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ABSTRACT 


This report is a climatological analysis at recent data from 

the Athabasca Oi I Sands area. Data sources inc I uded the HAPS network 

of automatic meteorological data acquisition, forestry lookout 

stations, minisondes, snow pack surveys, and the Atmospheric 

Environment Service observing station at Fort McMurray. The data were 

analysed using a computer package of statistical subroutines. 

It was found that large variations existed in the mean values 

ot meteora Iog i ca I data trorn the t~APS network. These var· iat ions were 

the results of statistical fluctuations due to the short period of 

record and terrain differences. To reduce the variations, MAPS 

temperature and precipitation were correlated with Fort McMurray 

va Iues. Mean month I y va I ues of temperature were we I I estimated by 

Fort McMurray values throughout the year and by forestry station 

measurements in summer. However, mean month I y precipitation was not 

rei iably estimated by this technique. While the duration of summer 

ralnfal I correlated wei I with station elevation, rainfal I amount varied 

considerably between MAPS and forestry station, due in part to the 

convective component ot summer precipitation. 

Surface winds were found to be strongly control led by 

terrain. Speeds were generally higher at exposed locations and lower 

at low elevations. Terrain-induced flows were predominant during 

winter and autumn months, and during summer and spring evenings. 

Diurnal variation in direction due to surface heating was noted during 

summer and spring but was not dominant. A poorly defined veer of less 

than 20° was observed between the surface and 400-m wind directions in 

a I I seasons except winter. In winter, dif terences in direction between 

the two levels were apparently random due to flow decoupl ing in stable 

conditions. 

i~inisonde data exhibited expected trends to increased 

instabi I ity in afternoon hours and during spring and summer months, 

especially in the lowest layer. The most common stabi I ity categories 

at all levels in all seasons were neutral and slightly stable. 



XV 

The report concludes with two important recommendations. The 

first Is that thorough qua II ty contra I checks be imp I emented before 

new data sets are used for analysis. The second and farther reaching 

Is that meteorological data requirements in the Athabasca Oi I Sands 

area be reassessed before meso-scale monitoring is reactivated. 
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1. INTRODUCTION 

A descriptive overview ot the c I i mate ot the Athabasca 6 i I 

Sands area ot northeastern A I berta was prepared by Long I ey and Janz 

(1978). They described the climate as definitely continental and 

generally cooler and drier than central parts ot the province. Winters 

were characterized as having relatively I ittle snow and summers as 

being short and cool. About two thirds ot the annual precipitation 

tel I in the summer months with several major rainstorms accounting tor 

much ot the total. Low level winds were considered I ight and governed 

by terra.in ettects. Although Longley and Janz examined all available 

hi stor i ca I c I i mato I og i ca I data, the primary source was the Iong-term 

Atmospheric Environment Service (AES) surface weather records trom 

Fort McMurray. 

In Iate 1976, an automated nine-station meteoro I og i ca I data 

acquisition (MAPS1) network came on-stream in the area. Hourly 

values ot precipitation, wind speed and direction, temperature, and 

relative humidity were recorded. 

The objective ot this study was to climatologically analyse 

recent I y ava i I ab I e data in the Athabasca Oi I Sands area. Wh i I e the 

primary data source was to be the MAPS network, other regional sources 

ot data were to be uti I ized including mini sondes, forestry lookout 

stations, and the AES Fort McMurray records. Statistics on mean, 

maximum, and minimum temperature and precipitation; precipitation 

durations; the relationship between evaporation and meteorological 

var i abIes; vert i ca I temperature prot i I es; and the var i ab i I i ty ot wind 

speed and direction were to be generated. Topographic influences on 

the diurnal variations ot temperature, wind, and precipitation amounts 

were to be considered. Short-period records were to be adjusted tor 

comparison with long-term records. An important outcome ot the study 

was to determine how representative the short-term MAPS data are ot the 

climate ot the area. 

In view ot the Iarge vo I ume ot data processed in this study, 

an etticient means ot generating statistics was required. To this end, 

MAPS is a trade name ot Bristol Industries. 

http:terra.in
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Statistical Analysis System (SAS) , a package of statistical 

subroutines, was utilized. During the analysis, several thousand pages 

of tables were produced, primarily of MAPS network and forest station 

summaries. These tab Ies are not inc I uded in this report, but are 

avai fable tor detailed study as computer printout in the offices of 

Research Management Division (RMDl, Alberta Environment. 

Section 2 of this report summarizes the data base used in 

this study and its I imitations. Section 3 discusses the resu Its of a 

correlation analysis of data from Fort McMurray and the MAPS network. 

Sections 4 and 5 examine temperature and precipitation trends in the 

area, based on MAPS and forestry station data. Section 6 presents an 

analysis of MAPS network winds and a comparison to 400-m pibal winds. 

Section 7 briefly analyses evaporation measurements from Mildred Lake 

and Section 8 summarizes results of a minisonde data stability 

analysis. 
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2. DATA BASE 

2.1 MAPS NETWORK 

The MAPS network of automated meteorological data collection 

stations came on-stream Iate in 1976. Hour I y va I ues of temperature, 

wind speed and direction, and precipitation were recorded on cassette 

tapes and later transferred to standard computer tapes. A brief 

description of each site including instrumentation is given in Mi Igate 

(1978). Station locations are given in Table 1 and in map form in 

Figure 1 • 

Measurements of hourly parameters from the MAPS network 

comprised the primary data source tor this study. The data were 

supplied on computer tape by RMD. Although statistics on the number of 

missing data were generated by Alberta Environment, no attempt has been 

made, after recording, to control the quality of the recorded data. 

In this study, simple data quality control checks were 

instituted. Because the emphasis was not on extensive quality control, 

only values beyond a specified range were flagged and excluded from 

further analysis. This range is shown in Table 2 tor temperature, wind 

speed, and precipitation. MAPS, minisonde, forestry lookout, and 

Fort McMurray data were subjected to the same check. No attempt was 

made to interpolate between missing hours or days. Where hourly values 

of temperature or precipitation were summed to produce daily values, if 

more than two hours in the day were missing, then the day was 

designated as missing. When daily values were summed to produce 

monthly values, if more than seven days in the month were missing, then 

the month was designated as missing. Because daily values were formed 

from hourly, and then monthly values from the daily values, it is 

possible that 14 missing hours In a month could exclude that month from 

further analysis. 

On the original data tapes, precipitation data were archived 

as the tota I amount fa II en s i nee some designated start date. In this 

study the amount in any given hour was found by subtracting the 

previous from the present hour's total. If the previous hour was 

missing, then the value two hours earlier was used. If that hour was 



Table 1. MAPS network station locations. 

Code Station 

Latitude 

Deg. Min. 

Longitude 

Deg. Min. Start Stop 

Elevation 

(m) 

BCH 

ELS 

HLS 

RIC 

FBG 

MKG 

SMT 

TKW 

LKM 

Birch Mountain 

EII s 

Fort Hi II s 

Richardson 

Firebag 

Muskeg 

Stony Mountain 

Thickwood 

M i I dred Lake 

57 

57 

57 

57 

57 

57 

56 

56 

57 

42 

07 

22 

53 

38 

08 

23 

53 

05 

111 

112 

111 

111 

111 

11 0 

111 

111 

111 

50 

21 

32 

02 

10 

54 

16 

39 

35 

09/76 

10/76 

09/76 

09/76 

09/76 

09/76 

09/77 

11/76 

09/76 

05/80 

05/80 

05/80 

05/80 

04/80 

05/80 

07/82 

12/81 

12/81 

853 

488 

351 

305 

274 

652 

762 

518 

310 

..,. 
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£ FORESTRY STATIONS 


MAPS NETWORK• 
• ADDITIONAL SNOWPACK SITES 

SCALE 

Figure 1. 
MAPS network, forestry station, and snowpack sampling sites
ln the Athabasca Oil Sands area. 
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Table 2. AI lowable variable ranges tor SAS analysis. Records with 
values outside these ranges were excluded trom analysis. 

Variable Minimum ~lax imum 

Temperature -60°C 40°C 

Wind Speed 0 mph 100 mph 

Precipitation (hour) 0 mm 50 mm 

(day) 0 mm 150 mm 
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also missing, then precipitation tor the hour in question was set to 

missing. Further detai Is of data manipulation performed by SAS are 

found in Section 11.1. 

Our i ng the course of the ana I ys is, it became c I ear that the 

MAPS data were I i m ited in terms of data qua I i ty, length of record at 

individual stations, and overlapping length of record among stations. 

Data quality summaries provided by RMD showed some stations were 

inoperative tor several months at a time. The worst example was Stoney 

Mountain which had, of some four years of operational network time, 

only one July which passed .all quality control checks. To achieve even 

this sma\ I quantity of data, originally planned quality control 

criteria had to be reI axed. This reI axat ion may we I I have caused 

problems with, tor example, mean monthly temperatures. Seven days of 

missing values in one month (the maximum allowable) could encompass a 

period of unusual \y hot or cold weather. With only a few years of data 

ava i I ab I e tor averaging purposes, this might have resu Ited in 

unrepresentative mean monthly values. 

In addition to data qua I i ty, the short I ength of record at 

MAPS stations also created problems. These were manifest as unstable 

mean values. Considerable variation was introduced when one value was 

rep I aced with another or when addition a I va I ues were used. For many 

analyses this forced a decision of whether to use a\ I avai \able data, 

knowing that different record lengths at different stations would 

induce statistical f \uctuations, or whether to uti I ize the longest 

common period of record at a\ I stations, which in some cases was zero, 

or whether to reject individual stations with short periods of record 

and attain some compromise of record length (statistical stabi \ltyl and 

area of coverage. 

In summary, while the MAPS network provided the bulk of data 

tor this study, it is suggested that results ot the analysis are useful 

only in a limited context. Because of the very short period of over

lapping records at stations, spatial variations in mean values of 

measurements are likely the result of statistical fluctuations. 

Further, the calculation of long-term normal values directly from the 

data Is also suggested to be inappropriate because of the instabi I ity 
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ot mean va Iues. This I i m its the usetu Iness ot the MAPS data to the 

calculation ot very short-term averages <perhaps a year or less) or to 

a case study type ot analysis or to correlations with long-term 

stations <Section 3). 

2.2 FORESTRY LOOKOUT STATIONS 

A second source ot data tor this study was forestry lookout 

stations within the Athabasca Oi I Sands area. These stations, manned 

during the summer months (usually May through September), reported 

daily total precipitation and daily maximum and minimum temperatures. 

Station Iocat ion, e I evat ion, dates ot operation, and type ot c I i mate 

records are given in Environment Canada (1976). Data trom 28 forestry 

lookout stations were analysed; typically, each station had data 

avai I able tor the last 15 years. One station (Fort Chipewyan) had 

erroneous date information recorded on the original data tape. 

A I though other data cou I d not be proven incorrect, this station was 

withdrawn trom the analysis. Another station <Wabasca) was not tound 

on the computer tape and was also not analysed. Forestry station 

locations are given in Figure 1 and Table 3. 

Several quality control steps were performed on these data by 

AES (Department ot Transport 1969). According to established practice, 

alI data were checked and abnormal data, those inconsistent with other 

data trom the same station, or those inconsistent with nearby stations, 

were t I agged. The t I agged data were then rep I aced by estimates or 

designated as missing. 

In this study, quality control procedures beyond those 

out I i ned in Tab I e 2 were not performed. Estimates were treated as 

va I i d data. 

2.3 EVAPORATION 

In addition to standard measurements, the climate station at 

M i I dred Lake a I so records da i I y pan evaporation, an estimate ot I ake 

evaporation, wind mileage (wind runl, and air temperature. These data 

were analysed to determine relationships among evaporation and measured 

values ot temperature, wind run, and precipitation. 



Table 3. Forestry station locations. 

Code Station 
Latitude 

Deg. Min. 
Longitude 

Deg. Min. 
Elevation 

(ml 

Cl 
py 
KN 
LA 
ED 
BN 
Rl 
JE 
LG 
Bl 
BM 
WB 
MY 
CR 
JO 
PA 
CY 
EL 
TW 
MU 
MM 
GL 
GE 
AL 
ST 
CK 
CP 

Carlson 
Fort Chi pewyan 
Keane 
Lambert Creek 
Edra 
Buck ton 
Richardson 
Jean 
Legend 
Birch Mountain 
Bitumont 
Wabasca 
May 
Christina 
Johnson Lake 
Panny 
Chipewyan Lakes 
Ells 
Thickwood 
Muskeg 
Fort McMurray 
Gordon Lake 
Grande 
Algar 
Stony Mountain 
Conk I in 
Cow par 

58 
58 
58 
58 
57 
57 
57 
57 
57 
57 
57 
56 
55 
55 
57 
57 
57 
57 
56 
57 
56 
56 
56 
56 
56 
55 
55 

55 
46 
19 
03 
51 
52 
55 
31 
27 
40 
22 
02 
37 
35 
35 
11 
00 
11 
53 
08 
39 
37 
18 
07 
23 
37 
50 

111 
111 
11 0 
114 
113 
112 
11 0 
113 
112 
111 
111 
113 
11 2 
111 
11 0 
114 
11 3 
112 
111 
11 0 
111 
110 
112 
111 
111 
111 
11 0 

48 
07 
17 
09 
15 
06 
58 
45 
53 
50 
32 
50 
21 
21 
20 
37 
25 
20 
39 
54 
31 
30 
13 
47 
14 
11 
23 

213 
219 
457 
305 
610 
792 
305 
762 
911 
610 
349 
524 
896 
822 
549 
692 
564 
610 
603 
652 
371 
488 
533 
780 
762 
541 
563 

., 
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Quality control procedures were identical to those for the 

forestry lookout stations. 

2.4 MINISONDES 

Mini sonde data collected in the Athabasca Oi I Sands area from 

1975 through 1979 were analysed to produce a stabi I ity climatology. 

The data were derived from severa I fIe I d programs conducted in the 

area, primarily by AES for Alberta Oi I Sands Environmental Research 

Program <AOSERPl (Fanaki 1978, 1979; Fanakl et al. 1979) and by 

Syncrude Canada Ltd. <Slawson et at. 1980). 

The AOSERP mlnlsonde data were critiqued by Davison and 

Leavitt (1979) and found to have serious problems in some cases. 

Davison and Leavitt adopted the procedure of examining each ascent 

individually in the context of others which were near in space and time 

to remove inconsistent and erroneous records. This procedure was 

beyond the scope of this study and it is therefore probab I e that the 

present stabi I ity climatology contains some errors. One examp I e of 

these errors is the presence of super-adiabatic lapse rates extending 

over a depth of severa I hundred metres. It Is therefore Imperative 

that the results of this analysis of mlnisonde data be used with 

caution. 

Additional data quality checks were performed when the AOSERP 

and Syncrude data sets were combined and archived (Hansen and Leahey 

1982 l. These checks were instituted pr i mar I I y to detect errors of 

reproduction, and included assuring positive elevations and that winds, 

temperatures, and temperature gradients were within prespecified 

bounds. No effort was made to check data interconsistency. 

2. 5 SNOWP ACK 

Beginning in 1975, winter snowpack data were gathered in the 

area. Measurements were genera I I y made once each month in January, 

February, and March but were occasIon a I I y a I so made in December and 

Apri 1. Measurement locations were not consistent in all months and 

years but generally included MAPS stations and several other sites. 

The locations of the snowpack survey sites used In this study are shown 
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Table 4. Snowpack survey locations with three or more years of record, 
1975-1982. 

Code Station Latitude Longitude 
Deg. Ml n. Deg. Min. 

BCH Birch Mountain 57 42 11 1 50 

ELS Ells 57 07 112 21 

HLS Fort Hi II s 57 22 111 32 

RIC Richardson 57 53 111 02 

FBG Firebag 57 38 111 10 

MKG Muskeg 57 08 110 54 

SMT Stony Mountain 56 23 111 16 

TKW · Thickwood 56 53 111 39 

LKM M i I dred Lake 57 05 111 35 

LCK Lost Creek 57 17 11 0 29 

UTL Upper Tar Lake 57 20 11 2 08 

NLK Namur Lake 57 29 112 45 
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in Table 4. Note that the sites selected had at least three years ot 

data. 

In addition to location inconsistency, the archived snowpack 

data also exhibited some data type inconsistency, as shown in Table 5. 

Only snow depth measurements were undertaken in alI years. Core depths 

(depth after compaction) and core weights from which snow density and 

water equ iva I ency data may be generated were measured occasion a I I y; 

that is, in some years and some months. Thus, a complete set ot 

snowpack statistics could not be generated tor alI years. 

The snowpack data had further prob I ems. The documentatIon 

describIng data co II ect ion or ana I ys Is procedures apparent I y does not 

exist. In some cases (tor example, snow density) measurement units 

were not specified. In ai I cases measurement dates were inconsistent. 

For example, January snow depths were measured Cover the years) in alI 

weeks ot the month, making it difficult to calculate an average snow 

depth at, say, 15 or 30 January without examining daily precipitation 

records as we I I • 

Snowpack data, as summarized in Table 5, were provided on 

computer tape by RMD. In addition, water equivalency data tor most 

stations were avai I able from a previous study (Stanley Associates 

1982). These data were also examined tor evidence ot spatial and 

temporal variations in this study. 
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Table 5. Archived snowpack data by year. 

Year Average Water Density Core Core 
Depth Equivalence Depth Weight 

1975 xa X *b 

1976 X * * * 
1977 X X * * 
1978 X X X 


1979 X X X X X 


1980 X *
* 
1981 


1982 X X 


a complete archive 
b partial archive 
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3. MAPS-FORT MCMURRAY CORRELATION ANALYSIS 


Two study objectives were contingent on results of a correla

tion between temperatures and precipitation from the Fort McMurray 

station and stations in the MAPS network. One objective was to quant

ify spatial variations throughout the oi I sands area. The second 

objective was to create 30-year parameter normals based on appropriate 

normalization of the MAPS data and comparison with Fort McMurray data. 

The nature of the MAPS data, described previously, prevented the ful I 

accomplishment of these objectives. 

Analysis of spatial variations requires either a long period 

of record at alI stations within the area so that smal I differences in 

record length do not significantly alter the mean values, or identical 

periods of record. The MAPS data fulfi II the second qualification 

only. The total network was operational for less than four years, a 

period that may be insufficIent to produce stab I e averages. ThIs is 

especially true of parameters (such as precipitation) which, In the 

case of summertime convective rainfal I, have an inherently large 

spatial variation. 

Thirty-year normals can be calculated for stations with less 

than 30 years of data provided two criteria are met (Environment Canada 

1982). First, a standard station must exist nearby. A standard 

station Is one with at least 28 years of good quality records. In this 

study, this criterion was met by the Fort McMurray airport synoptic 

observing station. Second, the short-period station must have at least 

fIve years of good qua I i ty data to make a va I i d comparison. None of 

the stat i ens in the MAPS network met this second crIterIon. Some 

stations had as few as one year of data for certain months. 

In spite of the fact that the correlation results cannot with 

confidence be used to determine spatial variation or long-term normals, 

the regressions themselves were performed. Although Environment Canada 

(1982) performs regressions on monthly data (e.g., total monthly pre

cipitation or mean maximum monthly temperatures), the paucity of MAPS 

data for some months suggested first a regression based on dally values 

in order to increase the number of observations. The daily data were 
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not stratified by season and thus represent an average over an entire 

year. 

A linear regression equation was used of the form: 

m = ax + b 	 (1) 

where: 	 x = Fort McMurray observation 

m = MAPS station observation 

a= slope of regression equation 

b = intercept 

Linear correlation coefficients and Students t statistics were among 

the many parameters produced by the SAS analysis. The t statistic was 

used to determine if regression parameters were significantly different 

from zero. 

Table 6 shows a summary of the Fort McMurray-MAPS correlation 

results. It contains values of R2 (the square of the correlation 

coefficient showing the fraction of variance explained by the regress

ion) for the following daily variables: maximum temperature, minimum 

temperature, mean temperature, and total precipitation. Apparently, 

temperature at MAPS stations is generally wei I correlated with temper

ature at Fort McMurray. The regression parameters (slope and 

intercept) are given in Table 7. In addition to near unity temperature 

correlation coefficients, t test statistics showed the slope and Inter

cept to be different from zero, significant to better than the 99% 

level In alI cases. This suggests that very accurate estimates of MAPS 

station temperatures can be made using Fort McMurray values. 

Temperature regress Ion statistics in Tab I e 7 c I ear I y show 

terraIn effects. Maxi mum and mean temperatures at e I evated stations 

<Birch Mountain, Muskeg, and Stony Mountain) are lower than at 

Fort McMurray. The effect of terrain on minimum temperatures Is less 

we I I defined. 

