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FOREWORD

Upgrading facilities like Syncrude's are designed in such a way that
they can operate within their respective emission guidelines and remain within
the ambient air quality standards. However, under certain extreme meteorolog-
ical conditions, or under plant upsets, ambient air quality standards are not
always met. In this situation supplementary emission control might be appro-
priate because it is designed to maintain air quality standards. It is based
on the concept that by reducing emissions shortly before the onset of and dur-
ing unfavorable meteorological conditions, the ambient air quality standards
can be maintained. This makes necessary a predictive scheme which is capable
of reliably forecasting, several hours in advance of real time, any impending
contraventions of the standards. The development of input parameters to such

a scheme is the purpose of the work described in this report.

Syncrude's Environmental Research Monographs are published verbatim
from final reports of professional environmental consultants. Only proprie-
tary technical or budget-related information is withheld. Because Syncrude
does not necessarily base decisions on just one .consultant's opinion, recom-
mendations found in the text should not be construed as commitments to action

by Syncrude.

Syncrude Canada Ltd. welcomes public and scientific interest in its
environmental activities. Please address any questions or comments to Envi-

ronmental Affairs, Syncrude Canada Ltd., 10030 - 107 Street, EDMONTON,
Alberta, T5J 3E5.
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EXECUTIVE SUMMARY

Syncrude Canada Ltd. operates an oil sands extraction plant
in the Athabasca Tar Sands region of northeastern Alberta.
Although this facility is designed to maintain resulting ground
level air quality within the objectives of Alberta Environment,
exceedances of these objectives may occur in extreme meteoro-
logical conditions. If these conditions were to be predicted in
advance, then plant emissions could be adjusted in order to

maintain ground level air quality at a desirable level.

The purpose of this study is to develop a forecast scheme,
based on analysis of historical, site specific data, which will
allow prediction eight hours in advance of real time of those
parameters which are required to predict ground level air quality.
Specifically, these predictands are: wind speed and direction at
stack and plume heights, vertical temperature gradient at stack
beight, mixing height and horizontal fluctuations of wind

direction.

Development of the forecast scheme for predictands relating
to wind and temperature employed multiple linear regression
analyses. Historical data for these parameters were obtained from
analysis of 2 399 pibal observations and 2 289 minisonde
observations made near the Syncrude plant site over the years 1975

to 1979 inclusive.
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Concurrent data for the predictors used in the regression
equations were obtained from the following national, regional and
local sources: the 850 mb pressure level wind field prepared by
the Canadian Meteorological Centre (CMC), radiosonde temperature
profiles obtained at Fort Smith and Stony Plain, upper air wind
profiles and hourly surface records from the Fort McMurray
airport, winds and the temperatures from the Tall Tower, and
finally, surface winds from the towers at Stony Mountain and

Mildred Lake.

In this study approximately half the observations of
predictands were randomly selected for purposes of deriving
forecast equations. They formed the derivation set of data. The
remaining data formed the verification set. Regression analyses
and evaluations were done using the Statistical Analysis System
(SAS) computer program package available from the SAS Institute

Inc., P.0. Box 10066, Raleigh, North Carolina 27605.

Regression equations were not derived for wind direction
because of the circular nature of the variable. Equations were
developed instead for the u component (east-west) and the v
component (north-south) of wind velocity at stack and plume
heights. The u and v components of velocity can be used to
calculate wind direction. Forecasts of winds were evaluated at
two plume heights determined by the methods of Briggs and of
Djurfors - Netterville. The 1latter method takes into account

windspeed shears with height.




Regression analyses for wind parameters have shown that the
most important sources of meteorological data for the forecast
scheme were the CMC 850 mb wind analysis, Fort McMurray airport

surface data, Mildred Lake winds and time of day and day of year.

Regression equations were tested on the sets of data used for
derivation and verification. Values calculated for the squares of
the multiple correlation coefficient (R?) using the derivation set
ranged from 0.50 to 0.59. This means that 50 to 59 percent of the
total variation of the predictands about their respective mean
values was explained by variability in the predictors (i.e. 850 mb
winds, Fort McMurray airport winds etc.). Values of R? using the
verification set of data ranged from 0.33 to 0.55. Standard
errors of estimate for wind speeds obtained using the verification
data were about 40 percent of mean values. Errors in predicted
wind directions were typically about 55 degrees. There appeared
to be no difference in forecast ability for winds at the two plume

heights.

