature reaches 5°C is labelled as the day that the ‘growing' season has begun. For natural
veq,etaﬂon including trees, the required mean _da|IP/ temperature is lower so the growm%season begins
earlier. The section titled "Agriculture and Climate' provides detail on frost dates and other degree days
tied to vegetation growth.

43  SUMMER

Figure 12 adapted from Phillips, 1990, shows summer air masses and circulations. Compared to winter,
in summer the path of low pressure systems moving across the northern Pacific is further north, the
disturbances are weaker and the disturbances are less frequent. Wet summer weather comes from
convective events - showers and thundershowers caused by daytime heating or cooling aloft, or a
combination of both. Upper_cold lows with the coolln%alof_t that they bring, Section 5.1.3, are
associated with the heaviest rains across large areas through periods of 1o 2 days Slow moving, but
severe thunderstorms bring extremes ofp_rem{)ltatlon over short time periods.  The most common air
mass over the Northern River Basins during the summer is the maritime Arctic air mass.

ComParln%<the mean 500 hPa chart for July to that for Aﬁril, Figure 13, the height contours are less
closely packed than those for April. Thus, in' general, weather disturbances will be slower to move into
and across the Northern River Basins. The direction ofthe flow into the Northern River Basins is much
the same as that in April - southwesterly across British Columbia and westerlg across the basin. The
median height of the 500 hPa surface is about 5680 metres, an increase of 230 metres from the April
chart indicating warm air.

44  FALL

The path of low pressure systems moving across the Pacific slips south from summer into fall and the
disturbances become both more frequent and more intense. Comparing the mean 500 hPa chart for July
to that for October in Flﬁure 12, the contours are much closer toget er on the October chart and the
median 500 hPa height has dropﬁed to about 5510 metres, or a roa of 170 metres since July - an
indication that the air mass over the Northern River Basins Is cooler than in July.

Figures 10 and 11 deRict, respectively, the winter and summer air masses that affect western North

America and the Northern River Basins. Both the source air masses and the air masses that feed into
the Northern River Basins change significantly from winter to summer.
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Figure 1. Winter air masses and circulations.
(Adapted from Phillips, 1990, Climates of Canada)
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Figure 12 Summer air masses and circulations.
(Adapted from Phillips, 1990, Climates of Canada)
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Figure 13 Mean 500 hectopascal (hPa) height contours in metres for January, April, July and
October, 1956 to 1993 data. FGenerated by Trudy Wohlleben, Environment Canada,
from NCAR, National Center for Atmospheric Research, U.S., data)
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50  CONVECTIVE SEASON PRECIPITATION AND CONVECTIVE WEATHER

The heaviest rainfalls, both locally and across large areas of the Northern River Basins, fall over the
basin during the ‘convective season' - the season where enough lift is 8enerated in the air mass by
daytime heating or cooling aloft, or a combination of both, so that clouds develop and blossom into
showers and thundershowers.  Thundershowers, inturn, brln% ‘convective weather' such as locally heavy
downpours, lightning, hail, strong winds, and in the extreme, tornadoes.  The ‘convective season” begins
about mid May and continues to the end of August and occasionally into September. Convective events,
although rare, can occur during other months. The wettest moriths of the convective season are, on
averaﬁe, June and July. Figure 14 graphs premPltatmn for selected Northern River Basins sites by
month and presents convective season and year totals. Figure 15 maps the mean convective season
precipitation across the Northern River Bagsins. Figure 16 shows the percentage of the mean convective
season gMay to August inclusive) precipitation to the mean annual precipitation across the Northern
Rivers Basin.  Figure 17 shows the extreme daily precipitation, b?/ month, recorded at selected
Northern River Basins' stations. Table 3 gives statistical (Gumbel) return period rainfall amounts for
selected stations of the Northern River Basins.

Figure 4. Mean precipitation for selected sites in the Northern River Basins by month plus

convective season (May to August inclusive) and year totals, (Data from Canadian
Climate Normals, 1961-1990, Atmospheric Environment Service, 1993.)
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Table 3.

Duration
L hour
6 hours

24 hours

1 hour
6 hours
24 hours

1 hour
6 hours
24 hours

Statistical (Gumbel) return period rainfall amounts for selected stations of the Northern
River Basins. Derived from tipping bucket rain gauge data. (From Short Duration
Rainfall Intensity Duration Frequency Tables and Curves - Version 91, Atmospheric
Environment Service, 1991.)

Two year return period rainfall amounts (millimetres)

Edson Slave Peace Grande Fort St Fort Fort

Lake River Prairie John McMurray  Chipewyan
21 years 18 years 24 years 21122 years 16 years 25 years 22 years
1970-1990  1973-1990  1966-1990  1968-1990  1973-1990  1966-1990  1969-1990

17 15 13 12 13 13 12
21 29 22 24 21 25 21
49 42 3l 40 36 39 3

Ten year return period rainfall amounts (millimetres)

25 26 22 18 21 21 22
37 46 3 40 34 41 35
68 68 41 70 50 64 55

Twenty five year return period rainfall amounts (millimetres)

30 32 21 22 25 24 21
42 o4 35 48 40 49 42
7 82 55 85 58 1 66
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Figure 17.  Extreme recorded daily precipitation, by month, for selected stations of the Northern
River Basins. (From Canadian Climate Normals, 1961-1990, Atmosgher!c Environment
Service, 1993, updated to 1994 using data provided by Climatology Section, Prairie and
Northern Region, Edmonton.)

Period of record for sites on the graph:
Grande Prairie 1942 t0 1994

Fort St John 1942 to 1994
Fort Smith 1943 to 1994
Peace River 1944 10 1994

Fort McMurray 1944 10 1994
Fort Vermilion 1962 to 1985
Edson 1970 to 1994

mm

(=)

Ex TaM O o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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51 METEOROLOGICAL FEATURES DURING THE CONVECTIVE SEASON

An event that can heat the low levels of the atmosphere and make it rise, or any event that can cool the
air aloft and hence make existing low level air relatively buoyant and get it to rise, has the potential to
create cloud and then showers and thundershowers. Cooling aloft over the Northern River Basins
happens when the flow aloft feeds cooler air over the basin. Such cooling is usuaII?/ tied to the approach
ofan upper level disturbance or upper cold low. There are also other factors that can cause air to rise
such as the lift generated when air is pushed up a slope or over a mountain. The most obvious
mechanism for warming of the low levels is solar heating. Hence, a common daily cycle over the
Northern River Basins is for clear morning skies to give way to cloudiness by midday and to showers/
thundershowers by mid afternoon. These usually persist until mid evening. Clearing then usually
follows although some cloudiness and shower activity can linger overnight into early morning.

