CLIMATOLOGI CAL ANALYSIS OF
RECENT DATA FROM THE
ATHABASCA OIL SANDS AREA

by

R.C. RUDOLPH
M.M. OLESKIW
R,A. STUART

Intera Envirenmental Consultants Ltd.

Calgary, Alberta

for
RESEARCH MANAGEMENT DIVISION

Alberta Environment

AOSERP Report 130

1984

This document has been
digitized by the Oil Sands
Research and Information
Network, University of
Alberta with permission of
Alberta Environment.


lefort
OSRIN stamp


TABLE OF CONTENTS

LEST OF TABLES vt ittt e ettt ettt snsaeee ey
LIST OF FEGURES L v it it it it it it i it et i e et ieeaactenasncacnnenann
BB S T RACT ittt ittt it it et et e et e e
ACKNOWLEDGEMENT S ittt i i it ittt et ii et e e naeaannns e e
i. INTRODUCTION e c it it e ettt et e e an s beaeanns
2. DAT A BASE L. i i i it et et e e e
2.1 MAPS NetworK .ottt ittt it bt ena e enestanraanas
2.2 Forestry Loockout Stations ...t iiinnns
2.3 Evaporation .......ceveeranennn. et et e e
2.4 MiMm S ONdES it e ittt et e et e e i i et i
2.5 1] £ = ol
3. MAPS-FORT McMURRAY CORRELATION ANALYSIS ..............
L, TEMPERATURE & ittt it it e i i e ettt ettt e v arananas
4. HOUTTY Temperatures s aeenennnsnmneneaeneennennnns
4.2 Daily Temperatures for Forestry Stations .............
4.3 Daily Temperatures for the MAPS Stations .............
b L Estimation of the Frost-Free Period Trom Forestry

Station Data v vr s iet ettt et b
k.5 Estimation of the Frost-Free Period from MAPS Data ...
5. [ 2 T o I 17 I T
5.1 Hourly Precipitation ... e in i it cinnonnnoneeannss
5.2 Daily Precipitation Distributions for Forestry

1S 1 I o T
5.3 Daily Precipitation Distributions for MAPS Stations ..
5.4 S MOWDACK vttt ittt it e e e e e
6. 1L T8
6.1 Diurnal Variation oo ittt ce e,
6.2 Seasonal Variation .. iiiiit it iiiean e,
6.3 Comparison for MAPS and 400-m Pibal Winds ............
6.4 Summary of Terrain Fffects cuuviiiiiiin i ennnnannn
7. EVAP ORATION ittt i i ittt bt ettt
8. MINISONDE STABILITY ANALYSIS ..ot i

continued ...

. i amt amm a1



<O

11,
P,
11.
1.
1.
11.
1.
1.
11.
11,
1.
il.
1.
I,
11.
1.
11,
il.
1.
11,
1.
Ti.
11.
11.

12,

D \WO O W \C DD WD

g o

Lk PN PO N MNP —
Ut o N o

I 00 W ) N et ot el et o il et ot rer i it et et e mid
P

iy I W w NN NN —

oo N —

[g¥]

viiti

TABLE OF CONTENTS (CONCLUDED)

SUMMARY AND RECOMMENDATIONS ... it it iiieienanans
A0 1111
CONCTUSTOMS & ittt it ittt te it st e e sssenane s nssnannn
L1 o= o= o U Y
Precipitation ......... et i e et e e e
LI £
Evaporation ...ttt ittt it e e et e et e
I ST =T I

APPENDI CES o ittt i i e e ettt e e
Description of the SAS Analysis Procedures ............
o o T R T o o1 o
AP S Bata v ver i it i e e et e e
Hourly Analysis .ot i i et enn e taeans
Daily Analysis +vvvirniiii i, e
Monthly Analysis .. i i it e
Comparison of Maps and 400-m Pibal Winds ............
FOrestry Data v vuerrene e tnatcacnnareannrsnnnes
Dailly AnalysSis vttt e it e et e e
Monthly Analysis ...t iine it it et it reenean
Minisonde Data Analysis ...t iinniiinnenenens
00T
Secondary Variable Definition and Quality Control
LT o T
EvaDoration .o i i i et it e e
15 1
Secondary Variable Definition and Quality Control
BUEDUL vt s ettt et e te et ineensenssotnenanneoeeansnnas
Consecutive Hours with Precipitation ...,
Consecutive Days with Precipitation ........... ¢ c.cn...
MAPS Network ..t i e i it i e e m e s et e
Forestry Stations . ....u it innse s e anannssonsnns
Number of Days Each Month with Measurable
Precipitation ..ttt ittt i r ettt eantesrananaaen
MAPS Network .uuui it ettt i ettt es e anenanans
Forestry Stations . .viirerieierusenosareaennnronsanss
Hourly Variation of Wind Direction at MAPS Stations

LIST OF AOSERP RESEARCH REPORTS .. vicviinivrinurnennnnan


http:Procedur.es

1A,

MAPS Network

LiST OF TABLES

StTation Locations seevsssconscssssscossansnocassas

Allowable Variable Ranges for S5AS Analysis cceicecocaceccocaas

Forestry Station Locations .cievcvscassccocsosacsscnsssanconse

Snowpack Survey Locations with Three or More Years

of Record,

1975-1982

LR 1

© 0 % @ A %00 OGP YOS DI LEDOEOS0CO D NSO EE D

Archived Snowpack Data by Year s.scucsccoccocasascsacoosnoocs

Fort McMurray-MAPS Correlation Summary Showing
Fraction of Variance Expiained by Regression ccocacscovcvonas

Daily Temperature Corretation Summary .c.cececsccosasansvsace

Precipitation Correlation Summary ceecesescocenorsssccocononss

Seasconal Variation of Monthly Totat Precipitation
Regression Parameters at Thickwood, 19706-1981 csscearccsccess

Thirty-Year Normal July MAPS Temperature and Precipitation
from Fort McMurray Correlation seescecosesiocuooncscscovnesons

Hourly Temperatures at Selected FPercentile Levels
at Mildred Lake, 1976-1981

668 008 T3 0RO O 0P E 6 L2 EEC68 G0 0L 0080

Average July Temperatures at Forestry Stations,

1266--1979

B4 @ 6% 606 G 8 W EDOED OO GO AL E T E O Y EFOS B NAEDEOE0 S0 SR D G

Thirty-year Norma! July Temperatures at Forestry Stations ...

Average January Temperatures at MAPS

Stations,

1976-1981

@5 08 08 0

@ e T OO WL EOYOCEE B LG O0aCHEEOACE00D B

Average April Temperatures at MAPS Stations,

19761981

& o v e D9 e e e D oe

v e oa e

¢ 6 0 O B 6 E E DS E 0D U 6D GEBG SN D ELER 008 00

Average July Temperatures at MARPS Stations,

19761981

¢ P U s Ve RO

e s T e o w0

B & B3 6L A0 OO0 CHLETDLDEIOLN L0 LEDEI 0D

Avarage Cotcber Temperatures at MAPS Stations,

19761961

T 24 &9 Eaoam

4 a0 09 a8

¢ & % 8 3 2 B B L E G ORDOOIRLOHDORDECPED LD SN

The Last Spring Frost, First Fatl Frost, and
Frogt~Free Period Data Availability for the Foresiry

Stations,

1966-1979

aaaaaaa

I R R R R e L N I R R B

continued ...

Page
4
)

9

11

13

16
17

19
20
23
26

28

29
38
39
40

41

43



LIST OF TABLES (CONTINUED)

Page

19. Years with Available Frost-Free Period Data at
MAPS Stations, 1976-1981 ...iiiirieriatssisnosnsasnnonnansa sea 45

20. Frost-Free Period at the MAPS Stations for Selected Years ... 46
21, Maximum Number of Consecutive Precipitation Hours
and Maximum Precipitation Amount Occurring in

Consecutive Hours at MAPS Stations, 1976-1981 ......... . 14]

22. Maximum One-Hour and Two-Hour Precipitation at
MAPS Stations, 1976-1981 ciiiivevevinnan teeesersasrannes 1

23. Short Duration Precipitation Amounts at Fort McMurray,
1966=1973 tiiiurseeriareosssonsnns Chiteereerraaaea sersessnanes 52

24, Average and Thirty-Year Normal Precipitation for the
Forestry STatlons souveiienessesrinnenecsnnnes thsersasosannas 54

25. Maximum Daily Precipitation for the Summer Months

at the Forestry Statlons, 1966-1979 ........ cetesesesireannan 58
26. Average Precipitation for Selected Months at the

MAPS Stations, 1976-1981 ..einerverrrennnnnas ceesenrsasans see 99
27. The Maximum Daily Precipitation at the MAPS

Stations, 1976-1981 ....ceuians fedteerreresesaerrnane R
28, Snow Depth and Water Equivalency Statistics for

Late Winter Snowpack, 1976-198Z .....iissccearsas N V74
29. Hourly Varlation of Mean Wind Speed at Selected

MAPS Stations vieeveerresonrioas tessavcsssnesrsaa L 1
30. Mean Monthly Wind Speeds at MAPS Stations,

1976_1981 L I R R R A N I R I S L A L I I N I Y AR A A LR I RN A 72
31. Percent Calms at MAPS Stations, 1976-1981 ..... ceasenaaran ves 14

32. Prevailing Wind Direction at MAPS Stations
by MOH'H‘T, 1976—.1981 P e s A s e DR R O N I N N N N R RS R RO e 75

33. Comparison of Selected MAPS and Pibal
400-m Wind Direction Freguencies ..v.evvunsnn Ceearns Goesncsane 77

34, Power Law Exponent Statistics for MAPS and Pibal
400-m Wind Speed Profiles,by 5e@50n suivveeiivrerenernninnnss .. 81

continued ...



35.

35.

37.

38.

39.

40,

41,

42,

43.

a4,

45,

46.
47.

48,

49,

50.

Xi

L1ST OF TABLES (CONCLUDED)

Daily Evaporation Correlation Statistics at
Mi‘dred Lake’ 1973-1981, by MO!’H'h L R R N N N N N N N Y )

Daily Evaporation Correlation Statistics at Mildred
Lake, 1973_1981, by Mon+h LR LB L LB N IR I O DL B B B B B BRI BN B B BN B B L BN I

Mean Daily Pan Evaporation and Estimated Monthly Latent
Evaporation by Months at Mildred Lake, 1973-1981 .......vevte

Layer Definition for Minisonde Analysls ...veviincincnnsnnase

Stability Classifications According to USAEC
Guide1.23 L B L B N B IR IR B B O B B B B BT BN L DR O N BRI B BN B RN N BN RN O R BN RN N BN B B RN N N

Number Frequency of Minisonde Releases, by Season,
Time of Day, Stability Category and Layer .eveceereencsonenae

Most Common Minisonde Stabitity Category in Levels 2

and 3, by Season and Time of Day, Given a Stability
Category Tn Level 1 toveenetnrerneretracrnnssnesvsssssoncens

Frequency of Occurrence of Minisonde Stability
Category by S@8SOn ciceresrtrecnceastasassocsssssrasssasstvas

Frequency of Occurrence of Minisonde Stability
Category by Time Of DAY ceveeiesenssrannsesssrorssasssessases

Frequency of Occurrence of Minisonde Stability
Ca‘regory by Layer L2 B R RN I R R N BN B B BN B K B N N A L B B RN BE R R BN N B B R BN B BN BE B R BRI

Range of WSPD and HOUR for Each Value of XSPD

and TtME LRCRE S I B A R B R R N AR S B IE T B R A O B B BN BN IR N RE O B N L R R L B R B )
VarTable Names for Dally Analysis .eeeieiacavsoscrtsansssnssns
Varl‘abie Names for MOnTh‘y Ana‘ysis LB R R RN AN IR NN

The Range of ELVE, MTH, and HOUR for Each
Value Of LAYER, SEASON’ and TiME LI N LI BN B I NN B R R N B R N Y R R N B BN )

Variable Names for Minisonde Analysis «eeeeeeriinrersrenannas

The Range of R Temperature Gradient for Each Value of
Ri, RZ’ and R3 & 8 8 % 2 9 B 4 8 54 P KPS E PSR E TSN A ST SAEEe e

Page

85

86

88

90

91

g3

94

95

96

97

109
111

113

117

118

120



13,
T4,
15.
16?

Xid

LIST OF FLGURES

Page
MAPS Network, Forestry Station, and Snowpack Sampling
Sites in the Athabasca 0i] Sands Area .......civvuvrnn. e 5
Ogives of Hourly Temperaturés at Mildred Lake for Selected
Months, 1976=T1981 .. ittt tiiie et rarennrtsiarananan 25
Average Mean July Temperatures at Forestry Stations,
19661979 vttt ittt e e et e e e e e 30
Thirty-Year -Normal Mean July Temperatures at Forestry
15 8= I T = 31
Averaged Maximum July Temperatures at Fbrestry Stations,
1966-1979 ........... e e ea et aeiaaeee e 32
Thirty=Year Normal Maximum July Temperatures at Fofestry
R =B A Fo T+ - A f e et 33
Average Minimum July Temperatures at Foreétry Stations,
1966-1979 v vt iii i iniinnnnns e e e e e et aa 34
Thirty-Year Normal Minimum July Temperatures at Forestry..
SEATIONS «veveonicanienins e e e e ey 35
Average July Diurnal Temperature Variation at Forestry
Stations,  1966-1979 .......coveunn.. e s 36
Ogives of Hourly Precipitation at Mildred Lake for Selected
Months, 19761081 ...t ittt ittt ettt et itaennteararinnen 43

Mean July Precipitation at Forestry Stations, 1966-1979 ..... 56

Thirty-Year Normal Mean July Precnpltatuon at Forestry

SEAtiONS + e iieerrtaasecnnscn O Ce e e 57
Mean January Mid-Month Snow Depth, 1976-1982 ,.... e 64
Mean January Mid-Month Water Equivaiency}'4976*l982.......... 65
Mean March Mid-Month Snow Depth', 19:76—1'982 ........ e, ... b6
Meén March MEd—Month Water Eqﬁivalency,A]976—1982 ; .......... 67

Wind Direction Frequency Plots for Birch .Mountain, January
o Y o o 184

continued .



xiii

LIST OF FIGURES (CONCLUDED)

Page
Wind Direction Frequency Plots for Birch Mountain, July
AN OCEOD T i vttt et it it sttt tsnee e seeeetanentas et sereennsss ¥85
Wind Direction Frequency Plots for Mildred Lake, January
E T e Y 8 ok T 186
Wind Direction Frequency Plots for Mildred Lake, July
and DCtObET 4t vttt s iietastestsreausntasonssatonseaennens 187
Wind Direction Fregquency Plots for Muskeg, January and
L o o T P 188
Wind Direction Frequency Plots for Muskeg, July and
8T oo Y= X S 189
Wind Direction Frequency Plots for Stony Mountain, January
= Y0 Y I o P 190

Wind Direction Frequency Plots for Stony Mountain, July
and October ...t e e s s e e e 191



xiv

- ABSTRACT

This report is a climatological analysis of recent data from
the Athabasca 0i| Sands area. Data sources included the MAPS 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
of meteorclogical data from the MAPS network. These variations were
the results of statistical fluctuations due fo the short period of
record and terrain differences. To reduce the variations, MAPS
temperature and precipitation were correlated with Fort McMuran
values. Mean monthly values of temperature were well estimated by
Fort McMurray values -throughout the year and by forestry station
measurements in summer. However, mean monthly precipltation was not
reliably estimated by this “Yechnique. While the duration of summer
rainfall correlated well with station elevation, rainfall amount varied
considerably between MAPS and forestry station, due in part to the
convective component of summer precipitation.

Surface winds were found +to be strongly controllied by
terrain. Speeds were generally higher at exposed locations and lower
at tow 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
all seasons except winter. In winter, differences in direction between
the two levels were apparently random due Yo flow decoupling in stable
conditions.

Minisonde data exhibited expected trends *to increased
instability in afternoon hours and during spring and summer months,
especially in the lowest tayer. The most common stability categories

at all levels in all seasons were neutral and slightly stable.
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The report concludes with two important recommendations. The
first Is that thorough quality contro! checks be Implemented before
new data sets are used for analysis. The second and farther reaching
Is that meteorofogical data requirements in the Athabasca 0il Sands

area be reassessed before meso-scale monitoring is reactivated.
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1. INTRODUCT i ON

A descriptive overview of the climate of the Athabasca 61l

Sands area of northeastern Alberte was prepared by Longley and Janz
(1978). They described the climate as definitely continental and

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

were characterized as having relatively Il+tle snow and summers as
being short and cooi. About two thirds of the annual precipitation
fetl in the summer months with several major rainstorms accounting for

much of the fotal. Low level winds were considered |ighT and governed
by terrain effects. Although Longley and Janz examined all available
historical c¢limatological data, the primary source was the long-term
Atmospheric Environment Service (AES) surface weather records from
Fort McMurray.

In late 1976, an automated nine-station meteorological data
acquisition (MAPS!) network came on-stream in the area. Hour |y
values of precipitation, wind speed and direction, temperature, and
relative humidity were recorded.

The objective of This study was to climetoclogically analyse
recently available data in the Athabasca 0i1 Sands area. While the
primary data source was to be the MAPS network, other regional sources
of data were to be utilized including minisondes, forestry lookout
stations, and the AES Fort McMurray records. Statistics on mean,
maximum, and minimum temperature and precipitation; precipitation
durations; +the retlationship between evaporation and meteorological
variables; vertical temperature profiles; and the variabilifty of wind
speed and direction were to be generated. Topographic influences on
the diurnal variations of temperature, wind, and precipitation amounts
were to be considered. Short-period records were to be adjusted for
comparison with long~term records. An important outcome of the study
was to determine how representative the short-term MAPS data are of the
climate of the area.

In view of the large volume of data processed in this study,

an efficient means of generating statistics was required. To this end,

! MAPS is a trade name of Bristol Industries.
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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 tables are not included in this report, but are
available for detailed study as computer prinftout in the offices of
Research Management Division (RMD), Alberta Environment.

Section 2 of this report summarizes the date base used in
this study and its timitations. Section 3 discusses the resuylts 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 date. Section & 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.