As expected, much Iess of the da i I y precipItation varIances 

cou I d be exp I a i ned by the regression. Tab I e 6 shows R2 va I ues of 

R2about 	 0.15 <R about 0.4), a small fraction of the temperature 



Table 6. Fort McMurray-MAPS correlation summary showing fraction of variance explained by 
regression (R2), 

Dai I Monthly 
Maximum Minimum Mean Total Total 

Station Temperature Temperature Temperature Precipitation Precipitation 

Birch Mountain 0.95 0.93 0.96 o. 12 0.66 

E lis 0.99 0.97 0.99 o. 12 0,47 

Muskeg 0.98 0.96 0.98 o. 19 0.61 

Thickwood 0.99 0.98 0.99 0.14 0.79 

M i I dred Lake 0.99 0.98 0.99 0.23 0.53 
~ 

Fort Hills 0.99 0.98 0.99 o. 17 0.53 

Richardson 0.97 0.97 0.98 0.08 0.44 

Stony Mountain 0.98 0.96 0.98 0, 11 0.76 

Firebag 0.98 0.98 0.99 o. 11 o. 51 



Table 7. Daily temperature correlation summary. 


Maximum Tem2erature Minimum Tem2erature Mean Tem2erature 


Station Slo2eb lntercepta Slope Intercept Slope Intercept 

Birch Mountain 0.95 -2.0 1.08 0.5 0.96 -1.0 

Ells 0.98 -0.4 1.03 -1.4 1.00 -0.9 

Muskeg 0.98 -1 .9 0.98 0.5 0.98 -0.7 

Thickwood 0.99 -0.9 0.98 0.5 0.98 -0.2 

M i 1 dred Lake 1.02 -0.2 1 .01 0.5 1 • 01 0.2 

Fort Hi I Is 1.o1 -1 .o 0.99 0.6 1.00 -0.2 _, 

Richardson 1.02 -0.6 1.05 0.4 1.03 -0.2 

Stony Mountain 0.96 -1.1 0.97 1.1 0.96 -o.o 

Firebag 1.03 -0.7 1.03 0.2 1.03 -0.2 

a •c 
b dimensionless 
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value. This result suggested that further grouping of the data was 

necessary to improve the correlation. To this end, regressions were 

performed on month I y tota I precipitation. Va I ues of R2 tor month I y 

total precipitation are also included in Table 6. The improvement over 

R2the daily total values is marked. Table 8 summarizes precipitation 

corre I ati on statistics. Note that on I y two stations have corre I at ion 

coefficients less than 0.7. Indeed, the correlations may be conserva

tive tor the to I I owing reason. Months were rejected trom the SAS 

analysis it more than seven days were missing. However, it no records 

existed tor certain days of a month, tor example the first days of the 

t i rst month ot operations, and it the number of days missing was Iess 

than the cut-ott va I ue, then that month was inc I uded by SAS in the 

analysis. In addition, some months with missing days had unusually low 

precipitation totals, possibly indicative ot missing precipitation 

events. These months were subjectively withdrawn from the regression 

analysis it their total precipitation was much less than at 

Fort McMurray or if it was much less than the same months of other 

years. 

Month I y precipitation regression parameters <Tab I e 8) were 

examined for evidence ot spatial variabi I tty. Thickwood, the station 

nearest to Fort t~cMurray, had the highest corre I at ion and averaged 

about 10% more precipitation annually. Stony Mountain and Birch 

Mountain, which represent the greatest differences in elevation from 

Fort McMurray, had the next highest correlation. Overal I, no relation 

between regression parameters and e I evat ion or distance from 

Fort McMurray could be discerned. 

The seasonal varlabi lity ot monthly total precipitation 

regression parameters was exami ned tor the Th i ckwood station. The 

results are shown in Table 9. Spring precipitation at Thickwood was 

essentially independent ot precipitation at Fort McMurray m2 near 

zero). Thickwood was observed to be somewhat atypical of MAPS stations 

in that its summer correlation coefficient was very high. It is 

expected that summer and spring correlation coefficients should be 

smaller than during autumn and winter because of the convective 

component ot summer precipitation. The tact that spring coefficients 
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Table 8. Precipitation correlation summary. 

Dai I~ Total M?nthl)! Total 

Station Slopea lnterceptb Ra Slope 

Birch Mountain 

Ells 

Muskeg 

Thlckwood 

M i I dred Lake 

Fort Hi lis 

Richardson 

Stony Mountain 

Firebag 

a dimensionless 
b mi II !metres 

5.3 

4.3 

3.8 

5.3 

4.3 

3.6 

6.7 

5.3 

4.8 

-0.2 

-0.2 

-0.1 

-0.2 

-0.1 

-o. 1 

-0.3 

-0.2 

-0.2 

0.35 

0.35 

0.44 

0.37 

0.48 

0.41 

0.28 

0.33 

0.33 

1.06 

0.64 

0.70 

1.10 

0.88 

0.73 

0.44 

0.98 

0.57 

Intercept R 

1.1 0.81 

9.5 0.69 

8.1 0.78 

o. 1 0.89 

7. 1 0.73 

7.2 0.73 

15.9 0.66 

3.7 0.87 

14.0 0. 71 
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Table 9. Seasonal variation of monthly total precipitation regression 
parameters at Thickwood, 1976-1981. 

Season a 

Parameter 

Correlation coeff. 

R2 

(Rl 

Winter 

0.91 

0.82 

Spring 

-0.13 

0.02 

Summer 

0.97 

0.94 

Autumn 

0.93 

0.87 

Slope 

Intercept (mml 

Number of Months 

1. 15 

2.4 

9 

-0. 18 

32.8 

7 

1.14 

-16.5 

5 

1.53 

-13.0 

8 

a Winter ~ December + January + February 
Spring~ March+ April +May 
Summer = June+ July+ August 
Autumn = September + October + November 
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were much different than summer coefficients is therefore I ikely due to 

the smal I sample size, 

Thirty-year July normal temperatures and total precipitation 

values at MAPS stations were calculated using the regression parameters 

in Tables 7 and 8. The results are shown in Table 10 together with 

comparisons of 50-year normals at adjacent forestry stations. The MAPS 

30-year normals of both temperature and precipitation show anticipated 

variations with terrain. Maximum temperatures are lower, minimum temp

eratures are higher, and precipitation is greater at stations with 

higher elevations. The tendency is for July MAPS temperature and prec

ipitation, based on an annual regression equation, to be underpredicted 

compared to forestry station va Iues. However, the d i tterence between 

MAPS and forestry station normals has no apparent relation to terrain. 

Moreover, the MAPS values are within one standard deviation (see next 

sections) of the forestry values. 

The question might arise of whether it is appropriate to com

pute July normals using regression parameters based on values measured 

throughout the year. This in itse It ml ght be expected to produce 

differences between the MAPS and forestry station values. The answer 

lies in the seasonal correlation coefficients in Table 9. As previous

ly suggested, large differences among seasons are I ikely due to the 

smal I number of months comprising each season. A further reduction in 

numbers, required tor the generation of monthly regression parameters, 

wou I d be expected to create even Iarger d i tterences. Thirty- year 

norma Is based on as few as one va Iue (Ju I y at Stoney Mountain) have 

little merit regardless of the value of the correlation coefficient. 

In summary, a linear regression of Fort McMurray against MAPS 

station temperature and precipitation was performed. Fort McMurray and 

all MAPS stations' minimum, maximum, and mean daily temperatures were 

found to be well correlated. Daily precipitation values were poorly 

correlated; however, correlations tor total monthly precipitation were 

better. Most stations had monthly precipitation correlation coefti

cient values above 0.7. The correlation statistics were used to 

generate 30-year normal July values tor the MAPS network. These values 

showed expected variations with terrain. However, the differences 
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between MAPS and adjacent forestry va I ues did not vary consIstent I y 

with terrain, suggesting an insufficient length of record was used to 

generate the regression parameters. 



Table 10. 	 Thirty-year normal July HAPS temperature and precipitation from Fort t·1d1urray 
correlation (temperature in degrees Celcius; p rec i pi tat ion in millimetres). 
Differences are forestry station values minus adjacent HAPS va 1 ues. 

Station 
Maxi mum 

Temperature 
Difference 

Maximum 
Minimum 

Temperature 
Difference 

Minimum 
Mean 

Temperature 
Difference 

Mean 
Tota I 

Precipitation 
Difference 

Total 

Birch Mountain 

Ells 

Muskeg 

Thickwood 

Mildred Lake 

Fort Hills 

Richardson 

Stony Mountain 

Fi rebag 

Fort McMurray 

20.0 

22.3 

20.8 

22.0 

23.4 

22.3 

23.0 

21.2 

23.1 

23. I 

-1.2 

-0.6 

0 

-0.5 

-0.7 

0. I 

-1.2 

10.8 

8.4 

9.8 

9.8 

10.1 

10.0 

10.4 

10.3 

10.0 

9.5 

-1.3 

0.8 

-0.1 

-0·.6 

-0.3 

0..8 

-0.3 

14.8 

15.5 

15.7 

15.9 

16.8 

16.2 

16.7 

15.7 

16.7 

16.4 

-0.6 

0 

-0.4 

-0.5 

-0.5 

0.5 

-0.7 

80.9 

57.8 

60.9 

83.0 

73.5 

62.2 

49.1 

77.6 

57.0 

75.4 

21.6 

15.1 

26.4 

11.9 

15.5 

20.6 

29.2 

N 
'-"' 
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4. TEMPERATURE 

Values of temperature from stations in fhe MAPS network and 

from ·forestry statIons in the area were ana I ysed to c I ar i ty loca I 

spat 1 a I and tempora I trends. These are examined in the to I I owing 

sectIons. Section 4. 1 presents hour I y temperatures from a se I ected 

MAPS station. Sections 4.2 and 4.3 examine spatial and temporal 

variations of daily temperatures for both forestry and MAPS networks. 

Finally, Sections 4.4 and 4.5 present a brief analysis of frost-tree 

periods in the area. 

4.1 HOURLY TEMPERATURES 

Ogives <cumulative frequency distributions) of hourly temper

ature were calculated for all stations within the MAPS network. The 

ogives were generated tor the months January, April, July, and October, 

and one for· a I i months durIng the year. A I I ava i I ab I e hour I y data from 

1976 to 1981 were used. The ogives of hourly temperature were produced 

before the SAS check for the number of missing hours in each day of 

record. Thus, there may be some discrepancies among the hourly, daily, 

and monthly temperature statistics. 

On the basis of the temperature correlation analysis present

ed in Section 3, Mi idred Lake was chosen as a typical MAPS station. 

Its hourly ogives were plotted and are presented in Figure 2. Tempera

ture values at selected percent! les are summarized in Table 11. Of the 

months examined, Apri I had the greatest range in temperatures (60°C); 

July had the least <31°C). The annual temperature range was 77°C. 

Median temperatures at Mildred Lake ranged from -18°C in January to 

16°C in July. The median annual temperature was 3°C. 

4.2 DAILY TEMPERATURES FOR FORESTRY STATIONS 

Daily minimum and maximum temperature values were generally 

available during the months of June, July, and August for the 13- or 

14-year per 1od ending in 1979 tor the forestry stations I i sted In 

Table 3 and plotted in Figure 1. Two exceptions were the Carlson 

station, where on I y four years of data existed, and Fort McMurray, 

where only tour years of data were analysed. From these data, SAS was 
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Figure 2. 	 Ogives of hourly temperatures at Mildred Lake for 
selected months, 1976-1981. 
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Table 11. 	 Hourly temperatures at selected percentile I eve Is at 
Mi I dred Lake, 1976-1981 (temperatures to nearest Celsius 
degree). 

Percenti I e Level 
Period 0 10 50 90 100 

January -40 -30 -18 - 5 8 


Apr i I -29 - 8 2 14 31 


July 3 10 16 25 34 


October -18 - 4 3 11 28 


Annual -43 -22 3 18 34 
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to calculate various average values tor intercomparison. For the 

purposes of this section, "average" may be taken as the average over 

all years in the record of the mean of all daily values tor a given 

month. Table 12 displays the codes for the various stations along with 

the number of years of record, the average mean July temperature, the 

average maximum July temperature, the average minimum July temperature, 

and the standard deviations about each average. The Iast co Iumn shows 

the average July diurnal temperature variations. The standard 

deviations of temperature are generally near 1 .4°C, with the exception 

of the Fort McMurray <MMl and Keane <KNl stations where the values are 

near 1.9°C. These data have been used to generate Figures 3, 5, 7, and 

9. For comparison, 30-year normals of the July mean, maximum, and 

minimum daily temperatures are Iisted in Table 13. These values were 

obtained from Environment Canada (1982) and are plotted in Figures 4, 

6, and 8. 

Figures 3 and 4 both show a strong negative correlation 

between mean July temperatures and elevation. The lowest values occur 

in the Birch Mountains, and the highest ones in the Lake Athabasca 

reg I on. Secondary Iows exist in the high ground east and south of 

Fort McMurray. Values are not consistently high in the Athabasca River 

va I I ey, but rather achieve a sadd I epo i nt in the Fort McMurray-M I I dred 

Lake area. In Figure 4, a relatively strong temperature gradient 

exists between the Thlckwood <TWl and Fort McMurray stations, leading 

to an anoma I y in the above-mentioned pattern. The II ke I y cause for 

this anomaly is its relatively high elevation. 

Figures 5 and 6 display the spatial variation of the average 

maximum July temperatures. The range of values evident in these maps 

is somewhat greater than for the average mean temperatures, but the 

patterns are very similar. Once again, Fort McMurray shows an 

unusually high value as compared to the nearby Thlckwood station. 

The average minimum July temperatures In the Fort McMurray 

study area show a much smaller variation over the map area of Figures 7 

and 8 than do the maximum temperatures. A negative correlation between 

these values and elevation does appear to exist, but it is much weaker 

than for Figures 5 and 6. For example, the hills south of 



Table 12. Average July temperatures (°C) at forestry stations, 1966-1979. 

Forestry 
Code 

Years of 
Record 

Mean 

Average 

Dai I~ 

St. Dev. 

Maximum Dai I~ 

Average St. Dev. 

Minimum Dai I~ 

Average St. Dev. 

Diurnal Temperature 
Variation 
Average 

LA 
Cl 
KN 
PA 
JE 
ED 
LG 
EL 
BN 
Bl 
BM 
Rl 
MU 
JO 
CY 
GE 
AL 
TW 
MM 
ST 
GL 
MY 
CR 
CK 
CP 

11 
4 

14 
14 
14 
13 
14 
13 
13 
14 
13 
14 
14 
14 
12 
14 
13 
14 
4 

13 
14 
14 
14 
14 
13 

14.9 
16.8 
16.5 
15. 1 
14.3 
13.8 
13.7 
15.2 
13.2 
14.0 
16.0 
16.9 
15.0 
15.3 
15.4 
15.3 
14.4 
15.2 
16.4 
14.6 
15.7 
14.7 
15.2 
15.4 
15.6 

1.4 
1.3 
1.9 
1.4 
1.4 
1.5 
1.5 
1 • 2 
1.4 
1.5 
1.4 
1.5 
1.3 
1.4 
1 • 4 
1.2 
1.2 
1.2 
1.8 
1.0 
1.3 
1.3 
1.3 
1.3 
1.3 

22.6 
22.9 
22.0 
20.5 
19.4 
18.8 
18.7 
21.1 
18.0 
18.4 
22.2 
22.6 
20.4 
20.5 
21.0 
21.6 
19.5 
21 • 1 
22.8 
19.3 
21.6 
19.5 
20.7 
20.8 
21 • 1 

1.7 
1.3 
1.8 
1.6 
1.6 
1 • 7 
1.6 
1.2 
1 • 5 
1.5 
1. 7 
1.6 
1.4 
1.6 
1.5 
1.4 
1.3 
1.3 
2.0 
1.0 
1.2 
1.4 
1.4 
1.3 
1.4 

7.1 
1o. 7 
10.9 
9.6 
9.1 
8.8 
8.7 
9.3 
8.4 
9.5 
9.9 

11 .2 
9.7 

1 0.1 
9.8 
8.9 
9.3 
9.3 
9.9 
9.9 
9.8 
9.9 
9.7 

1 0 .o 
10. 1 

i .. 4 
1 • 5 
2.0 
1.4 
1.3 
1.4 
1.3 
1.3 
i .4 
1.5 
1 0 3 
1.4 
i .. 3 
1.3 
1.3 
1.1 
1.. 1 
1.3 
1 • 8 
1.1 
1 • 3 
1.3 
1.3 
1.3 
1 • 4 

15.5 
12. 1 
11 • 1 
10. 9 
10.2 
10.0 
10.0 
11.9 
9.7 
8.8 

12.4 
11.4 
10.6 
10.4 
11.1 
12.6 
10 .. 3 
11.7 
13.0 
9.4 

11.7 
9.6 

11.0 
1o. 7 
11.0 

N 
()) 
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Table 13. Thirty-year normal July temperatures <•c J at forestry 
stations (from Environment Canada 1982). 

Mean Da I I Y. Maximum Daily_ Minimum Daily_ 
Forestry 

Code Average St. Dev. Average Average 

LA 

Cl 

KN 16.8 1.9 22.5 11 • 0 

PA 1 5.1 1.4 20.8 9.4 

JE 14.4 1.4 19.7 9. 1 

ED 13.8 1.5 19.0 8.6 

LG 13.9 1 • 5 19. 1 8.6 

EL 15.5 1 .3 21.7 9.2 

BN 13.6 1.4 18.6 8.6 

Bl 14.2 1 .4 18.8 9.5 

BM 16.3 1 • 4 22.7 9.8 

Rl 17.2 1 • 5 23.1 11 • 2 

MU 15.3 1.3 20.8 9.7 

JO 15.4 1.3 20.8 1o.o 

WB 16.4 1.2 22.0 10.9 

CY 15.3 1.3 21 .o 9.5 

GE 15.4 1.2 22.0 8.8 

AL 14.7 1 • 1 20.1 9.3 

TW 15.4 1.2 21 • 5 9.2 

MM 16.4 1.o 23.1 9.5 

ST 15.0 1 • 1 20.0 10.0 

GL 16.0 1.3 22.1 9.8 

MY 15.1 1.4 19.9 10. 1 

CR 15.5 1 • 3 21 .2 9.8 

CK 15.7 1.3 21.2 10.2 

CP 15.8 1.3 21 .6 10.0 

py 16.0 1.4 22.4 9.7 
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Fort McMurray seem to have little effect upon the pattern. The lowest 

mIni rna occur in the Birch Mountains, with a secondary mini mum at the 

Grande (GE) station. A strong temperature depression at the Lambert 

Creek <LA) station does not appear to fof low the general trend and may 

be an anomalous value. The agreement between the Thickwood and 

Fort McMurray stations is much better here than for mean or maximum 

temperatures. 

The average July diurnal temperature variation (Figure 9) 

shows minima at higher elevations and maxima in the river val feys. Two 

unusually high values exist, one at Fort McMurray and one at Lambert 

Creek. The first is due to the high maximum temperature and the second 

to low minimum temperatures. 

4.3 DAILY TEMPERATURES FOR THE MAPS STATIONS 

Tables 14 through 17 display the average mean, maximum, 

minimum, and diurnal temperature variations for the MAPS stations 

during the months of January, Apri I, July, and October, respectively. 

Wh I I e the MAPS stations are more dense I y Iocated than the forestry 

stations, and also provide hourly records rather than dai fy ones, their 

period of record is much shorter. At most, four years of data are 

avai fable for the MAPS stations. As a result, when attempts are made 

to compare MAPS temperature records to those from the forestry 

stations, the differing record lengths could cause significant 

problems. In fact, even spatial variations within the I imited area of 

the MAPS network are so great and apparently random that contouring of 

these va I ues was not attempted. EvIdence of these prob I ems exists in 

Tables 14 through 17. In Table 14, for example, standard deviations 

about the average values vary by more than one order of magnitude. The 

average July mean temperatures in Table 16 do not agree wei I with the 

values obtained at the same locations by the forestry stations in 

Table 12. This again ref fects the difference in record length of the 

two data sets. Differences of greater than 1°C may be noted in either 

a positive or negative sense. In addition, Table 14 i I fustrates the 

instabi I ity of mean values when short periods of record are used. 

Stations with four years of data have a much higher standard deviation 



Table 14. Average January temperatures (°C) at MAPS stations, 1976-1981. 