During the convective summer season, there are a set of meteorolo%mal features that stand out. These
features are: upper ridges because of they give periods of warm (hot) temperatures and low humidities
and a lack of convection, upper disturbances hecause they support convection (shower and
thundershower activity), and upper cold lows because they bring organized areas of precipitation.
Another feature of note during the convective summer season is slow moving air mass thunderstorms.

5.1.1 Upﬁer ridges - B% definition, an quer ridge is an elongation of higher heights extending from
a centre of high heights. The air mass over the Northern River Basins both warms and dries as an upper
ridge builds over the area. Thus, when there is an uPper ridge building over the Northern River Basins,
skies favour sunshine and daytime highs push to values which can approach extremes. An uPper rld%e
can linger over the Northern River Basins for an extended period of time. The moisture content of the
air mass under an upper ridge can, however, creep up as lakes and vegetation feed moisture to it. Given
enough moisture, afternoon and evening showers and thundershowers develop. Figure 18 is an example
of an upper ridge building into the Northern River Basins.

Figure 18 Upper ridge building into the Northern River Basins, 22 to 24 August 1981.
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5.1.1.1 Upper ridge breakdown - Upper disturbances can ride along and into the west side of an upper
ridge. The upper ridge may or may not rebound once the uplper disturbance has moved through.
Sometimes the upper ridge collapses completely and an u?per cold low takes over. In such a scenario,
athundershower outhreak can be followed by a period of cool wet windy weather.

5.1.2 UpJJer disturbances - UpPerdlsturbances are 'ripples’ in the flow aloft that support vertical
motion and hence the development of cloud and ﬁrecgpltatmn. Cooling aloft usually occurs as upper
disturbances approach. - With this cooling aloft, the air at low levels becomes warm relative to the air
above it, and hence buoyant and rises. The r|3|n([1_a|r may cool to the temPe_rature at which the air can
hold no more moisture. "Then, clouds form and u tl_mateIBy, given sufficient lift, precipitation develops.
|fthe flow aloft is strong enouBh, the Northern River Basins can experience the passage of an upper
disturbance on a daily basis. eBe.ndmg on factors such as the amount of moisture and the degree of
cooling that an upPer disturbance brings, and the synchronization of the uRper disturbance |Qassage with
daytime heating, there will be varying amounts of shower and thundershower activity. For examPIe,
when the timing/conditions of the events is such that the relative humidity is high, daytime heating
occurs, and the cooling aloft associated with the approach ofan upper level disturbance's approach starts
kicking in durmﬁ the afternoon, significant ‘outbreaks' of convective (thundershower) activity with
resultant locally heavy downpours and other convective weather is likely.

5.1.3 Upper cold lows - The Northern River Basins, indeed all the river basins of Alberta, may
experience one particular weather event that can generate great amounts of precipitation across a large
area during the summer convective season - an upper cold low. While uPper level disturbances move
across the Northern River Basins usually in a matter of hours, upper cold lows, or at least the effects of
an upper cold low, tend to ‘arrive’ and stay for at least a day. Cooling aloft occurs as the upper cold
low approaches. This enhances lift generated by heating” from below and scattered shower and
thundershower actm% mer%s into a general rain area. Upper cold lows have their own circulation of
cloud rotating about them. When an upper cold low is to the south of the Northern River Basins, the
winds over much ofthe Northern River Basins will be upslope northeasterly winds and upslope winds
provide an added lift mechanism. Precipitation from upper cold low events is often significant, There
are routinely areas of 50 to 100 millimetres of rain associated with upper cold lows and occasionally
greas 0200 to 300 millimetres over 2 or 3 days. Infrequently, higher elevations may receive snow, even
uring summer.

Figures 19, 20 and 21 depict a cold upper low moving from off the British Columbia coast to over the
Northern River Basing and an area of precipitation encompassing a large section ofthe Northern River
Basins developing. During this particular event 234,848 square kilometres of mostly Northern River
Basins country received 50 millimetres or more of rain with 264 square kilometres vicinity the Smoky
Lookout (near Grande Cache) analyzed as receiving at least 300 millimetres of rain.
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Figure 19, Figure 20.

Flow aloft S?OO_hPa) 6 AM MDT 31 Flow aloft (500 hPa) 6 AM MDT 01
July 1987 ovymg south-southwesterly August 1987 showing a cyclonic flow
flow across British Columbia and the around an upper cold low centred vicinity
Northern River Basins and an upper cold Edmonton. This is the upper cold low
low off the British Columbia coast. which 24 hours earlier lay off the British

Columbia coast.

Surface analysis midnight MDT 31 July 1987
sh_owmgi (hatched) area where at least 50
millimetres of precipitation fell during the event.

(from Storm Rainfall in Canada Series, Alta-7-87 Event, Atmospheric Environment Service, 1987)
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514 Slow moving thunderstorms, lots of precipitation locally in a hurry - A situation that can
deposit a lot of precipitation in a short period of time at a given location is a slow moving
thundershower. Occasionally, when the flow aloft |sweak,athund_er_sho_vver?s) will develop and remain
resident over an area through its entire life cycle. Hence, the precipitation from the thundershower(s)
gets dumped in one place. Many of the extremes of precipitation as graphed in Figure 17 came from
such stationary / nearly stationary events. Thus, although Figure 17 shows the time period as being 24
hours, in many cases, most ofthe precipitation fell within' 1to 2 hours thereby severely testing the
ability of the area where the precipitation fell to dispel it

The following table shows precipitation amounts that were recorded at the Grande Prairie airport duringi
the ‘convective' event of 05 August 1994 (Drews, 1995). In this case, a weak, slow movm?, upper leve
disturbance allowed a thunderstorm to develop and sit over Grande Prairie where it dumped its
moisture.