2. DATA BASE

2.9 MAPS NETWORK

The MAPS network of automated meteorological data collection
stations came on-stream late in 1976. Hourly values of temperature,
wind speed and directlon, and precipitation were recorded on cassette
tapes and later +ransferred 1o standard computer tapes. A brief
description of each site Including instrumentation Is given in Mllgate
(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 for 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, fo 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 controt,
only values beyond a specified range were flagged and exciuded from
further analysis. This range is shown in Table 2 for temperature, wind
speed, and precipitation. MAPS, minisonde, forestry Ilookout, and
rort 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 total amount fallen since 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 +he previous hour was

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



Tabie 1. MAPS network station locations.
l.atitude Longitude ElevaTion

Code Station Deg. Min. Deg. Min. Start Stop {m)
BCH Birch Mountain 57 42 111 50 09/76 05/80 853
ELS Ells 57 07 112 21 10/76 05/80 488
HLS Fort Hills 57 22 111 32 09/76 05/80 351
RIC Richardson 57 53 111 02 09/76 05/80 305
FBG Firebag 57 38 111 10 09/76 04/80 274
MKG Muskeg 57 08 110 54 09/76 05/80 652
SMT Stony Mountain 56 23 111 16 09/77 07/82 762
TKW Thickwood 56 53 111 39 11/76 12/81 518
LLKM Mildred lLake 57 05 111 35 09/76 12/81 310
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Table 2. Allowable variable ranges for SAS analysis. Records with
values outside these ranges were exciuded from analysis.

Variable Minimum Max imum
Temperature ~60°C 40°C
Wind Speed 0 mph 100 mph
Precipitation (hour) 0 mm 50 mm

{day) 0 mm 150 mm




also missing, then precipitation for the hour in question was set +to
missing. Further defails of data maniputation performed by SAS are
found in Section 11.1.

During the course of the analysis, it became clear that the
MAPS data were timited in terms of data quality, length of record at
individual stations, and overlapping length of record among stations.
Data quality summaries provided by RMD showed some stations were
inoperative for 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 evén
this small quantity of data, originally planned quallty control
criteria had to be relaxed. This relaxation may well have caused
problems with, for example, mean monthly tfemperatures. Seven days of
missing values in one month (the maximum allowable) could encompass a
period of unusually hot or cold weather. With only a few years of data
available for averaging purposes, +this might have resulted in
unreprasentative mean monthly values.

In addition *o data quality, the short length of record at
MAPS stations also created problems. These were manifest as unstable
mean values. Considerable variation was introduced when one value was
replaced with another or when additional values were used. For many
analyses this forced a decision of whether to use all available data,
knowing that different record lengths at different stations would
induce statistical fluctuations, or whether to utilize the longest
common period of record at all 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 stabitity) and
area of coverage.

In summary, while the MAPS network provided the bulk of data
for this study, it is suggested that results of the analysis are useful
only in a limited context. Because of the very short period of over-
tapping 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 instability



of mean values. This limits the usefulness of the MAPS data to the
calculation of very short-term averages (perhaps a year or less) or to
a case study type of analysis or to correlations with long-term

stations (Section 3).

2.2 FORESTRY LOOKOUT STATIONS

A second source of data for this study was forestry lookout
stations within the Athabasca 0i{ Sands area. These stations, manned
during the summer months (usually May through Septemberi, reported
daily total preclpitation and daily maximum and minimum temperatures.
Station location, elevation, dates of operation, and +type of climate
records are given in Environment Canada (1976). Data from 28 forestry
lookout stations were analysed; typically, each station had data
available for the last 15 vyears. One station (Fort Chipewyan) had
erroneous date information recorded on the original data tape.
Aithough other data could not be proven incorrect, this station was
withdrawn from the analysis. Another station (Wabasca) was not found
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 of Transport 1969). According to established practice,
all data were checked and abnormal data, those Inconsistent with other
data from the same station, or those Inconsistent with nearby stations,
were flagged. The flagged data were then replaced by estimates or
designated as missing.

In  this study, quality control procedures beyond those
outlined in Table 2 were not performed. Estimates were +treated as
valid data.

2.3 EVAPORAT | ON

In addition to standard measurements, the climate station at
Mildred Lake also records daily pan evaporation, an estimate of |ake
evaporation, wind mileage (wind run), and air temperature. These data
were analysed to determine relationships among evaporation and measured

values of temperature, wind run, and precipitation.



Table 3. Forestry station locations.

Latitude Longitude Elevation
Code Station Deg. Min. Deg. Min. (m)
Cl Carlson 58 55 111 48 213
PY Fort Chipewyan 58 46 i 07 219
KN Keane . 58 19 110 17 457
LA Lambert Creek 58 03 114 09 305
ED Edra 57 51 113 15 610
BN Buckton 57 52 112 06 792
R1 Richardson 57 55 : 110 58 305
JE Jean 57 31 113 45 762
LG Legend 57 27 112 53 an
BI Birch Mountain 57 40 111 50 610
BM - Bitumont 57 22 11 32 349
WB Wabasca 56 02 113 50 524
MY May 55 37 112 -2 896
CR Christina 55 35 111 21 822
J0 Johnson Lake 57 35 110 20 549
PA Panny 57 11 114 37 692
cY Chipewyan lLakes 57 00 113 z5 564
EL Ells 57 1" 112 20 610
™ Thickwood 56 53 111 39 603
MU Muskeg 57 08 110 54 652
MM Fort McMurray 56 39 T 31 371
GL Gordon lake 56 317 110 30 488
GE Grande 56 18 112 13 533
AL Algar 56 07 11 47 780
ST Stony Mountain 56 23 111 14 762
CK Conk lin 55 37 111 11 541

CcP Cowpar 55 50 110 23 563
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Qual ity control procedures were identical to those for the

forestry lookout stations.

2.4 MINISONDES

Minisonde data collected in the Athabasca 0il Sands area from
1975 through 1979 were analysed to produce a stabliity climatology.
The data were derived from several fleld programs conducted in +the
area, primarily by AES for Alberta 0il Sands Envirconmental Research
Program (AQSERP) (Fanaki 1978, 1979; Fanakl et al. 1979) and by
Syncrude Canada Ltd. (Slawson et al. 1980).

The AOSERP minisonde 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 probable that the
present stabllity climatology contains some errors. One example of
these errors is the presence of super-adiabatic lapse rates extending
over a depth of several hundred metres. [t Is ftherefore imperative
that +the results of +his analysis of minisonde data be used with
caution.

Additional data quallty checks were performed when the AQSERP
and Syncrude data sets were combined and archived (Hansen and lLeahey
1982). These checks were instituted primarily 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 SNOWPACK

Beginning in 1975, winter snowpack data were gathered in the
area. Measurements were generally made once each month in January,
February, and March but were occastonally also made in December and
April. 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. _Min. Deg. Min.
BCH - Birch Mountain 57 42 111 50
ELS Ells ‘ 57 07 112 21
HLS Fort Hills 57 22 i 32
RiC Richardson 57 55 111 02
FBG Firebag 57 38 111 10
MKG Muskeg : 57 08 110 . 54
SMT . Stony Mountain 56 23 1111 16
TKW - Thickwood . 56 53 111 39
LKM Mi ldred Lake 57 05 (RN 35
LEK Lost Creek 57 17 110 29
UL Upper Tar Lake 57 20 112 08

NLK Namur Lake 57 29 112 45
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in Tabie 4. Note that the sites selected had at least Three years of
data.

In addition to location inconsistency, the archived snowpack
data also exhibited some data type inconsistency, as shown in Table 5.
Oniy snow depth measurements were undertaken in all years. Core depths
(depth after compaction) and core weights from which snow density and
water equivalency data may be generated were measured occasionally;
that is, in some years and some months. Thus, a complete set of
snowpack statistics could not be generated for all years.

The snowpack data had further probtems. The documentation
describing data coltection or analysis procedures apparently does not
exist. In some cases (for example, snow density) measurement units
were not specified. |In all cases measurement dates were inconsistent.
For example, January snow depths were measured (over the years) in all
weeks of the month, making it difficult to calculate an average snow
depth at, say, 15 or 30 January without examining daily precipitation
records as well.

Snowpack data, as summarized in Teble 5, were provided on
computer tape by RMD. |In addition, water equivalency data for most
stations were available from a previous study (Stanley Associates
1982). These data were also examined for evidence of spatia! 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

1980 X *

1981

1982 X X

8 complete archive
partial archive
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3. MAPS-FORT MCMURRAY CORRELATION ANALYSIS

Two study objectives were contingent on resuits of a correla-
tion between Yemperatures and precipitation from the Fort McMurray
station and stations in the MAPS network. One objective was to quant-
Ify spatial variations throughout the ofl 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 full
accomp |l ishment of these objectives.

Analysis of spatial variations requires either a long period
of record at al! stations within the area so that small differences in
record length do not significantly alter the mean values, or identical
periods of record. The MAPS data fulfil! the second qualification
only. The toftal network was operational for less than four years, a
pericd that may be insufficlent fo produce s+ab|e averages. This is
especially true of parameters (such as precipitation) which, In the
case of summertime convective rainfall, 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. 1in 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 quality data to make a valid comparison. None of
the stations 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 monthl!y femperatures}, the paucity of MAPS
data for some months suggested first a regression based on daily values

in order to increase the number of observations. The daily data were



15

not stratified by season and thus represent an average over an entire

year.

A tinear regréession equation was used of the form:

m=ax + b (1)

where: x = Fort McMurray observation
m = MAPS station observation
a = siope of regression equation
b = intercept

Linear correlation coefficients and Students + 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. [+ contalns values of RZ (the square of the correlation
coefficient showing the fraction of variance explalned 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 well corretated with temper-
ature at Fort McMurray. The regression parameters (siope and
intercept) are given in Table 7. In addition fto near unity temperature
correlation coefficients, t test statistics showed the stope and inter-
cept to be different from zero, significant to better than the 99%
level In all cases. This suggests that very accurate estimates of MAPS
station temperatures can be made using Fort McMurray values. '

Temperature regression statistics in Table "7 clearly show
terrain effects. Maximum and mean temperatures at elevated stations
(Birch Mountain, Muskeg, and Stony Mountain) are lower +than at
Fort McMurray. The effect of terralin on minimum temperatures Is less
wel! defined. _

As expected, much less of the daily precipitation variances
could be explained by the regression. Table 6 sﬁows RZ values of

about 0.15 (R about 0.4}, a small fraction of the temperature RZ



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

Daily Monthly

Max imum Minimum Mean Total Total
Station Temperature  Temperature Temperature Precipitation Precipitation
Birch Mountain 0.95 © 0,93 0.96 0.12 0.66
Ells ' 0.99 0.97 0.99 0.12 0.47
Muskeg ' 0.98 0.96 0.98 0.19 g.61
Thickwood 0.99 0.98 0.99 0.14 0.79
Mildred Lake 0.99 0.98 0.99 0.23 . 0.53
Fort Hills 0.99 0.98 0.99 0.17 0.53
Richardson 0.97 0.7 0.98 0.08 0.44
Stony Mountaln 0.98 0.96 0.98 0.11 .76

Firebag 0.98 0.98 0.99 0.1 0.51

9l



Table 7. Daily Yemperature correlation summary.

Maximum Temperature Minimum Temperature Mean Temperature
Station Slopeb intercept? Slope  Intercept Slope Intercept
Birch Mountaln 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
Mildred Lake 1.02 -0.2 1.01 0.5 1.01 0.2
Fort Hills 1.01 -1.0 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 -0.0
Firebag 1.03 ~0.7 1.03 0.2 1.03 ~0.,2

Ll

a o¢
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 monthly total precipitation. Values of RZ for monthiy
total precipitation are also Included in Table 6. The improvement over
the daily total RZ values 15 marked. Table 8 summarizes precipitation
correlation statistics. Note that only two stations have correlation
coefficients less than 0.7. Indeed, the correlations may be conserva-
tive for the following reason. Months were rejected from the SAS
analysis 1f more than seven days were missing. However, if no records
existed for certain days of a month, for example the first days of the
first month of operafions,'and if fThe number of days missing was less
than the cut-off value, then that month was included by SAS in the
analysis. In addition, some months with missing days had unusually low
precipitation totals, possibly indicative of missing precipitation
events. These months were subjectively withdrawn from the regression
analysis if their +total precipitation was much less than at
Fort McMurray or If it was much fess than the same months of other
years.

Monthly precipitation regression parameters (Table 8) were
examined for evidence of spatial variability. Thickwood, *the station
nearest to Fort McMurray, had the highest correlation and averaged
about 10% more precipitation annually. Stony Mountaln and Birch
Mountain, which represent the greatest differences in etevation from
Fort McMurray, had the next highest correlation. Overall, no relation
between regression parameters and elevation or distance from
Fort McMurray could be discerned.

The seascnal variability of monthly - tota!l precipitation
regression parameters was examined for +the Thickwood station. The
results are shown in Table 9. Spring precipitation at Thickwood was
essentially independen+ of precipitation at Fort McMurray (RZ near
zero). Thickwood was observed to be somewhat atypical of MAPS stations
in that its summer correlation coefficien+ was very high. it s
expaected that summer and spring correlation coefficients should be
smaller than during autumn and winter because of the convective

component of summer precipitation. The fact that spring coefficients
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Table 8. Precipitation correlation summary.

Daity Total Monthly Total
Station Siope? InterceptP R@ Siope Intercept R
Birch Mountain 5.3 ~0.2 .35 i.06 1.1 0.81
Els 4.3 ~0.2 0.35 0.64 9.5 0.69
Muskeg 3.8 -0.1 0.44 0.70 8.1 0.78
Thickwood 5.3 -0.2 0.37 1.10 0.1 0.89
Mildred Lake 4.3 -0.1 0.48 0.88 7.1 0.73
Fort Hills 3.6 ~0.1 0.41 0.73 7.2 0.73
Richardson 6.7 ~0.3  0.28 0.44  15.9 0.66
SToﬁy Mountain 5.3 ~-0.2 0.33 0.98 3.7 0.87
Firebag 4.8 -0.2 0.33 0.57 14.0 0.71

2 dimensionless
mil!imetres
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Table 9. Seasonal variation of monthly total precipitation regression
parameters at Thickwood, 1976-1981,

Season?
Parameter Winter 'Spring Summer Autumn
Correlafion coeff. (R} 0.91 -0.13 0.97 0.93
R2 0.82 0.02 0.94 0.87
Slope 1.15 -0.18 1.14 1.53
intercept (mm) 2.4 32.8 -16.5 ~13.0
Number of Months 9 7 5 8

8 Winter = December + January + February
Spring = March + April + May
Summer = June + July + August
Autumn =

September + COctober + November
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were much different than summer coefficients is therefore tikely due to
the smail sample size.

Thirty-year July normal temperatures and total precipitation
values at MAPS stations were calculated using the regression parameters
in Tabies 7 and 8. The results are shown in Table 10 together with
comparisons of 30-vear normais 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 he underpredicted
compared to forestry station values. However, the difference between
MAPS and forestry station normals has no apparent relation to terrain.
Morecover, 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 I+self might 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 likely due to the
small number of months comprising each season. A further reduction In
numbers, required for the generation of monthly regression parameters,
would be expected to create even larger differences. Thirty- year
normals based on as few as one value {(July 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 wers
found to be well correlated. Daily precipitation values were poorly
correlated; however, correlations for total monthly precipitation were
better. Most stations had monthly precipitation correlation coeffi-
cient values above 0.7. The correlation statistics were used to
generate 30-year normal July values for the MAPS network. These values

showed expected variations with terrain. However, the differences
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between MAPS and adjacent forestry values did not vary consistently
with terrain, suggestfing an insufficient length of record was uséd to

generate the regression parameters.



Table 10. Thirty-year normal July MAPS temperature and precipitation from Fort McMurray
correlation (temperature in degrees Celcius; precipitation in millimetres).
Di fferences are forestry station values minus adjacent MAPS values.

Max i mum Difference Mi i mum Difference Mean Difference Total Difference

Station Temperature Maximum . Temperature Minimum Temperature Mean Precipitation Total
Birch Mountain 20.0 -1.2 10.8 -1.3 14.8 -0.6 80.9 21.6
Elis 22.3 -0.6 8.4 0.8 15.5 0 57.8 15.1
Muskeg 20.8 | 0 9.8 -0.1 15.7 ~0.4 60.9 26.4
Thi ckwood ' 22.0 -0.5 9.8 -0.6 15.9 -0.5 83.0 1.9
Mildred Lake 23.4 1¢.1 16.8 73.5.
Fort Hilis 22.3 -0.7 10.0 . -0.3 6.2 -0.5 62.2 ’ 15.5
Richardson a 23.0 0.1 10.4 0.8 16.7 0.5 49.1 20.6
Stony Mountain 21.2 -1.2 10.3 -d.3 i5.7 -0.7 77.6. 29.2
Firebag ‘ 23.1 ’ 10.0 16.7 57.0

Fort McMurray 23.1 9.5 16.4 75.5

£
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4. TEMPERATURE

Values of temperature from stations in the MAPS network and
from forestry stations in the area were analysed to clarify local
spatial and temporal trends. These are examined in the following
sactions. Section 4.1 presents hourly temperatures from a selected
MAPS station. Sections 4.2 and 4.3 examipe spatial and temporal
varfations of dally femperatures for both forestry and MAPS networks.
Finally, Sections 4.4 and 4.5 present a brief analysis of frost-free

periods in the area.

4.1 HOURLY TEMPERATURES

Oglives (cumulative frequency distributions) of hourly temper-
ature were calculated for all stations within the MAPS network. The
ogives were generated for the months January, April, July, and October,
and one for all months during the year. All avallable hourly 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 femperature statistics.

On the basis of the temperature correlation analysis present-
ed in Section 3, Mildred Lake was chosen as a typical MAPS station.
fts houriy ogives were plotted and are presented in Figure 2. Tempera-
ture values at selected percentiles are summarized in Table 11. 0Of the
months examined, Apri! had the greatest range in temperatures (60°C);
July had the least (31°C). The annual temperature range was 77°C.
Median temperatures at Miidred 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 period ending in 1979 for the forestry stations listed In
Table 3 and plofted in Figure 1.  Two exceptions were the Carlson
station, where only four years of data existed, and Fort McMurray,

where only four years of data were analysed. From these data, SAS was
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Table 11. Hourly temperatures at selected percentile levels at
Mildred Lake, 1976-1981 (temperatures to nearest Ceisius

degree).
Percentile Level
Period 0 10 50 90 100
January =40 -30 -18 -5 8
April -29 - 8 2 14 31
July 3 10 16 25 34
October -18 - 4 3 1 28

Annual =43 -22 3 18 34
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to calculate varlous average values for Intercomparison. For the
purposes of this section, M"average" may be taken as the average over
all years in the record of the mean of all daily values for 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 femperature,
and the standard deviations about each average. The last column 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 (MM) and Keane (KN) 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 listed 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 *he highest ones in the Lake Athabasca
region. Secondary lows exist in the high ground east and south of
Fort McMurray. Values are not consistently high in the Athabasca River
valley, but rather achieve a saddlepoint in the Fort McMurray-Mildred
lLake area. In Figure 4, a relatively strong tfemperature gradient
exists between the Thickwood (TW) and Fort McMurray stations, leading
to an anomaly in the above-mentioned pattern. The likely cause for
this anomaly is its relatively high elevation.