MAPS 
Code 

Years of 
Record 

Mean 

Average 

Da i I :t 

St. Dev. 

Maximum Dai l:t 

Average St. Dev. 

Minimum Dai l:t 

Average St. Dev. 

Diurnal Temperature 
Variation 
Average 

ELS 3 -21 • 1 0.8 -14.8 1.0 -27.3 0.4 12.5 

BCH 3 -1 8.2 0.3 -14.1 0.2 -22.4 0.3 8.0 

LKM 4 -17.1 5.7 -13.0 5.2 -21 .3 6. 1 8.8 

HLS 4 -16.1 5.8 -12.2 5.7 -19.9 6.2 7.7 

FBG 3 -19.2 3. 1 -14.9 3.4 -24.0 3.0 9. 1 

RIC 3 -20.4 0.7 -1 5.6 1.1 -25.6 0.5 1 0. 3 

MKG 

TKW 

3 

4 

-20.4 

-16.6 

0.6 

6.0 

-16.9 

-12.8 

0.6 

5.9 

-23.8 

-20.6 

0.2 

6. 1 

6.9 

7.9 
CN 
CD 

SMT 4 -15.0 6.3 -15.5 6.2 -18.7 6.2 7.3 



Table 15. Average Apri I temperatures (°Cl at MAPS stations, 1976-1981. 

MAPS 
Code 

Years ot 
Record 

Mean 

Average 

Da i I:i 

St. Dev. 

Maximum Dai l:t 

Average St. Dev. 

Minimum Dai l:t 

Average St. Dev. 

Diurnal Temperature 
Variation 
Average 

ELS 3 2.1 4.9 8.4 6.1 -5.1 3.8 13.3 

BCH 3 0.3 5.9 4.8 6.5 -4.2 5. 1 9.1 

LKM 3 0.7 2.5 6.2 2.8 -4.9 2. 1 13. 1 

HLS 4 1.2 3.6 6.6 4.5 -4.4 2.6 11.0 

FBG 2 -0.4 3.3 5. 1 4.2 1.8 8.6 11.5 

RIC 4 3.0 4.6 9.3 5.5 -3.5 3.8 12.8 

MKG 

TKW 

4 

4 

2.3 

1.5 

5.2 

4.7 

7.4 

7. 1 

6.0 

5.7 

-3.1 

-4.2 

4.2 

3.8 

10.5 

11.4 
"' "' 

SMT 3 -1.2 2.0 3. 1 2.3 -5.6 1.5 9.2 



Table 16. Average July temperatures (°Cl at MAPS stations, 1976-1981. 

MAPS 
Code 

Years of 
Record 

Mean Dai It 

Average St. Dev. 

Maximum Dai It 

Average St. Dev. 

Minimum Dai It 

Average St. Dev. 

Diurnal Temperature 
Variation 
Average 

ELS 3 15.0 1. 9 21.6 2.3 7.3 1.5 14.4 

BCH 1 12.7 - 16.7 - 8. 1 - 8.6 

LKM 4 17.3 1.7 24.0 2.0 10.5 1.6 13.4 

HLS 4 16.3 1. 7 21 .8 2.0 10.4 1.4 10.4 

FBG 3 16.7 2.2 23.0 2.6 9.6 1.5' 13.4 

RIC 2 15.7 0. 1 21 .2 o. 1 9.4 0. 1 12. 1 

MKG 

TKW 

2 

3 

15.8 

16.0 

2.9 

1.6 

20.3 

21 .8 

3.1 

1. 7 

10.9 

1 0.1 

2.4 

1.7 

9.4 

11.7 

..,. 
0 

SMT 3 15.7 1. 7 20.4 1 .5 10.9 2.1 9.5 



Table 17. Average October temperatures (°C) at MAPS stations, 1976-1981. 

Mean Da i I :i Maxi mum Da i I :i Minimum Dai l:t Diurnal Temperature 
MAPS Years of Variation 
Code Record Average St. Dev. Average St. Dev. Average St. Dev. Average 

ELS 2 3.4 0.4 9.2 0.9 -2.0 0.1 11 • 3 

BCH 4 2.1 1 • 2 6.0 1.8 -1.3 1.0 6.5 

LKM 5 3.5 2.1 8.2 2.5 -1.1 2.1 10.9 

HLS 5 3.4 1.7 8.0 2.1 -0.7 1.6 8.8 

FBG 4 3.9 0.4 8.4 0.7 -0.5 0.5 8.9 

RIC 3 4.1 0.3 8.4 1 .0 0.0 0.3 8.7 

MKG 3 2.9 0.3 6.8 0.6 -0.8 0.3 7.8 .... 
TKW 5 3.4 2.0 8.1 2.5 -1.1 1.8 9.2 

SMT 5 3.1 3.0 7.0 3. 1 -0.6 3.2 7.6 
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than stations with three years of data. This is the result of a single 

warm month (January 1981). 

Attempts to compare MAPS stations temperatures with tempera

tures from adjacent forestry stations using a common period of record 

were considered. However, s i nee on I y summer temperatures were <;~va i l 

ab le at forestry stations, the comparison was not undertaken because 

the results could not be extended to other seasons. 

4.4 ESTIMATION OF 
STATION DATA 

THE FROST-FREE PERIOD FROM FORESTRY 

For this study, a frost event was det i ned as a temperature 

be Iow 0°C for at Ieast one hour. Tab I e 18 shows the ava i I ab I e data 

from the forestry stations during the period 1966 through 1979 from 

which to compute the frost-free period for each station. In thIs 

tab Ie, zeros indicate years where both a Iast spring and fIrst fa I I 

frost were recorded; minus signs indicate only last spring frost was 

recorded; plus signs indicate only first tal I frost was recorded; and 

blanks indicate alI summer temperatures were above freezing. The large 

number of b I anks in this tab I e Indicates that the per I od of above

freezing temperatures in this region must be longer than the operating 

period of most of the forestry stations, that is about 120 days. In 

some years (1967 to 1969), unusually late spring frosts were noted. In 

others <1974), unusually early tal I frosts were recorded. The shortest 

mean frost-free periods were recorded by low-lying stations such as 

Fort McMurray and Lambert Creek <LA). Because most stations did not 

have a sufficient length of season to record both last spring and first 

tal I frosts, no attempt was made to examine spatial variation in 

greater deta I I • 

4.5 ESTIMATION OF THE FROST-FREE PERIOD FROM MAPS DATA 

Despite the I imited number of years of data avai I able, the 

MAPS stations were expected to provide much more reliable estimates of 

the spatial variability of frost-free data than the forestry stations 

because data were collected year-round at the MAPS sites. Unfortun

ately, the relatively short record period of even the longest running 
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Table 18. The last spring frost, first tall frost, and frost-tree 
period data recorded at the forestry stations, 1966-1979 
("0" indicates both a last spring and a first tall frost 
recorded; "-" indicates only last spring frost recorded; "+" 
indicates only first fa II frost recorded; "M" indicates no 
data). 

Forestry 
Code 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 

LA M M M 0 0 0 0 0 + 0 0 0 0 
C1 M 
py 
KN 
PA 0 + 
JE 0 + 0 
ED 0 + 0 + 0 0 
LG 0 0 + + 0 0 
EL 0 + 
BN 0 0 + + + 
Bl M + 0 0 
BM + + + + 
Rl 
MU + + 
JO + + + 
WB 
CY + 
GE 0 + + + + 
AL + + 
TW M 0 0 + + 0 + 
MM M M M M M M M M M M D 0 0 0 
ST + 
GL + + 
MY + 
CR M 
CK 
CP 
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MAPS stations has been even further degraded for some stations by 

either their relatively late deployment (Stony Mountain), or their 

early shut-downs (EI Is, Birch Mountain, Firebag, and Richardson). 

Table 19 indicates the MAPS stations from which the frost-free periods 

cou I d be ca I cuI ated. In this ana I ys is on I y data from 1977, 1978 and 

1979 were used. The data for these three years have been combined in 

Table 20 to produce an average frost-free period for each station. 

Large variations in last spring and first tall frosts preclude 

inclusion of limited data from other years for only a selected number 

of stations. The large differences in the periods cannot be explained 

by topographic variations. The variation in the frost-free periods 

est I mated by the MAPS stations is so great that a map of these va I ues 

was not plotted. Clearly, more years of data are required to stab! lize 

the mean values. 
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Table 19. 	 Years with avai I able frost-free period data at MAPS 
stations, 1976-1981. 

MAPS Code 1977 1978 1979 1980 1981 

ELS X X X 

BCH X X X 

LKM X X X X X 

HLS X X X X 

FBG X X X 

RIC X X X 

MKG X X X 

TKW X X X X X 

SMT X X X X 
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Table 20. Frost-free period at the MAPS stations for selected years 
<period in days). 

MAPS Code 1977 1978 1979 Mean 

ELS 60 42 67 56 

BCH 182 131 120 144 

LKM 177 170 143 163 

HLS 158 135 127 140 

FBG 94 99 64 86 

RIC 139 134 114 129 

MKG 160 131 120 137 

TKW 184 135 126 148 

SMT 145 105 125 
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5. PRECIPITATION 


Precipitation va I ues from stations in the MAPS network and 

from forestry stations in the area were ana I ysed to determine I oca I 

spatial and temporal trends. These are examined in the following 

sections. Section 5.1 presents ogives of hourly precipitation at a 

selected station and examines short duration precipitation events. 

Sections 5.2 and 5.3 present an analysis of daily precipitation totals 

tor both the MAPS and forestry network, including consecutive days with 

precipitation. Finally, Section 5.4 examines snowpack data collected 

in the area. 

5.1 HOURLY PRECIPITATION 

Ogives of hourly precipitation were calculated tor alI sta

tions within the MAPS network ~9r the months January, April, July, and 

October. An og i ve representing the entire year was a I so ca IcuI ated. 

All avai !able hourly data from 1976 to 1981 inclusive were used in the 

analysis. Thus, ogives were produced prior to the check tor number of 

missing hours each day performed by SAS. Snowfall and rainfall were 

distinguished on the basis of hourly temperature; snowtal I was assumed 

when the temperature was be I ow 0°C. 0 i screpanc i es in the data may 

exist because d it terent qua I i ty contro I checks are made tor hour I y, 

daily, and monthly records. 

To give an example of the results of the SAS analysis, a 

typ i ca I MAPS station was chosen. Og i ves of hour I y precipitation at 

Mildred Lake <LKM) were plotted in Figure 10. Of the months examined, 

July had the largest average number ot hours with measurable precipita

tion (about 4.8%, or some 36 hours) and January had the fewest number 

(about 1.5%, or 11 hours). The total tor the year was about 200 hours 

<2.3%). July had the highest frequency of precipitation hours above 

2 mm, followed by Apri I and then October and January. Of the months 

examined, maximum hourly precipitation occurred in January and July 

(44 mm). 

Short duration precipitation statistics <number of conse

cutive precipitation hours) were produced tor each station in the MAPS 

network. Precipitation amount as a function of duration, tor the 
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entire period of station record, is presented in Section 11.2. 

Summaries of these statistics are shown in Tables 21 and 22. Table 21 

shows the maxi mum number of consecutive precipitation hours .and the 

maximum amount of precipitation occurring in consecutive hours of MAPS 

stations for the duration of the network. Terrain influences are 

apparent. Stony Mountain has both the Iongest duration arid the 

I argest amount recorded in consecutive hours. Birch Mountain and 

Thickwood have the next longest durations, while Thickwood has the next 

largest amount. Table 22 shows maximum one- and two-hour precipitation 

events during the period 1976-1981. No apparent relation exists 

between station location and short duration maxima. 

Comparison of Table 22 with short duration rainfall density 

statistics at Fort McMurray based on data from 1966 to 1973 shows major 

differences. Table 23, abstracted from Longley and Janz (1978), 

presents these data. Maximum one-hour precipitation at alI MAPS 

stations is apparently much greater than the amount based on a 25-year 

return period. This immediately raises questions about the validity of 

the MAPS hourly precipitation data. Recal I that MAPS precipitation was 

found by subtracting the total at the preceding hour. If the preceding 

hour was missing, the one before it was used. This suggests one 

possible cause for the high hourly rates. They might actually be 

accumulations over two hours. Examination of the individual hourly 

precipitation va I ues generated by SAS does not disprove this. Hours 

with values above about 30 mm invariably end or begin a series ot 

either missing or zero precipitation days, or more often, are single 

precipitation events in a series of missing or zero precipitation days. 

However, even it high one-hour durations are actua I I y two-hour accum

ulations, according to Table 23 they are still larger than 25-year 

return period amounts. Note a I so that the one-hour va I ues are very 

near the 50-mm cut-oft va I ue assumed by SAS, suggestIng the I ike I y 

existence of even larger one-hour values. 

Comparison of Table 23 with forestry station precipitation 

amounts and durations in Sect! on 11.3 suggests that I arge one-hour 

precipitation totals at MAPS stations are errors. Forestry stations, 

during the summers of 1966 to 1979, typically have zero to two, or 
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Table 21. 	 Maximum number of consecutive precipitation hours and 
maximum precipitation amount occurring in consecutive 
hours at MAPS stations, 1976-1981. 

Maximum Duration Maximum Amount 
Station Duration 

(h) 
Amount 

(mml 
Duration 

(h) 
Amount 

(mml 

Muskeg 

Firebag 

Stony Mou nta i n 

Birch Mountain 

Richardson 

Fort Hi lis 

Thickwood 

Mi I dred Lake 

E II s 

9 

9 

25 

19 

11 

10 

19 

12 

13 

26 

34 

11 7 

65 

33 

44 

80 

52 

40 

2 

9 

25 

19 

2 

19 

12 

13 

48 

34 

117 

65 

54 

46 

80 

52 

40 
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Table 22. Maximum one-hour and two-hour precipitation (mml at MAPS 
stations, 1976-1981. 

Statton Duration 
one hour two hours 

Muskeg 47 48 

Firebag 49 18 

Stony Mountain 48 47 

Birch Mountain 49 30 

Richardson 45 54 

Fort Hi !Is 46 23 

Thickwood 48 25 

Mi I dred Lake 46 30 

E II s 49 11 



Table 23. 	 Short duration precipitation amounts at Fort McMurray,1966-1973 (from 
Longley and Janz 1978). 

-
Return Period 	 Rainfal I Amounts (mm) 

Years 5 min 10 min 15 min 30 min 1 h 2 h 6 h 12 h 24 h 

2 5.3 7.8 9.3 11 • 5 13.5 17.6 27.6 33.6 43.2 

5 6.9 10.3 13.8 16.4 19 .o 27.0 40.8 50.4 61.0 
Vl 

10 7.9 12. 1 16.8 19.7 22.6 33.4 49.2 62.4 73.7 N 

25 9.2 14.3 19.8 23.9 27.2 41.1 60.0 76.8 91.4 
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occasionally three, periods of one day's duration with precipitation 

totals greater than 40 mm. MAPS stations, during the period 1976 to 

1981, typically had two or three hours with totals greater than 40 mm. 

Precipitation amounts from similar periods at sites where forestry and 

MAPS stations are adjacent were compared. The comparison suggested 

that days with relatively high daily totals at forestry stations were 

days with several hours of precipitation at MAPS stations. Conversely, 

hours with very high precipitation at MAPS stations were not associated 

with high daily totals at forestry stations. In addition, high hourly 

MAPS values occurred throughout the year, whereas such precipitation 

would be expected to occur with seasonal ralntal I. 

The two-hour duration maximum totals in Table 22 can also be 

compared to those in Table 23. AI I but three of the MAPS values were 

less than the 10-year return period values and tour were less than the 

t i ve-year return period va Iues. These comparisons suggest that even 

two-hour MAPS duration data are suspect. On I y a deta i I ed examination 

of the archived data can determine the cause of the questionable hourly 

values. 

5.2 DAILY PRECIPITATION DISTRIBUTIONS FOR FORESTRY STATIONS 

Da i I y precipitation amounts (separated into rain and snow 

categories) are available tor the forestry stations during the months 

of June, Ju I y, and August tor up to 14 years. Tab I e 24 shows the 

period of record tor each station, the average over a I I years of the 

record of the total July precipitation, the standard deviation about 

this average, and the 30-year normal July precipitation amounts as 

obtai ned from Environment Canada ( 1982). The agreement between the 

14-year va I ues and the 30-year norma Is l s quite good except tor the 

Christina (CRl, Ston Mountain <STl, Thlckwood <TWl, and Grande <GEl 

stations, where differences of about 10 mm exist. Note also that the 

tour years of Fort McMurray record reproduced, co inc i denta I I y and 

almost exactly, both the 30-year mean and standard deviations. The 

data from Table 24 have been plotted in Figures 11 and 12. In these 

maps, there Is a strong correlation between elevation and July total 

precipitation. The highest rainfall amounts occur In the 
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Table 24. Average and 30-year normal precipitation <mm) for 
the forestry stations. 

Forestry Years of July Total Precieitatlon July Total PreciEltatlon 
Code Record Average St. Dev. 30-year Normal St. Dev. 

LA 11 70.3 42.3 
Cl 4 66.4 37.9 
KN 14 64.7 28.1 61 .5 25.6 
PA 14 82.2 49.3 84.1 47.6 
JE 14 111.7 64.0 114.0 56.8 
ED 14 97.9 57.7 104.9 57.7 
LG 14 92.5 48.4 94.1 42.8 
EL 14 73.3 26.9 72.9 29.6 
BN 14 105.2 71.0 101.7 62.1 
Bl 14 103.8 50.8 102.5 46.6 
BM 14 79.5 31.3 77.7 30.3 
Rl 14 69.3 23.0 69.7 32.3 
MU 14 91.8 30.7 87.3 33.8 
JO 14 91.7 38.3 85.3 36.9 
CY 12 62.7 30.3 67.2 29.1 
GE 14 87.4 39.0 77.3 37.6 
AL 14 108.7 42.1 106.3 43.2 
TW 14 106.1 50.9 94.9 45.7 
MM 4 75.0 31.3 75.4 33.2 
ST 14 115.1 45.0 106.8 44.5 
GL 14 89.4 34.8 83.1 34.7 
MY 14 116.8 42.7 115.9 46.3 
CR 14 104.7 41.5 88.4 33.7 
CK 14 100.3 34.0 99.6 35.7 
CP 14 89.9 34.8 89.0 39.8 
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Birch Mountains and the hi lis south of Fort McMurray. The lowest 

values exist near Lake Athabasca, with another low in the upper 

Athabasca River valley. A col exists between the two, that is, in the 

Fort McMurray area. The high gradient that was noted in the tempera

ture data of Section 4.2 between the Fort McMurray and Thickwood 

stations also appears in the precipitation data. 

The relatively high values of standard deviation reflect the 

large variation in total monthly rainfall during the summer months. 

The large variation in summer precipitation is even more evident In the 

maximum daily precipitation as given for the months of June, July, and 

August, and over the summer in Table 25. This variation is due partly 

to the convective nature of the precipitation. 

5.3 DAILY PRECIPITATION DISTRIBUTIONS FOR MAPS STATIONS 

Table 26 outlines the average total precipitation over all 

years of record for the months of January, Apri I, July, and October, 

and the standard deviations about these values for each of the MAPS 

stations. AI I of the stations have at least three years of such data, 

with one station CLKM) having six years. As for the forestry stations, 

the MAPS values show large variations in the standard deviations. 

While large values of the coefficient of variation (standard deviation 

divided by mean) might be expected during July, because of the convec

tive component of the precipitation, simi I ar va I ues for the January 

data are somewhat surprising. The high variability of the precipita

tion makes it difficult to map the precipitation field over the study 

area. It the number of years of record was increased substantially, 

much of the variation due to the quasi-random nature of the precipita

tion would likely be removed, and long-term trends could be 

estab I i shed. 

The maxi mum da i I y precipitation va I ues noted for each month 

of the year over a I I years of record for each of the MAPS stations are 

given in Table 27. As was observed in the comparable forestry statist 

! cs, Iarge spatia I variations exist. Large month-to-month variations 

in the data of Table 28 reflect an insufficient length of record. 

These data are not representative of annual precipitation variations. 
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Table 25. Maximum dally precipitation (mm) for the summer months 
at forestry stations, 1966-1979. 