The forecast scheme for temperature related parameters
required derivation of forecast equations for vertical temperature
gradient at stack top, conventional mixing height and kink mixing
height. Conventional mixing height is the heigh: at which a dry
adiabat through the surface temperature intersects the temperature

profile. Kink mixing height is the height at which the rate of

change of temperature with height is maximum.
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Regression analyses for vertical temperature gradient have
shown that the most significant sources of data are the time of
day, day of year and the Fort McMurray Airport surface record.
Values of R? calculated using an equation based on these sources
for the derivation and verification sets of data were 0.29 and
0.27 respectively. The standard error of estimate obtained using
the verification data was about 300 percent of the mean observed

vertical temperature gradient.

Regression analyses for mixing heights were performed using
data for 1400, 1500 and 1600 hours only. These times were
determined by the availability of the first daily radiosonde
information and the 8 hour forecast time. The most important
sources of meteorological data were the time of day, day of year,
Fort McMurray airport surface observations and radiosonde
temperature profiles from Fort Smith and Stony Plain. Temperature
gradients between the 90 and 152 m levels of the Tall Tower were
also important, but were mnot included in the final analysis

because the Tall Tower is no longer in operation.

Values of R2Z calculated using the forecast equation for
conventional mixing height based on the above sources for the
derivation and verification data were 0.30 and 0.20 respectively.
Values for the kink mixing height were 0.29 and -0.16
respectively. Standard errors of estimate obtained using the
verification data were 63 and 72 percent of the mean observed

conventional and kink mixing depths, respectively.
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Development of  the forecast  scheme for horizontal
fluctuations of wind direction was based on a less sophisticated
approach than the one taken for wind and temperature parameters.
Wind fluctuation data from the 152 m level of the Tall Tower for
the months of January, April, July and October for the years 1977,
1978 and 1979 were analyzed according to atmospheric stability,
windspeed and season of the year. Horizontal wind direction
fluctuations were found to depend on season, windspeed «class
(greater than or less than 10 km hr 1) and atmospheric stability
(stable, neutral or unstable). Forecast information relating to
atmospheric stability and windspeed can be used to give an

indication of horizontal wind direction fluctuation.
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ABSTRACT

A forecast scheme has been developed for predicting 8 hours
in advance of real time the observed wind and temperature fields
at the Syncrude Canada Ltd. Athabasca Tar Sands extraction plant
in northeastern Alberta. Such a scheme could allow for the
maintenance of ground level air quality within desirable limits by
controlling plant operation and resulting stack emissions
according to the forecasted dispersion potential of the local

atmosphere.

Multiple linear regression techniques were used to derive
forecast relations between site specific wind and temperature
predictands obtained from 2 289 minisonde and 2 399 pibal
observations over the years 1975 to 1979 inclusive, and concurrent
predictors from national regional and local sources of

meteorological data.

Approximately half of the 2 471 wind and temperature
predictand observations were randomly selected to derive forecast
equations. Values for the multiple correlation coefficients
squared (R2) for wind and temperature regression equations were
about 0.55 and 0.29 respectively. Testing of the equations with
the remaining portion of observations gave R? values for wind

and temperature predictands of about 0.48 and 0.10 respectively.



Site specific data for horizontal fluctuations of wind
direction from atop a 152 m meteorological tower over the years
1977 to 1979 inclusive, were analyzed according to season,
windspeed and atmospheric stability. Horizontal wind direction
fluctuations were found to be a function of season, windspeed

class and atmospheric stability.
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INTRODUCTION

OBJECTIVES

This report presents information on the development and

evaluation of a planetary boundary layer modelling scheme for the

Athabasca Tar Sands Area in northeastern Alberta. The project was

undertaken by Western Research for Syncrude Canada Ltd. The

objectives were to:

(1) Develop a forecast scheme, based on statistical

evaluation of historical data, for predicting observed

wind and temperature fields eight hours in advance of

real time, using data from national, regional and local

weather stations and monitoring networks.