Figures 5 and 6 dispiay 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 Thickwood 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} af forestry staticns, 1966-1973.

Mean Daily Maximum Daily Minimum Daily Diurnal Temperaturs
Forestry Years of Variation
Code Record Average St. Dev. Average S5t. Dev. Average St. Dev. Average
LA ~ 11 14.9 1.4 22.6 1.7 7.1 1.4 15.5
Cl : 4 16.8 1.3 22.9 1.3 10.7 1.5 12.1
KN 14 16.5 1.9 22.0 1.8 10.9 2.0 1.1
PA 14 15.1 1.4 20.5 1.6 9.6 i.4 0.9
JE 14 14.3 1.4 19.4 1.6 9.1 1.3 10.2
ED 13 13.8 1.5 18.8 1.7 8.8 1.4 10.0
LG 14 13.7 1.5 18.7 1.6 8.7 1.3 10.0
EL 13 15.2 1.2 21.1 1.2 9.3 1.3 11.9
BN 13 13.2 1.4 18.0 1.5 8.4 1.4 9.7
Bl 14 14.0 1.5 18.4 1.5 9.5 1.5 8.8
BM , 13 16.0 1.4 22.2 1.7 9.9 1.3 12.4
RI 14 16.9 1.5 22.6 1.6 11.2 1.4 1.4
MU 14 15.0 1.3 20.4 1.4 9.7 1.3 10.6
Jo 14 15.3 1.4 20.5 1.6 10.1 1.3 10.4
cY 12 15.4 1.4 21.0 1.5 9.8 1.3 1.1
GE 14 15.3 1.2 21.6 1.4 8.9 1.1 12.5
AL : 13 14.4 1.2 19.5 1.3 9.3 1ol 10.3
™ ' 14 15.2 1.2 27.1 1.3 9.3 1.3 1.7
MM 4 16.4 1.8 22.8 2.0 9.9 1.8 13.0
ST 13 14.6 1.0 18.3 1.0 9.9 1.1 9.4
GL 14 15.7 1.3 21.6 1.2 9.8 1.3 11.7
MY 14 14.7 1.3 13.5 1.4 9.9 1.3 9.6
CR K 14 15.2 1.3 20.7 1.4 9.7 1.3 11.0
CK 14 15.4 1.3 20.8 1.3 10.0 1.3 10.7
- CP ' 13 15.6 1.3 21.1 1.4 10.1 1.4 1.0

8¢
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Table 13. Thirty-year normal July temperatures (°C) at forestry
stations (from Environment Canada 1982).

Mean Dally Maximum Dally MinTmum Daily
Forestry
Code Average St. Dev. Average Average
LA
Cl
KN 16.8 1.9 22.5 11.0
PA 15.1 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 3.8
Ri 17.2 1.5 23.1 11.2
MU 15.3 1.3 20.8 9.7
JO 15.4 1.3 20.8 10.0
wB 16.4 1.2 22.0 10.9
cY 15.3 1.3 21.0 9.5
GE 15.4 1.2 22.0 8.8
AL 14.7 1.1 20.1 9.3
W 15.4 1.2 21.5 9.2
MM 16.4 1.0 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 [ittle effect upon the pattern. The lowest
minima occur in the Birch Mountains, with a secondary minimum at +the
Grande (GE) station. A strong temperature depression at the Lambert
Creek (LA) station does not appear to follow 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 etevations and maxima In the river valleys. Two
unusualily 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, April, July, and October, respectively.
While the MAPS stations are more densely located than the forestry
stations, and also provide hourly records rather than daily ones, thelr
period of record is much shorter. At most, four years of data are
available for the MAPS stations. As a result, when attempts are made
to compare MAPS “temperature records Yo those from +he forestry
stations, +the differing record lengths could cause significant
problems. In fact, even spatial variations within the limited area of
the MAPS network are so great and apparentiy random that contouring of
these values was not attempted. Evidence of these problems 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 well with the
values obtained at the same locations by the forestry stations in
Table 12. This again reflects 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!lustrates the
instability 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.

Mean Daily Maximum Daflly Minimum Datlly Diurnal Temperature
MAPS Years of Variation
Code Record Average St. Dev. Average St. Dev. Average St. Dev. Average
ELS 3 -21.1 0.8 -14.8 1.0 -27.3 0.4 12.5
BCH 3 ~18.2 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 -15.6 1.1 -25.6 0.5 10.3
MKG 3 -20.4 0.6 -16.9 0.6 -23.8 0.2 6.9
TKW 4 -16.6 6.0 ~12.8 5.9 -20.6 6.1 7.9
SMT 4 -15.0 6.3 -15.5 6.2 -18.7 6.2 7.3

8¢



Table 15. Average April temperatures (°C) at MAPS stations, 1976-1081.

Mean Dally Maximum Daily Minimum Datily Diurnal Temperature
MAPS Years of Variation
Code Record Average St. Dev. Average St. Dev. Average St. Dev. Average
ELS 3 2.9 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
RiIC 4 3.0 4.6 9.3 5.5 ~3.5 3.8 12.8
MKG 4 2.3 5.2 7.4 6.0 . -3.1 4.2 10.5
TKW 4 1.5 4.7 71 5.7 -4.2 3.8 11.4
SMT 3 ~1.2 2.0 3.1 2.3 -5.6 1.5 9.2

6%



Table 16. Average July temperatures (°C) at MAPS stations, 1976-198t.

Mean Daily Maximum Daily Minimum Daily Diurnal Temperature
MAPS Years of Yariation
Code Record Average S5t. Dev. Average 5t. Dev. Average St. Dev. 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 T 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 0.1 9.4 0.1 12.1
MKG 2 15.8 2.9 20.3 3.1 10.9 2.4 9.4
TKW 3 16.0 1.6 21.8 1.7 10.1 1.7 1.7
SMT 3 15.7 1.7 20.4 1.5 10.9 2.1 9.5

or



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

Mean Dai ly Maximum Dafly Minimum Daily 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 B.4 0.7 -0.5 0.5 8.9
RiIC 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 3.0 3.0 7.0 3.1 -0.6 3.2 7.6

87
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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 temperstures with tempera-
tures from adjacent forestry stations using a common pericod of record
were considered. However, since only summer temperatures were avail-
able at forestry stations, the comparison was not undertaken because

the results could not be extended To other seasons.

4.4 ESTIMATION OF THE FROST-FREE PERIOD FROM FORESTRY
STATION DATA : '

For this study, a frost event was defined as a temperature
below 0°C for at least one hour. Table 18 shows the avallable data
from the forestry statlions during the perliod 1966 through 1979 from
which 1o compute the frost-free period for each station. In this
table, zeros indicate years where both a last spring and first fall
frost were recorded; minus signs indicate only ltast spring frost was
recorded; plus signs indicate oniy first fall frost was recorded; and
blanks indicate alt summer Yemperatures were above freezing. The large
number of blanks in this table indicates that the period of above-
freezing temperatures in this Eegion 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 fall 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
falt frosts, no attempT was made to examine spatial variation in

greater detall.

4,5 ESTIMATION OF THE FROST-FREE PERIOD FROM MAPS DATA

Despite the !imited number of years of data available, 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 vyear-round at the MAPS sites. Unfortun-

ately, the relatively short record period of even the longest running



Table 18.
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The last spring frost, first fall frost, and frost-free
period data recorded at the forestry stations, 1966-1979
("O" indicates both a last spring and a first fall frost
recorded; "-" indicates only last spring frost recorded; "+"
indicates only first fall frost recorded; "M" indicates no
data).

Forestry
Code

1966 1967 1968 1969 1970 1971 1972 1973 1674 1975 1976 1977 1978 1979

M M M 0 0 0 0 Q + 0 ¢ 0 ¢
M - -
- 0 - +
0 - - - + 0 -
- - 0 - + &} + - 0 0
0 - 0 + + - 0 0 -
0 - +
0 - 4] - - + + + - - -
M - - - + 0 0
+ + + +
- - - + +
- - - + + +
- - +
- 0 - + + + +
- - - - + +
M - 0 0 + + 0 + -
M M M M M M M M M M 0 0 c 0
- - - + - -
+ +
- + e

=
[ I B
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MAPS stations has been even further degraded for some stations by
either thelr relatively late deployment (Stony Mountain), or their
early shut-downs (Ells, Birch Mountain, Firebag, and Richardson).
Tabte 19 indicates the MAPS stations from which the frost-free periods
could be calculated. In this analysis only 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 wvariations in last spring and first fal!l 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
estimated by the MAPS stations is so great that a map of these values
was not plotted. Clearly, more years of data are required to stabilize

the mean values.



Table 19,

45

Years with available frost-free period data at MAPS
stations, 1976-1981.

MAPS Code

1977

1978

1979

1980

1981

ELS
BCH
LKM
HLS
FBG
RIC -
MKG
TKW
SMT

Ko X X OX X X X

o D . L A A A O 4

HoX X XX X X OX 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
THW 184 135 126 148

SMT - 145 105 125
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5. PRECIPITATION
Precipitation values from stations in the MAPS network and

from forestry stations in the area were analysed fo determine local
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
for 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 houriy precipitation were calculated for all sta-
tions within the MAPS network for the months January, April, July, and
October. An ogive representing the entire year was also calculated.
All available hourly data from 1976 o 1981 Inclusive were used In the
analysis. Thus, ogives were produced prior to the check for number of
missing hours each day performed by SAS. Snowfall and rainfall were
distinguished on the basis of hourly temperature; snowfall was assumed
when the temperature was below 0°C. Discrepancies in The data may
ekisf because different quality control checks are made fér houriy,
daily, and monthly records.

To give an example of the results of the SAS analysis, a
typical MAPS station was chosen. Ogives of hourly precipitation at
Mildred Lake (LKM) were plotted in Figure 10. Of the months examined,
July had the largest average number of hours with measurable precipita-
tion {about 4.8%, or some 36 hours) and January had the fewest number
(about 1.5%, or 1t hours). The total for the year was about 200 hours
(2.3%). July had the highest frequency of precipitation hours above
2 mm, followed by April 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 for each station in the MAPS

network. Precipitation amount as a function of duration, for the
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entire period of station record, 1Is presented in_ Section 11.2.
Summaries of these statistics are shown in Tables 21 and 22. Table 21
shows the maximum number of consecutive precipitation hours and the
maximum amount of preéipi+a+ion occurring in consecutive hours of MAPS
stations for the duration of the ne?wdrk- Térrain influences are
apparent. Stony Mountain has both the longest duration and the
largest 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 ma jor
differences. Table 23, abstracted from Longley and Janz (1978),
presents these data. Maximum one-hour precipitation at all MAPS
stations is apparentiy 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! that MAPS precipitation was
found by subtracting the total at the preceding hour. I{f 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 values generated by SAS does not disprove this. Hours
with values above about 30 mm invariably end or begin a series of
either missing or zero precipitation days, or more often, are single
precipitation events in a series of missing or zero precipitation days.
However, even if high one-hour durations are actually fwo-hour accum-
ulations, according to Table 23 they are still flarger than 25-year
return period amounts. Note also that the one-hour values are very
near the 50-mm cut-off value assumed by SAS, suggesting The |ikely
existence of even larger one-hour values.

Comparison of Table 23 with forestry station precipitation
amounts and durations in Section 11.3 suggests that large 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 précipltation amount occurring in consecutive

hours at MAPS stations, 1976-1981.

Maximum Duration

Maximum Amount

Station Duration Amount Duration Amount
7 {h) (mm) (h) (mm)
Muskeg 26 2 418
Firebag 34 34
Stony Mountain 25 117 25 117
Birch Mountain 19 65 19 65
Richardson 11 33 2 54
Fort Hills 10 44 1 46
Thickwood 19 80 19 80
Mildred Lake 12 52 12 52
Ells 13 40 13 40
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Table 22. Maximum one-hour and two-hour precipitation (mm) at MAPS
stations, 1976-1981,

Station Duration
one hour two hours
Muskeg 47 48
Firebag 49 18
Stony Mountain 48 47
Birch Mountain 49 30
Richardson 45 54
rort Hills 46 23
Thickwood ' 48 25
Miidred Lake 46 30

Eils 49 1"




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

Return Period Rainfall Amounts (mm)
Years 5 min 10 min 15 min 30 min 1 h 2 h 6 h 12 h 24 h
Z2 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 19.0 27.0 40.8 50.4 61.0
10 7.9 12.1 16.8 19.7 22.6 33.4 49,2 62.4 73.7

25 9.2 14.3 19.8 23.9 27.2 414 60.0 76.8 91.4

ZG
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occasionally three, periods of one day'sduration with precipitation
totals greater than 40 mm. MAPS stations, during the period 1976 1o
1981, fypically 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 rainfall.

The two-hour duration maximum totals in Table 22 can also be
compared to those in Table 23. All but three of the MAPS values were
tess than the 10-year return period values and four were less than the
five-year return period values. These comparisons suggest that even
two-hour MAPS duration data are suspect. Only a detailed examination
of the archived data can determine the cause of the questionable hourly

values.

5.2 DAILY PRECIPITATION DISTRIBUTIONS FOR FORESTRY STATIONS

Daily precipitation amounts (separated into rain and snow
categories) are available for the forestry stations during the months
of June, July, and August for up to 14 years. Table 24 shows the
period of record for each station, the average overall years of the
record of the total IJuly precipitation, +he standard deviation about
this average, and the 30-year normal July precipitation amounts as
obtained from Environment Canada (1982). The agreement between the
14-year values and the 30-year normals is quite good except for the
Christina (CR}, Ston Mountain (ST), Thickwood (TW), and Grande (GE)
stations, where differences of about 10 mm exist. Note also that the
four vyears of Fort McMurray record reproduced, coincidentally 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 correfation 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 Tota!l Precipitation July Total Precipitation

Code Record Average  5t. Dev. 30-year Normal St. Dev.
LA 1" 70.3 42.3

odl 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 11,7 64.0 14,0 56.8
ED 14 97.9 51.7 104.9 57.7
L6 14 92.5 48.4 g4.1 42.8
EL 14 73.3 26.9 72.9 29.6
BN 14 105.2 71.0 10%1.7 62.1
Bl 14 103.8 50.8 102.5 46.6
BM 14 79.5 3.3 77.7 30.3
RI 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 4241 106.3 43.2
™ 14 106.1 50.9 94.9 45.7
MM 4 75.0 3.3 75.4 35.2
ST 14 1151 45.0 106.8 44.5
GL 14 89.4 4.8 83.1 34,7
MY 14 116.8 42.7 i115.9 46.3
CR 14 104.7 1.5 88.4 33.7
K t4 100.3 34.0 99.6 35.7

P 14 89.9 34,8 89.0 35.8
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Birch Mountains and the hills south of Fort McMurray. The lowest
values exist near Lake Athabasca, with another low in +the upper
Athabasca River valley. A col exists beftween the fwo, 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 daity 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, April, July, and October,
and the standard deviations about these values for each of +he MAPS
stations. All of the stations have at least three years of such data,
wiTh one station (LKM) having six years. As for the forestry stations,
the MAPS wvalues show large varlations In the standard deviations.
While jarge values of fhe coefficient of varlation (standard deviation
divided by mean) might be expected during July, because of the convec-
tive component of the precipitation, similar values 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. |f the number of years of record was increased substantially,
much of the variation due fo the quasi-random nature of the precipita-
tlon would likely be removed, and long-term +rends could be
established.

The maximum daily precipitation values noted for each month
of the year over all years of record for each of the MAPS stations are
given in Table 27. As was observed in the comparable forestry statist-
ics, large spatial 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 Daily  June Daily July Daily  August Dally

Code Max imum Maximum Maximum Maximum
LA 54 50.8 54.4 46.2
Cl 21 12.7 20.3 21.1
KN 41 3t.7 40.6 38.6
PA 80 58.9 62.0 B0.3
JE 80 59.4 80.3 52.6
ED 76 45,7 75.9 ' 51.1
LG 50 46,5 43.8 48.9
EL 52 41.4 42.4 5t.9
BN 73 72.9 54.1 47.2
B! 85 62.7 84.6 56.1
BM 66 28.7 57.9 66.0
RI 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 © 4041 83.8
AL 68 43.9 67.8 58.4
Tw 90 51.8 7 60.2 ' 90.1
MM 95 17.3 ' 3.1 04.5
ST 115 79.0 42.9 115.3
GL 101 47.0 50.0 101.1
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 - 117.1




Tabte 26. Average precipitation (mm} for selected months at the MAPS Stations,

1976-1981.
January Total April Total July Total October Total
Precipitation Precipitation Precipitation Precipitation
Years Years Years Years
of of of of

MAPS Code Record Average 502 VYD Record Average 3D CV  Record Average SD LV Record Average SD

ELS 4 19.5 .6 49 4 26.8 29.0 108 3 52.7 16.0 30 4 21.5 Z6.
8CH 4 13.5 8.9 66 4 25.8 30.2 117 3 41.7 3.6 95 4 2r.s 9.
LKM 5 19.8  16.5 83 5 21.8 26.3 121 5 56.8 34.5 6l 6 22.8 25.
HLS 4 7.5 3.9 52 5 26.6 20.2 76 4 58.0 43.7 15 5 24.4 17,
FBG 4 21.5 163 T 3 31.7 30.0 95 3 49.0 9.8 20 4 40.%  20.
RIC 4 14.8  13.8 93 4 21.5 14.2 66 3 59.0 1z.8 22 4 35.0 12,
MKG 4 17.0 15,5 9 4 28.8 23.3 88 3 64.0  26.0 41 4 20.0 7.
TKW > 3.6 5.3 55 5 25.4 22.9 90 4 61.3  37.1 61 5 28.6 3Z.
SMT 4 13.3 4.6 35 4 28.0 27.1 97 4 64.5 26.5 41 5 27.4 26.

64

8 Standard deviation (mm}
b Coefficient of variation in percent
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Section 11.4 documents the number of days each month with
measurable precipitation at both MAPS stations and forestry stations.
The MAPS results show an annual trend of more precipitation days in
summer than winter. This is due to the difference in +ime 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 SNOWPACK

Snowpack statistics were generated for 12 sites In the oil
sands area for the period 1976 to 1982. The sites were chosen on the
basis of record length which ranged from three o six years.