Forestry Summer Da i I y June Daily July Daily August Da i I y 

Code Maximum Maximum Maximum Maximum 


LA 54 50.8 54.4 46.2 
Cl 21 12.7 20.3 21.1 
KN 41 31.7 40.6 38.6 
PA 80 58.9 62.0 80.3 
JE 80 59.4 80.3 52.6 
ED 76 45.7 75.9 51 • 1 
LG 50 46.5 49.8 48.9 
EL 52 41 .4 42.4 51.9 
BN 73 72.9 54.1 47.2 
Bl 85 62.7 84.6 56.1 
BM 66 28.7 57.9 66.0 
Rl 39 34.3 37.6 38.6 
MU 87 57.9 53.8 86.6 
JO 58 50.3 48.5 57.9 
CY 61 60.7 30.5 61.0 
GE 84 68.8 40.1 83.8 
AL 68 43.9 67.8 58.4 
TW 90 51.8 60.2 90. 1 
MM 95 17.3 36.1 94.5 
ST 11 5 79.0 42.9 115.3 
GL 101 47.0 50.0 1 0 1 • 1 
MY 102 101 .6 73.2 58.2 
CR 81 80.8 50.5 65.0 
CK 71 70.9 40.9 48.0 
CP 117 68.8 44.5 11 7. 1 



Table 26. Average precipitation Cmml tor selected months at the MAPS Stations, 
1976-1981. 

January Total April Total July Total October Total 
Preci~itation Precieitation Precieitatlon Precieitation 

Yea-rs Years Years Years 
of of of of 

MAPS Code Record Average soa cvb Record Average so cv Record Average so cv Record Average so cv 

ELS 4 19.5 9.6 49 4 26.8 29.0 108 3 52.7 16.0 30 4 27.5 26.0 95 
BCH 4 13.5 8.9 66 4 25.8 30.2 117 3 41.7 39.6 95 4 27.8 9.3 33 
LKM 
HLS 

5 
4 

19.8 
7.5 

16.5 
3.9 

83 
52 

5 
5 

21.8 
26.6 

26.3 
20.2 

121 
76 

5 
4 

56.8 
58.0 

34.5 
43.7 

61 
75 

6 
5 

22.8 
24.4 

25.7 
17.5 

113 
72 Vl 

"' FBG 4 21.5 16.3 76 3 31.7 30.0 95 3 49.0 9.8 20 4 40.3 20.1 50 
RIC 4 14.8 13.8 93 4 21.5 14.2 66 3 59.0 12.8 22 4 35.0 12.1 35 
MKG 4 17.0 15.5 91 4 28.8 25.3 88 3 64.0 26.0 41 4 29.0 7.4 26 
TKW 5 9.6 5.3 55 5 25.4 22.9 90 4 61.3 37. t 61 5 28.6 32.1 112 
SMT 4 13.3 4.6 35 4 28.0 27.1 97 4 64.5 26.5 41 5 27.4 26.3 96 

a Standard deviation {mm)
b Coefficient of variation in percent 
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Section 11.4 documents the number of days each month with 

measurab I e precipitation at both MAPS stations and forestry stations. 

The ~~APS resu Its show an annual trend of more precipitation days in 

summer than winter. This is due to the difference in time scales of 

the precipitation producing mechanisms. Winter events are caused by 

frontal passages or upper disturbances which occur perhaps weekly and 

last for one or two days. Convective precipitation is induced largely 

by summer surface heating which has a time scale of one day. 

5. 4 SNOWP ACK 

Snowpack statistics were generated for 12 sites in the oi I 

sands area for the period 1976 to 1982. The sites were chosen on the 

basis of record length which ranged from three to six years. 

A summary of the statistics is presented in Tab I e 28. The 

mean and standard deviation of snow depth and water equ iva I ency are 

shown for the months January, February, and March. As mentIoned in 

Section 2.5, snow measurements were taken, over the years, during 

various weeks of the month. Thus, the values in Table 28 represent an 

average within each month as wei I as year to year, and might therefore 

be considered as mid-month snowpack values. 

The month-to-month variation of snow depth was examined. 

Mean January depth was significantly different from the mean February 

and March depths at the 95% confidence level. However, at none of the 

stations were the mean February and mean ~~arch depths significantly 

different at the same level of confidence. Water equivalency data were 

more variable; at some stations, month-to-month variations were 

signifIcant at the 95% I eve I but at others they were not. Longer 

periods ot record are required to reduce these uncertainties. 

In spite of potential sampling problems described previously, 

spatial variations in the snowpack were examined. Figures 13 through 

16 show mean mid-month snow depth and water equivalency for January and 

March. Figure 13 shows an unexpectedly weak trend for deeper snowcover 

at higher elevations. The highest station, Birch Mountain, has the 

least snowcover; however, It is also on an east-facing slope. Stoney 

Mountain, at a lower elevation but on a western slope, has the deepest 



Table 27. The maximum daily precipitation <mm) at the MAPS stations, 1976-1981. Snow 
has been converted to equivalent water. 

MAPS Annual 
Code Maximum January February March A~ri I May June July August September October November December 

ELS 43 28 8 6 34 10 19 30 29 43 22 10 6 
BCH 70 22 13 9 34 18 13 45 38 70 17 5 5 
LKM 70 45 14 8 36 13 13 44 40 70 25 10 13 
HLS 50 5 14 8 30 12 18 34 50 50 27 8 10 0> 
FBG 46 43 12 5 35 7 16 19 17 46 41 8 10 
RIC 40 20 20 7 16 14 11 25 17 40 21 7 8 
M<G 35 35 6 10 30 12 13 23 33 21 12 6 5 
TKW 85 4 9 13 23 13 13 47 85 61 23 9 13 
SMT 117 8 4 7 30 13 24 33 117 20 20 6 7 



Table 28. Snow depth and water equivalency statistics for late winter snowpack, 1976-1982. 

JANUARY FEBRUARY MARCH 
Depth Water Eguiv. De~th Water Eguiv. Deeth Water -E:g_U_i v. 

No. Mean St. Dev. Mean St. Dev. No. Mean St. Dev. Mean St. Dev. No. Mean St. Dev. Mean St. Dev. 
(em) (em) (mm) (mm) 

Birch Mountain 5 29 2. 7 57 8. I 4 39 5.8 71 1.2 6 40 8.6 78 2.0 

Bi tumoun t 4 33 8.1 58 1.9 4 48 1.4 68 2.2 6 43 1.1 83 2.7 

Elis 5 36 3-7 63 1.4 3 49 6. 7 75 I .0 5 48 8.6 80 1.8 

Fi rebag 3 31 3-7 58 1.2 3 51 1.1 63 I .4 4 40 5.4 72 1.5 
"' Mildred Lake 4 30 7.2 48 I .2 4 42 1.2 65 1.7 5 41 9.2 75 2.3 
N 

Muskeg 5 36 3.1 70 1.4 4 52 3.0 98 8.8 6 48 6.9 96 3.1 

Richardson 5 31 5.0 58 1.0 4 43 1.0 77 1.5 4 41 7.7 79 1.5 

Thi ckwood 4 41 7.8 77 1.0 4 47 1.3 83 1.8 5 54 5.3 93 2. I 

Lost Creek 3 38 4.5 75 1.4 3 48 7.4 77 1.7 4 44 1.2 87 3-7 

Namur Lake 3 34 2.5 59 9.2 3 43 4.2 75 5.4 4 40 6.3 72 1.9 

Upper Tar Lk. 4 38 2.6 69 2.2 3 43 1.1 71 1.8 4 45 4.5 90 2.5 

Stony Mountain 4 43 6.0 4 53 I .5 5 55 8.6 
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mean January snow cover. Stations near the Athabasca River va I I ey 

generally have the lowest mean snow depth. 

The March mean snow depth shows no trend tor increasing depth 

with elevation. Rather, the trend is clearly latitudinal, with the 

least snow cover in northern-most areas. This is consistent with data 

tor Fort McMurray and Embarras (situated about 50 km north ot 

Richardson in the Athabasca River val ley) presented by Longley and Janz 

(1978). 

Figures 14 and 16 compare mean water equivalency at mid-month 

during January and March. January equivalencies are about 20% less 

than those ot March but follow a similar spatial pattern. Although 

water equivalencies were unavai I able tor Stony Mountain, no 

association with elevation or latitude is apparent. 
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6. WIND 

6.1 DIURNAL VARIATION 

Wind speed and direction measured at MAPS stations were 

examined by hour of day tor evidence of diurnal variation. The months 

January, Apri I, July, and October were chosen to show seasonal trends. 

AI I months of data from 1976 to 1981 were used in the analysis. 

The diurnal variation ot wind speed at tour selected MAPS 

sites is shown in Tab I e 29. Wind speeds in January appeared to be 

relatively constant throughout the day, although some evidence existed 

(Mildred Lake and Birch Mountain) for a slight reduction during 

mid-after noon. Converse I y, in Apr i I, a max Imum in speed occurred 

during mid- to late afternoon. Stony Mountain also showed evidence of 

a secondary maximum near midnight. In July the afternoon wind speed 

maximum was slightly more prominent (larger amp I itudel and slightly 

broadened to include alI afternoon hours with a local maximum between 

1500 and 1700 h. In October the time of maximum speeds depended on 

station location. Stony Mountain showed no trend with time of day. 

Birch Mountain had a maximum at 0800 h with late night and morning 

speed generally high. Ml ldred Lake and Muskeg retained maxima In late 

and mid-afternoon, respectively. In general, terrain appeared not to 

influence diurnal variations of wind speed to any significant degree. 

The diurnal variation of wind direction was also examined. 

Time frequency plots are found in Section 11.5. In January at Stony 

Mountain, the directions north, south, and west predominated throughout 

the day. North and south occurred most frequently during n ighttlme 

hours; west winds dominated with a northwest component becoming 

important for several hours In later afternoon. Winds from the south 

are I ikely indicative of downslope flow at this site. At Birch 

Mountain, northwest winds dominated with secondary maxima at southwest 

and north. Northwest winds occurred less frequently during daytime 

hours when west and south components were somewhat enhanced. At 

Muskeg, winds were most frequently from north or south. Winds from the 

south dominated from about midnight to sunup, north winds from sunup to 

mid-afternoon, and northwest winds In late afternoon. At Mildred Lake, 



Table 29. Hourly variation of mean wind speed (km/hr) at selected MAPS stations, 1976-1981. Times are local. 

Month Station 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 " 
January Mildred lake 6.5 6.8 6.7 6.S 6.6 6.4 6.3 6.2 6.0 6.4 6.1 6.0 6.Jo 6.3 5.9 5.9 6.3 6.6 6.9 6.8 6.7 6.7 6.8 6.8 

Muskeg 9.8 9.4 8.9 9.4 8.7 9.1 9.2 9.2 9.2 9.1 9.0 9. I 9.4 8.8 9.0 9.2 9.4 9. 3 9. 8 10.0 10.0 10.0 10.0 10.0 

Birch Mtn. 17 18 17 18 17 I) I) 17 17 17 18 18 16 16 16 16 17 I 7 18 18 17 18 17 18 
Stony Mtn. 8.8 9.3 9.0 8.9 9.4 8.6 8.8 8.9 9.0 9. 4 9.1 II 9.0 8.9 8.9 8.7 8.6 8.8 8. 9 8.9 8. 6 8. 7 8. 3 5.4 

Apri 1 Mi 1 dred Lake 8.9 8.9 8.8 8.7 8.6 8.5 8.7 8.) 8.s 9. I 9.9 9. 7 I 0 II 11 II 12 II 10 9.7 9.3 9.2 9.7 9.5 

Muskeg 14 13 14 14 14 14 13 13 13 14 14 14 14 15 14 14 IS 14 I 3 12 12 13 14 14 

Birch Mtn. 16 17 16 17 17 17 17 17 17 17 16 16 17 17 18 18 18 I 7 16 14 15 16 16 16 

Stony Mtn. 15 15 15 IS 15 15 14 14 14 15 14 15 16 16 15 IS 16 IS IS 13 J3 ].L. 15 16 

"" '"' 
July M"1ldred Lake 6.9 6.9 6.8 ).0 7.2 6.9 7. 1 8. 0 ).7 8.3 9-3 9. 7 10 11 II I 0 10 s .9 9.4 8.2 7,4 7.s 7.S 7.1 

Muskeg 10 10 10 10 10 10 9.0 10 10 10 11 12 12 12 I 3 12 13 12 II 9.9 8. 7 9.1; 9. 7 9. 7 
a·, rch Mtn, 12 II 12 12 13 13 13 13 I 3 14 15 16 15 15 16 IS 17 16 IS I 3 12 11 11 12 

Stony Mtn. 7. 6 7.6 7.9 7.9 8.2 8.6 8.0 8.2 8.) 8.4 9.0 9.6 9.8 10 II II 9.9 10 9.1 s.s 7.7 7.2 7. 2 ).6 

October Mildred lake 8.0 8.3 8. I 8.0 8.) 8.4 8.4 8.6 8.2 8.4 9.2 9 .s 10 II II II 11 9.6 9.5 9.2 9 4 9.1 8.9 8.5 

Muskeg 14 I) I) 14 14 14 IS IS 14 15 16 16 I) 17 17 16 IS IS 14 16 15 14 IS 15 
Birch Mtn. 19 19 19 19 19 19 19 20 19 19 18 18 18 17 17 16 IS IS 17 18 19 19 19 I 8 

Stony Mtn. I 3 12 12 13 13 I 3 I 3 I 3 13 13 13 I 3 I) I 3 13 13 I 3 12 12 12 12 12 I 3 !2 
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south-southeast winds were most frequent I y observed with a secondary 

maximum at north. This pattern persisted throughout the day except tor 

1700 h (approximate sundown) when north winds occurred most frequently. 

January wind frequencies at both Mildred Lake and Muskeg were strongly 

influenced by the channeling effect of the Athabasca River Valley. 

Diurnal variations were not clearly shown at any of the stations. 

Apri I direction frequencies began to show diurnal variations 

more clearly. At Stony Mountain, the prevalent directions were south, 

north and west. Downs I ope (southl winds occurred most frequently 

beTween 2200 and 1100 h. North winds were most Important between 1100 

and 2200 h. West and northwest winds were a I so important dur l ng 

day! ight hours. At Birch Mountain, northerly and westerly winds were 

prevalent throughout the day. Superimposed on this pattern was a 

general wind shift from southwest just after midnight, through west and 

northwest at about 0700 and to north in mid-afternoon, remaining 

northerly unti I midnight (winds from west and north are downslope). 

Winds from the southeast quadrant occurred very rare I y during I ate 

night and early morning hours but more frequently during afternoon and 

ear I y even l ng. Winds at Muskeg tended to be from south ( downva II eyl 

and southeast (downslope) from about 2100 to 0900 h with north, 

northwest, and west winds more important during the remainder of the 

day. At Mildred Lake, north and southeast winds were predominant and 

occurred w l th approximate I y equa I frequency before 1200 h and after 

2000 h. Wester I y (inc I ud i ng southwest and northwest) and norther I y 

winds were important during the remainder ot the day. 

Diurnal variations in direction were most evident in July. 

Although winds throughout the day at Stony Mountain were primarily 

from the northwest quadrant, winds from the south (downslope) quadrant 

were enhanced beginning as ear I y as 1800 unt i I approx !mate I y 1000 h. 

North (upslope) winds occurred relatively frequently from 0700 to 

2200 h. At Birch Mountain (with an eastern exposure), the pattern was 

somewhat different. Winds from the west (downslope) were most 

prevalent but especially so from 2100 to 1000 h. Winds from the 

southeast (ups I opel quadrant occurred rare I y at night but reI at ive ly 

frequently between 1000 and 1700 h. July winds at Muskeg were 
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distributed almost equally among alI compass points. The general trend 

was enhanced west and northwest (upslope) winds during the hours 0900 

and 1900 (along with decreased east and south winds), with a shift to 

increased east and south winds beginning late evening and maintaining 

unti I mid-morning. Mildred Lake winds were predominantly from the 

north and southwest, with northwest quadrant winds secondarily 

important. North winds occurred equally frequently at all hours and 

southwest winds more frequently between 1200 and 0700 h. Mildred Lake 

winds showed Iess d i urn a I variation than the other stations. 

Channeling of winds by the Athabasca River val ley at this site appeared 

to dominate other effects. A I I sites except Muskeg exhibited more 

frequent surface westerly flow in July (and October) compared to other 

months. The reason tor this may have been more frequent westerly flow 

at upper levels. 

October wind trequenci es showed Iess evidence ot d i urn a I 

effects than Apr i I. At Stony Mountain, winds were predominant I y west 

with secondary peaks at south and north. West winds occurred slightly 

less frequently in early evening hours with concurrent slight increases 

in both north and south directions. At Birch Mountain, virtually all 

winds were from southwest through west to north wIth west winds the 

most frequent. South winds were somewhat enhanced during the hours 

1 400 to 21 00 h. Muskeg winds were most often west and south. East 

winds were rare at all hours; northwest winds were enhanced between 

1200 and 1600 h. Mi I dred Lake winds were more uniform I y distributed 

but with maxima at southeast, southwest, and north. No change was 

evident with time ot day. October wind frequencies at all stations 

showed neither the strongly terrain-dominated flows ot January nor the 

diurnal heating patterns evident in July flows. 

6.2 SEASONAL VARIATION 

Mean monthly wind speeds and prevailing directions were 

examined tor evidence ot annual fluctuations. Mean speeds <Table 30) 

at MAPS stations generally tol lowed the trend discussed by Longley and 

Janz (1978); that is, the windiest months were the transition months, 

usually May and October. At exposed sites, such as Stony and Birch 



Table 30. Mean monthly wind speeds (km/hl at MAPS stations, 1976-1981. 

Station 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Stony Mountain 9.0 9.4 9.4 9.9 9.0 8.6 8.6 9.6 11 12 10 9.6 9.7 

Richardson 5.4 5.4 5.9 6.9 11 1 0 7.8 9.4 8.0 8.0 7.4 6.4 7.6 

M i I dred Lake 6.4 6.2 8.0 9.4 9.1 8.3 8.3 7.7 7.7 9.1 9.3 8.3 7.5 

Fort Hi II s 7.8 7.7 8.2 10 9.9 8.5 9.3 7.2 8.6 9.6 7.8 6.4 7.8 

Th ickwood 

Ells 

11 

7.5 

12 

8.2 

11 

9.4 

10 

9.3 

10 

8.5 

8.5 

7.5 

10 

6.9 

9.1 

6.4 

8.2 

6.4 

11 

8.3 

11 

7.5 

9.3 

5.9 

10 

7.7 
-.J 
N 

Birch Mountain 17 17 16 16 16 15 14 14 15 18 16 17 16 

Muskeg 9.3 14 14 14 13 12 11 11 13 15 11 9.8 12 
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rrountains, the lowest wind speeds occurred in summer. At sites located 

near the Athabasca River val ley, the lowest wind speeds were found in 

winter and sec:onda.-i ly in late summer. Highest speeds throughout the 

year were found at Birch Mountain. Wind speeds were generally lower in 

the Ai"habasca River val ley than at exposed sites, with the exception of 

Th ickwood <near the valley but at a higher elevation) which had the 

second highest wind speed. 

Table 31 shows the frequency of calms <speeds less than about 

4 km/h) at MAPS stations. An obvious annual trend exists in that the 

summer months had fewer hours of calm than other months, with calms 

occurring most frequently In winter. Terrain effects appeared to be 

confl feting. As expected, Birch Mountain had the lowest frequency of 

calms. Conversely, Stony Mountain, also at a high elevation, had the 

highest frequency. This was especially evident during winter months. 

Although the site was designed to be properly exposed, its location on 

a north fac lng s I ope combined with frequent south winds suggested a 

sheltering effect to be the cause. In general, no apparent relation 

existed between terral n and the season a I var lat ion l n frequency of 

ca Ims. 

Monthly prevailing wind directions were also examined and are 

presented in Table 32. Winds at sites in or near the Athabasca River 

valley appeared entirely under the influence of the valley <winds 

primarily oriented north or south). In many other cases, for example 

El Is, winds from the prevailing direction <west) occurred only several 

percent more frequent I y than from other d l rect l ons (east-northeast) • 

Winds at El Is, together with Birch Mountain, also showed effects of the 

presence of the Birch Mountains. Stony Mountain winds were also 

influenced by terrain. In no cases were there obvious annual trends in 

prevail lng wind directions, although as shown in the previous section, 

westerly winds occurred relatively more frequently In summer and autumn 

months than In the other two seasons. 

The seasonal trend in diurnal wind variation was also 

documented in the previous section. In spring and summer months during 

daylight hours an upslope flow component was frequently observed and at 

night a downslope or downvalley component was noted. In autumn months 



Table 31. Percent calms at MAPS stations, 1976-1981. 

Station 
Jan. Feb. Mar. Apr. May June July Aug. Sept. oct. Nov. Dec. 