(2) Develop a computer code for the above scheme, complete

with appropriate documentation.

(3) Test the performance of the above scheme

observed independent data.

BACKGROUND

against

Syncrude Canada Ltd. operates an o0il sands extraction plant

located about 50 km north of Fort McMurray (Figure 1).

It may

emit up to 292 tonnes per day of sulphur dioxide from a 183 m high

main stack.
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. Figure 1. Locations of meteorological sites in the vicinity of the

Syncrude o0il sands plant, and the nearest radiosonde
stations.
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This stack is designed such that ground-level air quality will
remain within the ambient objectives under most meteorological
conditions. During some situations, for example those relating to
fumigation, plume trapping, or high winds, concentrations of
ground-level sulphur dioxide may exceed the air quality

objectives.

To attain a zero exceedance policy, an air quality prediction
scheme must be used. Such a scheme would require accurate
forecasts of meteorological variables some eight hours in advance
of real time in order that required changes in plant procedures be
implemented. Specific meteorological parameters needed for an air
quality modelling scheme are: wind speed and direction at plume
height, vertical temperature gradient at stack height, mixing
layer height and turbulence levels. Information specific to the
oil sands area for these parameters is available from minisonde
and pilot balloon data obtained from 1975 to 1979, and from

meteorological tower data.

The Canadian Atmospheric Environment Service (AES) issues
forecasts of wind and temperature that tend to be regional rather
than site specific due to the relative coarse grid spacing
associated with their forecast model. For this reason, AES fore-

casts cannot usually be accurately applied to a specific site.
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This is true of the Athabasca 0il Sands area near Fort McMurray
where terrain effects appreciably influence the wind field. AES
forecasts may be adjusted by statistical means to make them more
specific to the o0il sands area. This may be done by establishing
a statistical relationship between forecast model outputs and
meteorological parameters measured within the area of Fort

McMurray.

Two methods - can be used to develop and test statistical
relationships between a desired predictand and a number of
predictor variables from a numerical model. The difference
between the two methods lies in the nature of predictor data used
in the development phase. One method, called model output
statistics (MOS), uses as predictors values from a numerical model
applicable at a required time. The other method, called the
perfect prog method, uses actual observed values at the required
time. Both methods utilize predicted numerical model parameters

during the forecast phase.

Ideally, the MOS method could be used in developing a fore-
cast scheme between the desired predictand and a number of
predictor variables. Unfortunately, predicted meteorological
parameters are not available from AES for the period over which
minisonde and pibal data from the oil sands region are available.
Therefore, the perfect prog method has been adopted for the

forecast scheme.




METHODS
FORECAST SCHEME

Theory

Multiple linear regression was used to relate one variable,
Y, called the dependent variable or predictand, to k other
variables, Xi’ called the independent variables or predictors.
The result is an equation which can be used for estimating the

predictand as a linear combination of the predictors:

Y=A +A X3 +Ap X+ .on... + A X (1)

The carat indicates an estimate and the Ai's are the regres-
sion constant and coefficients. They are determined such that the
sum of the squares of the estimation errors, Q, is a minimum on

the developmental samples of size n. That is:

n
Q=32 (y. - §j)2 = minimum (2)
There are several methods for screening predictors to include

in a regression equation. The one adopted for development of the

forecast scheme is called the forward stepwise method.



6
The first step in the procedure is to select the variable which
correlates most highly (in either a positive or negative sense)
with the predictand. This is the variable which explains a
greater fraction of the predictand variance than any other of
those available. The next step is to select the variable which,
together with the first, reduces the residual variance the most.
Selection can continue in this way until some special cutoff
criterion is met. Usually, the cutoff criterion is some function
of the reduction of residual variance afforded by the next best
predictor. A discussion of the screening technique and the

necessary matrix operations is given by Efroymson (1960).