A summary of the statistics is presenfed in Table 28. The
mean and standard deviation of snow depth and water equivalency are
shown for the months January, February, and March. As mentioned in
Section 2.5, snow measurements were taken, over the vyears, during
various weeks of the month. Thus, the values in Table 28 represent an
average within each month as well 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 March 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% level but at others they were not. Longer
periods of record are required to reduce these uncertainties.

In spite of potential sampling problems described previously,
spatial variations in the snowpack were examined. Flgures 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 sliope. 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 Antual

Code Maximum  Januery February March  April May June July August September October  MNovember  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 Yy 17 5 5
LKM 70 45 ©o14 8 36 13 13 44 40 70 25 10 13
HLS 50 5 14 8 30 12 18 34 50 50 27 8 10
FBG a6 43 12 5 35 7 16 19 17 45 41 8 10
RIC 40 20 20 7 16 14 n 25 17 40 21 7 8
MG 35 35 6 1¢ 30 12 13 23 33 2 12 6 5
TKW 85 4 9 i3 23 13 13 47 B5 61 23 9 13
SMT 17 8 4 7 30 i3 24 33 117 20 20 6 7

19




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

JANUARY FEBRUARY MARCH
Depth Water Equiv, Depth Water Equiv. Pepth Water Equiv.
No. Mean St. Dev. Mean  St. Dewv. No. Mean  St. Dev. Mean  St. Dev. No. Mean St. PBev. Mean S5t. Dev,
{cm) (cm) {mm) {mm)

Birch Mountain § 23 2.7 57 8.1 b 39 c.8 71 1.2 6 Lo 8.6 78 2.0
Bi tumount 4 33 8.1 58 1.9 4 48 1.k 68 2.2 6 43 1.1 83 2.7
Ells 5 36 3.7 63 1.4 3 49 6.7 75 1.0 5 48 8.6 80 1.8
Firebag 3 31 3.7 -8 1.2 3 51 1.1 63 1.4 i 4o 5.4 72 1.5
Mildred Lake L] 30 7.2 48 1.2 4 LY 1.2 65 1.7 5 ey 9.2 75 2.3
Muskeg 5 36 3.1 70 1.4 4 52 3.0 98 8.8 & 48 6.9 96 3.
Richardson 5 31 c.0 c8 i.0 L] 43 1.0 77 .5 4 Ly 7.7 79 1.5
Thickwood 4 4 7.8 77 I.0 L] 47 1.3 83 1.8 5 54 5.3 93 2.1
Lost Creek 3 38 4.5 75 1.4 3 48 7.4 77 1.7 4 44 i.2 87 3.7
Namur Lake 3 34 2.5 59 9.2 3083 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 N 1.8 4 ks k.5 90 2.5
Stony Mountain 4 43 6.0 - - 4 53 1.5 - - 5 55 8.6 - -

€9
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mean January snow cover. Stations near the Athabasca River valley
generally have the lowest mean snow depth.

The March mean snow depth shows no trend for increasing depth
with elevation. Rather, the *trend is clearly latitudinal, with the
least spow cover in northern-most areas. This is consistent with data
for Fort McMurray and Embarras (situated about 50 km north of
Richardson in the Athabasca River valley) presented by Longiey and Janz
(1978).

Figures 14 and 16 compare mean water equilvalency at mid-month
during January and March. January equivalencies are about 20% less
than those of March but follow a similar spatial pattern. Although
water eguivalencies were unavailable for 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 for evidence of diurnal variation. The months
January, April, July, and October were chosen to show seasonal frends.
ATl months of data from 1976 to 1981 were used in the analysis.

The dlurnal varliation of wind speed at four selected MAPS
sites is shown in Table 29. and speeds in January appeared To be
relatively constant throughout the day, although some evidence existed
(Mi Idred Lake and Birch Mountain) for a slight reduction during
mid-afternoon. Conversely, in April, a maximum 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 prominenf (larger amplitude) and stightly
broadened to include all afternoon hours with a local maximum between
1500 and 1700 h. In October the time of maximum speeds depended on
station location. Stony Mountaln showed no trend with time of day.
Birch Mountain had a maximum at 0800 h with late night and morning
speed generaliy high. Mildred Lake and Muskeg retained maxima In late
and mid-afternoon, respectively. In general, terrailn 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
Mountaln, the directlions north, south, and west predominated Throughoﬁf
the day. North and south occurred most freguently during nighttime
hours; west winds dominated with a northwest component becoming
Important for several hours In later afternoon. Winds from the south
are likely indicative of downslope flow at this site. At Blrch
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 afterncon. AT Mildred Lake,



Table 29. Hourly variation of mean wind speed (km/hr) at selected MAPS stations, 1976-1981. Times are local.
© Manth Station 1 2 b 5 & 7 8 9 10 11 12 13 14 i5 16 17 18 18 20 21 22 23 24
January  Hildred Lake 6.5 6.8 6.7 6.5 6.6 6.4 6.3 6.2 6.0 6.4 6.1 &0 6.4 6,3 59 59 €3 66 6.9 6.8 6.7 6.7 6.8 6.8
Muskeg q9.8 9.4 8.9 9.4 8,7 9.1 8.2 9.2 9,2 9.1 9.0 9.1 4% 88 9.0 9.2 9.& 4.3 '5,& 10.0 10.0 i0.G 10.0 5.0
Birch Mtn. 17 18 17 18 17 17 17 17 17 17 18 18 16 16 16 16 17 17 18 18 17 13 17 18
Stony Mtn. 8.8 9.3 3.0 8.9 9.4 8.6 8‘.8 8.9 5.0 5.4 9.1 1 9.0 8.9 8.9 8.7 86 B8 B3I 83 86 B7 £3 g4
April Mildred Lake 8.9 8.9 8.8 8.7 §.6 8,5 8.7 8.7 8.5 9,1 9.9 9.7 10 11 n il 12 11 10 9.7 9.3 5.2 9.7 a5
Muskeg 14 13 14 4 1k 14 13 13 13 [ 14 14 15 14 1% 15 1 13 12 1z 13 14 14
Birch Mtn. 16 17 16 17 17 17 17 17 17 17 16 16 17 17 18 18 18 17 16 4 15 16 16 16
Stony Mtn. 15 15 15 15 15 H 14 14 14 15 14 15 16 16 15 i5 16 15 i5 13 13 1L 15 &
July Mildred Lake 6.9 £.5 6.8 7.0 7.2 6.3 7.1 8.0 7.7 8.3 9.3 g.7 10 11 13 16 10 3.9 9.4 82 7.4 75 yv5 a
Muskeg 10 1o 10 10 10 10 9.0 10 10 1o 11 12 12 12 13 12 13 iz 1 9.5 8.7 9.5 9.7 9.7
Birch Min, 12 11 12 12 13 13 i3 13 i3 15 15 16 15 15 16 15 17 16 15 i3 [ 1 12
Stony Mta. 7.6 7.6 7.9 7.8 8.2 86 80 B.2 83 84 9.0 9.6 9.8 110 il ! 9.9 10 g4 85 77 7.2 7.z 7.6
October  Mildred Lake 8.0 8.3 8.1 8.0 8.3 8.4 84 B.6 8.2 8.4 9.2 4.5 10 11 3! 1i A 5.6 9.5 8.2 9.4 3.1 839 8.5
Muskeg 14 13 13 14 1y 14 15 15 14 15 16 16 17 17 17 16 15 15 Ty 16 151y i5 15
Birch Htn. 19 19 19 19 19 19 19 20 19 19 18 18 18 17 17 16 15 15 17 18 19 18 g 18
Stony Mtn. 13 12 12 13 13 13 13 3 13 1313 13 13 13 13 13 13 12 12 12 1z 12 I3 12

[o)]
0
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south-southeast winds were most frequently observed with a secondary
maximum at north. This pattern persisted throughout the day except for
1700 h (approximate sundown) when north winds occurred most frequentiy.
January wind frequencies at both Mildred Lake and Muskeg were sirongly
influenced by the channeling effect of the Athabasca River Valley.
Diurnal variations were not cleariy shown at any of the stations.

April direction frequencies began to show diurnal variations
more clearly. At Stony Mountain, the prevalent directions were south,
north and west. Downslope (south) winds occufred most frequently
between 2200 and 1100 h. North winds were most Important between 1100
and 2200 h. West and northwest winds were also Iimportant during
dayl 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 Yo north in mid-afterncon, remaining
northerly until midnight (winds from west and north are downslope).
Winds from the southeast quadrant occurred very rarely during late
night and early morning hours but more frequently during affernoon and
earily evening. Winds at Muskeg ftended to be from south {downvalley)
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 wlith approximately equal frequency before 1200 h and after
2000 h. Westerly (including southwest and northwest) and northerly
winds were Important during the remainder of the day.

Giurnal 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 early as 1800 until approximately 1000 h.
North {upsiope) winds occurred relatively frequentiy from 0700 ‘o
2200 h. At Birch Mountain (with an eastern exposure), the pattern was
somewhat dlifferent. Winds from +the west (downslope) were most
prevalent but especially so from 2100 to 1000 h. Winds from the
southeast (upsiope) quadrant occurred rarely at night but relatively

freaquently between 1000 and 1700 h. July winds at Muskeg were
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distributed almost equally among all compass points. The generai frend
was enhanced west and northwest (upsiope) winds during the hours 0900
and 1900 (along with decreased east and south winds), with a shift to
increased east and south winds beginning iate evening and maintaining
until mid-morning. Mildred Lake wlnds were predominantly from +the
north and southwest, with northwest gquadrant winds secondarily
important. North winds occurred equalliy frequently at all hours and
southwest winds more frequently between 1200 and 0700 h. Mijlidred Lake
winds showed less diurnal variation +than +the other stations.
Channeling of winds by the Athabasca River valley at this site appeared
To dominate other effects. All sites except Muskeg exhibited more
frequent surface westerly flow in July (and October) compared to other
months. The reason for this may have been more frequent westerly flow
at upper levels.

October wind frequenclies showed less evidence of diurnal
effects than April. At Stony Mountain, winds were predominantly west
with secondary peaks at south and north. West winds occurred siightly
less frequently in early evening hours wlth 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
1400 to 2100 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. Mildred Lake winds were more uniformly distributed
but with maxima at southeast, southwest, and north. No change was
evident with time of day. October wind frequencies at ali stations
showed neither the strongly terrain-dominated flows of January nor the

diurnal heating patterns evident in July flows.

6.2 SEASONAL VARIATION

Mean monthly wind speeds and prevaillng directions were
examined for evidence of annual fluctuations. Mean speeds (Table 30)
at MAPS stations generally followed the trend discussed by Longley and
Janz (1978); that i{s, 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/h) 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 10 7.8 9.4 8.0 8.0 7.4 6.4 7.6
Mildred 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 Hills 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
Thickwood 11 12 1 10 10 8.5 10 9.1 8.2 11 11 9.3 10
Etls 7.5 8.2 9.4 9.3 8.5 7.5 6.9 6.4 6.4 8.3 7.5 5.9 7.7
Birch Mountain 17 17 16 16 16 15 14 14 15 18 16 17 16
Muskeg 9.3 14 14 14 13 12 il 11 13 15 11 9.8 12

ZL
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mountains, the lowest wind speeds occurred in summer. At sites located
near the Athabasca River valley, the lowest wind speeds were found in
winter and secondarily in late summer. Highest speeds throughout the
year were found at Birch Mounftain. Wind speeds were generally lower in
the Athabasca River valley than at exposed sites, with the exception of
Thickwood (near the valley but at a higher elevation) which had the
second highest wind speed.

Table 31 shows the fréquency 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 frequentiy In winter. Terrain effects appeared to be
conflicting. As expected, Birch Mountaln had the lowest frequency of
calms. Conversely, Stony Mountain, aiso 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 facing slope combined with frequent south winds suggested a
sheltering effect to be the cause. In generai, no apparent relation
existed between terrain and the seasonal variation in frequency of
calms.

Monthiy prevalling wind directions were also examined and are
presented in Table 32. Winds at sltes in or near the Athabasca River
valley appeared entirely under the influence of the valley (winds
primarily orlented north or south). In many other cases, for example
Ells, winds from the prevalling direction (west) occurred only several
percent more frequentily than from other directions (east-northeast).
Winds at Ells, together with Birch Mountain, also showed effects of the
presence of the Blrch Mountalns. Stony Mountain winds were also
infiuenced by terrain. In no cases were there obvious annual trends in
prevalling 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 seascns.

The seasonal +trend in diurnal wind variation was also
documented in the previous section. In spring and summer months during
dayl ight 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
Rl chardson 21 20 18 15 8 2 3 2 4 13 4 10
Mildred Lake 15 12 9 5 i 2 2 2 6 4 3 5
Fort Hills 15 9 10 13 6 1 1 1 1 1 2 6
" Thickwood 13 13 11 6 o 1 1 1 2 4 10
Etls 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

¥L



Table 32.

Prevailing wind direction at MAPS stations by month, 1976-1981.

Station

Jan. Feb. Mar. Apr. May July Aug. Sept. OQOct. Nov. Dec.
Stony Mountain W S N N W N S W W W
Richardson S SSE S N S NNW S S 5 S
Mildred Lake SSE N N N N N N SE SE N
Fort Hills S S NNE NNE  NNE N N N N W
Thickwood N N N N N N N N N N
Ells WNW  ENE  WNW  WNW NE WNW W W W WNW
Birch Mountain WNW  WNW  NNW N N WNW  WNW WNW  WNW  WNW
Muskeg S SSE S S E NNW SE WSW  WSW  WSW

&L
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when wind speeds were relatively high neither terrain-induced nor
diurnal heating effects were dominant although channeling effects were
evident. In winter with relativeiy low wind speeds, terrain effects
were domipant and were especially evident at valley stations such as
Mildred Lake.

6.3 COMPARISON OF MAPS AND 400-M PIBAL WINDS

Winds from selected MAPS stations (Mildred Lake, Muskeg,
Birch Mountain, and Stony Mountain) were compared to pibal winds near
the 400~m level that were obtained during fleld programs éonducfed.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 Yo be relatively free of terrain Influence; and
Mildred Lake as a comparison site where winds were sirongly Influenced
by terrain.

Some differences in characteristics of the MAPS and plbal
data sets were relevant. As discussed by Davison, Davies et al. (1981)
and Davlison, Hansen et al. (1981) pibal measurements were essentlally
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 én hour=-by-hour basls 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 all four MAPS stations chosen
were operational during most of the pibal measurement period, pibal
directional! frequencies were very similar (typically 1% standard
deviation) regardless of which of the four MAPS station data perlods
was used. The pibal directional frequencies were therefore averaged
info 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 addiflon 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  Number®

Winter Mildred Lake 10 7 i i 2 4 12 2 17 10 4 & i 2 2 0 174
Muskeg 2 3 3 ] ] 5 13 8 8 21 17 3 2 4 7 3 179
Birch Mtn. [ 1 1 i 0 2 0 2 5 7 15 7 21 22 7 5 178
Stony Mtn. 0 0 o 0 0 11 29 16 8 13 1 5 8 0 0 a 38
PIBAL 3 3 3 2 13 10 10 8 7 5 8 B 5 1 z 531

Spring Mildred Lake 1} 5 1 b 22 8 9 7 7 8 6 5 9 8 3 4 225
Muskeg 1 4 303 12 § 77 5 14 3 3 5 5 7 6 225
Birch Mtn. 16 4 3 4 7 5 8 1 7 6 7 2 9 8 9 3 215
Stony Mtn. 13 17 11 4 2 2 6 6 y 2 9 4 9 3- 0 9 L7
PIBAL 10 i3 4 3 4 5 5 b 7 6 5 9 7 6 2 7 665

Summe ¢ Mildred Lake 4 2 3 1 0 § "Mooy 10 10 1 9 6 5 5 5 198
Muskeg 5 3 3 i 2 10 8 9 11 13 h 5 7 5 215
Birch Mtn. 0
Stony Mtn. 0
PiBAL 5 5 1 1 0 5 9 13 5 g 13 13 8 6 ] k13

Autumn Mildred Lake 13 2 1 0 1 1 7 1 0 10 13 13 8 " 2 4 257
Muskeg 5 2 2 2 0 6 9 7 16 ik 13 12 5 4 3 278
Birch Mtn. 6 2 4 2 2 0 1 0 2 7 1o 8 3 15 8 4 249
Stony Mtn. 4 0 o i 1 1 ] 2 14 8 14 19 23 7 5 3 155
PIBAL 5 4 3 } 1 0 2 4 8 9 1 b 23 1 4 3 939

a . .
Pibal frequencies were

was calculated,

similar regardless of which MAPS station period of record was used and therefore an average value

LL
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were too numerous to be included in this report but are available In
tablie form at the offices of RMD and are summarlzed in the foilliowing
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,
Aprit, May) summer (June, July, August), and autumn (September,
October, November).

In winter, pibal winds had a broad maximum in frequency
extending from east through scuth 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 valley channeling.
No organized rotation with height was observed; wind shifts of more
than 90° were common. At Muskeg surface winds were predominantly
southeast through southwest. Large, almost random differences in
direction between  the two levels were observed; for example, on
tThirteen occasions when surface winds were southwest, 400-m winds were
from the east. Birch Mountain winds had a broad maximum centred on
west-northwest. Little organized rotation with height was observed,
except for a slight backing (much less than one i6-point compass point)
with helght 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 frend
for a 20° veer with helight was apparent but on many occasslions upper
winds from all 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 fendency existed for winds
to veer by about 20° with height. At Birch Mountain surface winds were
primarty from north with secondary maxima at east-southeast, south, and

west-northwest. The joint frequency distribution gave no evidence of
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rofatlon with helght but +he data were broadly distributed about the
no~rotation axis. At Stony Mountain, few spring data points existed
and those with no apparent roftation with height.

Summer pibal data had maxima at south and west with a minor
peak in tThe distribution at north-northeast. Surface winds at
Mildred Lake exhibited a very broad maxima cenfred on south. A
loosely~defined veer of about 20° with height was evident. At Muskeg
surface winds showed a2 broad maximum centered on south. A tendency
existed siightly 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 pibal winds had a broad maximum from south *Yhrough
west Yo west-northwest. At Mildred Lake, a major maximum existed
centred on southwest with & secondary maximum at north. Joint
frequency data showed evidence of a 20° veer with height. Evidence
also existed of northerly channeling at the surface, particulariy when
400-m winds were north-northeast and west. Muskeqg surface winds showed
a broad maximum centred on south-scuthwest with a minor fregquency
maximum for winds from north. As at Mildred Lake, a tendency existed
both for a 20° veer with height and for northerly channeling 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 stight veer with height (less than 20°) was evident. At Birch
Mountain frequency peaks occurred at southwest and west. Good
agreement was found (few ocutliers) with a slight backing (much less
than 20°) with helfght.