Stony Mountain 26 29 26 3 1 2 4 3 6 20 22 23 

Richardson 21 20 18 15 8 2 3 2 4 13 4 10 

M i I dred Lake 15 12 9 5 1 2 2 2 6 4 3 5 

Fort Hi lis 15 9 10 13 6 1 1 1 1 1 2 6 

Th i ckwood 13 13 11 6 1 1 1 1 1 2 4 10 

Ells 8 6 4 5 4 3 4 5 4 4 7 7 
-..!... 

Birch Mountain 5 2 1 1 0 0 1 1 1 8 5 2 

Muskeg 5 3 2 1 2 3 3 1 1 1 2 4 



Tab I e 32. Prevailing wind direction at MAPS stations by month, 1976-1981. 

Station 
Jan. Feb. Mar. Apr. May June July Aug. Sept. oct. Nov. Dec. 

Stony Mountain w s N N w N w N s w w w 

Richardson s SSE s NW s s s NNW s s s s 

M i I dred Lake SSE N N N N N N N N SE SE N 

Fort Hi II s s s NNE NNE NNE N N N N N N w 

Thickwood 

Ells 

N 

WNW 

N 

ENE 

N 

WNW 

N 

WNW 

N 

NE 

N 

w 

N 

w 

N 

WNW 

N 

w 

N 

w 

N 

w 

N 

WNW 
_, 
\.l1 

Birch Mountain WNW WNW NNW N N N w WNW WNW WNW WNW WNW 

Muskeg s SSE s s E N w NNW SE WSW WSW WSW 
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when wind speeds were relatively high neither terrain-induced nor 

diurnal heating effects were dominant although channeling effects were 

ev i den1-. In •.'linter with relatively low wind speeds, terrain effects 

were dominant and were especially evident at valley stations such as 

M i I dred Lake. 

6.3 COMPARISON OF MAPS AND 400-M PIBAL WINDS 

Winds from selected MAPS stations (Mi Jdred Lake, Muskeg, 

Birch Mountain, and Stony Mountain) were compared to pibal winds near 

the 400-m level that were obtained during field programs conducted from 

1976 to 1978. Stony Mountain and Birch Mountain were chosen because 

of their high elevations and differences in exposure; Muskeg because it 

was thought to be relatively free of terrain influence; and 

M i I dred Lake as a comparison site where winds were strong I y i nf i uenced 

by terrain. 

Some differences in characteristics of the MAPS and pibal 

data sets were relevant. As discussed by Davison, Davies et al. (1981) 

and Davison, Hansen et a I. ( 1 981) pi ba I measurements were essent i a I I y 

instantaneous. MAPS wind speeds were 10-minute averages and directions 

were instantaneous. Somewhat more scatter might therefore be expected 

in the pibal measurements. 

MAPS winds were compared on an hour-by-hour basis with pibal 

winds. For each individual MAPS station, only those hours with MAPS 

speed and direction and a pibal measurement between 300 and 500 m were 

considered for analysis. Joint frequencies of pibal measurements with 

each MAPS site were calculated. Because a! I four MAPS stations chosen 

were operationa I during most of the pi ba I measurement period, pi ba I 

directional frequencies were very similar <typically 1% standard 

deviation) regardless of which of the four MAPS station data periods 

was used. The pi ba I directiona I frequencies were therefore averaged 

into a single distribution as shown in Table 33. Only pairings with 

more than 100 hours each season were used to produce these average 

values. In addition to the frequency comparisons of Table 33, joint 

frequencies by season of each MAPS wind direction measurement and 

concurrent pibal measurements were produced. These joint distributions 



Table 33. Comparison of selected MAPS and pibal 400-m wind direction frequencies (%) • 

Season Station N NNE NE ENE E ESE SE SSE s ssw SW WSW w WNW NW NNW Numbe ra 

Winter Mildred Lake 10 7 I I 2 4 12 2 17 10 4 4 4 2 2 0 174 
Muskeg 2 3 3 I I 5 13 8 8 21 17 3 2 4 7 3 179 
Birch Mtn, 6 I I I 0 2 0 2 5 7 IS 7 21 22 7 5 178 
Stony Mtn. 0 0 0 0 0 II 29 16 8 13 II 5 8 0 0 0 38 
PIBAL 3 3 3 2 13 10 10 8 7 5 8 8 II 5 I 2 531 

Spring Hi 1 dred Lake II 5 4 4 22 8 9 7 7 8 6 5 9 8 3 4 225 
Muskeg II 4 3 3 12 4 7 7 5 14 3 3 5 5 7 6 225 
Birch Mtn. 16 4 6 4 7 5 8 I 7 6 7 2 9 8 9 3 215 
Stony Mtn. II 17 II 4 2 2 6 6 0 2 9 4 9 9 0 9 47 
P IBAL 10 13 4 3 4 5 5 5 7 6 5 9 7 6 2 7 665 

Summer Hi 1 dred 
Muskeg 

Lake 4 
5 

2 
3 

3 
3 

I 
I 

0 
I 

4 
2 

II 
10 

17 
8 

10 
9 

10 
II 

II 
8 

9 
13 

6 
II 

5 
5 

5 
7 

5 
5 

198 
215 

" " 
Birch Mtn. 0 
Stony Htn. 0 
PIBAL 5 5 3 I I 0 5 9 13 5 9 13 13 8 6 4 413 

Autumn Mildred Lake 13 2 I 0 I I 7 II 10 10 13 13 8 4 2 4 257 
Muskeg 5 2 2 I 2 0 6 9 7 16 14 13 12 5 4 3 278 
Birch Mtn. 6 2 4 2 2 0 I 0 2 7 10 8 3 15 8 4 249 
Stony Mtn. 4 0 0 I I I 0 2 14 8 14 19 23 7 5 3 155 
PIBAL 5 4 3 I I 0 2 4 8 9 II 14 23 II 4 3 939 

a Pibal frequencies were similar regardless of which MAPS station period of record was used and therefore an average value 
was calculated. 
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were too numerous to be included in this report but are available In 

table form at the offices of RMD and are summarized in the following 

paragraphs. Statistics on the difference between 400-m pibal and 10-m 

MAPS wind directions were not produced. For these analyses the seasons 

were defined as winter (December, January, February), spring (March, 

Apr! I, May) summer (June, July, August), and autumn (September, 

October, November). 

In winter, pibal winds had a broad maximum in frequency 

extending from east through south to west, with local maximum at east 

and west. At Mildred Lake, the 10-m winds were primarily from south

southeast and secondarily from north, indicative of val ley channeling. 

No organized rotation with height was observed; wind shifts of more 

than 90° were common. At Muskeg surface winds were predominant I y 

southeast through southwest. Large, a I most random differences in 

direction between the two levels were observed; tor example, on 

thirteen occasions when surface winds were southwest, 400-m winds were 

from the east. Birch Mountain winds had a broad maximum centred on 

west-northwest. Litt I e organized rotation with height was observed, 

except for a slight backing (much less than one 16-point compass point) 

with height when surface winds were in the southwest quadrant. A 

similarly slight backing was observed in the southwest quadrant at 

Stony Mountain. Note that MAPS wind directions were based on a 

16-point compass, whereas pibal winds were recorded to the nearest 

degree. Therefore, for individual hours, differences in wind direction 

were restricted to multiples of 22.5° (approximated by 20°). 

In spring, pibal winds were primarily north with a broad 

secondary maximum centered on southwest. At Mildred Lake surface winds 

were primarily north and southeast with a west component. A weak trend 

for a 20° veer with height was apparent but on many occassions upper 

winds from alI directions were channeled to south or south-southeast at 

the surface. At Muskeg, surface wind direction maxima occurred at 

north, east and south - southwest. Again a tendency existed for winds 

to veer by about 20° with height. At Birch Mountain surface winds were 

primarly from north with secondary maxima at east-southeast, south, and 

west-northwest. The joint frequency distribution gave no evidence of 
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rotation with height but the data were broad I y distributed about the 

no-rotation axis. At Stony Mountain, few spring data points existed 

and those with no apparent rotation with height. 

Summer pibal data had maxima at south and west with a minor 

peak in the distribution at north-northeast. Surface winds at 

Mildred Lake exhibited a very broad maxima centred on south. A 

Ioose Iy-def i ned veer of about Z0° with height was evident. At Muskeg 

surface winds showed a broad maxi mum centered on south. A tendency 

existed slightly for more than a 20° veer with height but with 

exceptions: west-southwest pibal winds were generally associated with 

west-southwest surface winds. No summer data existed for the Stony· 

Mountain and Birch Mountain sites. 

Autumn pi ba I winds had a broad maxi mum from south through 

west to west-northwest. At Mildred Lake, a major maximum existed 

centred on southwest with a secondary maximum at north. Joint 

frequency data showed evIdence of a 20° veer with height. EvIdence 

also existed ot northerly channeling at the surface, particularly when 

400-m winds were north-northeast and west. Muskeg surface winds showed 

a broad maximum centred on south-southwest with a minor frequency 

maximum tor winds from north. As at Mildred Lake, a tendency existed 

both tor a 20° veer with height and tor norther I y channe I i ng at the 

surface. Stony Mountain surface winds had a broad frequency maximum 

centred at southwest but with the highest frequency occurring at west. 

A very slight veer with height (less than 20°) was evident. At Birch 

Mountain frequency peaks occurred at southwest and west. Good 

agreement was found (few out I iersl with a slight backing (much less 

than Z0°) with height. 

In addition to directional shear with height, speed shear was 

also investigated by fitting a power law to individual hourly values. 

The power law formulation took the form 

(2) 

where U400 and U10 are wind speeds at a level near 400 m and 

the surface, Z400 and Z10 are the height above ground ot the 
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pibal level and MAPS wind measurement, and p is the power law exponent. 

In this analysis data were stratified by season on I y. No attempt was 

made to remove I ow wind speed or f I ow-decoup I ed cases, or to further 

stratify by wind direction as in Leahey and Hansen (1982). 

A summary of the exponent statistics is presented in 

Table 34. Of note are large variations in the mean value of the 

exponent and the relativley large standard deviations. Large standard 

deviations might be expected for several reasons: flow de-coup! ing 

during stable conditions; errors in measurement in low wind speed 

conditions; and instantaneous wind measurements made at some time 

during the same hour at different locations that are quite different 

from statistical considerations and because of terrain influences (see 

Davison, Hansen eta!. 1981). 

Mean values of p were typically about 0.2 but with large 

variations. With exponent values of 0.2, and assuming pibal winds 

measured near the 400-m level, 400-m wind speeds are found to be about 

twice the va I ue at the surface. From Tab I e 34, Muskeg is observed to 

have exponent values relatively near zero, as does the single 

Birch Mountain value. This is consistent with high mean wind speeds at 

these two stations <Table 30). Mildred Lake had relatively large p 

values, especially during winter and autumn months. During these 

seasons f I ow decoup I i ng occurred frequent I y as evidenced by I ack of 

systematic wind turning the height. In addition, stable conditions 

result in generally large values ot the exponent. Irwin (1979) 

reported p values in rural locations ranging from 0.07 in very unstable 

conditions to 0.15 in near neutral conditions to 0.55 in very stable 

conditions. The Mildred Lake values had a seasonal trend in p 

consistent with Irwin's results, but the relatively high p values in 

summer, combined with relatively low wind speeds, suggest a sheltering 

effect on the surface winds there. Relatively large p values at Stoney 

Mountain in winter and autumn are consistent with the large frequency 

of calms <Table 31) during these seasons. Hanna et al. (1982) 

recommended that power law extrapolations from the surface should not 

extend above 200 m because of increasing inaccuracies so that the 

values in Table 34 should be compared with caution to the "typical" 

results of Irwin. 



Table 34. Power law exponent statistics tor MAPS and pibal 400-m wind speed proti les, by season. 

Winter S~r ing Summer Autumn 
N-Station Me-an so a ND Mean so N Mean SD N Mean so 

Mi I dred Lake 0.48 0.30 113 0.33 0.23 163 0.27 o. 17 193 0.35 o. 19 231 

Muskeg 0.08 0.20 147 0.06 0.20 168 o. 17 0.16 206 0.17 0.17 248 

Birch Mtn. 

Stony Mtn. 0.30 0.18 26 0.90 o. 16 45 

0.09 

0.21 

0. 14 

o. 15 

97 

155 
(];> 

a Standard deviation 
b Number of observations 
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6.4 SUMMARY OF TERRAIN EFFECTS 

Winds from all MAPS stations examined in depth (Mildred Lake, 

Muskeg, Stony Mountain, Birch Mountain, and El lsl showed strong 

evidence of very significant terrain influence. Effects were found in 

diurnal and seasonal variations, in mean annual wind speeds, and in 

comparison to plume level winds. 

Mildred Lake winds in general exhibited obvious channeling 

effects of the Athabasca River valley. In alI seasons except spring, 

winds were predominantly from the north or south along the val ley axis. 

In spring winds were most frequently from the east. 

Stony Mountain winds had an obvious and consistent north or 

south orientation. This was likely due to its location at the 

southeast edge of a slope angling southwest to northeast, even though 

this feature shou I d apparent Iy channe I winds southwest to northeast. 

This orientation was present at alI times of the year. 

Winds at El Is were also subject to terrain influence. 

Throughout the year, a significant fraction of winds were from the 

northeast. This was I ikely due to the presence of Birch Mountain, 

located about 50 km north and northwest of Ells. In addition, winds 

from east-southeast through south to southwest were very rarely 

occurring throughout the year despite the absence of Iarge- sea I e 

terrain features for many kilometres in those directions. 

Birch Mountain winds also showed directional persistence, 

although perhaps not to the degree of Stony Mountain and Ells. A 

small secondary peak of winds from the north could be explained by the 

station siting at the eastern edge of the Birch Mountains where the 

terrain angles north to south. Similarly to El Is, winds from 

directions east-southeast to south occurred rare Iy in a II seasons, 

perhaps because of the downstream blocking effect of the Birch 

Mountains. 

Winds at Muskeg also appeared to exhibit channeling effects 

of the Athabasca River valley. Winds in winter and spring were 

predominantly from the north and south. Easterly winds that might be 

due to drainage from the higher terrain in that direction occurred 

infrequently. 
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Mean wind speeds also i I I ustrated terrain i nf I uences. In 

genera I stations with the highest elevation had the highest speeds and 

those with Iowest e I evati on had the I owesi· speed, as expected. Despite 

its location near the Athabasca River val ley, Thickwood had high wind 

speeds because of its relatively exposed siting and high elevation. 

Stony Mountain was an exception to this general trend as evidenced by 

a high frequency of calms and low mean winds speeds. 

Terrain also influenced the diurnal variations of wind 

direction. At val ley stations such as Mildred Lake in summer, 

nighttime winds were aligned along val ley, whereas daytime winds had a 

higher frequency of east and west winds. At stations where slope flows 

were generated (tor examp Ie, Muskeg), flow tended to have upslope 

components during the day and downs I ope components at night. In no 

cases did the diurnal variation dominate the flow regime. 

Terrain effects were also apparent in the comparison of 

surface winds to 400-m winds. Power law exponents were generally 

nearer zero (indicating high surface wind speeds) at exposed sites such 

as Muskeg and Birch Mountain, and larger at sheltered sites such as 

Mi I dred Lake. 
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7. EVAPORATION 

Pan evaporation was measured da i I y at Mi I dred Lake in the o i I 

sands area. Data tram 1973 to 1981 were used in a multiple I inear 

regression analysis with simple available weather observations. These 

weather variables included daily precipitation, mean temperatures, and 

windrun. 

Tables 35 and 36 present a summary ot evaporation regression 

statistics tram the SAS analysis. Table 35 represents values valid tor 

the days when all the variables, that is, pan evaporation, precipi

tation, w i ndrun, and mean temperature, were recorded. Tab I e 36 is 

simi Jar except that precipitation was not required. 

With precipitation included in the regression CTable 35), 

about 45% ot the variance throughout the year can be explained by the 

regression, with a higher traction explained in spring months. Summer 

months have the lowest correlation coefficients. Estimates ot wind and 

temperature regression coefficients were generally rei iable with 

standard error ot about 20 to 30% ot the estimates. Precipitation 

coefficients were significantly different from zero only tor the months 

Apri I through June. Estimates ot the intercept were usually not 

sign it i cant I y d i tterent tram zero. The occurrence ot negative va I ues 

tor precipitation coett i c i ents appears to ret I ect the reduction ot 

direct radiation due to cloud formation. The annual trend in the R2 

value is interesting and suggests a seasonal variation in predictor 

variables not used in the regression. 

Exclusion ot precipitation tram the regression CTable 36) 

results in several changes. First, the number ot avai I able records 

more than doubles. This should tend to increase the significance ot 

the coett i c i ent estimates. For temperature and w i ndrun, the standard 

error was generally 10 to 20% of the estimate. Again, estimates of the 

intercept were not sign it i cant I y d i tterent from zero. The second 

change is the overal I reduction from 0.45 to 0.35 ot the fraction of 

variance explained by the regression. This is an expected result in 

that a reduction in the number of predictor variables should decrease 

the fraction ot variance explained. The third change is a slight 

modification ot the annual trend in R2. The minimum value of R2 
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Table 35. Daily evaporation correlation statistics at Mildred Lake, 
1973-1981, by month. 

Number Coefficients R2 
Month ot Days Intercept Precipitation Wind Temperature 

(mm) (km) ( oc) 

Apr i I 18 -0.33 -4.3 0.029 0.22 0.88 
May 61 0.48 -0. 16 0.025 0.21 0.57 
June 75 0.95 -0.10 0.000 0.23 0.42 
July 75 0.83 -0.02 0.003 0.18 0.23 

·August 61 -0.42 -0.00 0.027 0.16 0.31 
September 87 o.oo -0.01 0.017 0. 11 0.60 
October 25 0.34 -0.29 -0.001 0.08 0.41 

Total 402 0.35 -0.26 0.013 0.17 0.45 
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Table 36. Daily evaporation correlation statistics at Mildred Lake, 
1973-1981, by month. 

Month 
Number 

of days Intercept 
Coefficients 

Wind Temperature 
(km) (oc> 

R2 

Apr i I 
May 
June 
July 
August 
September 
October 

45 
142 
140 
187 
185 
179 
55 

-o. 14 
0.17 

-0.87 
-1.77 
-0.29 
-0.48 

0.20 

0.013 
0.013 
0.013 
0.016 
0.008 
0.017 
0.006 

0.30 
0.26 
0.29 
0.30 
0.22 
0.15 
0.09 

0.68 
0.47 
0.41 
0.36 
0.22 
0.32 
0.27 

Total 933 -0.60 0.013 0.24 0.35 
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now occurs in August rather than July, with September and October 

having somewhat higher values. 

It is worthwhile at this point to examine the set ot 

predictor variables that has not been included. Instead of mean daily 

temperature, the maximum daily temperature and diurnal variation may 

have been more appropriate. Maximum temperature is I ikely indicative 

of the temperature at the evaporating surface while diurnal temperature 

variation is closely related to incoming solar radiation <Baier and 

Robertson 1965) • Solar energy at the top ot the atmosphere may also be 

appropriate. Baier and Robertson found that with only maximum 

temperatures, diurnal variation, and solar energy at the top of the 

atmosphere included in the regression, the traction ot variance 

explained was 0.46, similar to the average result in Table 36. When 

solar energy at the surface, windrun, and vapor pressure deficit were 

included, they found R2 to be about 0. 70. These values represented 

averages at several locations across Canada. 

Estimates of latent evaporation at Mildred Lake were made 

from measurements of monthly mean pan evaporation according to Holmes 

and Robertson (1958). They found Iatent evaporation and open pan 

evaporation to be high I y corre I a ted and found the to I I owing reI at ion 

(upon conversion to Sl units): 

LE = 9.4 + 12.3 PE (3) 

where LE is daily latent evaporation in mil I ilitres and PE is daily pan 

evaporation in mi I I imetres. The equation was determined as an average 

over several Canadian locations. Table 37 contains results tor Mildred 

Lake using this relation. The mean values ot pan evaporation in this 

table were taken from days when pan evaporation, windrun, and mean 

temperature were recorded. Va I ues of Iatent evaporation at Mi I dred 

Lake are within the range ot Canada-wide monthly values given by Holmes 

and Robertson. Their summer values ranged from about 0.4 L to 2.4 L. 

Because of the use of an average relation, the monthly latent 

evaporation values should be considered first estimates. 
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Table 37. 	 Mean daily pan evaporation and estimated monthly latent 
evaporationa by months at Mildred Lake, 1973-1981. 