PREDICTANDS

Some meteorological parameters required for am air quality
prediction scheme, specifically the mathematical and physical

components, are:

(1) wind speeds at stack and plume heights

(2) wind directions at stack and plume heights

(3) vertical temperature gradients at stack height
(4) height of mixing layer

(5) standard deviation of horizontal wind fluctuations
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Forecast schemes for the first four predictands were
developed using the perfect prog statistical approach. A forecast
procedure for the standard deviations of horizontal wind

fluctuations was developed using a less sophisticated approach.

Wind at Plume Height

Wind speed and direction may be used to estimate plume rise,
determine plume position, indicate turbulence levels of the
atmosphere and hence estimate ground level pollutant

concentrations.

In order to derive predictands relating to wind speed and
direction at plume height, it is first necessary to know the plume
height. Plume height is the sum of the physical stack height and
the plume rise. Plume rise was determined with formulations
developed by Briggs (1971, 1975), and by Djurfors-Netterville
(1978). They are similar except the Djurfors-Netterville
formulations take into account wind speed shears. Details of the

plume rise equations are given in Appendix I.

Regression of wind direction posed a problem because of the
circular nature of the variable. It was decided to examine
separately the east-west (u-component) and the north-south
component (v-component) of wind velocity. Since the mean square
of each component is minimized by the regressions, the mean square

vector error is also minimized.
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Thus, three parameters were used for estimating wind
velocity. These are wind speed and the u and v components of
velocity. The u and v components can be used to calculate wind
direction. Since predictands relating to wind speed and direction
are required at three levels (stack height and plume heights
according to Briggs and Djurfors-Netterville), there were a total

of nine equations for wind parameters.

Predictands felated to wind were obtained from 2 352 pilot
balloon observations made in the vicinity of the Syncrude oil
sands extraction plant during the years 1975 to 1978 inclusive.
The annual distribution of these observations is shown in Figure
2. There were relatively few observations in December and from
mid April to mid June. The distribution of pibal observations
according to hour of the day is shown in Figure 3. All data were
collected during day light hours. Most of the observations were

made from 4 to 17 hours.
Vertical Potential Temperature Gradient at Stack Top

Vertical temperature gradients are required to determine
atmospheric stability for plume rise considerations and to
calculate the Brunt-Vaisalla frequency in stable conditions. They

may also be used to estimate mixing heights.
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Temperature gradients for use in developing a forecast scheme
were obtained as the average temperature difference over the
hundred meters extending from stack top to 283 m. The necessary
information was available from 2 289 minisonde observations which
were generally made at the same time as the pibal measurements.
Occasionally minisonde data were missing but temperatures were
available from the 90 and 152 m levels of the Tall Tower. Under
these circumstances the Tall Tower data were used to estimate

temperature gradients.

Height of Mixing Layer

The height and variability of the mixing layer is important
in the assessment of fumigation and plume trapping situatioms.
There are two different methods for estimating the wmixing

height: the conventional method and the kink method.

In the conventional method, the mixing height is the height
above ground at which the dry adiabat through the surface tempera-
ture intersects the temperature profile. In the kink method, the
mixing height is the first point at which the rate of change of

potential temperature with height is maximum (Kumar 1979).

Data for mixing depths evaluated by both the conventional and
the kink methods were obtained from the 2 289 minisonde

observations made near the Syncrude oil sands extraction plant.
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The forecast scheme will provide estimated values of mixing
depths eight hours in advance of real time. Predictor variables
will be derived from radiosonde data. The first radiosonde
information for the day is obtained at 0500 MST (1200 GMT) and is
generally not available until 0600. Therefore, the earliest time
for which an eight-hour forecast can be made is 1400. In
consequence, mixing depths were evaluated from the minisonde
observations only for the hours 1400, 1500 and 1600. During non
winter seasons when the conventional mixing depth may exceed 800
m, its value was taken as the average seasonal maximum value given
by Portelli (1977). These values are 1 240, 1 730 and 870 m for

spring, summer and autumn, respectively.

Of the 2 289 minisonde observations, 471 were analyzed for
mixing depths. A distribution of these observations as a function
of time of year is shown in Figure 4. Most of the observations

were made during the winter and early spring.