Table 4. Rainfall amounts, Grande Prairie airport, tipping-hucket rain gauge (corrected amounts)
(millimetres), 05 August 1994,
Duration 10 minutes 30 minutes ~ Lhour 2 hours 6 hours
Rainfall 2.1 62.3 84.0 84.3 90.0
(millimetres)

Eighty-four of the 90 millimetres of rainfall for Grande Prairie shown in Table 4 fell in one hour.
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515 Other phenomena with thundershowers - hail, damagln%wmds, tornadoes, lightning - In
addition to heavy downpours, thundershowers can be accompanied ydamagmq_wmds, hall,Ilghtmng,
and, in the exfreme, tornadoes. Examples of such 'nasty’ weather are listed in Section 8.0.
Thundershowers are commonly labelled thunderstorms when such nasty weather accompanies them.
Please note that the observation and Iogc}gng of such events is a function of population density. There
are large tracts of the Northern River Basins where the population density is sparse,
Thundershower/storm events such as hail and even tornadoes may take E)Iace_ unseen and those that are
witnessed may not find thew,wakl into weather records. Hence, the following climate of some of the
nasty weather that accompanies thundershowers/thunderstorms is meant to be illustrative rather than
quantitative. Tornados have been observed in the Northern River Basins. The two tornados observed
and mentioned in the Historical Meteorological Events section were both rated as FO tornadoes. Per
Ludlum, 1991, tornado researchers use a scale known as the Fujita-Pearson Tornado Intensity Scale
(named after its creators) to rate tornadoes. The scale provides ratings in the areas of force or wind
speed, path length, and the path width. The scale ranges from FO to F5 and a tornado can be rated
differently in each ofthe categories. The 'label' most frequently appended to a tornado s its rating Per
the wind speed scale. The maximum wind speed of a F0 tornado Is 116 kph versus wind s‘oeeds in the
420 to 496 kph range for a F5 tornado (Ludlum, 1991). The Edmonton tornado of 31 July 1987 was

rated at F4.

Figure 22 maps tornadoes logged across Canada from 1916 to 1989. Figure 23, Paruk and Blackwell,
1993, shows the number of severe thunderstorm events (hail greater than 20 mm diameter (graPe size)
and/or wind qusts greater than 90 km/h and/or rain of more than 30 mm in one hour and/or any tornado
orwater_spou%. There is a relative maximum of reported severe events at Peace River which could be
due to either or a combination of recording diligence or the meteorology of the area is such that it is a
favoured location for severe thundershower events. The majority of the severe events logged at Peace
River were hail events.

Figure 2. Tornadoes across Canada, 1916 to 1989. (From Climatic Perspectives, October 1993)
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Figure 23.

Severe thunderstorm events reforted in each Alberta county or district per 100,000 km2
for the Ferlod 1982 to 1991, A severe thunderstorm event is any one of, or a
combination of, hail greater than 20 mm diameter (grape size), wind dgusts greater than
90 km/h, rain of more than 30 mm in one hour, and any tornado or waterspout.
Contours are for 1, 5,10, and 20 events. (From Paruk and Blackwell, 1993.) Outline of
Northern River Basins superimposed.
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5.15.1 Lightning - To monitor Ii?htning occurrence, Alberta Forestry has established a lightning
detection network which also uses data from a few sensors in British Columbia. Figure 24 shows the
Ilghtnmq sensor network across Alberta that was in place during 1995. Figure 25, provided by Bruno
Larochelle, Northern Alberta Environmental Services Centre, 1996, gives a climatology of cloud to
ground lightning strikes "sensed" for Alberta sections ofthe Northern River Basins based'on available
ata - 8 years SP_annlng 1987 to 1995 but excluding 1991. The lightning network senses the
electromagnetic fields radiated by lightning and is designed to respond to those fields that are
characteristic of return strokes in cloud-to-ground flashes. It is estimated that each sensor in the
network detects 80 to 90% of the cloud to ground strikes. The system is able to differentiate between
positive and negative strikes. With ne%ivt!ve strikes, the most common t}r/]pe of strike, a negative charge
1S I%weredhfrom the cloud to the earth. With a positive strike, a positive charge is lowered from the cloud
to the earth.

[llustrative daily lightning maps are given in Figures 26 and 27 noting that there are days during the
summer months when there are no strikes “sensed” or, there is no lightning activity to sense, L[ghtnmg
plots on the orlgzmals are in colour in time steps makm%the originals less “ousy". The map in Figure 2
Was chosen as it shows the Ilghtnlng| detected the day Beaverlodge had a thundershower which gave a
heavy downpour on the town - 06 July 1995.  In addition to maps, the Ilﬁhtnm% data has also analyzed
to show the number of strikes within distance "x" from a given site. Table 5 shows, for example, the
number of cloud to ground strikes recorded within 20 kilometres of Grande Prairie, Slave Lake, and
Whitecourt 06 July 1995. Such statistics, when generated for a month rather than a day, are exPeqted
to provide meaningful site-specific lightning statistics and in turn site-specific thundershower statistics.
Output from the Ilgrhtnmg sensor network has already Prompxed (uestions as to how representative the
existing site-specific thundershowers climatologies found in the Canadian Climate Normals are - a
thundershower day being a day when thunder was heard and logged. 21 August 1994 was chosen for
Figure 27 as a representation of a busy IlF%htntq day. There were 47,746 strikes recorded on this day,
the majority of occurred on the Northern River Basins' area. The record to date is approximately 65,000
strikes detécted across the area covered by the map.