Month Pan 	 Evaporation Latent Evaporation 
(mm> (L) 

Apr i I 4. 1 1.8 
May 4.3 1.9 
June 4;7 2.0 
July 5.0 2.2 
August 3.7 1.7 
September 4.4 1.9 
October 0.8 0.6 

a Latent evaporation <LE> calculated from pan evaporation (PE> by 
LE = n(9.4 + 12.3 PEl 
where n is the number of days in each month. 
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8. MINISONDE STABILITY ANALYSIS 


Minisonde data collected in the Athabasca Oil Sands area from 

1975 to 1979 were analysed in an attempt to define a stability 

climatology. The data set was discussed in a previous section. The 

SAS analysis technique for the minisonde data is presented in Section 

11. 1 • 

Several parameters were considered appropriate to indicate 

atmospheric stab i I ity or dispersive ab i I i ty. Among these were the 

temperature gradient, the bulk Richardson number, and the dimensionless 

height Z/L, where L is the Mon i n-Obukov I ength and Z is the height 

above ground. The minisonde data alone are insufficient to produce 

values of L since estimates of the surface heat flux are required. The 

surface temperature and wind speed are required for the calculation of 

the bulk Richardson number since the usual procedure is to define the 

bottom of each Iayer at the surface and so inc I ude the reg ion of 

buoyancy production. Unfortunately, the lowest level of minisonde data 

is typically 50 to 60 m. 

The temperature gradient appeared to be the only reasonable 

alternative. It was not recommended as the optimum measure of 

stability (Hanna et al. 1977) because it does not contain explicit 

allowance for mechanically-produced turbulence; however, in the absence 

of more appropriate parameters it can give an indication of stability. 

The procedure for the stability analysis was as follows. The 

atmosphere below 500 m was divided into three layers (as in Table 38). 

The temperature gradient in each level was the calculated and assigned 

to a stability category as defined in Table 39. It is recognized that 

this United States Atomic Energy Commission <USAECl classification 

scheme was thought to be inappropriate tor general use in the Athabasca 

Oi I Sands area <Davison and Leavitt 1979) because it was designed to 

use measurements at 10 and 60 m. However, it has the advantage of 

classes that coincide with Pasqui II stabi I ity categories and a tine 

resolution of the temperature gradients. The temperature gradient 

va I ues were t urther strati tied by season and time of day but not by 

release location. The temperature gradient was defined as the 

temperature difference between the layer top and bottom divided by the 
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Table 38. Layer definition tor minisonde analysis. 

Layer Elevation 
( m) 

6oa < z < 150 


2 150 < z < 300 


3 300 < z < 500 


a Typical height above ground of lowest level. 
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Table 39. Stability classifications according to USAEC Guide 1.23 
(from Davison and Leavitt 1979). 

Stab i I ity Pasqu i I I Temperature change 

Classification Categories with height (°C/100 m) 


Extremely unstable A < -1.9 
Moderately unstable B -1.9 to -1.7 
Slightly unstable c -1.7 to -1.5 
Neutral D -1.5 to -1 • 5 
Slightly stable E -0.5 to 1.5 
Moderately stable F 1 • 5 to 4.0 
Extremely stable G > 4.0 
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elevation difference. The statistical program that analysed the data 

produced a relatively large volume of detailed results; a summary of 

those results is provided here in Tables 40 and 41. 

The summary in Tab Ies 40 and 41 i I I ustrates a potentia I 

prob I em with some of the mini sonde data. Note the reI at i ve I y Iarge 

frequency of category A stabi I ity in winter (in catgory A, temperature 

decreases with height at about twice the adiabatic rate). This is 

unusual and suggests the trapping of a shallow layer of warm air very 

near the surface. Note also that category A occurred occasionally in 

spring in the evening and night between 1800 and 0600 h. This suggests 

that some of the mini sonde profiles should be used with caution. 

Seasonal variations of stability class are presented in 

Table 42. In this table, time of release and layer have been ignored. 

Spring and summer had approximately equal frequencies in alI categories 

except the most stable wherein spring had slightly higher frequencies 

than summer. Compared to other seasons, winter had a much higher 

fraction of stable conditions at all levels, over half of which were 

category E. During the rest of the year, conditions were mostly 

neutral. Throughout the year, approximately 80% of minisonde releases 

were in neutral or slightly stable conditions (between about 60 m and 

500 m). This is also clearly i I lustrated in Table 41 where given any 

season or time of day, and given a stabi I ity category in the lowest 

layer, the most common stability categories in upper layers were 

overwhelmingly neutral and slightly unstable. 

Time-of-day variations instability category are presented in 

Table 43. Seasonal and layer differences have been ignored. The data 

showed a trend from slightly stable conditions in late night and early 

morning to predominantly neutral in afternoon and evening. Unstable 

conditions occurred most frequently in the afternoon; moderately stable 

conditions occurred most often in the early morning. 

Variation of stabi I ity with height is shown in Table 44, 

where time-of-day and seasonal differences have been ignored. At all 

I eve Is, the most common stab i I i ty category was neutra I to s I i ght I y 

stab Ie. The Iowest Iayer exhibited the widest variation of stab i I i ty 

with the most stable and unstable categories ocurring there much more 



Table 40. Number frequency of minisonde releases, by season, time ot day, stability category 
and layer. 

A B c 0 E F G 
-1-23Season Timea 1B 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Winter 1 
2 
3 
4 

1 
13 

2 
3 

1 
1 

4 
1 

1 
1 2 

1 
6 

2 
1 

. 30 
64 

15 
56 

15 
44 

59 
63 

91 
79 

116 
82 

47 
21 

28 
13 

23 
20 

28 
7 

10 
3 

2 
1 

Spring 1 
2 
3 
4 

1 
25 
45 
2 

3 
6 

1 
2 

15 
12 

3 
1 

1 
3 

13 
15 
1 

6 
6 

3 
1 

14 
93 
88 
5 

13 
118 
145 

9 

7 
107 
161 

10 

8 
66 
30 
1 

10 
88 
30 
1 

19 
138 

27 

5 
18 
2 
1 

4 
37 10 

1 
11 

Summer 1 
2 
3 
4 

39 
32 

4 
3 2 

11 
12 

4 
3 
1 

1 

2 

1 
17 
19 

5 
6 
1 

4 
2 

18 
77 
81 
16 

2 
107 
141 

14 

3 
102 
120 

18 

30 
20 
15 
4 

53 
62 
10 
3 

14 
79 
16 

1 

14 19 
12 3 

3 
2 "' "' 

Autumn 1 
2 
3 
4 

7 
20 1 

1 4 
3 

2 
11 
8 

1 
2 1 

72 
100 

1 

1 
54 
81 

1 

1 
48 
78 

1 

4 
59 
28 

1 
50 
21 

1 
66 
30 

2 
23 

6 

1 
22 

3 

1 
23 

3 
5 
2 

a 1 = 0001 - 0600 h; 2 = 0601 - 1200 h; 3 = 1201 - 1800 h; 4 = 1801 - 2400 h. 
b layer 



Table 41. Most common (mode) minisonde stability category in levels 2 and 3, 
by season and time of day, given a stability category in level 1. 

A B c 0 E F G 
Season Time8 2b 3 2 3 2 3 2 3 2 3 2 3 2 3 

Winter 1 
2 
3 
4 

A 
0 

E 
0 

0 0 
E 

c 
0 0 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

Spring 1 
2 
3 
4 

F 
0 
0 
0 

E 
0 
0 
0 

0 
0 

0 
0 

0 
D 
0 

E 
0 
0 

0 
0 
0 
0 

E 
0 
0 
0 

E 
E 
0 
D 

E 
E 
0 
0 

F 
E 
E 
E 

E 
E 
D 
D 

F E 

"'.., 
Summer 1 

2 
3 
4 

0 
0 

0 
0 

0 
0 

0 
0 

E 
0 
0 

E 
0 
0 

E 
0 
0 
0 

E 
0 
0 
D 

E 
E 
0 
0 

E 
E 
D 
0 

E E E 

0 

G 

0 

Autumn 1 
2 
3 
4 

D 
D 

0 
0 

0 
0 

0 
0 

D 
E 
0 

0 
E 
0 

0 
0 
0 

0 
0 
0 

E 
D 

E 
0 

E 
E 
E 

E 
E 
0 

E 
E 

E 
0 

a 1 = 0001 - 0600 h; 2 = 0601 - 1200 h; 3 = 1201 - 1800 h; 4 = 1801 - 2400 h. 
b layer 



95 


Table 42. Frequency ot occurrence ot minisonde stability category by 
season. 

A B c D E F G 

Winter o. 1 oa 0. 11 0.07 0. 11 0.33 0.44 0.65 
o.o2b 0. 01 0. 01 0.23 o. 51 0. 16 0.05 

Spring 0.40 0.41 0.33 0.33 0.28 0.18 0.1 7 
0.06 0.03 0.03 0.50 0.31 0.05 0.01 

Summer 0.37 0.40 0.41 0.35 0.21 0.14 0.08 
0.06 0.03 0.04 0.57 0.25 0.04 o.oo 

Autumn 0.13 0.08 0.19 0.22 0.18 0.24 0.1 0 
0.04 0.01 0.03 0.57 0.34 0. 11 0.01 

a Fraction ot stability category by season (i.e., 1O% 
occurrences of category A occurred in winter.) 

ot a II 

b Fraction of 
stabi I ities 

season by stabi I ity category (i.e., 2% 
were category A.) 

ot winter 
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Table 43. Frequency of occurrence of minisonde stability category by 
time of day. 

Time (h) A B c D E F G 

0001 - 0600 0.00 0.00 0. 01 0.23 0.55 0.18 0.02 

0601 - 1200 0.04 0.02 0.03 0.38 0.40 0. 11 0.03 

1201 - 1800 0.07 0.02 0.03 0.61 0.22 0.04 0.01 

1801 - 2400 0.02 o. 01 0.02 0.82 0. 1 1 0.01 
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Table 44. Frequency of occurrence of minisonde stability category by 
layer. 

Height (m) A B c D E F G 

60 - 150 0.12 0.04 0.06 0.42 0.25 0.08 0.04 

150 - 300 0.01 0. 01 0.02 0.51 0.34 0.09 0.01 

300 - 500 0. 01 0.01 0. 01 0.47 0.45 0.06 o.oo 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1 

1 

1 
frequently than in the upper I ayers. About one :,a It of the reI eases 

1 
showed evidence of a temperature inversion (categories E and Fl in the 

1I ayer between 300 and 500 m. Davison, Hansen et a I. ( 1981) suggested 

400 m to be a typical height tor oil sands plant plumes in the area. 1 
The exact location of the inversion with respect to the plume wi II 1 
therefore be important tor accurately predicting plume dispersion. 

1 
In summary, a brief climatological analysis of 

1minisonde-derived stability has been presented. The analysis was meant 

to illustrate some general properties ot the data, including variation 1 
with season, time of day, and height above ground. The data showed 1 
expected variations of stab i I ity with these parameters. The 

1 
temperature gradient was chosen as a measure of stability, despite its 

1shortcomings. An improved stability climatology, perhaps based on a 

Richardson Number, would need to use surface measurements as wei I as 1 
those at higher elevations. 1 
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9. SUMMARY AND RECOMMENDATIONS 


9. 1 SUt4~1ARY 

The object of this study was to climatologically analyse 

recently avai I able data in the Athabasca Oi I Sands area. The study was 

to stress spatial variations within the area, especially as they might 

be caused by terrain, and the normalization of short-term records to 

provide long-term estimates. The primary source of short-term data was 

the recently disbanded MAPS network. Longer-term data were available 

from forestry stations and the Fort McMur-ray observing station. The 

nature of the data bases determined the degree of accomplishment of the 

study objectives. 

The MAPS network data covered an insufficient period of 

record to determine with confidence, and without correlation to 

longer-term stations in the area, the long-term mean values of 

meteorological parameters and their spatial variations. With typically 

three or four years of data ava i I ab I e at these stations, spatia I and 

seasonal variations in temperature and especially precipitation could 

exp I a i ned by random f I uctuat ions generated by the short record Iength. 

Wind data, on the other hand, appeared to be better behaved in that 

spatial and temporal variations could be linked to terrain features or 

explained from meteorologcal principles. Because the surface wind data 

had such a great spatial variation, it was difficult to ascertain 

whether or not the short-term behaviour was representative of long-term 

data. 

Other types of data measured in the area were genera II y not 

suited to deriving cl imatologies. Snowpack data for January and ~larch 

exhibited conflicting spatial organizations indicative of insufficient 

record length. Estimates of atmospheric stability from mini sonde data 

were adequate but could be Improved by inclusion of surface data. 

Meteoro I og i ca I data from forestry stations were of sufficient I ength 

but covered on I y the summer months. Evaporation data were a I so of 

sufficient record length but were difficult to transform into estimates 

of spatial variation. 
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9.2 CONCLUSIONS 

9.2.1 Temperature 

Correlation results using daily temperature showed that temp

eratures at MAPS stations could be reasonably wei I estimated trom the 

Fort McMurray observations. Further, the derived 30-year norma I MAPS 

temperatures had a similar spatial variation to local 30-year normal 

patterns ot forestry station July temperatures. However, the magnitude 

ot the di tterence between the torestry station and MAPS temperatures 

was not constant, nor did it clearly vary with elevation. While the 

use ot annual regression parameters likely contributed to this ditter

ence, the lack ot spatial organization ot the ditterence suggests that 

random fluctuations due to the short record length could largely be the 

cause. Despite this ditterence, temperatures at MAPS stations can be 

estimated either by Fort McMurray temperature throughout the year or by 

torestry stations in summer months with acceptably smal I errors. 

Analysis ot hourly temperatures at Mildred Lake during the 

period 1976 to 1981 showed a median annua I temperature ot 3°C and an 

annual temperature range ot 77°C. Transition months such as Apri I and 

October had the widest range ot temperatures. July had the narrowest 

range. 

Spatial variations ot mean July maximum and minimum tempera

tures were strongly functions ot terrain. Areas ot high elevation had 

temperatures about to 2°C cooler than low lying areas. Spatial 

organization was weaker tor minimum temperatures. Diurnal variation ot 

temperature was generally 3°C more In low lying areas than at high 

elevations. A large gradient In maximum and minimum temperatures 

existed between Fort McMurray and nearby Th lckwood, I ikely due to the 

higher elevation at Thickwood. 

According to Longley and Janz (1978), the mean trost-tree 

period in the area is about 50 days. The average trost-tree period at 

MAPS stations based on data trom 1977 to 1979 inc I us i ve was about 

1 00 days, which agrees with data provl ded by torestry stations trom 

1966 to 1979. A d I tterence in det in i ti on ot the trost-tree period 

appears to exist. 
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9.2.2 Precipitation 

Precipitation at MAPS stations was correlated with precipita

tion at Fort t~cMurray. Correlations using daily precipitation totals 

were poor; however, those using monthly totals were better in that alI 

but two stations had correlation coefficients above 0.7. Thirty-year 

July normals fi·t the spatial patterns ot the forestry station normals. 

Again, the spatial variation of the difference between MAPS and 

forestry stations was not c I ear Iy I inked to terrain. The inherent I y 

large spatial variability of precipitation requires that a large number 

of years are needed to produce reasonable regression coefficients from 

which to predict long-term values. 

Analysis ot hourly precipitation at Mildred Lake during the 

period 1976 to 1981 showed a median value ot 200 hours of precipitation 

annua I I y. Ot this tota I, most hours occurred in Ju I y (about 36) and 

the least in January (about 11 ). Large values ot precipitation ot one 

or two hours duration at MAPS stations were found to be erroneous based 

on comparisons with daily precipitation totals at adjacent forestry 

stations. A c I ear reI at ion existed between terrain and the Iargest 

consecutive number ot hours ot precipitation at each MAPS station. 

Highest elevations were coincident with longest durations. 

Spatial variation ot mean July precipitation was found to be 

related to terrain. The largest amounts were recorded at the highest 

elevations. The range ot July precipitation in the area was from 60 to 

115 mm. 

Snowpack data measured in the period 1976 to 1982 were found 

generally to have no clearly organized spatial pattern due partly to an 

insufficient length ot record and partly to inconsistent measurement 

techniques. 

9.2.3 Wind 

The diurnal variation ot wind was examined tor the months 

January, Apri I, July, and October. No variation with time ot day was 

observed in January or October. Diurnal variation was observed in 

Apr i I but was most prominent in Ju I y when wind speeds were about 20% 

h 1 gher durIng afternoon hours than Iate night hours. Wind directions 
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in July had apparent upslope components during day! ight hours and 

downslope or downvalley components at night. In January, winds were 

contro I I ed strong I y by terrain at a I I hours. At no statIons did 

diurnal effects dominate the flow regime. 

As found by Longley and Janz (1978), the windiest times of 

the year were the transition seasons: spring and autumn. Winters had 

the I owest annua I speeds. A I though, in genera I, highest e I evat ions 

experienced the Ieast number of ca I ms, the most frequent ca I ms were 

experienced during autumn and winter at Stoney Mountain. Similarly, 

mean monthly wind speeds were highest at high elevations. No trend in 

prevai I ing monthly wind directions that might indicate an annual 

variation in terrain influence was observed. 

A comparison of pibal winds measured at 400 m with MAPS 

station winds at coincident times showed that the MAPS winds were not 

generally representative of the pibal winds throughout the year. 

Differences in direction between the 400-m and MAPS winds In winter 

were sometimes large and apparently random due to flow decoupling near 

the surface in stable conditions. In other seasons, differences were 

more organized with a poor I y defined trend to Iess than a 20° veer 

between the surface and 400 m (based on a 16-point compass). A wind 

veering with height is expected from considerations of surface 

friction. In many cases, likely those with stable conditions near the 

surface, MAPS winds were indicative of terrain influence (especially 

val ley channeling), regardless of the 400-m flow. 

The large differences between winds measured at different 

locations were caused largely by terrain effects. It is concluded that 

surface winds at one location cannot be used with confidence to 

estimate winds at other locations in the Athabasca Oil Sands area. 

9.2.4 Evaporation 

A I i near regression ana I ys is showed that a I most ha If of the 

variance of daily evaporation measurements could be explained by 

variations in daily windrun, mean temperature, and precipitation. 

Increases in temperature and wind speed increased rate; the occurrence 

of precipitation decreased evaporation, likely through its Inhibition of 
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incoming radiation. Summertime estimates of I a tent evaporation using 

pan evaporation measurements were within the range of Canada-wide 

values found by Holmes and Robertson (1958). 

9.2.5 Mini sonde 

A statistical analysis of minisonde data was undertaken with 

the aim of deve I oping a stab i I i ty c I i mato I ogy tor the Athabasca 0 i I 

Sands area. Despite its shortcomings, temperature gradient was used to 

estimate stab iIi ty. The resu Its of the ana I yses showed that 

stab i I i ty, det i ned at three I eve Is between about 60 m and 500 m above 

ground, was predominantly (approximatey 80%1 neutral or s II ght I y 

stable, based on the USAEC seven-category stabi I ity scale. Seasonal 

trends of higher frequencies of stable conditions in winter and 

unstable conditions in spring and summer were noted. Hourly trends of 

more frequent stable conditions in late night and early morning than in 

the afternoon and evening were evident. Variations with height showed 

that a much wider range of stab i I i ty c I asses existed in the I owest 

Iayer, wh II e the upper Iayers remained Iarge I y neutra I to s II ght I y 

stab I e regard Iess of stab l I i ty in the I ower Iayer. It was cone I u ded 

that surface measurements, in addition to those at higher e I evat ions, 

are required to provide an improved stabi I ity climatology. 

RECOMMENDATIONS 

1. 	 It is recommended that future studies involving new data 

sets begin with a thorough examination and assessment of 

data quality. The assessment shou I d be undertaken by 

someone with a knowledge of both meteorology and the 

instrumentation, who has access to records of installa

tion and maintenance. Only after this step should 

analyses with the data be undertaken. 

2. 	 It is recommended that the requirements for meteorolog

ical data acquisition in the Athabasca Oi I Sands area be 

reassessed. It is suggested that the only justification 

tor a network such as MAPS is as surface-based input to 

air qua I i ty mode Is. It is recommended that the data 
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requirements ot mode Is su itab I e tor use in the area be 

ascertained be tore meteoro I og i ca I monitoring is 

re-estab I i shed. 

3. 	 In view ot the influences ot terrain on surtace and plume 

level winds in the area, it is recommended that a 

three-dimensional complex terrain tlow model be developed 

and that existing MAPS and minisonde data be used as 

appropriate tor testing ot the model. 