In addition to directional shear wlth height, speed shear was
also lnvestigated by fitting a power law to individual hourly values.

The power law formulation took the form

Uago = Y1 (Zago/Z10)P (2)

where Ujgg and Ujg are wind speeds at a level near 400 m and

the surface, Z4pg and Zyg are the height above ground of the



80

pibal level and MAPS wind measurement, and p is the power law exponent.
in this analysis data were stratified by season only. No attempt was
made to remove low wind speed or flow-decoupled 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-coupling
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 et al. 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 value at the surface. From Table 34, Muskeg is observed to
have exponent values refatively 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. Buring these
seasons flow decoupling occurred frequently as evidenced by lack of
systematic wind turning the height. In addition, stable conditions
result in generally large values of 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 Miidred 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. Refatively 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 |rwin.



Table 34. Power law exponent statistics for MAPS and pibal 400-m wind speed profiies, by season.

Winter Spring Summer Autumn

Station Mean  SD@ ND Mean  SD N Mean SD N Mean SD
Mi ldred Lake 0.48 0.30 113 0.33 0.23 163 0.27 0.17 193 0.35 0.19
Muskeg 0.08 0.20 147 0.06 0.20 168 0.17 0.16 206 C.17% 0.17
Birch Mtn. 0.08 0.14
Stony Mtn. 0.30 0.18 26 0.90 0.16 45 0.21 0.15

l8

@ Standard deviation
Number of observations
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6.4 SUMMARY OF TERRAIN EFFECTS

Winds from all MAPS stations examined in depth (Miidred Lake,
Muskeg, Stony Mountain, Birch Mountain, and Elis) showed strong
evidence of very significant terrain influence. Effects were found in
diurnal and seasona! 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 all seasons except spring,
winds were predominantly from the north or south along the valley axis.
In spring winds were most frequently from the east.

Stony Mountain winds had an obvious and consistent north or
south orijientation. This was !ikely due to Iits location at the
southeast edge of a slope angling southwest to northeast, even though
this feature should apparently channel winds southwest to northeast.
This orientation was present at all times of the year.

Winds at Elfs were also subject to terrain influence.
Throughout the year, a significant fraction of winds were from the
northeast. This was |ikely due to the presence of Birch Mountain,
located about 50 km north and northwest of Ells. In addition, winds
from east-southeas?t Through south tTo southwest were very rarely
occurring throughout the vyear despite the absence of large-scale
terrain features for many kilometres in those directiocns.

Birch Mountain winds also showed directicna! persistence,
although perhaps not to the degree of Stony Mountain and Elis. A
smal! 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 Ells, winds from
directions east-southeast to south occurred rarely in all 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 Tterrain in that direction occurred

Infrequently.
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Mean wind speeds also illustrated terrain influences. In
general stations with the highest elevation had the highest speeds and
those with lowest elevation had the lowest speed, as expected. Despite
its location near the Athabasca River valley, Thickwood had high wind
speeds because of its relatively exposed siting end 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 valley stations such as Mildred Lake in summer,
nighttime winds were aligned along valley, whereas daytime winds had a
higher frequency of east and west winds. At stations where siope flows
were generated (for example, Muskeg), flow tended to have upslope
components during the day and downslope 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
Mildred Lake.
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7. EVAPORAT I ON

Pan evaporation was measured daily at Mildred Lake in the oil
sands area. Data from 1973 to 1981 were used in a multiple linear
regression analysis with simple available weather observations. These
weather variables inciuded daily precipitation, mean temperatures, and
windrun.

Tables 35 and 36 present a summary of evaporation regression
statistics from the SAS analysis. Table 35 represents values valid for
the days when all the variables, that is, pan evaporation, precipi-
tation, windrun, and mean temperature, were recorded. Table 36 is
similar except that precipitation was not required.

With precipitation included in the regression (Table 35),
about 45% of the variance throughout the year can be explained by the
regression, with a higher fraction explained in spring months. Summer
months have the lowest correlation coefficients. Estimates of wind and
temperature regression coefficients were generally reliable with
standard error of about 20 to 30% of the estimates. Precipitation
coefficients were significantly different from zero only for the months
April through June. Estimates of the intercept were usually not
significantly different from zero. The occurrence of negative values
for precipitation coefficients appears to reflect the reduction of
direct radiation due to cloud formation. The annual frend in the RZ
value Is interesting and suggests a seasonal variation in predictor
variables not used In the regression.

Exclusion of precipitation from the regression (Table 36)
results in several changes. First, the number of available records
more than doubles. This should tend to increase the significance of
the coefficient estimates. For temperature and windrun, the standard
error was generally 10 to 20% of the estimate. Again, estimates of the
intercept were not significantly different from zero. The second
change is the overall reduction from 0.45 to 0.3% of 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 of variance explained. The third change is a slight

modification of the annua!l trend in RZ. The minimum value of RZ
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Table 35. Daily evaporation correlation statistics at Mildred Lake,
1972-1981, by month.

Number Coetficients RZ

Month of Days intercept Precipitation Wind Temperature
B {mm) (km) (°C)

April 18 -0.33 -4.3 0.029 0.22 ¢.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 0.00 -0. 01 0.017 0.1 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.
Number Coefficients RZ
Month of days intercept Wind Temperature
(km) (°C)

April 45 ~0.14 0.013 0.30 0.68
May 142 0.17 0.013 0.26 0.47
June 140 -0.87 0.013 0.29 0.41
July 187 -1.77 0.016 0.30 0.36
August 185 -0.29 0.008 0.22 0.22
September 179 -0.48 0.017 0.15 0.32
October 55 0.20 0.006 .09 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.

I+ is worthwhile at +This point to examine the set of
predictor varlables that has not been included. Instead of mean déiiy
temperature, the maximum dajly temperature and diurna! variation may
have been more appropriate. Maximum temperature is fikely indicative
of the temperature at the evaporating surface while diurnal temperature
variation is closely related to incoming sclar radiation (Baier and
Robertson 1965). Solar energy at the top of the atmosphere may also be
appropr iate. Baier and Robertson found that with only maximum
temperatures, diurnal variation, and solar energy at the top of the
a‘tmosphere included in +the regression, the fraction of 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 RZ to be about 0.70. These values represented
averages at several jocations 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 latent evaporation and open pan
evaporation to be highly correlated and found the following relation

(upon conversion to S1 units):

LE = 9.4 + 12.3 PE (3)
where LE is daily latent evaporation in miiliiitres and PE is daily pan
evaporation in millimetres. The equation was determined as an average

over several Canadian locations. Table 37 contains results for Miidred
Lake using this relation. The mean values of pan evaporation in this
table were taken from days when pan evaporation, windrun, and mean
temperature were recorded. Values of latent evaporation at Mildred
Lake are within the range of Canada-wide monthly values given by Holmes
and Robertson. Their summer values ranged from about 0.4 L fo 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
evaporaTion® by months at Mildred Lake, 1973-1981,

Month Pan Evaporation Latent Evaporation
(mm} (L)

April 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 PE)

where n is the number of days in each month.
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8. MINISONDE STABILITY ANALYSIS

Minisonde data co!lected in the Athabasca 0il Sands area from

1975 to 1979 were analysed Iin 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.

Severa! parameters were considered appropriate to indicate
atmospheric stability or dispersive ability. Among these were the
temperature gradient, the bulk Richardson number, and the dimensionless
height Z/L, where L is the Monin-Obukov length and Z is the height
above ground. The minisonde data alone are insufficient to produce
vaiues 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 layer at the surface and so include the region of
buoyancy production. Unfortunately, the lowest level of minlsonde 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 furbulence; 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 femperature gradient in each level was the calculated and assigned
to a stability category as defined in Table 39. [t is recognized that
this United States Atomic Energy Commission {USAEC) classification
scheme was thought to be inappropriate for general use in the Athabasca
0i1 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 Pasquil! stability categories and a fine
resolution of the temperature gradients. The temperature gradient
values were further stratified by season and time of day but not by
release location. The ftemperature gradient was defined as +the

temperature difference between the layer top and bottom divided by the
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Table 38. Layer definition for minisonde analysis.

Layer Elevation
{m)
1 602 < 7 < 150
2 150 < Z < 300
3 300 < Z < 500

@ 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 1879).

Stability Pasgui!l Temperature change
Classification Categories with height (°C/100 m)
Extremely unstable A < =-1.9
Moderately unstabie B -1.9 to ~1.7
Stightly 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 fo 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 resultfs is provided here in Tables 40 and 41.

The summary in Tables 40 and 41 illustrates a potential
problem with some of the minisonde data. Note the relatively large
frequency of category A stability in winter (in catgory A, temperature
decreases with height at about fwice the adiabatic rate). This is
unusual and suggests the trapping of a shallow !ayer 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 minisonde profiles should be used with caution.

Seasona! variations of stability class are presented Iin
Table 42. In this table, time of release and !ayer have been ignored.
Spring and summer had approximately equal frequencies in al!l 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 vyear, conditions were mostly
neutral. Throughout the year, approximately 80% of minisonde releases
were in neutral or slightly stable conditions (between about 60 m and
200 m}. This is also clearly illustrated in Table 41 where given any
season or time of day, and given a stability category in the lowest
layer, the most common stability categories in upper t!ayers were
overwhe!mingly neutral and slightly unstable.

Time-of-~day variations in stability category are presented in
Table 43. Seasonal and layer differences have been ignored. The data
showad a trend from slightly stable conditions in !late night and early
morning to predominantiy neutra! in afternoon and evening. \Unstable
conditions occurred most frequently in the afternoon; moderately stable
conditions occurred most often in the ear!y morning.

Variation of stability with height is shown in Table 44,
where time-of-day and seasonal differences have been ignored. At all
'evels, the most common stability category was neutra! to slightly
stable. The lowest layer exhibited the widest variation of stability

with the most stable and unstable categories ocurring there much more



Table 40. Number freguency of minisonde releases, by season, time of day, stability category
and layer. '

A B C D E F G

Season Time? it 2 3 1 2 3 1 zZ 3 1 2 3 1 2 3 1 2 3 1 2 3
Winter 1

2 1 2 1 4 1 1 2 30 15 15 59 91 116 47 28 23 28 10 z

3 i3 3 1 1 1 2 1 64 56 44 63 73 82 2% 13 20 7 3 1

4
Spring 1 1 14 13 7 8 10 12 5 4 §

2 25 3 1 15 3 1 13 6 3 93 118 107 66 88 138 18 37 10 i1 H

3 45 6 2 12 1 3 15 6 1 88 145 161 3 3 27 2 1

4 2 ] 5 g 10 1 1 1
Summer 1 1 1 18 2 3 0 53 14 14 19 3

2 39 4 11 4 17 5 4 77 107 102 20 62 79 i2 3 2

3 2 3 2 12 3 2 19 6 2 81 41 120 15 10 16 i 1

4 1 1 16 14 18 4 3 1
Autumn 1 1 ] 4 1 1 2 i 1

2 7 1 4 11 1 72 54 48 59 50 66 23 22 23 5 i

3 20 1 3 2 1 100 81 78 28 21 30 6 3 3 2

4 1 1 i

¢6

3 1 = 0001 - 0500 h; 2 = 0601 - 1200 h; 3 = 1201 - 1800 h; 4 = 180 - 2400 h.
tayer



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 D E F G
Season Time® 2b 3 2 3 2 3 p» 3 2 3 2 3 2 3
Winter 1
2z E D D C E E E E E E £
3 D E D D E E E E E E E
4
Spring 1 F E b E £ E F o E
2z D D D o D E D D E E E E F E
3 D D D D D D B D D b} E D
4 D D D D D D D D E D
Summer 1 E E E E E E E E E G
2 D D D D D (W D E E
3 D b D D D DD D D D D
4 D D D D
Autumn 1 D D E E
2 D D 0 D E E D D t E E E £
3 D D D D D D D D D E 3} E D
4 D D

8 1 =000t - 0600 h; 2 = 0601 - 1200 h; 3 = 1201 - 1800 h; 4 = 1801 - 2400 h.
layer

14°
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Table 42. Frequency of occurrence of minisonde stability category by

5eason.
A B C D E F G

Winter 0.108  0.11 0.07 0.11 0.33 0.44 0.65

0.02b 0.0 0.01 0.23 0.51 0.16 0.05
spring 0.40 0.41 0.33 0.33 0.28 0.18 0.17

0.06 0.03 0.03 0.50 0.31 0.0 1
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 0.0 0.00
Autumn 0.13 0.08 0.19 0.22 0.18

0.24 0
0.04 0.0 0.03 0.57 0.34 0.11 0.0

8 Fraction of stability category by season (i.e., 10% of all
occurrences of category A occurred in winter.)

b Fraction of season by stability category (i.e., 2% of winter
stabitities were category A.)
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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 0.01 0.02 0.82  0.11 0.01 -
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Table 44. Frequency of occurrence of minisonde stability category by

fayer.
Height (m) A B C D £ F G
60 -~ 150 0.12 0.04 0.06 0.42 0.25 0.08 0.04
150 - 300 0.01 ¢.01  0.02 0.51 0.34 0.09 0.01

300 ~ 500 0.01 G.01 0.01 0.47 (.45 0.06 0.00
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frequently than in the upper ltayers. About one half of the releases
showed evidence of a temperature inversion {categories E and F) in the
layer between 300 and 500 m. Davison, Hansen et al. (1981) suggested
400 m to be a typical height for oil sands plant p!&mes in the area.
The exact location of the inversion with respect to the plume will
therefore be important for accurately predicting plume dispersion.

fn summary, a brief climatological analysis of
minisonde~derived stability has been presented. The analysis was meant
to illustrate some general properties of the data, including variation
with season, time of day, and height above ground. The dats showed
expected variations of stability with These parameters. The
temperature gradient was chosen as @ measure of stability, despite ifs
shortcomings. An improved stability climatolfogy, perhaps based on a
Richardson Number, would need to use surface measurements as well as

those at higher elevations.
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9. SUMMARY AND RECOMMENDAT 10NS

9.1 SUMMARY

The object of this study was +to climatologically analyse
recently available data in the Athabasca 0il Sands area. The study was
to stress spatial variations within the area, especially as they might
be caused by tferrain, 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 McMurray observing station. The
nature of the data bases determined the degree of accompiishment of the
study ob jectives.

The MAPS network data covered an insufficlent period of
record to determine with confidence, and without correlation to
longer-term stations in +the area, +the long-ferm mean values of
meteorological parameters and their spatial variations. With typically
three or four years of data available at these stations, spatial and
seasonal variations in temperature and especlally precipitation could
explained by random fluctuations generated by the short record length.
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 generally not
“sulted to deriving climatologlies. Snowpack data for January and March
exhibited conflicting spatial organizations indicative of insufficient
record length. Estimates of atmospheric stability from minisonde data
were adequate but could be improved by inclusion of surface data.
Meteorological data from forestry stations were of sufficient length
but covered only the summer mocnths. Evaporation data were also of
sufficient record length but were difficult to fransform 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 well estimated from the
Fort McMurray observetions. Further, the derived 30-year normal MAPS
temperatures had a similar spatial variation to local 30-year normal
patterns of forestry station July temperatures. However, the magnitude
of the difference between the forestry station and MAPS temperatures
was not constant, nor did it clearly vary with efevation. While the
use of annual regression parameters |ikely contributed to this differ-
ence, the lack of spatial organlization of the difference suggests that
random fluctuations due to the short record length could largely be the
cause. Despite this difference, femperatures at MAPS stations can be
estimated either by Fort McMurray temperature throughout the year or by
forestry stations in summer months with acceptably small errors.

Analysis of hourly temparatures at Mildred Lake during the
period 1976 to 1981 showed a median annual temperature of 3°C and an
annual temperature range of 77°C. Transition months such as April and
October had the widest range of temperatures. July had the narrowest
range.

Spatial variations of mean July maximum and minimum tempera-
tures were strongly functions of tferrain. Areas of high elevation had
temperatures about 1 to 2°C cooler than low lying areas. Spatial
organization was weaker for minimum temperatures. Diurnal varlation of
temperature was generally 3°C more in low lying areas than at high
efevations. A large gradient 1In maximum and minimum temperatures
existed between Fort McMurray and nearby Thickwood, likely due to the
higher elevation at Thickwood.

According to Longley and Janz (1978}, the mean frost-free
period in the area is about 50 days. The average frost-free period at
MAPS stations based on data from 1977 to 1979 inclusive was about
100 days, which agrees with data provided by forestry stations from
1966 to 1979. A difference in definition of the frost-free period

appears 1o exist.
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9.2.2 Precipitation

Precipitation at MAPS stations was correlated with precipita=-
tion at Fort McMurray. Correlations using daily precipitation totals
were poor; however, those using monthly Totals were better in that all
but two stations had correlation coefficients above 0.7. Thirty~year
July normals fit the spatial patterns of the forestry station normals.
Agaln, The spatial variation of the ditference between MAPS and
forestry stations was not clearly linked fo terrain. The inherently
large spatial variabillty of precipitation requires that a large number
of years are needed to produce reasonable regression coefficlents from
which to predict long~term values.

Analysis of hourly precipitation at Mildred Lake during the
period 1976 to 1981 showed a median value of 200 hours of precipitation
annually. Of this fotal, most hours occurred in July (about 36) and
the least in January (about 11). Large values of precipitation of one
or two hours duration at MAPS stations were found to be erroneous based
on comparisons with daily precipitation tofals at adjacent forestry
stations. A clear relation existed between terrain and the largest
consacutive number of hours of precipitation at each MAPS station.
Highest elevations were coincident with longest durations.

Spatial variation of mean July precipitation was found to be
related to terrain. The largest amounts were recorded at The highest
elevations. The range of 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 spatiat pattern due partiy to an
insufficient length of record and partiy to inconsistent measurement

techniques.

9.2.3 Wind

The diurnal varlation of wind was examined for the months

January, April, July, and October. No variation with time of day was
observed in January or October. Diurnal variation was observed In

Apri! but was most prominent in July when wind speeds were about 20%

higher during afternoon hours than late night hours. Wind directions
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in July had apparent upslope components during daylight hours and
downslope or downvaliey components at night. In January, winds were
controlted strongly by terrain at all 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 fransition seasons: spring and autumn. Winters had
the lowest annual speeds. Although, in general, highest efevations
exparienced the least number of calms, the most frequent calms were
experlienced during autumn and winter at Stoney Mountain. Similarly,
mean monthly wind speeds were highest at high elevations. No trend in
prevailing monthly wind directions that might indicate an annual
vartatlion In terraln influence was observed.