Figure 24, élberta ;ightning sensor network, 1995. (Figure courtesy Nick Nimchuk, Alberta
orestry.
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Figure 25.  Average number of cloud to ngound lightning strikes per year for Alberta ona 10 x 10
kilometre square based on 1987 to 1990 and 1992 to 1995 data. (Figure courtesy Bruno
Earo%he)lle, 1996, Northern Alberta Environmental Services Centre, Environment
anada.
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Figure 26.  Cloud to ground Ii?htnin, 06 July 1995, ("+" = positive strikes, "x" = negative strikes)
(From Northern Alberta Environmental Services Centre, Environment Canada)

There are routinely more negative strikes than positive strikes. Per the count on the upper right-hand side of the figure there
were 10 negative strikes to every positive strike on 06 July 1995. Positive strikes tend to have a longer continuing current
than negative strikes and to come from the side of a thunderstorm where there is little precipitation.

POS NEG
3313300
TOTAL
3631

FIRST FLASH
Jul 06 1995
00:05:37

LAST FLASH
Jul 06 1995
23:59:34
49:24:44W
114:39:17W

Table 5. Li%htning strikes recorded within 20 kilometres of Grande Prairie, Slave Lake and
Whitecourt, 06 July 1995. (From Northern Alberta Environmental Services Office,
Environment Canada)

Number of cloud to ground strikes

midnight to 6 AM to  noon to 6 PM to
6AMMDT  noonMDT 6PMMDT  midnight MDT ~ TOTAL

Grande Prairie 18 18
Slave Lake 2 3 5
Whitecourt 3 3l
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Figure27.  Cloud to ground lightning, 21 August 1994, a busy d
within the map area. (Figure courteSy Northern Alberta

Environment Canada.)
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with 47,746 strikes recorded
vironmental Services Centre,

POS NEG
2965 44781
TOTAL
47746

FIRST FLASH
Aug 21 1994
00:00:06

LAST FLASH
Aug 21 1994
23:50:00
57:39:13W
113:48:50W



6.0 WINTER WEATHER AND PERMAFROST
6.1 SNOW

Figure 28 shows monthly snowfall and month-end snow cover for several locations across the Northern
River Basins. Perthe figure, maximum snowfall occurs during January and the maximum month-end
snow cover occurs the end of February. Comparing the recorded measured snowfall to the water
equivalent, Figure 29 shows that the driest snows, the snows with the highest ratios of snow depth to
wa%elrlequwalent, occur during the winter while the wettest snows occur during spring and late summer
or fall.

Figure 28.  Monthly snowfall and month-end snow depths for selected sites of the Northern River
gasms. (Pg%tg {rom Canadian Climate Normals, 1961-1990, Atmospheric Environment
ervice, 1993,
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Figure 29.  Mean snowfall versus water equivalent, by month, Peace River, Edson and Fort Smith,
(From Canadian Climate Normals, 1961-1990, Atmospheric Environment Service, 1993))

Ratio: Snowfall (cm) to water equivalent (mm)
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62  ABOVE FREEZING WINTER TEMPERATURES

During the winter, the flow aloft, generally westerly, occasionally brings air with above freezing
temperatures aloft over the Northern River Basins. The above free;m? temperatures can make it to the
surface particularly when there are strong winds to mix the warm air aloft down to the surface and flush
out residual cold air. Across the east slope ofthe Rockies, including those ofthe Northern River Basins,
but particulary across southwestern Alberta, above freezing surface temperatures can occur when warm
diy winds descend the east side of the Rockies, Moist air on the west side of the mountains cools at it
climbs and looses its moisture. The rate ofwarning of the now dry air on the east sie if the Rockies is
greater than the rate of cooling that occurred on the west side of the Rockies resulting in air "surfacing”
with temperatures a little warmer than those that it started out with as it first met the British Columbia
Coast. Figure 30, per Longley, and taken from the Agroclimatic Atlas of Alberta, shows the number of
winter da%s that the daytime maximum temperature gets to at least 5°C for the Alberta section of the
Northern River Basins. * Table 6 shows the extreme and mean maximum temperature posted at selected
Northern River Basins' stations for December, January, and February.

Figure 30.  Average number of days during the winter (December, January, February) when the

daytime maximum reaches at least 5°C. N(From AFgrocIimat_|c Atlas "of Alberta,
Dzikowski and Heywood, 1990.) Outline of Northern River Basins superimposed.
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Table 6.

Dec

Jan

Feb

Dec

Jan

Feh

Highest maximum temperature (for period shown in table) with Year recorded and
average mean daily maximum temperature (for period shown in table) for December,
January and February, for selected stations of the Northern River Basins. gFrom
Canadian Climate Normals, 1961-1990, Atmospheric Environment Service, 1993.)
Edson  Grande Peace Fort St High Fort Fort Uranium
Prairie River John Level McMurray  Smith City
1970-1990  1942-1990 1944-1990 1942 - 1990 1970-1990 1944-1990 1943-1990 1953 - 1986
1970-1990  1961-1990 1961-1990  1961-1990 1970-1990  1961-1990 1961-1990 1961-1986
1548 133w 94w 1ldw 123 1006 9.7 '8 59 '%
5.4 83 101 91 148 126 17.2 7T
137 % 111 65 10.0 45 10.6 '65 9.7 '89 11.6 89 §.2 81 3.3 85
53 100 122 108 158 145 203 218
165'% 1175  94's 128'8 122'8 1508 120'% 59 %
25 61 76 6.5 114 86 152 16.2
Beaverlodge Fort
Vermilion
1942-1990 1908-1985
1961-1990 1961-1985
16.7 "0 183 13
75 157
167 31 1.1
9.0 18.2
16.1 54 211 3
52 120
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6.3 FREEZING PRECIPITATION

Freezing rain can occur when there are below freezmgi temperatures at ground level and above freezing
temperatures aloft. Then, when precipitation falls, | maY melt to rain as it passes throu%h the above
freezing layer. If the precipitation remains |I_(iUId until it makes contact with objects and the ground
(which have below freezmg temperatures? itwill freeze immediately to form a layer of ice on the objects
and on the ground. The added weight of reezm% rain on electrical wires, for example, may cause them
to topple. Freezing rain may coat highways with enough precipitation to turn them into skating rinks
making driving conditions treacherous. Table 7 shows the mean number of days ofreported freezing
rain occurrence at selected Northern River Basins' stations, From the table, November and December
are the months when the Northern River Basins is most likely to experience freezing precipitation.