Standard Deviation of Horizontal Wind Fluctuations

Horizontal plume dispersion is related to horizontal fluct-
uations in wind direction. Greater fluctuations are associated
with greater plume dispersion. As horizontal plume dispersion
increases, ground-level concentrations of plume constituents

decrease.
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Wind fluctuation data were obtained from the Tall Tower, a
152 m high meteorological tower located in the Athabasca River
valley, near the Syncrude o0il sands extraction plant. Hourly
information relating to wind direction ranges was abstracted for
representative seasonal months (January, April, July, October) for
the years 1977, 1978 and 1979. These ranges were divided by six
to approximate standard deviations of the horizontal wind
fluctuations, Og- This approximation has been tested for
horizontal standard deviations by Markee (1963). It is based upon
the assumption that the distribution of wind directions within the

observed range is normal. If such is the case, then 6 should

%

represent about 99 percent of the observations within the range.

Summary

A list of the predictands for which forecast techniques were

developed is given below:

(1) stack height wind speed

(2) plume height (Briggs) wind speed

3 plume height (Djurfors-Netterville) wind speed

(4) stack height u-component of wind velocity

(5) stack height v-component of wind velocity

(6) plume height (Briggs) u-component of wind velocity
@) plume height (Briggs) v-component of wind velocity
(8) plume height (Djurfors-Netterville) u-component of

wind velocity
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(9) plume height (Djurfors-Netterville) v-component of

wind velocity
(10) temperature gradient in the vicinty of stack top

(183 to 283 m)

(11) conventional mixing depth
(12) kink mixing depth
(13) standard deviation of horizontal wind fluctuations

PREDICTORS FOR WIND AND TEMPERATURE

There are a wide variety of possible predictors which might
be employed in a forecast scheme. These include both observed and
forecast local and regional data as well as time of day and day of
year. Locations from which data may be obtained have been shown

in Figure 1.

Local Meteorological Data

Meteorological information related to wind, temperature, and
precipitation is collected on an hourly basis at a number of
locations in the Fort McMurray area. These include the Fort
McMurray airport, the Tall Tower and a network of monitoring
stations (MAPS) operated by Alberta Environment. Only four of

these stations have been in operation since April 1980.

Data related to cloud cover is available from the Fort

McMurray airport.



16
Upper air winds at the Fort McMurray airport are observed by

pibals released up to three times per day.

Regional Wind and Temperature Data

Wind and temperature data at 850 mb (about 1200 m above
surface in the Syncrude plant area) can be obtained twice daily
for the o0il sands area from pressure-height charts, which are

based on information provided by the AES radiosonde network.

Forecast winds at 850 mb can be obtained from forecast

pressure-height charts which are prepared by the AES.

Vertical profiles of temperature are available twice daily,
at 0000 and 1200 GMT, from AES radiosonde stations at Fort Smith
and Stony Plain. These stations lie about 350 km north and 400 km
southwest of Fort McMurray, respectively. Their locations are

shown in Figure 1.

These profiles were used to estimate hourly mixing depths by
modifying the lower portion of the morning sounding (0500 MST)
according to two parameters: hourly surface temperatures at a
ngérby surface station, and temperature change at 700 mb between
consecutive soundings. The estimation procedure is described in a

paper by Benkley-Schulman (1979).
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Time Parameters

Following a suggestion of Glahn and Lowry (1972), time of day
and day of year were incorporated in the forecast scheme to

reflect diurnal and annual cycles.

The time of day parameters, T , were calculated according

day

to the relation:

= o - n
Tgay = 518 [(}m 2) 24] (3)

where HR is hour of the day, from 0 to 23.