A comparison of pibal winds measured af 400 m with MAPS
station winds at coincident fimes showed that the MAPS winds were not
generally representative of the pibal winds throughout +the vyear.
Differences in direction between the 400-m and MAPS winds in winter
were somet!mes Iarge.and apparently random due to flow decoupling near
+he surface in stable conditions. In other seasons, differences were
more organized with a poorly defined trend to less than a 20° veer
between the surface and 400 m (based on a 16-point compass). A wind
veering with height 1is 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. I+ is concluded that
surface winds at one Jocation cannot be used with confidence +o

estimate winds at other locations in the Athabasca (i} Sands area.

9.,2.4 Evaporation

A linear regression analysis showed that almost haltf of the
variance of daily evaporation measurements could be explained by
variations in daily windrun, mean Yemperature, and precipitation.
Increases in temperature and wind speed increased rate; the occurrence

of precipitation decreased evaporation, |ikely through its inhibition of
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incoming radiation. Summertime estimates of latent evaporation using
pan evaporation measurements were within the range of Canada-wide

values found by Holmes and Robertson (1958).

9.2.5 Minlsonde

A statistical analysis of minisonde data was undertaken with
the aim of developing a stability climatology for the Athabasca 611
Sands area. Despite its shortcomings, temperature gradient was used to
estimate stability. The results of the analyses showed +that
stability, defined at three leveis between about 60 m and 500 m above
ground, was predominantly (approximatey 80%) neutral or slightly
stable, based on the USAEC seven-category stability scale. Seasonal
trends of higher frequencies of stable conditions In winter and
unstable conditions in spring and summer were noted. Hourly *rends of
more frequent stable conditions In late night aﬁd early morning than in
the afternoon and evening were evident. Variations with height showed
that a much wider range of stability classes existed in the lowest
layer, while the upper layers remained largely neutral to slightly
stable regardiess of stability in the lower layer. It was concluded
that surface measurements, in addition to those at higher elevations,

are required fo provide an improved stability climatology.

9.3 RECOMMENDAT 1 ONS

1. It is recommended that future studies involving new data
sets begin with a thorough examination and assessment of
data quality. The assessment should 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 011 Sands area be
reassessed. |t is suggested that the only justification
for a network such as MAPS is as surface-based input to

air quality models. It s recommended that +the data
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requirements of models suitable for use in the area be
ascertained before mateorological monitoring is
re-establ ished.

In view of the Influences of terrain on surface and p!uﬁe
level winds in +the area, it Is recommended that a
three-dimensional complex terrain flow mode! be developed
and that existing MAPS and minisonde data be used as
appropriate for testing of the model.

I+ 1Is recommended that MAPS precipltation data be
re-examined In greater detail. The purpose would be
twofold. First, to investigate causes of occasional
high hourly values and +to flag the suspect hours.
Second, to perform further regression analysis of the
MAPS data with the Fort McMurray data to Improve the
correlation statistics.

It is recommended that subsequent snowpack measurements
be undertaken on a common date each month (for example,
the last day) and that all measurement procedures be
fully documented. |t 1s also recommended That the same
sites be used each year In order to build a sufficient
record length for climatological analysis.

{f spatla!l variations of frost-free periocd within the
area are considered important, it is recommended that
frost-free periods at MAPS stations be correlated with
those at Fort McMurray in a manner similar to temperature

and In This way produce long-term estimates.
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11. APPENDICES
11.1 DESCRIPTION OF THE SAS ANALYSIES PROCEDURES
11.1.1 infroduction

The Statistical Analysis System (SAS) software package pro-
duced the ftables that formed the basis for this report. SAS procedures
were applied to data sets that were created from the original! data
records; these data sets are then operated upon by statistical tools
that were contained within SAS.

The logical steps that are required for 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 for 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 well| as tables of daily and monthly averages. These

analyses are now described in furn.

11.1.2.1 Hourly Analysis.

1. JInput. Since each year of data is on a separate flie, it
was necessary to read all six files for each station.
The raw data were read as given and stored on files
laheled FILE1, FILEZ, ..... 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 files were merged to a data set ALL. The
station name was defined and the date was derived from
the vyear, month, and day variables. The temperature
value was decoded so that its value was available in

degrees Celsius and It was then rounded fo 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
ALLZ. Temperature values less than -60 and greater than
40 were deemed to be errors and were set To missing.
Megative 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
of precipitation that fell in +he hour Iin question,
PHOUR, the cumulative value for that hour, PPTN, was
decreased by the vatue of PPTN in the preceding hour. If
the value for the preceding hour was missing, Then the
value two hours earlier was used. |f this value was also
missing, then the precipitation for the hour in question
was set to missing. |If the cumulative value for the hour
in question was negative or missing, then the precipita-
tion for thls hour was set +o missing. If PHOUR was
greater than 50 mm, then an error was deemed to have
occurrad and PHOUR was again set *to missing.

|f the temperature for a given hour was less than 0°C,
then all precipitation that fell in that hour was deemed
to be snow. |f the ftemperature was greater than or equal
to 0°C, then all precipitation for that hour was deemed
to be rain. If the temperature was missing, then both
rain and snow values were set ‘o missing. If This
occurred when the value of PHOUR was non-zero, then the
sum of rain and snow amounts would not be equal! to the
total precipitation as one would normally expect.

Wind speed and the time of day were placed in intervals
which were defined by the variables X3PD and TIME. The
boundaries of these intervals are given in Table 45.
Qutput. From the data set ALLZ  given, houriy
Temperatures were produced for the four months, January,
April, July, and October, and for the year as a whole.

Cross=tabulations of 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 1, <6 1
1, <3 1 7, <12 2
4, < 7 2 13, < 18 3
8, < 12 3 19, < 24 4
13, < 18 4 missing missing
19, < 24 5
25, < 31 &
32, < 38 7
39, < 46 8
47, < 54 9
55, < 63 10
64, < 75 A
> 76 12

missing missing
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fn these tables, the wind speed categories were defined
by the values of XSPD as”given by Table 45. The wind
direction categories were specified by a 16-point compass
combined with the caim category. These cross tabulations
were given for each month and for the entire year. For
each of +he four months given above, similar cross-
tabulations 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. Ogives of
hourty rainfall, snowfall, and precipitation amount were
also given for each of these four months and for the year

as a whole.

11.1.2.2 Daily Analysis.

1.

Ipnput. Variables involved in daily analyses included the
mean, maximum, and minimum daily values of temperature,
hourly rainfall, snowfall, and total precipitation. In
addition, the cumulative daily rainfall, snowfal!, and
total precipitation were also used. In the program, the
variable names are as given in Tahle 46. The data set
containing these variables is called DAY,

Secondary Variable Definition and Quality Contrel. The

variable TVAR was defined fto be the difference between
the daily maximum and daily minimum and was called the
dally temperature variation.

If three or more hours in a day had missing values 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 independentiy. After this quality
contro!l step, the surviving daily data werestored in data

set DAYZ.



Table 46,

AR

Variahle names for dally analysis.

Daily Datly Daily Daily
Variable Mean Max imum MInimum Accumulation
TEMP TMEAN TMAX TMIN -
PHOUR PMEAN PMAX PMIN PSUM
RAIN RMEAN RMAX RMIN RSUM
SNOW SMEAN SMIN SSUM

SMAX
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Output. Ogives of TMEAN, TMAX, TMIN, and TVAR were glven

for each month and for the year as a whole. The mean,

standard deviation, minimum, and maximum values were also
given for each month and for all months taken together.
Ogives were also provided for the precipitation variables
PMEAN, PMAX, PMIN, PSUM, RMEAN, RMAX, RMIN, RSUM, SMEAN,
SMAX, SMIN, and . SSUM and +he secondary statistical

. parameters were calculated for 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 fell below 0°C.

11.1.2.3 Monthly Analysis.

1.

3.

Input. Variables involved In the monthly analysis
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, raln, and snow values. The variable names are
given in Table 47. The data set containing the variables
is MONTHZ.

Secondary Variable Definition and Quality Contro!l. In

order for the monthly variables in Table 44 to be valid,
it was necessary that no more than seven missing values
occurred in the antecedent daily variable for the month
in question. The quality contro! step was carried out in
the data set MONTH3.

Qutput. For each month in the data set, the fotal accum-
utated rain, snow, and precipitation was provided.
Monthly mean, minimum, and maximum values of the daily

mean, minimum, and maximum temperatures were also glven.

11.1.2.4 Comparison of MAPS and 400-m pibal winds.

1,

Input. Data sets INT1 contained 31031 values of MAPS
wind speed and direction (SPD, DIR). Data set A2
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Table 47. Variable names for monthly analysis.
Monthly Monthly Menthly Monthly

Variable Mean MinTmum Max I mum Accumu latton
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 MINPS 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 of minisonde and pibal wind speed

" and direction (WSPD, WDIR).

Secondary variable definition and quality control. Both

data sets were sorted by month and time and ALL ffhe
merged set of WSPD and WDIR) was also sorted by layer.
Directions for the piba! 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 of MAPS and minisonde
data (at Muskeg; other stations had sifghfly different

numbers). Power law wind exponent was then defined as:
ALPHA = LOG (WSPD/SPD)/LOG(ELEV/10)

where ELEV is the elevatlion of SEP.

Quiput  Average monthly windspeed was listed for each
hour of the day. Two-way frequencies of hour-of-day
against wind direction were outpuf for each month. For
each season, Two-way frequencies of 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 of maximum, minimum,

and average temperature and accumulated rainfall, snowfall, and precip-

itation were given. Since hourly values and wind information were not

available, only tables of dally and monthly precipitation and temper-

ature statistics can be provided.

11.1.3.1 Daily Analysis.

1.

Input. The data on the original fape archive were record-
ed such that one record contained al! the measurements of
a weather element (for example, mean temperature) for atl
days in a month. The data sets FORSET, D1, Dz, D3, D4,

D5, and D6 rearranged this data format so that one record
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contained all six weather elements for a given day.
These records formed the data set ALLZ.
Secondary Variable Definition and Quality Control. The

quality control process for +the forestry data was
identical with the process for the MAPS stations which
was described previously with the following exceptions.
The values of rainfall and snowfall were not secondary
variables inferred from oprecipitation and tfemperature
information but were given directly. One may therefcre
expect the precipitation value to be the sum of the
rainfall and snowfall values.

The precipitation values were not the accumulated values
from record to record but were the actual values for the
day in question. Therefore, the complications that arcse
in the MAPS data were not a problem 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 o 150 mm.
Otherwise, all out-of-range tests for this data set were
identical to those described previously for MAPS data.
Only data after 1965 and during the summer months were
considered in the analysis.

Output. Tables of daily values were taken from the data
set ALL3, which was an earlier version of ALLZ.

Ogives of the three temperature parameters and
TVAR = TMAX - TMIN were given for the three months separ-
ately and for the antire data set. Similar tables were
also produced for daily rainfall, snowfall, and precipit-
ation. In addifion, mean value, standard devlation,
maximum, and minimum values of the three precipitation
variables were given for each month.

The frost-free period was calculated from the values of

TMIN in the same way as was done for the MAPS data.
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11.1.3.2 Monthly Analysis.

1. Input. The derivation of monthly variables from daily
values was identical fo the process described for MAPS
stations. The data set containing monthly data Is
MONTH3.

2. Secondary Variable Definition and Quality Control. This

step was Tdentical to that described for MAPS stations.
The data set MONTH4 contains the monthly data after
quallty controf.

3. Output. Oufput tables of monthly variables were as
described for MAPS stations.

11.1.4 Minisonde Data Analysis

11.1.4.1 input. Every record on this file contalns the year, month,
day, hour, minute, elevatlion, variable *ype, and value. On the
original file 20 836 wind speed and 20 656 temperature values were

found. All such values coincided with elevations less than 500 m.

11.1.4.2 Secondary Variable Definition and Quality Control. The wind

speed flle AZ and the temperature flle C2 were merged by year, month,
day, hour, minute, and elevation. This increased the resulting data at
ALL +o include 30 755 records. The secondary variable LAYER, SEASON
and TIME were defined as shown In Table 48. The temperature for the
first reading In each layer was given +the value TMINE and the tast
reading a value TMAXE.

Average, minimum, and maximum vafues of “temperature,
windspeed, elevation, TMINE, and TMAXE were obtained for each value of
RELEASE (time) and LAYER. The variable names are glven In Table 49.
There were 8591 different combinations of RELEASE and LAYER which
Implies that approximately four readings per layer were made. These
data make up the data set LEVEL1.

Data set LEVEL1 was then broken into three parts according to
the value of LAYER. The set LEVEL1A (LAYER = 1) has 2514 observations,
the set LEVELZA (LAYER = 2} has 2619 observations, and the set LEVEL3A



Table 48. The range of ELVE, MTH, and HOUR for each value of LLAYER, SEASON, and

TIME.
ELEV value LAYER wvalue MTH value SEASON value HOUR value TIMEIVaEue
0, < 150 1 1, 2, 12 1 08, < 6b 1
150, < 300 2 3, 4, 5 2 68, < 12b 2
300, < 500 3 6, 7, 8 3 128, < 18b 3
9, 10, 11 4 183, < 24b 4

8 value included only if MIN
value included only if MIN

I
(@]

Lil
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Table 49. Variable names for minisonde analysis.

Variable Layer Mean Layer Maximum Layer Minimum
TEMP TMEAN TMAX TMIN

WSPD WME AN WSPOMX WSPDMN
ELEV EMEAN ELMAX ELMIN
TMINE TMNME AN TMNMAX TMNMIN

TMAXE TMXMEAN TMXMAX TMXMIN
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(LAYER = 3) has 2649 observations. There were 809 observations In the
set LEVEL1 in which the value of LAYER was not 1, 2, or 3. The
temperature gradient was then deflined for alf observations in LEVEL1A,
LEVELZ2A, and LEVEL3A and these values were then grouped into seven in-
tervals defined by the variables R1, R2, and R3, as glven 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, RZ, 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 all 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 Rt, RZ, and R3.

The number of minisonde releases on file (2289) is larger
than the number analysed by SAS (967). There are several reasons for
this difference. In some cases, one or both of wind speed and temper-
ature observations are mlssing 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, RZ, 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
only if temperature is the tfopmost 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-
tent, 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

fayer.
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Table 50. The range of R temperature gradient for each value of
R1, R2, and R3.

R Value Value of R1, R2, or R3

(°C/100 m)

R < -1.9 1

-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
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11.1.4.3 OQutput. Joint frequency tables for R1, R2, and R3 are
presented (1) without stratification; (2) stratified according to the
variable TIME (see Table 49); (3) stratified according to the variable
SEASON (see Table 49); and (4) stratified according to TIME and
SEASON.

11.1.5 Evaporation

11.1.5.1 lnput. The input format for the data base was similar to the
data base for the forestry stations. Each record had all the daily
data for a particular variable for a given month. Before thase data
could be analysed, it was necessary to rearrange themso that all vari-
ables for a given day were on the same record. Also, the fotal precip-
itation data wereonly available in another data base (SAVE.DAYZ) which
was alsoc read by this program. The evaporation datawere 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 fo yleld the fina! data
set ALL.

11.1.9.2 Secondary Variable Definition and Quality Control. All

negative values of precipitation, wind run, and temperature were set fo
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.

t1.1.5.3 OQutput. The mean, standard deviation, minimum vatue, maximum
value, and standard error of the mean were calculated for each month
and each year of the data sef. Then a multiple linear 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. All four variables were never present together for
the months of November to March inclusive and the analysls, as a
result, could not be performed for these months.

The output for the regression analysis 1s well labeled and

reasonably sitraightforward to those familiar with the technique.
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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 fell during the inferval. These
numbers are accumulations over all available precipitation hours.
Station down-time (if it occurred) will prevent these results from

representing fully annual statistics.



STATION: Stony Mountain

PERIOD: October 1977 to December 1981 PRECIPITATION (mm)
(’ ROW
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STATION: Muskeg

PERICD: October 1976 to April 1980 PRECIPITATION (mm)
ROW
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STATION: Ells

PRECIPITATION {mm)

PERIOD: October 1976 to May 1980
. ROW
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STATION: Mildred Lake
PERIQD: September 1976 to December 1981 PRECIPITATION {mm)
ROW
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STATION: Thickwood
PERIOD:  January 1977 to December 1981 PRECIPITATION (mm)
ROW
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STATION:

Fort Hills

PERIQD: September 1976 to September 1981 PRECIPITATION (mm)
ROW
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STATION:

Richardson

PERIOD:  September 1976 to May 1980 PRECIPITATION {(mm)
ROW
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STAT{ON:

Birch Mountain

PERIOD:  September 1976 to May 1980 PRECIPITATION (mm)
ROW
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STATION: Firebag
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 falling
within a given interval. These numbers are accumulations over alli
available days of data in the period 1976 to 1981. Note that station
down-time (if {+ occurred} will bias the results from representing

fully annua! statistics.