Table 7. Mean number of days with freezing E{r.ecipitati.on for October to May inclusive
for selected stations of the Northern River Basins. (From Canadian Climate Normals,
1961-1990, Atmospheric Environment Service, 1993))

Edson Grande Peace  FortSt  High  Fort Fort Uranium

Prairie  River  John Level  McMurray ~ Smith  City

Ot <1 <l <1 <1 N <1 2 2

Nov 2 2 2 1 3 2 4 3

Dec <1 1 2 <1 2 2 1 2

Jan 1 1 <1 <1 1 2 <1 1

Feb <1 1 <1 <1 <1 1 1 <1

Mar <1 <1 <1 <1 <l <1 <1 <1

Apr N <1 <1 <1 N <1 <1 <1

May <1 0 <1 <1 N <1 <1 <1

N - data exists but not enough to derive a value
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64 PERMAFROST

Per Figure 31, there is discontinuous permafrost in sections of the Northern River Basins northward
of about 56°N. Permafrost becomes widespread over extreme northeastern sections of the Northern
River Basins. Between about 54°N and 56°N and across the mountainous southwestern sections of the
Northern River Basins, localized permafrost exists.

Figure 31, Permafrost zones. (From Mackenzie River Basin Study Report, 1981.)
Outline of Northern River Basins superimposed.
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70 AGRICULTURE AND CLIMATE
Precipitation, temperature, and sun are three key ingredients for plant growth.
11 PRECIPITATION

Per Figure 16 in Section 5, the percent’e\l/?e of precipitation that falls over the bulk of the Northern River
Basins during the gzrowmg season, 01 May to 31 August, (labelled the convective season in Section 5)
ranges from about 50 to 60% of the annual preC||0|tat|on Most of the precipitation falls as rain.
Precipitation in any month is variable and drg spells of a month or even a little _Iong%er are possible.
Figure 31, from Dzikowski and Heywood, 1990, shows the variability offrempnatmn orthe growing
season 01 May to 31 August and the Z_ear long period 01 Septemberto 3L August for Beaverlodge for
the period 1950 to 1988. Dzikowski and Heywood's figure also shows the maximum, mean, and
minimum recorded over the period.

The precipitation that falls on the Northern River Basins during the é;rowin season, although 50 to 60%
of the annual precipitation, is not generally enough to meet the demands of crop water use. Hence,
precipitation between growing seasons is important.

Figure 32. Annual and growing season precipitation at Beaverlodge, 1950 to 1988.
(Dzikowski and Heywood, 1990)
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12 TEMPERATURE

121 FROST

At weather and climate stations, temperatures are measured 1.2 metres above the ground surface b
thermometers located in louvred screens. It is these temperatures that have been used in this study.
few stations such as those at Agriculture Canada Research Stations also record temperatures 3to 4
centimetres above a short grass surface using thermometers exposed to the sky. These temperatures are
more representatwe of ‘crop' temgeratures. During the simng/fall ‘frost' season, the grass minimum
temperatures are lower, generall¥ to 5°C but as much as 10°C lower, than screen height temperatures.
Since the seedlings of most of the field crops grown in the Northern River Basins can withstand
temperatures of-4 o -6°C, and the crops themselves can withstand temperatures as low as -6°C, frost
data collected at screen height remains meaningful.

Figure 33 shows the annual mean number of frost-free da¥s for stations across the Northern River
Basins. Figures 34 and 35 show respectively the mean dates for beginning and ending of the frost free
season across the Northern River Basins. Values are plotted for stations with 9 or more years of data.
Both the number of years of data and local tofjography such as differences in elevation, aspect, and slope
may explain why some stations only a few kilometres apart, and in apparently similar surroundings, have
frost-free periods that differ. Compare, for example Dawson Creek and Arras in Table 8. Dates for the
mean beginning of the frost free period are generally late Max into early June but vary considerably
both across the map and within a specific area. Table 8 shows the variability in mean frost dates across
the Peace River Basin. Frost data alone is potenﬂal!ly misleading. Per Mills, 1995, personal
correspondence, Beaverlod(ie and Grande Prairie are only 40 kilometres apart. Frost data shows Grande
Prairie having, on average 12 more frost-free days than Beaverlodge but production is similar. The 49
day frost-free period at Arras is particulary misleading as wheat, barle%, and canola are all grown there.
Table 9 parallels Table 8 but for middle Athabasca stations. About 50% of the last of the spring frosts
occur inthe week before and after the mean frost date. During the fall, about 50% of the frosts occur
within one week before and one and a half weeks after the mean fall frost date. Table 10 shows
variability in frost dates at Grande Prairie and Table 11 the variability at Athabasca.
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Table 8. Variability of beginning, ending, and length of the frost-free period for selected stations
inthe Peace River basin. (From Canadian Climate Normals, 1961-1990, Atmospheric
Environment Service, 1993.)

Grande Beaverlodg  Dawson Arras Baldonnel  Fort St. John
Prairie e Creek
Period of 30 years 30 years 21 6years 15 years 25 years 30 years
Record. 1961-90 196190 196490  1970-88 1961-90  1961-1990
Mean 18 May 26 May 05 June 03 July 26 May 21 May
'heginning'
(ate earliest latest
ofgroup of group
(earliest of entire (latest of
data set) entire data
set)
Mean 13 Sep 07Sep  29Aug 21 Aug 09Sep  15Sep
‘ending’ .
date earliest of latest of group
roup &17_ Sep at
((]ea_rllest of airview latest
entire data of data set)
set)
Mean 118 106 86 49 106 118
length
(days) longest (tied) in shortest longest (tied) in
group and group and
second longest second longest
in data set ~ in data set
(124 at Fairview (124 at Fairview
I longest in data IS longest in data
set) set)
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Table 9. Variability ofbe%inning, ending, and length of the frost-free period for selected stations
in the middle Athabasca River basin. (From Canadian Climate Normals, 1961-1990,
Atmospheric Environment Service, 1993.)