The time of year parameter, Tyear’ was calculated according

to the relations:

T
T = sin | (DAY-13.5) —— | (non-leap years) (4)
year [ 365]
T
T = sin | (DAY-14.0) — | (leap year) (5)
year [ 366]

where DAY represents the cumulative day of the year (from 1 to 365

or 366).
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Overview of Predictors Relating to Wind and Temperature

The total number of observations for predictands relating to
wind and/or temperature is 2 471. The number of simultaneous
observations of predictands and predictors from each source of
meteorological data are shown in Figure 5. Predictors which occur
most frequently are those relating to time of day, day of year and
to the Fort McMurray Airport surface data, with the full 2 471
observations. Mixing depths from Syncrude area minisondes
occurred least frequently with only 290 observations. These
mixing depths were determined for omly 3 hours in the afternoon.
Parameters from Alberta Environment monitoring stations (Mildred
Lake, Tall Tower and Stony Mountain) are available less often
because the network did not begin operation until late 1976. Note
that Stony Mountain data is present for only about 400

observations.

Forecast Equations

The reduction of meteorological data from various locations
and the calculations of predictands and predictors relating to
wind and temperature were done by computer. The steps involved
are described in detail in Appendix II. All regression analyses
and data correlations were performed using the Statistical
Analysis System (SAS) computer program package available from the

SAS Institute Inc., P.O. Box 10066, Raleigh, North Carolina 27605.
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Observations for predictands were divided in a pseudo-random
fashion into two nearly equal size groups. Group A, which
contained 1 303 observations, was used to develop the forecast
scheme. Group B, which contained 1 168 observations, was used as

verification data for evaluating the forecast scheme.

The contribution of meteorological data from various
locations to the forecast scheme was evaluated using 4 test cases.
The number of observations used in the regression analysis for
each test case -was limited by the number of simultaneous
observations of all predictors. Thus for example regressions
which included predictors from the Alberta Environment monitoring
network were based on fewer observations than regressions which do
oot include these predictors. Regressions for mixing depths were
also based on only a small number of observations since they were

evaluated only for a three hour period in the afternoon.

Wind and temperature data initially selected as predictors
for the forecast scheme are presented in tables 1, 2 and 3. The
notations O-hour and 8-hour referred to in the tables indicate
relative times of predictor data. The forecast scheme will be

applied at O-hour and the prediction will be wvalid at 8-hour.

The degree of linear dependence between pairs of parameters
to be used as potential wind or temperature predictors (tables 1,

2, 3) and between predictors and predictands was also examined.
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Table 1. Data used in the forecast scheme as
initial predictors of wind speed.

PARAMETERS LOCATION LEVEL TIME
Time of day parameter +& + 0-hour?
[ Time of day parameter + + 8-hour

Time of year parameter + + +

|

\ Windspeed, Fort McMurray surface O-hour
Q u-component of velocity, Fort McMurray surface 8-hour
{ and Fort McMurray plume BS 0-hour
v~-component of velocity Fort McMurray plume D~ O-hour
| Stony Mountain surface O-hour
: Mildred Lake surface O-hour
' Tall Tower surface O-hour
+ 850 mb  0-hour
+ 850 mb  8-hour
Temperature Fort McMurray surface O0-hour

Fort McMurray surface 8-hour

0-hour is the hour at which a forecast is made
8-hour is the hour at which a forecast will be valid
d plume height by the Briggs formulation

plume height by the Djurfors-Netterville formulation
entry not applicable for this parameter

0o
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Table 2. Data used in the forecast scheme as initial
predictors of wind direction components.

PARAMETERS LOCATION LEVEL TIME

Time of day parameter +© * 0-hour?
Time of day parameter + + 8-hour
Time of year parameter + + 0-hour
Windspeed, Fort McMurray surface O-hour
u-component of velocity, Fort McMurray surface 8-hour
and Fort McMurray plume Bd 0-hour
v-component of velocity Fort McMurray plume D~ O-hour
! Stony Mountain surface O-hour

Mildred Lake surface 0-hour

Tall Tower surface O-hour

+ 850 mb  O-hour

+ 850 mb  8-hour

O-hour is the hour at which a forecast is made
8-hour is the hour at which a forecast will be valid
a plume height by the Briggs formulation

plume height by the Djurfors-Netterville formulation
entry not applicable for this parameter

n oo
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Table 3. Data used in the forecast scheme as initial predictors
of temperature gradient and mixing depths.