STATION: Stony Mountain

PERIOD: October 1977 to December 1981 PRECIPITATION {rmm)
T
1 2 3 4 5 6 7-8 S-10 | 11-13 14-16 | 17-201 21-25 | 26-30 | 31-40 { 41-50 | 5170 | 71-90 | »>91 TOTAL
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TOTAL
24.1 | 14.2110.2 7.3 5.8 4.0 3.3 6.9 5.1 1.8 4.7 2.9 2.6 2.2 2.6 1.1 0.4 0.7
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STATION: Muskeg
PERIOD: October 1976 to April 1980 PRECIPITATION (mm)
' ROW
1 2| 31 4 5 6 | 7-81 9-10|11-13 | 14-16 17-20 | 21-25 | 26-30 | 31-40 | 41-50 | 51-70 | 71-90 | >91 |  TOTAL
1| es| t8F 151 1t | 14 3 4 3 2 1 L2 2 2 2 2 146 61.9
9
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TOTAL
27.9 | 1.0 8.9 7.7 10.6 2.5 5.9 5.9 3.0 3.4 2.1 2.% 2.5 2.9 1.3 2.1 0.0 0.4 106
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STATION: Ells
PERIOD: October 1976 to May 1980 PRECIPITATION (mm)
ROW
1 2 3 4 3 & 7-81 9-10f 11-13 14-16 | 17=-20 | 21~25 | 26-301] 31-40 ] 41-50; 51-70 | 71-90 | >91 TOTAL
1| 62| 21| 8| 1| 4| 5| 3 1 2 2 1 3 2 1 1 129 6l
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STATION: Mildred Lake
PERIQOD: September 1976 to December 1981 PRECIPITATION {mm)
ROW
vl 2 s | a4 sl 61 7-8] o-10]11-13] t4-16]17-20 ] 21-25 ! 26-30 | 31-40 { 41-50 | 51-70 | 71-90 ] >01 TOTAL
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COLUMN
TOTAL
26.012.0| 7.5| 8.8| 4.9| 5.5! 46| 30| 5.5 | 8.6 | 3.0 | 5.2 1.5} s.9] 1.3} 0.6 | 0.6 | 0.3
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STATION: Thickwood
PERIOD:  January 1977 to December 198] PRECIPITATION {mm)
RKOW
1 2 3 4 5 6 | 7-8] 9-10|11-13| 14-16| 17-20 | 21-25 | 26~30 | 31-40 | 41=50 | 51=70 | 71-90 | >91 TOTAL
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= :
=
ot
xr 4 1 1 3 1 2 1 2 4 1 1 17 5.7
w
[&]
H
@ 5 3 2 | 6 2.0
g
=
27}
=
5 6 1 ! 1 3 1.0
(8]
[}
o
=
8 ,
7 1 ! 1 4 1.3
1
B-9 1 1 2 0.7
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TOTAL
30.4 | 14.4| 6.4] 6.4 3.7| 3.3| 6.0 5.0 4.7 4.7 2.3 2.3 2.0 5.0 1.71 0.7 0.3 0.7 100
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STATION: Fort Hills
PERIOD: September 1976 to September 1981 PRECIPITATION (mm)

6¢ |

ROW
1 2 3 4 5 [} 7-8 S=10 | 11=13 14=16 1 §17=20 1 21=2% | 26=30 7 31-40{ 41=50 | B51=70 | 71-90 § >91 TOTAL
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5.4 133.7 2.9 15%.4 0.7 7.9 6.1 5.0 3.2 [ %] 4.7 2.9 1.4 1.4 1.4 ol 0.4 0




STATION: Richardson

ol

PERIOD: September 1976 to May 1980 PRECIPITATION {mm)
ROW
1 2 3 4 5 5 7-8 9-10 ) 11=13 14-16 | 17-201 21=25 1 26-30 ) 31-40 ) 41-50 1 5170 | 71=-80 | >G6t TOTAL
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18.3 | 10.4 | 10.0 &.7 6.5 1.5 5.2 8.3 2.6 3.9 6.1 6.1 3.9 2.2 1.3 2.6 0.4 0




STATION: Birch Mountain
PERIOD:  September 1976 to May 1980 PRECIPITATION (mm}
ROW
1 2 3 4 5 6 | 7-8| 9-10 ] 11-13| 14-16 | 17-20 [ 2125 | 26-30 | 31-40 | 41~50 | 51~70 | 71-90 | >91 TOTAL
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STATION:

Firebag

PERIOD: October 1976 to April 1980 PRECIPITATION (mm)
RO
1 2 3 ] 5 ] 7-8 9-10 [ 11-13 14=16 1 17-20 1 21-25 { 26-30 | 31-40 | 41-50Q | 51=70 { 71-90 | >N TOTAL
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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
fell during a given interval. These numbers are accumulations over all
months of operation (generally June, July, and August) for all years of

operation from 1966 to 1979,



STATION: Birch Mountain
PERI_OD: 1966 to 1979 PRECIPITATION (mm)
ROW
1 2 3l 4 5 6§ | 7-B] 9-10] 11-13] 14-16 | 17-20 | 2125 | 26-30 | 31-40 | 41-50 | 51-70 | 71-90 | >91 TOTAL
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STATION: Stony Mountain
PERIOD: 1966 to 1979 PRECIPITATION (mm)
ROW
1 2 30 4 5 6 | 7-B) 9-10{11-13| 14-16] 17-20 | 21-2% { 26-30 | 31-40 | 41-50 | 51-70 | 71-50 | > TOTAL
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STATION: Bitumont
PERIOD: 1966 to 1979 PRECIPITATION (mm)
— ROW
1 2 3] 4 5 6 | 7-81 9-10[11-13} 14-16 [ 17-20 | 21-25{ 256-30 | 31-40 [ 41=50 | 51-70 | 71-90 | >0 TOTAL
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STATION:

Ells

PERIOD: 1966 to 1979 PRECIPITATION (mm)
ROW
1 2 3 4 ] 5] 7-8 9-10 | 11«13 14-16 | 1720 | 21~25 | 26=-30 [ 31-40 | 41-50 ] 51~70 | 71-90 | >9¢ TOTAL
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STATION:

Cowpar

PER!OD: 1966 to 1979 PRECIPITATION (mm)
- ROW
] 2 3 4 5 6 7-8 g-10 ] 11-13 14=16 | 17=-20 ] 21-25 ] 26=30 ] 31-40 | 41-50 | 51=-70 | 71-G0 | >9} TOTAL
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STATION:

Keene

PERIOD: 1966 to 1979 PRECIPITATION {mm)
ROW
1 2 3] 4 5 6 | 7-8| 9-10]11-13] 14=15] 17-20} 21-25 { 26-30 | 31-40 | 41-50 | 51-70 | 7190 | >91 TOTAL
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15.4 [ 11.3] 6,91 49| 5.7] 4.9] 9.3| 6.1 | 7.7 5.3 | 3.6 | 6.0 | 2.0} 1.6 t 1.6 1 2.0
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STATION:

May

PERIOD: 1966 to 1979 PRECIPITATION (mm)
' ' : —F ROW
1 2 3] 4 5 6 | 7-8] 9~10|11-13] 14-16| 17-20 | 21-25 | 26-30 | 31-40 | 41-50 | 51-70 | 71-90 | >91 TOTAL
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11.4] 7.6] 6.1] 7.2] 3.0] 4.6| 4.9} 4.9 | 5.7 5.7 ) 4.6 | B.4 { 5.3 ) 6.8 | 3.0 | 1.5 | 3.0 } 1.9
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STATION: Johnson Lake
PERIOQD: 1966 to 1979 PRECIPlTATION (mm)
ROW
1 2 31 4 5 6 | 78| o9-10]11-13| 14-16]17-20 | 21-2% | 26-30 | 31-40 | 41-%0 | 51-70 | 71-50 | >91 TOTAL
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=
[
L)
wy
S
S 7

8-9 1 1 1 3 1.1
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13.9] 5.1 9.2¢ 7.0] s.1] 5.1] a8 st | 7.3 4.4 | 3.7 { 6.2 { a8 | 4.0 1 1.5 | 1.0 | 2.2 | 0.4



STATION:

Buckton

PERIOD: 1966 to 1979 PRECIPITATION {mm)
ROW
1 2! 31 al s 1 6] 7-8] 9-10]11~13] 14-16]17-20] 21-23 [ 26-30 | 31-40 | 41-50 | 5170 | 71-90 | >9t TOTAL
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40 13| 1815 | 6| 7| 20| 1z | 13| 18 13 | 16 9 8| 7 8 5 6{ 251
COoLUMA
TOTAL
15.91 82| 7.2| 6.0| 6.4 2.8| 8.4| 4.8 | 5.2 | 6.0 [ 5.2 | 6.4 | 3.6 | 3.2 | 2.8 | 3.2 { 2.0 | 2.4

rA%



STATION: Conklin :
PERIOD: 1966 to 1979 PRECIPITATION (mm)
: oW
1 2 31| 4 5 6 | 7-81 9-10]11-13] 14-16|17-20| 21-25 | 26-30§ 31-40 | 41-50 { 5170 | 71-20 ] > TOTAL
t] 21] =20 Bl 13 4 7 2 5 5 2 2 2 116 43.0
. 20 6| 31 e s | 5| af 5] 2 | s 5|3 s | s | 5 3| 2 72 2.7
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COLUMN
TOTAL
12.2| 8,51 8.1 8.1 3.3F 4.8 5.2] 3.3 | 6.3 5.9 | 3.7 | 3.7 ] 7.0 } 4.4 | 4.1 | 3.0 | 0.4 | 0.7

¢al



STATION: Richardson
PERIOD: 1966 to 1979 PRECIPITATION - (mm)
' ' ROW
1 2 30 4 5 6 | 7-8] 9-10111~13| 14=16]17-20 21-2% | 26-30 [ 51-40 | 4150 | 51-70 | 71-90 | 91 TOTAL
1 41 27 151 13 9 9 10] 8 4 1 1 4 1 140 55,3
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3| 32| 24| 17 | 12 18] 20 19 17 8 9 18 g 7 4 2 1 6 | 253
COLUMN
TOTAL
13,8 12.6] 9.5| 6.7] 4.7] 5.9 7.9] 7.5 | 6.7 3,2 | 3.6 | 7.1 3.6 | 2.8 | 1.6 | 0.8 | 0.4 | 0.0

val



STATION: Fort McMurray
PERIOD: 1966 to 1979 PRECIPITATION (mm)
ROW
1 2 3F 4 5 6 | 7-B! 9«10 11=13| 14-16 1 17-20 | 21-2% | 26-30 | 31-40 | 41-50 | 51-70 | 71-90 | >91 TOTAL
1 40 20 7] s 5 4 3 2 1 1 123 45.5
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> 13 0 0.0
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COLUMN
TOTAL
23.0 [ 13.3) %.6] 5.6 5.9 3.3 7.0] 3.7 5.6 3.0 | 4.1 1.5 | 2.2 1.9 | 0.7 | 0.7 | 0.0 1.4
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STATION: Jean
PERIOD: 1966 to 1979 PRECIPITATION {(mm)
ROW
1 2 3] 4 5 6 | 7-8B] 9-10)11-13] 14-16} 17-20 ] 21-25 | 26-30 | 31-40 | 41-50 ] 31-70 ] 71-90 | >91 TOTAL
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CoLUMN
TOTAL
1.6 10.4{ 7.7] 3.5! 2.3| 4.2 8.1] 6.9 | 8.9 6.6 | 4.2 | 4.6 | 1.9.4 5.8 1 3.5 | 3.0 [ 1.5 | 1.5
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STATION: Muskeg
PERIQD: 1966 to 1979 PRECIPITATION (mm)
T ROW
1 2 30 4 5 6 | 7-81 9-10|11-13] 1416 17-20 | 21-25 | 2630 | 31-40 | 41-50 | 51-70 | 71-90 | >91 TOTAL
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o 2 8 3 5| a 5 3l n 5 4 L 2 1 2 2 3 2 1 73 28.5
P
o
(=]
= .
2 3 1] 3 2 2 4 3 4 3 7 1 1 1 1 2 33 12.9
k2
fan
a
(8]
g 4 1 2 2 1 4 3 1 1 1 1 17 6.6
o,
i,
<
g 5 1 2 1 3 3 1 1 4.3
3
-
Y
= 6 1 3 1 1 6 2.3
5
b
wy
=
2 1 1 1 2 0.8
8-9 1 1 1 1 1 1 6 2.3
10-12 | 1 0.4
> 13 ¢ 0.0
521 17t 18] 17 | 18 | 12 | 23 16 13 14 12 16 8 8 9 6 2 2 | 2%
COLUMN
TOTAL
12.5] 6.6 7.01 6.6] 7.0] 4.7| 9.0| 6.3 | 4.7 5.5 P 4.7 ] 6.3 | 3.0 1 3.1 | 3.5 | 2.3 | 0.8 | 0.8] 100

LG



STATION: Thickwood
PERIOD: 1966 to 1979 PRECIPITATION (mm)
ROW
1 2 3 4 5 ] 7=8 9=-10; 11-13 14=16 | 17-20 | 21=-29 [ 25=30 ]| 51-40 | 41=50{ 31~-70 | 71=90 | >31 TOTAL
i 26 tH 13 ] 7 3 1 8 5 3 2 3 2 2 1 109 42.2
2 3 5 5 -] 4 & 9 7 5 B 1 2 2 4 1 i 70 27.1
vy
5
S
23 Z2 2 2 1 ] 4 3 3 3 2 3 4 2 3 35 13.6
Q
-
-4
=
o 4 1 3 1 1 2 3 1 2 i 1 4 20 7.8
Q
L
&
5 8 4 3 1 1 1 10 3.9
&
m
]
o 6 1 i 1 ! 4 1.6
>
o
8
‘g 7 1 1 1 2 b 8 3.1
8
a-9 1 ! 2 0.8
10-12 0 0.0
!
13 0 0.0
290 18] 21l s} o123 g 27 20 14 17 13 9 ] 1 7 1" 6 1| 258
COLUMMN
TOTAL
1.2 7.0 B.2 5.0 4.7F 4.3} 10.5 7.8 5.4 6.6 5.0 3.5 4.3 4.3 2.7 4,3 2.3 0.4 100

gel



STATION:

Gordon Lake

PERIOD: 1966 to 1979 PRECIPITATION (mm)
' ' ROW

— 1 2 3 4 ] ] 7-8 9=10 ] 11=-13 14=16 | 17=20 ] 21=25] 26«30 | 31=40 | 41-50 | 5t=70 | 71=-90 | »91 TOTAL

1 37 13 g 8 7 5 3 5 8 6 b 2 3 1 1 120 46,5
@ 2 2 2 8 5 2 4 7 7 6 5 8 5 i 1 2 65 25.2
=
el
= 3 1 2 1 1 [ 3 2 4 5 2 4 2 1 1 H 356 14.0
=
[
[&]
[T 1 1 2 1 7 2 3 4 1 2 ! 25 9.7
o
.
(=]
% 5 1 3 4 1.6
x
=2
=z
w 1
- 6 i | 1 2 ! 1 7 z.1
3
o
5
(] 1 0 0.0
8-9 0 0.0
10-12 1 D.4
1‘3 o 0.0

39 16 17 15 11 11 18 16 24 17 17 i3 13 8 5 4 ! 3 255

CoLumy .

TOTAL

15.1 6.2 6.6 5.8 4,3 4.3 7.0 6.2 9,3 6.6 8.5 5.0 5.0 3.1 1.9 1.6 0.4 1.2 100

641



STATION: Carlson
PERIOD: 1968 to 1974 (June) PRECIPITATION (mm)
ROW
1 2 3| 4 3 6 | 7v8] 9-10]11-13] 14~16{ 17-20 | 21-25 | 26-30 | 31-40 | 41-~30 | s1~70 | 7190 | »91 TOTAL
I W | 3 .
1 17 4 LRI 3 2 1 2 2 42 55.2
2 1 2 2| 1 2 3 2 1 1 2 1 18 23.7
g
[=]
§ 3 1 2 ] H | 2 8 10.5
'—
£
o
o 4 1 1 1 1 4 5,3
&
Lo
Q
o 5 1 ! 1.3
[an]
=
)
P4
5 8 1 1 2 2.6
:
§ 7 1 1 1.3
8-9 0 0.9
10-12 0 0.0
> 13 i 0.0
18 6 9l 4 6 L 5 2 4 6 3 2 0 2 0 1 0 ) 76
COLUMN
TOTAL
25.7] 1.9ln.8f 531 7.9 6.6/ 6.6] 2.6 | 5.3 9.9 | 3.9 | 2.6 | 0.0 | 2.6 | 0.0 | 1.3 1 0,0 [ 0.0 t00

091



STATION: Algar
.PERIOD: 1968 to 1979 PRECIPITATION (mm)
ROW
1 2 3| 4] s 6 [ 7-B] 9-10} 11-131 14-16]17-20 | 21-25 | 26-30 | 31-40 | 41-50 | 51-70 | 7190 | >91 TOTAL
1 29| 29F 11 8 5 5 9 5 6 2 5 4 1 2 125 47.0
N
E 2 2 3 5 6 i 2 5 3 8 4 9 5 4 4 2 &3 23.7
&
}._
s 3 1 2 3 6 3 2 2 3 5 3 2 i 1 34 12.8
o
O
LF
g 4 3 1 $ 1 3 2 4 1 3 1 2 22 8.3
S
o
il
o
é s 1 1 2 1 1 3 3 1 13 4,9
z ‘
=
‘é 6 2 2 4 1.5
i)
2
7 2 1 3 1.1

8-9 1 1 y3 0.8
10-12 0 0.0

> 13 4] 0.0

3 32 16| 18 g 16 | 2t | N 18 13 Fal 16 10 { 12 12 10 1 1 266
COLUMN
TOTAL
11.7112.0] 6.0] 6.8 3,4} 3.6] 7.9| 4.1 | 6.8 4.9 | 7.9 | 6.0 | 3.6 | 4.5 | 4.% | 3.6 | 0.4 [ 0.4]| 100

191



STATION:

Grande

PERIOD: 1968 to 1979 PRECIPITATION (mm)
— ROW
1 2 3| 4 5 6 | 7-8] 9-10|11-13| 14-16 | 17-20 | 21-25 ] 26-30 | 31-40 | 4150 | 51-70 | 71-90 | »51 TOTAL
1| 3 18| 13| 10 7| 10 5 3 4 4 3 2 i 1 121 45.7
o 2 3 6 3] 4 9 8 7 4 4 1 5 2 3 2 71 26.8
L
=)
=
e
E 3 1 2 2 3 3 1 5 2 3 4 1 4 1 1 1 2 12.8
B
&
[ ]
% 4 1 1 4 1 2 2 3 3 17 6.4
[
o
[+ 44
a 5 1 2 1 | 3 3 2 1 14 5.3
% i
=
[T1)
= 4 1.9
6 1 1 2 .
5
L
i
F
S i 1 2 0.4
8-9 1 1 0.4
1012 0 0.0
> 13 1 1 0.4
sal 23! {14 {18l . | 17 12 10 16 18 1% 7 t2 10 5 3 1] 269
COLUMN
TOTAL
14.3} 8.7! 6.8{ 5.3{ 6.8} 7.9 6.4| 4.5 | 3.8 6.0 | 6.8 | 5.7 | 2.6 | 4.5 { 3.8 {1 1.9 | 1.1 | 6.4 100 ]

291



STATION: Chipewyan Lakes
PERIOD: 1967 to 1979 PRECIPITATION {(mm)
— ROwW
1 2 11 4 5 6 | 7-81 9-10| 11-13] 18-16] 17-20 ] 2125 | 26-30 | 31-40 [ 41-30 | 51-70 | 71-90 | >9! TOTAL

11 28f 14| 21 7 2 7 4 3 8 | 1 94 24.8

2 5 6 3| % 1 7 3 2 10 3 ) 3 1 3 59 28.1
v
D
<L
(]
z 3 2 | 2 4 1 1 2 3 2 5 1 1 25 11.9
=
oS
e
a.
= 4 1 3 2 1 1 2z 2 1 13 6.2
L
o
o
5
o 5 1 2 | 3 1 8 1.8
[T}
m
5
=
E,:' 6 1 1 ! 1 2 ] 2.9
'_
|
Q
L
2 3 1 1 0.4
g .