Edson Campsie Athabasca
Period of 20 years 20 years 22 years
Record 1970- 1990 1961-1990  1961-1990
Mean 14 June 10 June 23 May
heginning
date latest of group earliest of group
Mean 29 Aug 30 Aug 12 Sep
‘ending
date earliest of group latest of group
Mean 1 82 113
length
(days) shortest of group longest of group

Variability in frost dates at Grande Prairie, (from data through period 1942 to 1993)

Beginning Earliest 04 May 1948
Latest 18 June 1949
Ending Earliest 14 Aug 1950/52
Latest 09 Oct 1980
Longest 158 days 05 May to 09 October 1980
Shortest 75 days 02 June to 15 August 1973

Variability in frost dates at Athabasca, (from data through period 1959 to 1992)

Beginning Earliest 05 May 1988
Latest 24 June 1965
Ending Earliest 21 Aug 1992
Latest 05 Oct 1987
Longest 158 days 07 May to 02 October 1976
Shortest 72 days 24 June to 03 September 1973
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122 TEMPERATURE THRESHOLDS

There are temperature thresholds other than the frost-free period that affect crop ?rowth. Cool season
crops such as wheat, barley, and oats grow well at temperatures above 5°C. At temperatures above
30°C, crops are ‘stressed’. The stress threshold is moisture dependent and Mills, 1995, Fersonal
correspondence, advises that stress is often seen when temperatures reach 25°C. - Following tables show
frost-free and heating degree day comparisons for selected stations primarily in the Peace and Athabasca
agriculture areas. For a?rlculture, the day in the spring that the mean daily temperature reaches 5°C is
deemed to be the start date for the growing season. However, each variety and species of vegetation may
require a different threshold for the beginning and ending of the growing season.

Sample degree day calculation: _ _ _

|f the mean temperature for the day is 19 °C (which you would have with, for examf)le, ahigh of
27°C and an overnight low of 11°C for mean of (27+11)/2 = 19°C), then there would be:

19-5 = 14 degree days with respect to growing degree days (mean daily temperature above 5°C)

Table 10. ~ Mean frost-free period, May to August and annual growing degree da% comparisons,
and mean number of "stress" da){s for selected, mainly Peace River basin, stations.
%BOSrg Canadian Climate Normals, 1961-1990, Atmospheric Environment Service,

Peace Grande Dawson FortStJohn  Fort
River Prairie Creek Vermilion

Mean Frost-free period 101 days 118 days 86 days 118 days 99 days

Growing degree days MaytoAug 1066 days 1085 days 981 days 1050 days 1155 days
>5°C
Annual 1276 days 1324 days 1212 days 1295 days 1344 days

Mean number 'Stress' days
(maximum temperature > 30°C) <2 days < 2 days <2 days < 1days 3 days

Table 11 Mean frost-free period, May to Au?ust and annual,growi_rzjg degree day comparisons,
and mean number of "stress" days for selected, mainly middle Athabasca River basin,
stations. gFrom Canadian Climate Normals, 1961-1990, Atmospheric Environment

Service, 1993)
Peace Edson Campsie Athabasca  Fort Smith
River
Mean Frost-free period 101 days 77 days 82 days 113 days 17 days

Growing degree days MaytoAug 1066 days 922 days 1060 days 1119 days 1033 days
>5°C
Annual 1276 days  1122days  1279days 1366 days 1162 days

Mean number 'Stress' days < 2 days - Ldays <2 days <2 days 3 days
(maximum temperature > 30°C)
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1.3 GROWING SEASON AND HOURS OF SUN

Across the Northern River Basins there are more hours of daylight, and therefore Bossible sunshine
available, during the rowmg season than there are across, for example, southern Alberta, as reflected
by the numbers in Table 12. It is this Ien({th rather than the br!?htness of the sunshine which is
important for plant growth. Per Figure 36, the abundance of available daylight during the summer
gi]rowmg season is in sharp contrast to the lack ofdayh_?ht during the winter. At Fort Smith, for example,
there are, at peak, close to 19 hours of da |I_?ht available during the summer versus the minimum of
close to six hours during the winter. Per Mills, 1995, personal correspondence, there are two effects
of long hours of daylight: rapid growth and minimal respiratory loses at night since the period of
garlfnehsts I 50 short. 'Each crop, indeed each species of a crop responds differently to the long hours of
aylight,

Table 12 ComParison_ of maximum Possible hours of daylight during the %rowing season for
selected stations of the Northern River Basins versus Lethbridge, Alberta.

Hours of daylight

Lethbridge Peace River  Edson Fort Smith
(southern Alberta)

21 May 15.6 16.7 16.2 17.6

21 June 16.3 177 17.1 18.9

21 July 15.7 168 16.3 177

21 August 141 14.7 145 152

Figure 36.  Hours of daylight for selected stations of the Northern River Basins.
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80 HISTORICAL METEOROLOGICAL EVENTS, NORTHERN RIVER BASINS

This section provides examples of meteorological, or meteorological induced events that have occurred
across the Northern River Basins.  Events cited are from a number of different sources; among them the
1988 Weather Calendar produced by Dave Phillips, Atmospheric Environment Service, Downsview;
?ersonal files of Brian Mottus, Environment Canada, Grande Prairie; and various hK/(iIrologlcaI reports
ocused on flood events. The "Lesser Slave Lake Flood Stuay", Nemanishen and Meeres, 1980, was
particularly useful as a source for material on heavy rains/flooding for the Lesser Slave Lake area.

81  TEMPERATURES

8.1.1 Cold temperatures

24 July 1918 B

Coldest July period on record occurred throughout the wester Prairies. Temperatures of-3°C to -10°C
resulted in crop and garden losses. (Phillips, 1988.)

11 January 1911

Fort_Verr?]/iIion recorded a record low of -61.2°C, the lowest temperature ever recorded in Canada
outside of the Yukon. (Phillips, 1988) (Canadian Climate Normals 1961-1990, Atmospheric
Environment Service, 1993.)

8.1.2 Warm temperatures and changes to cold temperatures

10 October 1986 _ _
Indian Summer began across Alberta. Fort McMurray posted a high of 25°C on the 16th, It was not until
26 October that the daytime maximum fell from values in either the teens or twenties. (Phillips, 1988.)