PARAMETERS LOCATION LEVEL TIME
. £ a
& Time of day parameter + + O~hour
‘ Time of day parameter + + 8-hour
Time of year parameter + + +
Wind speed Fort McMurray surface O-hour
Fort McMurray surface 8-hour
u-component of velocity Fort McMurray surface 0-hour
Fort McMurray surface 8-hour
} v-component of velocity Fort McMurray surface 0-hour
Fort McMurray surface 8-hour
Cloud amount Fort McMurray surface 0-hour
Temperature gradient Tall Tower 90-152 m 0~hour
Temperature gradiente Fort Smith stack topC 0500d
Fort Smith stack top 0-hour
Fort Smith stack top 8-hour
Stony Plain stack top 05009
Stony Plain stack top 0-hour
Stony Plain stack top 8-hour
Convective mixing heighte Fort Smith stack top 0-hour
Stony Plain stack top O-hour

O-hour is the hour at which a forecast is made

8-hour is the hour at which a forecast is valid

mean temperature gradient between 183 and 283 m

morning radiosonde profile

parameter obtained from radiosonde profile modified for the
indicated hour according to the Benkley-Schulman scheme
entry not applicable for this parameter

"anow
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This was done for general information and had no direct bearing on
the development of the forecast scheme. Results of these examin-

ations are presented for the interested reader in Appendix IV.

Regression equations were 1limited to a maximum of 10
predictors. Predictors were selected from tables 1, 2 and 3 such

that they met three criteria.

(1) Inclusion of the predictor must result in a reduction of

residual variance by at least 0.5 percent.

(2) The significance of the predictor included in the equation
must be at least 15 percent as determined by the F statistic

(see Appendix V).

(3) After the addition of the predictor to the equation the
significance level of each predictor already in the equation

must remain at 15 percent or less.
Forecast Scheme for Wind Predictands

Data from four different groups of sources were examined as
test cases in order to determine the best predictors. Sources of
information for each test case are shown in Table 4. As may be
seen test case 1 involved the maximum amount of sources but the

minimum amount of data.
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P‘ Table 4. Sources of meteorological data used as
initial predictors of wind parameters.

TEST CASE SOURCES OF INITIAL PREDICTORS NUMBER OF DATA

1 Time of day, Day of year 150
Fort McMurray surface records
CMC 850 mb analyses
Fort McMurray upper air records
Mildred Lake
Tall Tower
Stony Mountain

2 Time of day, Day of year 481
Fort McMurray surface records
CMC 850 mb analyses
Fort McMurray upper air records
Mildred Lake
Tall Tower

3 Time of day, Day of year 544
Fort McMurray surface records
CMC 850 mb analyses
Mildred Lake

4 Time of day, Day of year 1 108
Fort McMurray surface records
CMC 850 mb analyses
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Each successive test case included less sources but more data.
The square of the multiple correlation coefficient (R2) was used
to evaluate the goodness of the equation for estimating the ¥ of
equation (1). The F statistics were used to indicate the
significance of the relation. Both of these statistics are

defined and discussed in Appendix V.

Results of the regression analyses demonstrated that:

(1) The highest correlations were obtained from the limited data
of test case 1. These correlations however were achieved
without predictors from Stony Mountain. This means that in

the final analysis, sources from test cases 1 and 2 were

identical.

(2) Correlation coefficients for test cases 2 and 3 were similar.

(3) The poorest correlations were achieved for test case 4.

Details of the correlation coefficients, significant predictors

and associated F values are given in Appendix VI.

Based upon the above results it was decided to employ
regression equations developed from test case 3 as the basis for
forecasts. Equations from test case 2 were rejected because they

contained predictors from the Tall Tower which is no longer in

operation.
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Equations derived for the recommended forecast scheme are
shown in tables 5 to 13. These equations were tested using the
verification set of data previously referred to as group B.
Squares of the multiple correlation coefficient calculated using
the recommended forecast scheme are shown im Table 14.
Correlation coefficients obtained using the derivation data are

shown for comparison.