4. 	 It is recommended that MAPS precipitation data be 

re-examined in greater deta i I • The purpose wou I d be 

twoto I d. First , to investigate causes ot occasion a I 

high hourly values and to tlag the suspect hours. 

Second , to perform turther regression analysis ot the 

MAPS data with the Fort McMurray data to Improve the 

correlation statistics. 

5. 	 It is recommended that subsequent snowpack measurements 

be undertaken on a common date each month (tor examp Ie, 

the Iast day) and that a I I measurement procedures be 

tully documented. It is also recommended that the same 

sites be used each year In order to build a suttlclent 

record length tor cl lmatological analysis. 

6. 	 It spatial variations ot trost-tree period within the 

area are considered important, it is recommended that 

trost-tree periods at MAPS stations be correlated with 

those at Fort McMurray in a manner simi Jar to temperature 

and In this way produce long-term estimates. 
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11. APPENDICES 

11.1 DESCRIPTION OF THE SAS ANALYSIS PROCEDURES 

11.1.1 Introduction 

The Statistical Analysis System (SASl software package pro

duced the tables that formed the basis tor this report. SAS procedures 

were app I i ed to data sets that were created from the or i gina I data 

records; these data sets are then operated upon by statist ica I too Is 

that were contained within SAS. 

The logical steps that are required tor each task are as 

follows: (1) input of the raw data; (2) derived variable definition and 

quality control; and (3) output of statistical data. In this section, 

a description of these steps tor the tables associated with this report 

is given. 

11.1.2 MAPS Data 

For each MAPS station, hourly values of precipitation, wind, 

and temperature variables were recorded. Tables of these hourly values 

are required as we I I as tab I es of da i I y and month I y averages. These 

analyses are now described in turn. 

11.1.2.1 Hourly Analysis. 

1. 	 Input. Since each year of data is on a separate tile, it 

was necessary to read a I I six t i I es tor each station. 

The raw data were read as given and stored on t i I es 

labeled FILE1, FILE2, ••••• FILE6. In each record, the 

year, month, day, hour, precipitation amount, wind 

direction, wind speed, and temperature are given. 

2. 	 Secondary Variable Definition and Quality Control. The 

six input f i I es were merged to a data set ALL. The 

station name was det i ned and the date was derived from 

the year, month, and day var i abIes. The temperature 

va I ue was decoded so that its va I ue was ava i I ab I e in 

degrees Ce Is ius and it was then rounded to the nearest 
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integer. The data set was then sorted by station, year, 

month, day, and hour values. 

The quality control steps were carried out in data set 

ALL2. Temperature values less than -60 and greater than 

40 were deemed to be errors and were set to missing. 

Negative wind speeds or wind speeds greater than 100 were 

also set to missing. The precipitation value in the raw 

data set was its cumulative value. To obtain the amount 

ot precipitation that tell in the hour in question, 

PHOUR, the cumulative value tor that hour, PPTN, was 

decreased by the va Iue ot PPTN in the preceding hour. It 

the value tor the preceding hour was missing, then the 

va I ue two hours ear I i er was used. It thIs va Iue was a I so 

missing, then the precipitation tor the hour in question 

was set to missing. It the cumulative value tor the hour 

in question was negative or missing, then the precipita

tion tor this hour was set to missing. It PHOUR was 

greater than 50 mm, then an error was deemed to have 

occurred and PHOUR was again set to missing. 

It the temperature tor a given hour was less than o•c, 
then alI precipitation that tel I in that hour was deemed 

to be snow. It the temperature was greater than or equa I 

to o•c, then all precipitation tor that hour was deemed 

to be rain. It the temperature was missIng, then both 

rain and snow values were set to missing. It thIs 

occurred when the va I ue ot PHOUR was non-zero, then the 

sum ot rain and snow amounts wou I d not be equa I to the 

total precipitation as one would normally expect. 

Wind speed and the time of day were placed in intervals 

which were det i ned by the var i abIes XSPD and TIME. The 

boundaries ot these intervals are given in Table 45. 

3. 	 Outeut. From the data set ALL2 given, hourly 

temperatures were produced tor the tour months, January, 

Apr i I, July, and October, and tor the year as a whole. 

Cross-tabulations ot wind speed and direction were given. 
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Table 45. Range of WSPD and HOUR for each value of XSPD and TIME. 

WSPD Value XSPD Value HOUR Value TIME Value 

0 0 

< 31 ' 
4, < 7 2 

8, < 12 3 

13, < 18 4 

19' < 24 5 

25, < 31 6 

32, < 38 7 

39, < 46 8 

47' < 54 9 

55, < 63 10 

64, < 75 11 

> 76 12 

missing missing 

< 61 ' 
7, < 12 2 

13, < 18 3 

19, < 24 4 

missing missing 
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In these tab Ies, the wind speed categories were det i ned 

by the values of XSPD as given by Table 45. The wind 

direction categories were specified by a 16-point compass 

combined with the calm category. These cross tabulations 

were given tor each month and tor the entire year. For 

each of the four months given above, similar cross

tabu Iat ions of wind speed and direction were stratified 

according to the time of day using the variable TIME (see 

Table 45). Average wind speeds for each direction; each 

direction and each month; and each direction, each month 

and each time of day were also calculated. This output 

was found at the end of the program output. Og i ves of 

hourly raintal I, snowfal I, and precipitation amount were 

also given for each of these tour months and for the year 

as a whole. 

11.1.2.2 Daily Analysis. 

1. 	~· Variables involved in daily analyses included the 

mean, maxi mum, and mini mum da i I y va I ues of temperature, 

hourly rainfall, snowfall, and total precipitation. In 

addition, the cumulative daily rainfall, snowfall, and 

tota I precipitation were a I so used. In the program, the 

variable names are as given in Table 46. The data set 

containing these variables is cal led DAY1. 

2. 	 Secondary Variable Definition and Quality Control. The 

var i ab I e TVAR was det i ned to be the dif terence between 

the daily maximum and daily minimum and was called the 

daily temperature variation. 

If three or more hours in a day had missing va I ues for 

any hourly variable, then the daily variables derived 

from these hourly values were set to missing. This test 

was carried out for precipitation, rain, snow, and 

temperature variables independently. After this quality 

control step, the surviving daily datawerestored in data 

set 	DAY2. 
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Table 46. Var i ab I e names tor dally analysis. 

Daily Daily Daily Daily 
Variable Mean Maximum Minimum Accumulation 

TEMP TMEAN TMAX TMIN 

PHOUR PMEAN PMAX PM IN PSUM 

RAIN RMEAN RMAX RMIN RSUM 
SNOW SMEAN SMAX SMIN SSUM 
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3. 	 Out~ut. Ogives of TMEAN, TMAX, TMIN, and TVAR were given 

-tor 	each month and tor the year as a whole. The mean, 

standard de vi ati on, minimum, and maximum values were also 

given tor each month and tor all months taken together. 

Ogives were also provided tor the precipitation variables 

PMEAN, PMAX, PMIN, PSUM, RMEAN, RMAX, RMIN, RSUM, SMEAN, 

SMAX, SMIN, and SSUM and the secondary statistical 

parameters were calculated tor PSUM, RSUM, and SSUM. 

The number of frost-free days in each year was calculated 

in data sets DAY3 and DAY4. Frost was deemed to have 

occurred when the minimum temperature tel I below 0°C. 

11.1.2.3 Monthly Analysis. 

1. 	 Input. Var iabIes invo I ved in the month Iy ana I ys is 

included the mean, minimum, maximum, and accumulation of 

the daily temperature mean, minimum, and maximum values, 

and the daily mean maximum and accumulation of precipita

tion, rain, and snow values. The variable names are 

given in Table 47. The data set containing the variables 

is MONTH2. 

2. 	 Secondary Variable Definition and Quality Control. In 

order tor the monthly variables in Table 44 to be valid, 

it was necessary that no more than seven missing va I ues 

occurred in the antecedent da i I y var i ab I e tor the month 

in question. The quality control step was carried out in 

the data set MONTH3. 

3. 	 Output. For each month in the data set, the total accum

ulated rain, snow, and precipitation was provided. 

Monthly mean, minimum, and maximum values of the daily 

mean, minimum, and maximum temperatures were also given. 

11.1.2.4 Comparison of MAPS and 400-m pibal winds. 

1. Input. Data sets INT1 contained 31031 va I ues of MAPS 

wind speed and direction CSPD, DIRJ. Data set A2 
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Table 47. Variable names tor monthly analysis. 

Monthly Monthly Monthly Monthly 
Variable Mean Minimum Maximum Accumulation 

TMEAN MEANTM MINTM MAXTM SUMTM 

TMIN MEANTN MINTN MAXTN SUMTN 

TMAX MEANTX MINTX MAXTX SUMTX 

PMEAN MEANPM MINPM MAXPM SUMPM 

PMAX MEANPX MINPX MAXPX SUMPX 

PSUM MEANPS 141 NPS MAXPS SUMPS 

RMEAN MEANRM MINRM MAXRM SUMRM 

RMAX MEANRX MINRX MAXRX SUMRX 

RSUM MEANRS MINRS MAXRS SUMRS 

SMEAN MEANSM MINSM MAXSM SUMSM 

SMAX MEANSX MINSX MAXSX SUMSX 

SSUM MEANSS MINSS MAXSS SUMSS 
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contained 20836 values ot minisonde and pibal wind speed 

and direction IWSPD, WDIRI. 

2. 	 Secondary variable definition and quality control. Both 

data sets were sorted by month and time and ALL lthe 

merged set ot WSPD and WD I R I was a I so sorted by Iayer. 

Directions tor the pi ba I winds were converted to a 16

point compass. Variable SEP stored the elevation nearest 

400 m. The two data sets were then merged to form MGR 

with 898 concurrent observations ot MAPS and mini sonde 

data lat Muskeg; other stations had slightly different 

numbers). Power law wind exponent was then defined as: 

ALPHA= LOG IWSPD/SPDI/LOGIELEV/101 

where ELEV is the elevation ot SEP. 

3. 	 Output Average month Iy w i ndspeed was I i sted tor each 

hour ot the day. Two-way trequenc ies ot hour-of-day 

against wind direction were output tor each month. For 

each season, two-way frequencies ot MAPS direction 

against 400-m direction were printed. Finally PROC MEANS 

was used to list variable ALPHA statistics. 

11.1.3 Forestry Data 

For each forestry station, daily values ot maximum, minimum, 

and average temperature and accumulated raintal I, snowtal I, and precip

itatlon were given. Since hourly values and wind information were not 

avai !able, only tables ot daily and monthly precipitation and temper

ature statistics can be provided. 

11.1.3.1 Daily Analysis. 

1. 	 ~- The data on the original tape archivewererecord

ed such that one record contained a! I the measurements ot 

a weather element (for example, mean temperature! tor a! I 

days in a month. The data sets FORSET, Dl, D2, D3, 04, 

05, and D6 rearranged this data format so that one record 
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contained alI six weather elements tor a given day. 

These records formed the data set ALL2. 

2. 	 Secondary Variable Definition and Quality Control. The 

quality control process tor the forestry data was 

identical with the process tor the MAPS stations which 

was described previously with the tol lowing exceptions. 

The values ot rainfall and snowfall were not secondary 

variables interred trom precipitation and temperature 

i ntormati on but were given direct Iy. One may therefore 

expect the precipitation value to be the sum ot the 

rainfall and snowfall values. 

The precipitation values were not the accumulated values 

from record to record but were the actual values tor the 

day in question. Therefore, the complications that arose 

in the MAPS data were not a prob I em here. In the MAPS 

hourly data precipitation, amounts greater than 50 mm 

were deemed to be errors and were set to missing. In the 

forestry daily data this cutoff figure was set to 1 50 mm. 

Otherwise, alI out-of-range tests tor this data set were 

identical to those described previously tor MAPS data. 

Only data after 1965 and during the summer months were 

considered in the analysis. 

3. 	 Output. Tables ot daily values were taken from the data 

set ALL3, which was an earlier version ot ALL2. 

Ogives ot the three temperature parameters and 

TVAR = TMAX - TMIN were given tor the three months separ

ately and tor the entire data set. Similar tables were 

also produced tor daily rainfall, snowfall, and precipit 

ation. In addition, mean value, standard deviation, 

maximum, and minimum values ot the three precipitation 

variables were given tor each month. 

The frost-free period was ca I cuI a ted from the va I ues ot 

TMIN in the same way as was done tor the MAPS data. 
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11.1.3.2 Monthly Analysis. 

1. 	 Input . The derivation ot month I y var i abIes trom da i I y 

va I ues was i dent i ca I to the process described tor MAPS 

stations. The data set containing monthly data is 

MONTH3. 

2. 	 Secondary Variable Definition and Quality Control. This 

step was ident i ca I to that described tor MAPS stations. 

The data set MONTH4 contains the monthly data after 

qual lty control. 

3. 	 Output. Output tables ot monthly variables were as 

described tor ~~APS stations. 

11.1.4 Minisonde Data Analysis 

11. 1. 4.1 Input. Every record on this t i I e contains the year, month, 

day, hour, minute, elevation, variable type, and value. On the 

original tile 20 836 wind speed and 20 656 temperature values were 

found. AI I such values coincided with elevations less than 500 m. 

11.1.4.2 Secondary Variable Definition and Quality Control. The wind 

speed tl le A2 and the temperature tile C2 were merged by year, month, 

day, hour, minute, and elevation. This increased the resulting data at 

ALL to inc I ude 30 755 records. The secondary var i ab I e LAYER, SEASON 

and TIME were det i ned as shown in Tab I e 48. The temperature tor the 

t i rst reading In each Iayer was given the va Iue TM INE and the Iast 

reading a value TMAXE. 

Average, minimum, and maximum values ot temperature, 

windspeed, elevation, TMINE, and TMAXE were obtained tor each value ot 

RELEASE (time) and LAYER. The variable names are given In Table 49. 

There were 8591 different combinations ot RELEASE and LAYER which 

Imp I i es that approximate I y tour readings per Iayer were made. These 

data make up the data set LEVELl. 

Data set LEVELl was then broken into three parts according to 

the value ot LAYER. The set LEVEL1A <LAYER= 1l has 2514 observations, 

the set LEVEL2A (LAYER = 2l has 2619 observations, and the set LEVEL3A 



Table 48. The range of ELVE, MTH, and HOUR for each value of LAYER, SEASON, and 
TIME. 

ELEV value LAYER va I ue MTH value SEASON va I ue HOUR va Iue TIME va Iue 

0, < 150 1 1' 2, 12 1 08 
' 

< 6b 

150, < 300 2 3, 4, 5 2 68,_< 12b 2 

300, < 500 3 6, 7' 8 3 12a, 2. 18b 3 -_, 
9' 1o, 11 4 188 

' 
< 24b 4 

a value included only if MIN= 0 
b value included only if MIN = 0 
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Table 49. Variable names tor minisonde analysis. 

Variable layer Mean layer t~ax imum layer Minimum 

TEMP 

WSPD 

ElEV 

TMINE 

TMAXE 

TMEAN 

WMEAN 

EMEAN 

TMNMEAN 
TMXMEAN 

TMAX 

WSPDMX 

ElMAX 

TMNMAX 

TMXMAX 

TMIN 
WSPDMN 

ElM IN 

TMNMIN 

TMXMIN 
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<LAYER = 3) has 2649 observations. There were 809 observations fn the 

set LEVEL 1 in which the va Iue of LAYER was not 1, 2, or 3. The 

temperature gradient was then defined for alI observations in LEVEL1A, 

LEVEL2A, and LEVEL3A and these values were then grouped into seven in

tervals defined by the variables R1, R2, and R3, as given in Table 50. 

Finally, these three data sets were merged according to the release 

time to form the data set RTOT, a data set with 2741 observations. 

For many of these observations the values of at least one of 

R1, R2, and R3 are undefined. This is due to a missing value of temp

erature in the first or last observation in the layer or to the value 

of wind speed being absent for alI observations in the layer. In the 

first layer, temperature is absent for 932 observations and wind speed 

is absent in a further 343 observations. In the second layer, 1139 and 

330 observations have missing temperature or wind speed values, 

respectively; in the third, 1194 and 322 observations are so affected. 

When the data sets are merged, only 967 observations have non-missing 

values for all of R1, R2, and R3. 

The number of mini sonde releases on file (2289) is larger 

than the number ana lysed by SAS (967). There are severa I reasons for 

this difference. In some cases, one or both of wind speed and temper

ature observations are missing for a particular level. A random exam

ination of the data indicates that wind speed was the datum most often 

missing. The most common cause of missing R1, R2, or R3 values, as 

indicated above, was the fact that wind speed and temperature were not 

always defined on the same level. SAS computes a temperature gradient 

on I y if temperature is the topmost and bottommost observation in a 

layer. For example, suppose a layer contains alternating observations 

of wind speed, wind direction, and temperature. Even though there may 

be an adequate number of observations of temperature to define a grad

ient, SAS defines the gradient as missing because, with alternating 

observations, temperature cannot be both the topmost and bottommost 

observation, given equal numbers of each observation type in the 

layer. 



120 


Table 50. The range of R temperature gradient for each value of 
R1, R2, and R3. 

R Va Iue Value of R1, R2, or R3 
(°C/100 m) 

R < -1.9 

-1.9 < R < -1.7 2 

-1.7 < R < -1 .5 3 

-1 .5 < R < -0.5 4 

-0.5 < R < 1. 5 5 

1 .5 < R < 4.0 6 

R > 4.0 7 



121 


11.1 .4.3 Output. Joint frequency tables for R1, R2, and R3 are 

presented ( 1 l without stratIfIcatIon; ( 2 l stratifIed accordIng to the 

variable TIME (see Table 49l; (3) stratified according to the variable 

SEASON <see Table 49l; and (4) stratified according to TIME and 

SEASON. 

11.1.5 Evaporation 

11.1 .5.1 Input. The input format for the data base was similar to the 

data base for the forestry statIons. Each record had a I I the da I I y 

data tor a part Icu Iar var I ab I e for a gIven month. Before these data 

cou I d be analysed, it was necessary to rearrange them so that all vari 

ables tor a given day were on the same record. Also, the total preclp

1tat Ion data were on Iy ava I I ab I e In another data base (SAVE. DAY2) whIch 

was also read by this program. The evaporation data were in the data 

set D1, the wind data in D2, and the temperature data in D3. The four 

separate files were merged by YR, MTH, and DAY to yield the final data 

set ALL. 

11.1 .5.2 Secondary Variable Definition and Quality Control. AI I 

negative values of precipitation, wind run, and temperature were set to 

missing. Temperatures less than -50 and greater than 40 were assumed 

to be errors and were set to missing. Of the 2480 records in the data 

set ALL, 1333 had missing temperature values and 1520 had missing 

evaporation values. 

11.1.5.3 Output. The mean, standard deviation, minimum value, maximum 

va I ue, and standard error of the mean were ca I cuI ated for each month 

and each year of the data set. Then a mu It IpIe I I near regression of 

the form 

EVAP = A + B * PSUM + C * TEMP + D * WIND 

was performed for each month. A second regression of the form 
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EVAP =A+ B * TEMP + C * WIND 

was also performed. AI I tour variables were never present together tor 

the months ot November to March inc I us i ve and the ana I ys Is, as a 

result, could not be performed tor these months. 

The output tor the regression ana I ys is is we II I abe I ed and 

reasonably straightforward to those tami liar with the technique. 



123 


11.2 CONSECUTIVE HOURS WITH PRECIPITATION 

This appendix provides a summary of the number of consecutive 

hours of precipitation at stations within the MAPS network as function 

of the amount of precipitation that tell during the interval. These 

numbers are accumulations over alI avai !able precipitation hours. 

Station down-time (if it occurred) wi II prevent these resu Its from 

representing fully annual statistics. 