8 to 31 October 1984 _ _ o

The weather at Fort McMurray during October 1984 illustrates the variability in weather that can occur
across the Northern River Basins over the course of a few days, On 8 October 1984, a high 026 °C was
posted at Fort McMurray. 38 millimetres of rain fell in the period 12to 14 October with highs of 7,7,
and 3 respectively. 17 centimetres of snow fell on the 16 with a high JUSt ahove zero. By 27 October
1984, daytime highs were -10°C or lower and overnight lows were -19°C or lower. (Climate Records,
Environment Canada.)

%12/12 JLAF}%Bg% SCALE PRECIPITATION/FLOODING

une

HeavY rain at Grande Prairie, 96 millimetres, and up to 200 millimetres in the West County. West
County schools closed due to flooding, the first time schools had closed in June due to weather.(personal
correspondence, Mottus, 1995.)

06 July 1988
On 06 July 1988, the Town of Slave Lake experienced severe flooding from Sawridge Creek. The
f|(_)0_dln(I] resulted from heavy preugltatlon that accompanied an upger cold low passagie. Up to 160
rénlllme r1e58%f)ra|nfell in the upper Sawridge Creek Basin over an 18 hour period 06 July. (Drury and
amer, 1989,
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16to 18 July 1986

A storm cauysed heavy precipitation over west-central Alberta watersheds. Heavy snowfalls occurred
over h|g1he_r elevations with Grave Flats reporting nearly 75 centimetres. Although the precipitation
accumulations were below record levels, significant rainfalls during the previous two weeks had
saturated the soils. The combined rainfall and snow melt from the 16to 18 July event resulted in several
rivers reaching flood levels. Extensive flooding was reported on the Athabasca, McLeod, Pembina,
and Padale rivers, all Northern River Basins rivers, and on the North Saskatchewan and Red Deer rivers.
(Warner and Paruk, 1988.)

14/15 July 1982

Heavy rai}q in the foothills south and southwest of Grande Prairie resulted in flooding on the Wapiti and
Smoky Rivers. Among other damage, the city water supply was knocked out for 10 days due to the
flooding. Meteorologically, the event shared components common to the majority of the storms that
occur during the summer across the Northern River Basins: an uloper cold low 8500 hPa); a surface low;
a combined upslope flow, influx of low level moisture, low level convergence, and instability. (Drews,
1983, and MacCulloch and Drews, 1988.)

04 June 1980 _ , .
Washouts and mud slides near Edson due to heavy rain across west-central Alberta. (Phillips, 1988.)

30 April 1979
Heavgl precipitation and late melting snow caused ice-clogged rivers of Clearwater, Athabasca, and
Peace to flood 1530 square kilometres of Alberta farmland. 7000 residents evacuated their homes.

(Phillips, 1988)

26 t0 29 June 1975

50to 100 millimetres of rain on the Swan Hills and on the Pelican Mountains to the east of Lesser Slave
Lake. On 27 through to the mornm% 0f 29 June 1975, an additional 25 to 50 millimetres fell on the
Swan Hills. (Kuhnke and Bamaby, 1975.)

11to 13 June 1972

Heavy rains in the Peace River hasin southwest of Grande Prairie resulted in record flows in nearIK all
streams in that area.  11/12 June, an upper cold low led to over 150 millimetres of rain in a 36 hour
period. Nose Mountain lookout reported approximately 200 millimetres of rain in 40 hours. Flood
waters of the Wapiti River at Grande Prairie, for example, inundated the water treatment plant and
damaged or destroyed bridges and brld%e ap1proaches. lood waters of the Smoky River washed out
the main power supply for Grande Cache. The Alberta Resource Rallwey was a major victim of the
fllg%i)and the Northern Alberta Railway bridge at Watino was destroyed. (Warner"and Thompson,
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01 June to 15 Juéy 1971 _ _ _

During the period 01 June to 15 July 1971, the Swan Hills area of the Northern River Basins measured

total precipitation which at some locations exceeded 450 millimetres. The heavy precipitation resulted

in heavy runoffs. Two ma&or storms, 130 17 June and 01 to 07 July, each gave about 150 millimetres

R/{ram. Tlge7 Ee)mammg 150 millimetres of rain was divided among Several other storms. (Buckler and
eeres, 1972,

27 June to 01 J_u(I]y 1970 L _
Durm([] the period 27 June to 01 Jul&l 1970, there was heavy precipitation in the areas around the Pelican
Mountains (east of Lesser Slave Lake) from 2 separate storms causing water levels on Calling and North
and South Wabasca Lakes to rise. The first storm occurred 27,28, and 29 June and the second 30 June
and 01 July. Table 13 shows rainfalls, lake water level increases and estimates ofthe amount of runoff.
(Mustapha, 1970.)

Table 13.  Average 5-day rainfall across the Pelican Mountains area, 27 June to 01 July 1970,

Drainage hasin é\éerage Comments
-0a
rainfall
Marten Creek 140
millimetres
Wabasca Lakes 137 North and South Wabasca Lakes water level rose at least

millimetres 1.2 metres. Some residents estimated that the lakes rose
twice that much! North and South Wabasca lakes became
one lake. Runoffusing a L2 metres rise was estimated at
76 millimetres or 54% of the 5-day rainfall.

About 5 kilometres of the road to Wabasca was under
water and consequently the resicents of Wabasca and
Desmarais were cutoff by road from the outside.

Main inflow 228 Callingz Lake water level rose 1.2 metres, Runoffwas
channel to millimetres estimated at 152 millimetres or 67% of the 5-day rainfall.
Calling Lake

Area bridges and culverts were washed out on the forestry
road north of CaII!n% Lake. A few hoat docks were blown

down by strong winds and high waves on Calling Lake.
Wandering River 180
millimetres
Sawridge Creek 114
millimetres
Driftwood River 183 Direct runoff 81 millimetres or 43% of the 5-day rainfall
millimetres
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S rlnﬁ/summer 1935 . _

he hydrometeorlogical factors contributing to the 1935 flood began two years earlier. The 1933
September to October precipitation at Grouard, Kinuso, and Slave Lake were record amounts up to at
least the end of 1979. Winter snowfall at Slave Lake, for example, exceeded quartile values. In 1934,
high snow melt runoffand summer rainfall combined to raise Lesser Slave Lake to a level only exceeded
in'the 1920 flood. At the spring of 1935, before sPrlng runoff began, lake water levels were still high
and there was record winter snowfall waiting to melt. Spring runoffand May rainfall brought lake water
levels to just above those posted in the 1920 flood. June through July frequent preC|P|tat|on events
maintained high water levels. The flood crest surpassed all formerand subsequent crests to at least 1979
by 2 feet. (Nemanishen and Meeres, 1980.)