Values of R? in Table 14 calculated using the derivation data
range from 0.50 to 0.59. The means that 50 to 59 percent of the
total variation of wind speeds and direction components about
their mean values are explained by the regression. Values of R2
are slightly less for wind speeds than for wind direction
components. Values of R?Z shown in Table 14 for tests on the
verification data range from 0.33 to 0.55. For wind direction
components, these values are generally comnsistent with those
calculated using derivation data. However, for wind speeds, R2
values were slightly lower. Similarities in RZ obtained using
both derivation and verification data indicate some degree of

stability in the entire data set.

Comparison between predicted and observed wind speeds and
directions using the derivation data are given in Table 15. The
RMS error in wind speeds was about 40 percent of the mean values.

Wind direction RMS errors were about 53 degrees.



Table 5. Equation for estimating windspeed at stack height.

PREDICTOR CUMULATIVE
Parameter Location Level Time COEFFICIENT INCREASE OF R?

Constant +2 + + 1.1588 +

Windspeed Fort McMurray surface 8-hourb 0.5004 .273
Windspeed + 850 mb 8-hour 0.2266 .369
Temperature Fort McMurray surface 0-hour® 0.1036 .420
v-component of velocity Fort McMurray plume Bd 0-hour -0.0364 .449
Temperature Fort McMurray surface 8-hour -0.0716 .461
v-component of velocity Mildred Lake surface 0-hour -0.3346 476
Time of day + + 0-hour 1.1583 .484
v-component of velocity Fort McMurray surface 8-hour -0.1350 .490
u-component of velocity + 850 mb 8-hour -0.0908 .493
u-component of velocity Fort McMurray surface 8-hour 0.0976 .496

anow

plume height according to Briggs

entry not appropriate for this parameter
8-hour is the hour at which a forecast will be valid
O-hour is the hour at which a forecast is made

8¢
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Table 6. Equation for estimating u-component of wind velocity at stack height.

PREDICTOR CUMULATIVE
Parameter Location Level Time COEFFICIENT INCREASE OF R2
Constant +2 + + 4.2001 +
u~-component of velocity Fort McMurray surface 8-hourb 0.5906 .443
u-component of velocity + 850 mb 0-hour® 0.2322 .486
Time of year + + + -4.4162 .511
v-component of velocity Fort McMurray surface 8-hour -0.2062 321
u-component of velocity Fort McMurray plume Bd 0-hour 0.1090 .526 =
Temperature Fort McMurray surface 8-hour 0.0604 .531
Time of day + + 0-hour -1.2042 .538
v-component of velocity Fort McMurray plume Bd 0-hour 0.1020 .543
v-component of velocity + 850 mb O-hour -0.1017 .547

entry not appropriate for this parameter

8-hour is the hour at which a forecast will be valid
O-hour is the hour at which a forecast is made

plume height according to Briggs

an oe



Table 7. Equation for estimating v-component of wind velocity at stack height.

PREDICTOR CUMULATIVE
Parameter Location Level Time COEFFICIENT INCREASE OF R?

Constant +2 + + -2.1760 +

v-component of velocity + 850 mb 8-hourb 0.3466 .268
u-component of velocity + 850 mb 8-hour 0.3087 . 404
v-component of velocity Fort McMurray surface 8-hour 0.4954 .462
Time of day + + 0-hour® 1.6027 479
v-component of velocity Mildred Lake surface O0-hour 0.4948 .493
u-component of velocity Mildred Lake surface O0O-hour ~-0.3526 .505
Time of day + + 8-hour 2.0362 .513
v-component of velocity Fort McMurray plume Dd 0-hour -0.2421 .522
v-component of velocity Fort McMurray plume B® 0-hour 0.1619 .526
v-component of velocity Fort McMurray surface 0-hour 0.2363 .531

entry not
8-hour is

D anoww

appropriate for this parameter
the hour at which a forecast will be valid

O-hour is the hour at which a forecast is made
plume height according to the Djurfors-Netterville formulation
plume height according to the Briggs formulation

o€




Table 8. Equation for estimating windspeed at plume height by the Briggs formulation.

PREDICTOR CUMULATIVE
Parameter Location Level Time COEFFICIENT INCREASE OF R?
Constant <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>