STATION: Stony Mountain 

PERIOD: October 1977 to December 1981 PRECIPITATION (mm) 
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STATION: Muskeg 

PERIOD: October 1976 to April 1980 PRECIPITATION (mm) 
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STATION: Ells 

PERIOD: October 1976 to May 1980 PRECIPITATION (mm) 
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STATION: Mi 1dred Lake 

PERIOD: September 1976 to December 1981 PRECIPITATION (mm) 
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STATION: Thickwood 

PERl OD: January 1977 to December 1981 PRECIPITATION (mm) 
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STATION: Fort Hi 11 s 

PERl OD: September 1976 to September 1981 PRECIPITATION (mm) 
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STATION: Richardson 

PERl OD: September 1976 to May 1980 PRECIPITATION (mm) 
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STATION: Birch Mountain 

PERl 00: September 1976 to May 1980 PRECIPITATION (mm) 
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STATION: Fi rebag 

PERIOD: October 1976 to April 1980 PRECIPITATION (mm) 
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11.3 CONSECUTIVE DAYS WITH PRECIPITATION 

11.3.1 MAPS Network 

This appendix provides data on the number of consecutive days 

with precipitation as a function of the amount of precipitation tal ling 

within a given i nterva I • These numbers are accumu Iat Ions over a I I 

ava i I ab I e days of data in the period 1976 to 1981 • Note that station 

down-time (if it occurred) w I I I bIas the resu Its from representIng 

fully annual statistics. 
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STATION: Ells 

PERIOD: October 1976 to May 1980 PRECIPITATION (mm) 
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STATION: Mi 1dred Lake 

PERIOD: September 1976 to December 1981 PRECIPITATION (mm) 
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STATION: Thickwood 
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STATION: Fort Hills 

PERl OD: September 1976 to September 1981 PRECIPITATION (mm) 
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STATION: Richardson 

PERIOD: September 1976 to May 1980 PRECIPITATION (mm) 
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STATION: Birch Mountain 

PERl OD: September 1976 to May 1980 PRECIPITATION (mm) 
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STAT I ON: Fi rebag 

PERl OD: October 1976 to April 1980 PRECIPITATION (mm) 
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11.3.2 Forestry Stations 

This appendix provides data on the number of consecutive days 

with precipitation as a function of the amount of precipitation that 

tel I during a given Interval. These numbers are accumulations over alI 

months of operation (generally June, July, and August) for all years of 

operation from 1966 to 1979. 



STATION: Birch Mountain 

PERIOD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Stony Mountain 

PERIOD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Bitumont 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: E11 s 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Cowpar 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Keene 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: May 

PERIOD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: John son Lake 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Buck ton 

PERIOD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Conk 1 in 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Richardson 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Fort McMurray 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Jean 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Muskeg 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Thickwood 

PERIOD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Gordon Lake 

PERl OD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Carl son 

PERl OD: 1968 to 1974 (June) PRECIPITATION (mm) 
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STATION: A1 gar 

PERIOD: 1968 to 1979 PRECIPITATION (mm) 
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STATION: Grande 

PERl OD: 1968 to 1979 PRECIPITATION (mm) 
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STATION: Chipewyan Lakes 

PERIOD: 1967 to 1979 PRECIPITATION (mm) 
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STATION: Christina 

PERl OD: 1967 to 1979 PRECIPITATION (mm) 
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STATION: Panny 

PERIOD: 1966 to 1979 PRECIPITATION (mm) 
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STATION: Lambert Creek 

PERl OD: 1969 to 1979 PRECIPITATION (mm) 
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STATION: Legend 

PERl OD: 1969 to 1979 PRECIPITATION (mm) 
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11.4 NUMBER OF DAYS EACH MONTH WITH MEASURABLE PRECIPITATION 

11.4.1 MAPS Network 

This appendix contains tables tor each station In the MAPS 

network of the number ot days In each month from 1976 to 1981 with 

measurable precipitation. Also included in the tables are the mean, 

maximum, and minimum days per month along with the standard deviation. 

Months marked with "*" were not included in these statistical 

calculations because of suspected missing precipitation data at either 

the beginning or end of the month. Note that the flagged months occur 

in pairs or at the start or end ot a series of missing months. 



Station: Stony Mountain 

YEAR 
Jan. Feb. Mar. Apr. May 

MONTH 
June July Aug. Sept. Oct. Nov. Dec. 

1976 

1977 8 9 13 

1978 8 6 8 8 18 13 12 21 18 13 1 2 10 

1979 

1980 

8 

10 

11 

5 

6 

13 

15 

1 

7 

9 

13 

11 

11 

17 

11 

18 

2 

18 

4 

2 

9 

16 

11 

14 

_, 
C) 

1981 7 7 10 10 7 14 8 2* *1 15 10 14 

Mean 8.3 7.3 19.3 11.0 10.7 12.8 12.0 16.7 12.7 8.4 9.2 12.4 

St. Dev. 1.3 2.6 3.0 3.6 6.4 1.3 3.7 5. 1 9.2 5.6 2.2 1.8 

Max. 10 11 13 15 18 14 17 21 18 15 12 14 

Min. 7 5 6 8 7 11 8 11 2 2 6 1 1 



Station: Muskeg 

YEAR 
Jan. Feb. Mar. Apr. May 

MONTH 
June July Aug. Sept. Oct. Nov. Dec. 

1976 7* 

1977 7 5 10 4 12 11 14 13 8 8 10 9 

1978 7 2 6 8 10 15 14 14 16 10 12 10 

1979 

1980 

7 

6 

10 

7 

10 

11 

17 

3* 

11 19 14 12 10 6 8 5 
-J 

1981 

Mean 6.8 6.0 9.3 9.7 11.0 11.7 14.0 13.0 11.3 8.0 10 .o 8.0 

St. Dev. 0.5 3.4 2.2 6.7 1.0 3. 1 o.o 1.0 4.2 2.0 2.0 2.6 

Max. 7 1 0 11 17 12 15 14 14 16 10 12 10 

Min. 6 2 6 4 10 9 14 12 8 6 8 5 

,_- ....______ ----------------~-



Station: Ells 

YEAR MONTH 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1976 6* 

1977 5 4* - 6 2 13 17 15 15 2 7 9 

1978 6 2 8 8 13 11 13 20 15 1* *5 7 

1979 5 1 0 10 15 6 13 11 9 13 11 3 8 ..... 
N 

1980 6 2 15 2 7 

1981 

Mean 5.5 4.7 11.0 7.8 7.0 12.3 13.7 14.7 14.3 6.5 5.0 8.0 

St. Dev. 0.6 4.6 3.6 5.4 4.5 1.2 3. 1 5.5 1.2 6.4 2.8 1 .o 

Max. 6 10 15 15 13 13 17 20 15 11 7 9 

Min. 5 2 8 2 2 11 11 9 13 2 3 7 



Station: Mildred Lake 

YEAR 
Jan. Feb. Mar. Apr. May 

MONTH 
June July Aug. Sept. Oct. Nov. Dec. 

1976 9 

1977 9 11 6 2* - 11 13 - - *3 1 2 10 

1978 7 3 7 6 14 15 16 16 14 9 12 13 

1979 

1980 

7 

7 

13 

4 

11 

11 

12 

1 

9 

12 

8 

6 

11 

14 

12 

15 

10 

13 

9 

2 

7 

9 

7 

15 
-__, 
"' 

1981 9 7 7 6 7 12 12 4 3 13 3 1 0 

Mean 7.8 7.6 8.4 6.3 10.5 1o. 6 13.2 11.8 10.0 8.4 8.6 11.0 

St. Dev. 1.1 4.3 2.4 4.5 3. 1 3.4 1.9 5.4 5.0 4.0 3.8 3. 1 

Max. 9 13 11 12 14 15 16 16 14 13 12 15 

Min. 7 3 6 1 7 6 11 4 3 2 3 7 



Station: Thickwood 

YEAR MONTH 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1976 

1977 7 9 10 - - - - - *8 11 12 13 

1978 6 5 9 10 10 7 11 16 17 1 0 12 11 

1979 8 13 14 14 13 12 16 12 - *3 7 11 __,..,. 
1980 7 4 15 2 10 8 20 21 17 2 1 0 13 

1981 7 6 7 12 4 13 7 5 8 16 10 9 

Mean 7.0 7.4 11 • 0 9.5 9.5 1o.o 13.5 13.5 14.0 9.8 10.2 11 .4 

St. Dev. 0.7 3.6 3.4 5.3 3.8 2.9 5.7 6.8 5.2 5.8 2.0 1 • 7 

Max. 8 13 15 14 13 13 20 21 17 16 12 13 

Min. 7 4 7 2 3 7 7 5 8 2 7 9 



Station: Fort Hi I Is 

YEAR 
Jan. Feb. Mar. Apr. May 

MONTH 
June July Aug_. Sept. Oct. Nov. Dec. 

1976 4 6* 

1977 9 12 6 5 1 0 - - 1 0 11 6 2 7 

1978 6 3 6 6 13 11 13 14 14 5 10 7 

1979 

1980 

3 

-

7 

4 

8 

6 

9 

1 

5 

8 

9 

5 

9 

13 

11 

14 

9 

12 

6 

2 

4* 

4 

-

9 

--..J 
'-" 

1981 6 4 6 9 6 10 10 2* *2 

Mean 6.0 5.8 5.8 6.0 8.4 8.8 11.3 12.3 10.0 4.8 5.3 7.7 

St. Dev. 2.4 3.9 1.8 3.3 3.2 2.6 2. 1 2.1 3.8 1.9 4.2 1 . 2 

Max. 9 12 8 9 13 11 13 14 14 6 10 9 

Min. 3 2 6 1 5 5 9 10 9 2 2 7 



Station: Richardson 

YEAR 
Jan. Feb. Mar. Apr. May 

MONTH 
June July Aug. Sept. Oct. Nov. Dec. 

1976 7 9* 

1977 - 7 4 6 10 15 13 10 11 5 2* 

1978 8 2 8 8 2* - 14 12 13 11 12 11 

1979 

1980 

7 

15 

10 

8 

11 

10 

19 

7 

7 

8 

10 13 16 18 10 9 8 
-...J 
(}> 

1981 

Mean 10.0 6.8 8.3 10.0 8.3 12.5 13.3 12.7 12.3 8.7 10.5 9.5 

St. Dev. 4.4 3.4 3. 1 6. 1 1.5 3.5 0.6 3. 1 4.6 3.2 2. 1 2.1 

Max. 15 10 11 19 10 15 14 16 18 11 12 11 

Min. 7 2 4 6 7 10 13 12 7 5 9 8 



Station: Birch Mountain 

YEAR MONTH 

Jan. Feb. Mar. A~r. Maz: June Julz: Aug. Se~t. Oct. Nov. Dec. 


1976 7 5 

1977 7 7 14 2 - - 1 12 15 13 12 13 

1978 9 5 8 11 16 18 12 15 18 12 8 9 

1979 

1980 

5 

9 

12 

6 

11 

11 

17 

6 

13 

7 

8 10 17 9 7 7 4 ___, 
___, 

1981 

Mean 7.5 7.5 11.0 11.3 14.5 13.0 11.0 14.7 12.3 10.0 9.0 8.7 

St. Dev. 1.9 3.1 2.4 5.5 2. 1 7. 1 1.4 2.5 5. 1 5.0 2.6 4.5 

Max. 9 12 14 17 16 18 12 1 7 18 13 12 13 

Min. 5 5 8 6 13 8 10 12 7 5 7 4 



Station: Firebag 

YEAR 
Jan. Feb. Mar. Apr. May 

MONTH 
June July Aug. Sept. oct. Nov. Dec. 

1976 8* 

1977 6 6* - - *3 9 7 8 3 8 9 10 

1978 8 3 7 8 5 8 13 14 17 12 11 12 

1979 

1980 

6 

11 

13 

11 

11 

13 

12 

3* 

5 9 12 15 13 8 7 6 
--.J 

"' 

1981 

Mean 7.8 9.0 10.3 10.0 5.0 8.7 10.7 12.3 11.0 9.3 9.0 9.3 

St. Dev. 2.4 5.3 3. 1 2.8 o.o 0.6 3.2 3.8 7.2 2.3 2.0 3. 1 

Max. 11 13 11 12 5 9 13 14 17 12 11 12 

Min. 6 3 7 8 5 8 7 8 3 8 7 6 
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11.4.2 Foresty Stations 

This appendix contains ogives in table form of the number of 

days in each summer month from 1966 to 1979 with measurable 

precipitation. Also included are the mean, maximum, and minimum 

values, along with the standard deviation and the number of years of 

record. Oglve values are in percent. 



--

~nth: June 

Cl KN LA ED BN Rl JE LG Bl BM MY CR JO PA CY EL TW MU MM GL GE AL ST CK CP 
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9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


Min. 
Mean 
Max. 
St. Oev. 
No. 

40 

80 

100 

8 
11 
14 
2.6 

5 

7 

14 

36 

43 

64 

86 

100 

7 
11 
14 
2.2 
14 

9 

36 

64 

82 

91 

100 

10 
14 
18 
2.5 
11 

7 

14 

21 

43 

50 

64 

93 

100 

10 
14 
17 
2.1 
14 

7 

14 

21 

29 

36 

50 

57 

64 

79 

86 

93 

100 

9 
16 
22 
3.6 
14 

7 

14 

29 

50 

79 

86 

93 

100 

5 
12 
18 
3.0 
14 

7 

29 

50 

57 

79 

93 

100 

9 
14 
21 
2. 7 
14 

7 

21 

29 

43 

57 

71 

79 

86 

93 

100 

9 
14 
22 
3.6 
14 

7 

21 

29 

36 

43 

64 

86 

93 

100 

8 
14 
21 
3.5 
14 

14 

21 

29 

50 

57 

71 

93 

100 

7 
13 
18 
3.4 
14 

7 

14 

29 

43 

57 

71 

93 

100 

8 
14 
19 
3.1 
14 

8 

23 

31 

77 

85 

92 

100 

10 
15 
19 
2.3 
13 

7 

21 

29 

64 

71 

79 

92 

100 

9 
13 
18 
2.5 
14 

8 

23 

31 

38 

46 

54 

62 

85 

100 

5 
13 
18 
4.3 
13 

17 

33 

42 

50 

58 

67 

75 

92 

100 

9 
13 
19 
3.6 
12 

23 

59 

62 

77 

85 

92 

too 

10 
13 
20 
3.5 
13 

7 

14 

29 

36 

43 

50 

64 

71 

79 

93 

100 

7 
14 
21 
4.0 
14 

21 

36 

57 

64 

79 

93 

100 

10 
13 
20 
4.0 
14 

50 

75 

100 

12 
13 
15 
1.2 
4 

7 

14 

29 

57 

71 

86 

93 

100 

7 
12 
21 
4.1 
14 

7 

21 

36 

50 

57 

64 

71 

93 

100 

10 
13 
20 
3.7 
14 

7 

14 

29 

43 

50 

64 

79 

86 

93 

100 

8 
13 
18 
3.5 
14 

7 7 

14 29 

29 

36 43 

50 

57 57 

71 79 

79 86 

93 100 

100 

8 8 
14 14 
20 18 
3.8 3.1 
14 14 

7 

29 

36 


50 


57 


79 


86 


93 

100 

8 

13 

19 

3.9 

14 


co 
0 

I 



t-bnth: Ju I y 

Cl KN LA ED BN Rl JE LG Bl BM MY CR JO PA CY EL TW MU MM Gl GE AL ST CK CP 

5 


6 


7 
 25 

8 

9 

10 


11 
 50 

12 

13 

14 

15 75 

16 100 

17 

18 

19 

20 

21 

22 

23 

Min. 7 
Mean 12 
Max. 16 
St. Dev. 3.6 
No. 4 

7 

21 

36 

43 

57 

79 

93 

100 

8 
13 
18 
2.9 
14 

9 

27 

36 

45 

63 

73 

82 

91 

100 

8 
12 
17 
2.9 
11 

7 

21 

29 

36 

50 

57 

64 

79 

93 

100 

9 
15 
23 
4.3 
14 

14 

21 

29 

36 

43 

57 

64 

71 

79 

93 

100 

9 
15 
21 
4.0 
14 

7 

29 

36 

50 

79 

86 

100 

9 
13 
18 
2.8 
14 

14 

21 

29 

36 

43 

50 

57 

79 

86 

93 

100 

10 
15 
21 
3.3 
14 

14 

29 

43 

50 

57 

64 

79 

100 

9 
14 
19 
3.8 
14 

14 

21 

36 

43 

57 

71 

79 

86 

93 

100 

8 
14 
21 
3.9 
14 

7 

14 

21 

29 

43 

50 

71 

86 

100 

7 
15 
22 
4.3 
14 

14 

43 

57 

71 

86 

93 

100 

12 
16 
20 
2.4 
14 

7 

21 

29 

50 

57 

86 

93 

100 

11 
16 
21 
2.5 
14 

7 

14 

57 

64 

71 

93 

100 

10 
16 
19 
2.3 
14 

14 

21 

36 

43 

50 

57 

79 

86 

93 

100 

8 
15 
22 
4.0 
14 

8 

17 

25 

33 

50 

75 

83 

92 

100 

6 
13 
20 
4.2 
12 

7 

14 

21 

29 

50 

64 

79 

93 

100 

6 
12 
19 
4.0 
14 

7 

21 

29 

43 

64 

71 

86 

93 

100 

9 
15 
22 
4.2 
14 

7 

14 

21 

29 

50 

57 

71 

79 

86 

100 

11 
16 
21 
3.0 
14 

25 

50 

75 

100 

12 
15 
19 
2.6 
4 

29 

36 

43 

50 

71 

79 

93 

100 

11 
14 
19 
2. 7 
14 

29 

36 

50 

64 

79 

93 

100 

9 
14 
20 
3.9 
14 

7 

21 7 7 

14 

7 29 

36 29 14 36 

36 43 64 

43 64 

50 43 71 

50 86 

71 57 79 

93 64 100 86 

100 79 100 

100 

7 10 12 10 
15 15 15 15 
20 21 19 20 
4.0 4.0 2.0 3.3 
14 14 14 14 



tv'onth: August 

Cl KN LA ED BN Rl JE LG Bl BM MY CR JO PA CY EL TW MU MM GL GE AL ST CK CP 

4 


5 


6 


7 
 25 29 

8 

9 50 36 

10 75 50 

11 1oo 57 

12 71 

13 86 

14 93 

15 

16 

17 100 

18 

19 

20 

21 

Min. 7 7 
9 9Mean 

Max. 11 17 
St. Oev. 1-5 4.0 
No. 4 14 

9 

18 

27 

36 

45 

55 

63 

82 

91 

100 

4 
10 
16 
3.8 
11 

7 

21 

36 

43 

57 

64 

71 

86 

100 

8 
11 
17 
3.3 
14 

14 

29 

50 

64 

71 

100 

7 
10 
15 
3.8 
14 

7 

14 

29 

36 

50 

57 

64 

71 

86 

93 

100 

5 
11 
1 7 
4.1 
14 

7 

14 

36 

57 

86 

93 

100 

5 
13 
20 
3.8 
14 

7 

14 

21 

36 

57 

79 

86 

93 

100 

7 
13 
20 
3.3 
14 

7 

14 

21 

29 

50 

57 

79 

86 

93 

100 

6 
11 
21 
4.3 
14 

14 

29 

36 

50 

71 

86 

93 

100 
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11 
16 
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14 

7 

14 

21 

29 

57 

79 

86 

93 

100 
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14 
20 
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14 

7 

29 

36 

43 

57 

71 
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93 

100 
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12 
18 
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14 

7 

14 

36 

43 

50 

71 

79 

86 

93 

100 
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12 
19 
3.3 
14 

7 

14 

29 

36 

43 

57 

79 

86 

93 

100 

6 
12 
20 
4.2 
14 

8 

17 

25 

42 

50 

58 

75 

83 

92 

100 
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13 
18 
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12 

7 

21 

29 

50 

57 

64 

79 

100 

7 
11 
15 
2.6 
14 

7 

14 

21 

29 

36 

50 

64 

86 

93 

100 
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11 
17 
4 .o 
14 

7 

7 21 

36 

21 
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86 
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100 
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14 4 14 
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14 

29 

36 

50 

86 

93 

100 
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12 
17 
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14 
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21 

29 

50 

64 

79 

86 

100 

7 
12 
16 
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14 
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21 

29 

36 

43 

57 
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14 
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11.5 HOURLY VARIATION OF WIND DIRECTION AT MAPS STATIONS 

This section presents plots of wind directions (based on a 

16-po i nt compass) against time of day at se I ected f·1APS stations 

<Mildred Lake, Muskeg, Birch Mountain and Stony Mountain) for four 

selected months (January, Apri I, July, and October). Frequencies are 

In percent. Contour interval is 5% beginning at 5%. 
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Figure 17. 	 Wind direction frequency plots for Birch Mountain, 
January and Apri 1. 



185 


BIRCH MOUNTAIN JULY 
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Figure 18. 	 I.Jind direction frequency plots for Birch Mountain, 
July and October. 
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MILDRED LAKE - JANUARY 
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Figure 19. 	 Wind direction frequency plots for Mildred Lake, 
January and Apri]. 
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Figure 21 · Wind direction :requency plots for Muskeg, 
January an d Aprll. 
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Figure 22. Hind direction frequency plots for Muskeg, 
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