June/duly 1920

Series o%/\_/veather systems including some that could be labelled as upper cold lows gave ﬁ_recipitation

to the basins around Lesser Slave Lake. 04 July the water level on the lake peaked to its highest level

since observations started 5 years earlier. The 04 July 1920 level was not exceeded until 1935. The

R}lgh watleégoo)f 1920 brought flooding to the Town of Sawridge and highlands. (Nemanishen and
eeres, 1980

June/July 1914
Series o? storms gave heavy rains to the basins feeding Lesser Slave Lake resulting in high water levels
to the lake and flooding of rivers such as the Lesser Slave River which feeds into the lake. (Nemanishen
and Meeres, 1980,

August 1913~ . . .
Above normal precipitation gave flooding on the Lesser Slave River. (Nemanishen and Meeres, 1980.)

8.3  THUNDERSTORMS - LOCAL HEAVY DOWNPOURS, WIND, HAIL, TORNADOES
06 July 1995 - local heavy downpour _ - o
Beaverlodge town flooded by a slow moving thundershower - 83 millimetres of rain in one hour.
(Personal correspondence, Mottus, 1995,)

27 August 1991 - tornado B o _
Severe thundershower with small FO tornado at Grande Prairie. Some roofs in city lose shingles and
a farm grain bin is moved about 1 kilometre. (Personal correspondence, Mottus, 1995.)

09 Au%ust 1991 - tornado _
"F0" short duration tornado at Sturgeon Lake thrashes trees and causes some damage in the campground

but no injuries. (Personal correspondence, Mottus, 1995.)
17 August 1984 - local heavy downpour, wind, hail

Severe thunderstorm struck High Prairie. Rain was accompanied waaInut-size hail and strong winds.
Crops were destroyed and several cars were damaged. (Phillips, 1988.)
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07 August 1971 - hail, wind _ o

Vicious hailstorm did incredible damage to the Town of Whitecourt. Hardball-size hail fell for 15
minutes and was driven by 80 km/h winds at a 45° angle. Every roof required repairs and every window
required replacement. Hailstones penetrated aluminum roofs and s!dln?s, 6 airplanes were write-offs,
and all neon signs were destroyed. The hail lay in 20 centimetre drifts for 2 days. (Phillips, 1988.)

84  FOREST FIRES

May/ June 1995
Forgst fires were off to a fast start in 1995, P_erFi%ure 37, there were several fires as of 30 May within
the Northern River Basins. The two fires given the larger dots grew to 100,00 hectares by mid-June.

Figure 37 Forest fire areas up to 30 May 1995. Fire positions are apﬁroximate and the dot size is
not a reflection ofthe fire size. Both "large dot" fires reached 100,000 hectares by mid
June. (Nick Nimchuk, Alberta Forestry, 1995.)

198310 1994 , o
Quiet years forest fire-wise across the Northern River Basins. (Nimchuk, 1995)

mid June to 01 July 1982

Large, lightning ignited, fires occurred north of Lesser Slave Lake and consumed 688,000 hectares.
(Nimchuk, 1995)
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AugustlSe‘otember 1981 _ o _

Anexample of an upper ridge over the Northern River Basins giving hot dry weather and upper ridge
breakdown giving forest fire activity is the period August into September 1981, Per Nimchuk, 1983,
"Wilafire Behaviour Associated with Upper Ridge Breakdown", an_u[}ger ridge began to build over the
Northern River Basins / Alberta 04 August 1981 and remained until 26 August 1981. Attimes during
this period, _da_Y_tlme highs across the Basins peaked in the 30 to 35°C range and aftemoon/evening
relative humidities dropped to the 25 to 35% ran?e. The high temperatures and low relative humidities
left the forests of the Northern River Basins vulnerable tofire and to lightning outbreaks that would
ignite them. Through the period 10 to 20 Augiust 1981, a series of fast-moving upper disturbances
travelled through an upper ridge lying over the Northern River Basins. The upper disturbances
prompted thundershower activity with lightning but sparse precipitation. The lightning ignited 165 fires.

The upper ridge rebuilt 22 to 24 Au%ust 1981. However, there was an upper cold low off the British
Columbia coast. The upper low pushed northeast breaking down the upper ridge and a vuiorous upper
disturbance rotating about the upper centre supported the development and deepenlng of alow pressure
centre over northwestern Alberta. The surface map for 1200 MDT 27 August 1981 showed strong
southeasterly winds and temPeratures 0f30°C across the forests of the eastern section of the Northern
River Basins and strong northwesterly winds and temperatures near 20°C over the western section of
the Northern River Basins. Several of the fire areas over the western section of the Northern River
Basins ext)erlenced a shift of winds from southeasterly to northwesterly. The total forest area burned
27 August was extensive.

The upper ridge returned mid September resulting in another period of extensive forest bum.
Figure 38 shows the locations of maLor fires during the 1981 forest fire season. Footner Lake and

Athabasca forests suffered 92% of the 1981 season bum and 84% of the bum occurred during the
periods 25 to 27 August and 15to 19 September.
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Figure 38.  Major forest fire areas during 1981 (not to scale). (From Nimchuk, 1983.)

25 May 1968
Forestyfires devastated vast areas of central Alberta. Early season records up to that time were
established for the greatest number of outbreaks and the largest area ever incinerated. (Phillips, 1988.)
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APPENDIX B:
MONTHLY MAPS OF TEMPERATURES, NORTHERN RIVER BASINS
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APPENDIX C:
MONTHLY MAPS OF PRECIPITATION, NORTHERN RIVER BASINS
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