8-9 2 2 0.8
10-12 1 ' 0.4
213 1 1 0.4
2| 2 18| 12 3 16 | 14 7 22 7 11 f1 10 1" 1 2 2 9 | 210
COLUMN
TOTAL
15.210.0( 8.6! 5.7| 1.4] 7.6 6.7 3.3 {10.% 3.3 | 5.2 | 5.2 | 4.8 | 5.2 | 0.4 | 0.8 | 0.8 | 0.0 100

£ol



STATION: Christina
PERIOD: 1967 to 1979 PRECIPITATION (mm)
‘ ROW
1 2 3] 4 5 6 | 7-8] 9-10] 11=131 14-16 17-20 | 21~25 | 26~30 | 31-40 } 41-50 | 5170 | 71-90 | >91 TOTAL

t] 20] 20 3] 9 4 4 3 4 3 2 2 4 1 1 1 97 38.8

2 4 4 6| 7 4 4 7 7 3 5 6 6 1 3 2 2 72 29.0
(7, ]
E
=]
z 3 2 1| 4 1 2 3 2 3 2 6 3 1 3 2 1 36 14.5
12
Ly
el 1 1 1 t 3 4 5 2 3 2 1 24 9.7
b
g
[V
O 3 1 3 1 1 1 i 1 g 3.6
[+
[*¥]
m
E
=
w 6 1 1 1 2 1 1 7 2.8
>
5
[ 5
[¥V]
2 7 1 1 0.4
[e]
[&]

§-9 1 1 0.4
10-12 1 2 3 1.2
> 13 0 0.0
241 26| 10| 2 9 | 11 | 14 15 1 15 1w | 2 g 1 5 8 5 1| 250

COLUMN
TOTAL )
9.7110.5) 4.0| 8.5 3.6 4.4] %.6] 6.0 | 4.4 6.0 | 7.7 1 8.5 | 3.6 | 4.4 | 2.0 | 2.8 | 2.0 { 0.4] 100

7ol



STATION:

Panny

PERIOD: 1966 to 1979 PRECIPITATION (mm)
ROW
1 2 3 4 5 1 6 7~8 9=10 | 11=13 14=16 { 17=20 [ 21=25 | 26=30 | 31-40 | 41-50 | 5170 { 71=00 | >91 TOTAL
| 24 16 11 13 -] 7 °] 6 ] 1 2 1 2 110 44.4
o 2 2 6 i 3 5 5 7 4 7 5 5 4 1 ] 1 66 26.6
x
3
e 3 2 1 1 4 1 4 3 2 1 1 2 H 2 25 10.1
=
&
o _
%J 4 t 1 1 3 3 2 1 2 3 1 1 1 20 8.1
(VA
[@]
o
b5 1 1 1 2 4 1 2 3 1 16 6.5
=
=2
<
l;.'l
- 6 1 1 3 1 6 2.4
=
&
ur
=
3 7 1 z 3 1.2 1
B-9 2 2 0.8
16-12 4] 0.0
> 13 Q 0.0
26 24 21 17 16 i3 22 15 18 1" 13 12 [ 14 4 6 3 1 248
COLUMN
TOTAL
10.% 9.7 8.5 5.9 6.5 5.2 8.9 5.0 7.3 4,4 5.2 4.8 2.4 5.6 1.6 2.4 1.2 0.4 100 1

594



STATION: Lambert Creek
PERIOD: 1969 to 1979 PRECIPITATION (mm)
o ROW
1 2 3 4 5 6 | 7-8| 9=-10[11=13| 14=16[ 17-20 | 21-25 { 26-30 | 31-40 | 41-50 [ 51-70 | 71-90 | >ot TOTAL

1 15 14 81 12 & 5 4 4 2 2 2 1 1 86 46.0

2 7 7 7 4 5 9 2 2 4 5 2 2 i 57 30.5
L)
b
<L
(]
& 3 t t 1 1 5 2 2 2 3 2 20 10.6
=
<
Lo
a.
o 4 1 1 2 1 1 i 3 10 5.3
J
vy
[N
[
o
o B 1 1 1 f 3 1 1 9 4.8
w
m
5
=
> 6 2 2 1
5
(&)
Tt
W
Z 7 i { 1 3 1.6
(8]

&~9 2 o 0.0
10=12 0 0.0
213 0 9.0

2] 21 16| 18 8 6 9 20 B8 7 9 8 2 7 7 1 0 1 187
COLUMN
TOTAL _
11.6011.1 ] 8.5] 9.5| 4.2| 3,2| 4.8| 10.6] 4.2 3.9 | 4.8 | 4.2 | 4.8 | 3.7 { 3.7 | 0.5 | 0.0 | 0.5} 100

991



STATION: lLegend
PERIOD: 1969 to 1979 PRECIPITATION {ram)
~1 ROW
1 2 5| 4 5 6 | 7-8] o-10] 11=13| 14-16 | 17-20{ 21-25 | 26-30 | 3140 | 41-50 | 51-70 | 71~90 | >91 TOTAL
t| 32] 18 | 12 [ 1 6 9 7 3 3 2 1 1 2 127 47.6

w 2 3 3 5) 2 4 5 5 8 6 3 5 5 1 4 2 62 23.2
z
a
s
=3 1] 3 1 2 4 1 2 2 5 6 3 4 2 16 13.%
e
o
Q
ooy 2 5 1 2 2 2 3 1 18 5.8
o,
'
Q
oz
4 o5 1 1 2 2 1 2 2 3 1 1 16 6.0
5
=
bal
= 5 1 1 2 0.8
5 .
[ &)
[
[%2]
b
Q
S 1 1 2 0.8

8-9 1 1 2 0.8
10-12 2 2 0.8
> 13 o 0.0

35| 19] 15] 17 { 18 | 14 | 18 17 16 1" 17 | 17 8 18 3 9 1 1| 267
COLUMN
TOTAL
13.1] 7.2| s5.6| 6.3 6.8] 5.3 6.8 6.3] 6.1 4.2 | 6.3 | 6.3 | 3.0 | 6.8 | 1.1 | 3.4 1 0.4 | 0.4] 100

L9



STATION: Edra
PERIOD: 1969 to 1979 PRECIPITATION (mm)
ﬁ — : ROW
! 2 3| 4 5 6 | 7-81 9-10 [ 11=13| 14-16 | 17-20 | 21-25 | 26-30 | 31-40 | 41-50 | 51-70 | 71-90 | >91 TOTAL
. ]
1 23 16 10f 17 8 4 6 5 3 2 2 1 1 104 40.6
w2 2 6 61 3 & | 12 6 9 1" 2 5 3 1 4 2 18 30.5
5
3
=3 21 1 4 4 3 5 1 3 2 1 1 27 10.5
=
0.
&
‘clfl 4 1 H 2 2 3 3 1 3 2 2 20 7.8
[
[
&
Mmos 2 1 2 2 1 2 3 ! 2 16 6.3
;
wl
=
E 6 1 1 b3 1 1 6 2.3
[¥]
w
(%23
=
a8
7 1 1 2 0.8
8-9 1 1 0.4
10-12 2 2 0.8
113 4] 0.0
251 22| 18| 2 14 { 16 | 17 15 22 1 18| 12 8 14 6 5 2 4 | 256
COLUMN - :
TOTAL .
9.8] 8.6/ 7.0] 8,2{ 5.5] 6.3{ 6.6 5.8] 8.6 4.3 | 7.0 | 4.7 | 3.1 5.5 | 2.3 | 2.0 | 0.8 | 1.6] 100

891
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11.4 NUMBER OF DAYS EACH MONTH WITH MEASURABLE PRECIPITATION

t1.4.1 MAPS Network
This appendix contains tables for each station in the MAPS
network of the number of 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 npot 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 of a series of mlssing months.



Station:

Stony Mountain

YEAR MONTH

Jan. Feb. Mar . Apr. May June July  Aug. Sept. Oct. Nov . Dec.
1976
1977 8 9 13
1978 8 6 8 8 18 13 12 21 18 13 12 10
1979 8 1 6 15 7 13 11 1 é 4 9 11
1980 10 5 13 T 9 11 17 18 18 2 16 14
1981 7 7 10 10 7 14 8 2% *1 15 10 14
Mean 8.3 7.3 19.3 11 0.7 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 1 13 15 18 14 17 21 18 15 12 14
Min. 7 5 6 8 7 t 8 11 2 2 6 1

0Ll



Station: Muskeg

YEAR MONTH

Jan. Feb., Mar. Apr. May June July Aug. Sept. 7 Oct. Nov. Dec.
1976 7* - -
1977 7 5 10 4 12 T 14 13 8 8 10 9
1978 7 2 6 8 10 15 14 14 16 10 12 10
1979 7 10 10 17 11 19 14 12 10 6 8 5
1980 6 7 11 3%
1981
Mean 6.8 6.0 9.3 9.7 11.0 11.7 14.0 13.0 11.3 8.0 10.0 8.0
St. Dev. 0.5 3.4 2.2 6.7 1.0 3.1 6.0 1.0 4.2 2.0 2.0 2.6
Max. 1 10 1 17 12 15 14 14 16 10 12 10
Min. 6 2 6 4 10 9 14 12 8 6 8 5

— e

LLd



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 10 10 15 6 13 1 9 13 1M 3 8
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.
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.
Max. 6 10 15 15 13 13 17 20 15 11 7 9

Min. 5 2 8 2 2 " 11 9 13 2 3 7

AN




Station: Mildred lLake

YEAR MONTH _

Jan. Feb. Mar. Apr. May June July Aug. Sept. Dct. Nov. Dec.
1976 9 - -
1977 9 11 6 2% - " 13 - - *3 12 10
1978 7 3 7 6 14 15 16 16 14 9 12 13
1979 7 13 11 12 9 8 [ 12 10 9 7 7
1980 7 4 1 1 12 6 14 15 13 2 9 15
1981 9 7 7 6 7 12 12 4 3 13 3 10
Mean 7.8 7.6 8.4 6.3 10.5 10.6 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

el



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 10 12 11
1979 8 13 14 14 13 12 16 12 - *3 7 "
1980 7 4 15 2 10 8 20 21 17 2 10 13
1981 7 6 7 12 4 13 7 5 8 16 10 9
Meén 7.0 7.4 11,0 9.5 9.5 10.0 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

vil



Station: Fort Hills

YEAR MONTH

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

1976 4 6% - -
1977 9 12 6 5 10 - - 10 11 6 2 7
1978 6 3 6 6 13 11 13 14 14 5 10 7
1979 3 7 8 9 5 9 9 [ 9 6 4% -
1980 - 4 6 1 8 9 13 14 12 2 4 9
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 10 9 2 2 7

o e e e e A ettt e A - e e e

7



Station: Richardson

YEAR MONTH

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

1976 7 g% - -
1977 - 7 4 6 10 15 13 10 1 5 2% -
1978 8 2 8 8 2% - 14 12 13 11 12 1
1979 7 10 11 19 7 10 13 16 18 10 9 8
1980 15 8 10 7 8

1981

Mean 10.0 6.8 8.3 10.0 8.3 12.5 i3.3 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 1 12 11
Min. 7 2 4 6 7 10 13 12 7 5 9 8

9L



Station: Birch Mountain

YEAR MONTH :

Jan. Feb. Mar. Apr. May June July Aug. Sept. 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 3 9
1979 5 12 11 17 13 8 10 17 9 7 7 4
1980 9 6 11 6 7

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 17 18 13 12 13
Min. 5 5 8 6 13 8 10 12 7 5 7 4

e A b b e e e e

LL



Station: Firebag

YEAR MONTH

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
1676 g#* - -
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 6 13 11 12 5 g 12 15 13 8 7 6
1980 1" 11 13 3%
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 0.0 0.6 3.2 3.8 7.2 2.3 2.0 3.1
Max. " 13 1t 12 5 9 13 14 17 12 11 12
Min. 6 3 7 8 5 8 7 8 3 8 7 6

8Ll



179

11.4.2 Foresty Sfafjons :

This appendix contains ogives in table form of the number of

days in each summer wmonth from 1966 +to 1979 with medsurable
praecipitation. Also included are the mean, maximum, and minimum
values, along with the standard deviation and the number of years of

record. Ogive values are in percent.



Month:  June
Cl KN LA ED BN RI JE LG B! BM MY CR_JO PA CY EL TW MJ MM GL GE AL ST (K P
5 7 8
6
7 7 14 7 7
8 40 14 14 7 7 14 14 7 7 7 7
9 36 7 77 2 7 317 29 14 29
10 9 7 14 29 21 21 14 8 21 31 33 23 21 7 14 29
11 43 36 .14 29 29 29 29 42 59 29 21 29
12 64 21 21 56 29 43 29 a3 23 38 50 62 36 36 50 57 36 43 29 36
13 80 86 43 29 79 50 57 36 50 31 64 43 57 75 7 S0 50 36 43 50
14 100 100 64 S0 36 8 57 a3 57 57 71 46 58 77 50 64 57 64 . 50 57
15 8z 64 S50 93 79 M 64 7T T 71 19 54 67 64 79 100 8 64 79 57 57 719
16 93 57 93 79 86 85 92 62 715 7193 7t 86 71 19 86
17 91 100 64 86 93 93 85 93 53 75 86
18 100 79 100 93 100 92 100 100 92 85 79 93 100 93 100 93
19 86 93 100 100 100 92 o3 100
20 93 100 100 106 100
21 100 100 100 100
22 100 100
Min. 8 7 10 10 9 5 9 9 8 7 8 16 8 5 9 10 7 10 12 7 10 & & 8 8
Mean 1 14 14 16 12 14 14 14 13 14 15 13 13 13 13 14 13 13 12 13 13 14 14 13
Max . 14 14 18 17 22 18 21 22_ 21 18 1% 19 T8 18 19 z0 21 20 15 21 20 18 20 18 1%
St. Devd 2.6 2.2 2.5 2.1 3.6 3.0 2.7 3.6 3.5 3.4 3.1 2.3 2.5 4.3 3.6 3.5 4.0 4.0 1.2 4.1 3.7 3.5 3.8 3.1 3.9
No. 5 14 11 14 14 14 14 14 14 14 14 13 14 13 12 13 14 14 4 T4 14 t4 14 14

14

CEi



Month:  July
Cl KN LA ED BN R JE LG B M My CR JO PA CY FL TW MU MM Gl GE AL ST (K CP
5
6 8 7
7 25 7 17 7
8 7 9 14 14 25
9 ral 27 T 14 7 14 21 14 35 14 7 29
10 3% 36 21 7 29 1429 21 7 3 7 7
1A 50 4z 29 3% 2 7 21 2 7 29 14
12 43 63 29 29 43 3% 29 14 36 29 A 4 25 36 729
13 57 3% 3% 50 36 43 43 21 14 43 5S¢ 50 29 21 43 % 29, 14 36
14 9 73 50 43 79 43 30 57 50 43 50 75 64 43 29 50 30 36 43 o4
15 75 82 57 50 57 29 57 &4 50 7t 43 64
16 100 93 A 57 &4 8 57 57 1M 50 &4 57 83 7% 57 75 79 64 50 43 77
17 100 79 64 79 7 57 M 79 93 M n 79 50 86
18 100 64 71 100 B6 79 86 8 8 8 8 8 92 86 79 93 93 M 57 79
19 79 719 93 100 93 93 93 100 93 100 93 100 100 93 64 100 86
20 93 93 100 100 86 100 100 79 100
2t 100 100 100 100 100 100
22 100 100 100
23 100
Min. 7 8 8 9 g g ¢ g 8 7 12 # 1c 8 6 6 9 1 12 11 9 710 12 10
Mean 12 13 12 i 15 13 15 14 14 15 16 % 16 15 13 1Z 15 16 15 14 14 15 18 15 15
Max . 16 18 17 23 18 19 21 22 2 2 19 22 20 19 22 21 19 19 20 20 2% 19 20
St. Devd 3.6 2.9 2.9 4.3 4.0 2.8 3.3 3.8 3.9 4.3 2.4 2.5 2.3 4.0 4.2 4.0 4.2 3.0 2.6 2.7 3.9 4.0 4.0 2.0 3.3
No. 4 14 13 14 14 14 14 14 14 14 14 14 14 14 12 14 14 14 4 14 14 14 14 14 14




Month:  Augus?t

Cl KN LA EC BN RI ;}E LG Bl BM MY (R JO PA  CY EL TW MU MM 5L GE AL ST CK CP
4 9 7
5 18 7 7 7 7 7
& 27 14 14 7 7 7 7 14 7
7 25 29 36 14 29 7 14 14 29 7 14 8 7 7 21 25 7 21
8 45 7 36 29 14 36 14 29 17 2 14 36 21 714
g 50 3% 55 21 29 50 14 2t 36 36 29 21 21 36
10 75 20 - 63 36 57 21 29 21 36 25 50 29 43 43 29 29 21
1 100 57 43 50 3% 36 50 50 43 43 43 42 57 3% %0 50 36
i2 71 57 57 57 57 7 57 50 50 &4 50 57 51 36 50 36 50
13 B6 82 64 64 64 79 29 K 57 9 64 79 25 64 50 64 43 50 57
14 93 91 i 7 1l 7% 86 86 57 79 79 58 86 86 75 71 ge 79 57 57 7
15 B6 100 86 86 93 19 1 86 75100 100 72 86 7 86
16 100 93 93 86 100 86 86 86 83 93 B6 93 100 &5 64 93
17 100 100 100 95 93 93 92 100 100 93 86
H:] 100 93 100 100 93
19 93 100 93 100 100 100
2¢ 100 100 !Ob 100 100
21 100
Min. 7 7 4 8 7 5 5 7 6 7 6 4 7 6 7 7 6 7 13 5 5 7 8 5 6
Mean 9 9 c 1 10 11 13 13 1 11 14 12 12 12 13 11 1" 10 15 iz 12 12 13 13 12
Max . 11 17 16 17 15 17 20 20 21 16 20 18 19 20 18 15 17 i5 1720 17 16 19 19 19
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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-point compass) against time of day at selected MAPS stations
(Mildred Lake, Muskeg, Birch Mountain and Steny Mountain) for four
selected months {(January, April, July, and October). Frequencies are

in percent. Contour interval is 5% beginning at 5%.
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