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SUMMARY 

A study of the wtnds of the Alberta Tar Sands region was per

formed by the MEP Company from 1974 to 1976. The objectives 

of thts study were to establish the wind climatology of the 

region in order to pr~dict the dispersion of emissions from 

the Syncrude plant. Detailed studies of the vertical, hori

zontal and diurnal variation of the wind velocity were per

formed. 

The raw data consisted of pibal and minisonde soundings taken 

at least twice daily during the period of the field experiment. 

In addition, three periods of intensive studies, one during 

the winter and two during the summer, were performed. The 

field results were transformed into vertical profiles of· the 

temper~ture, potential temperature, and w·ind velocity. 

Two models of the vertical profile of the wind, a power law 

model and a geostrophic model, were evaluated. The power law 

model was generally the better model in that it produced smaller 

RMS errors more often than the geostrophic model. The geostrophic 

model was more successful during winter 1 imited mixing. 

Several levels were tested as a reference height for the power 

law. The bes~ height was found to be 183 metres. The exponent 

of the power law varied considerably with the stability, while 

the actual reference height used made relatively little diffe

rence, considering the entire data set. 

The diurnal variation of the wind was found to have typical 

characteristics. Surface winds had maximum values at the time 

6f maximum heating and minimum values during mid-morning. 
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Plume layer winds ~ad maxi~um values in early morning and late 

afternoon, with minimum values at the time of maximum heating: 

The wind profile during 1 imtted mixing ,could be approximated 

by an unstable ground based layer capped by a stable layer. 

The wind speed was approximately constant up to the mixing 

height. 

Low level jets were found, most commonly from 200 to 500m, 

where they could have a significant effect on the plume. The 

height of the jets did not correlate well with the mixing 

height or the inversion height, although the jets occur most 

often near those heights. 

The simultaneous winds at the C-13 (Shell) and C-17 (Syncrude) 

leases were qualitatively compared. Little correlation was 

found between the wind speeds at the two locations, but the 

directions generally agreed to within ninety degrees. 
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tNTRODUCTlON 

An atmospheric sounding program was conducted by the MEP 

Company in the Athabasca Tar Sands, from September 1974 to 

S e p t em be r 1 9 7 6 , f q r t fi e p u r p o s e o f e s t a b 1 i s h i n g a· c li m a to 1 o g y 

of the area. The climatological statistics resulting from 

this study would be applied to the prediction of air quality 

effects due to emissions from the Syncrude plant. 

The vertical variation of wind velocity is an important factor 

in atmospheric dispersion due to its effects on the horizontal 

trajectory and surface concentration of effluents. For model

ing the ground concentrations of pollutants, a predictive 

model of the vertical structure of the wind allows savings of 

time and computer storage over the use of discrete wind values. 

To the objective of developing a predicti've model of the verti

cal wind profile, the following points are examined ir. this 

study: 

1. to test physical and empirical models. 

2. to determine a reference height and the relation to rough

ness length 

3. to investigate the variation of surface and upper winds 

during the day 

4. to determine the effects of non-homogeneous temperature 

stratification and limited· mixing 

5. to investigate the existence of low level jets 

6. to compare wind data from leases C-13 and C-17 

This report concerns the results of the data obtained from 

two minisonde stations; the C-13 (Shell) station, which began 



operation tn late September 1974, and the C-17 (Syncrude) 

station, which commenced in February, 1975. Vertical pro

files of temperature and wind speed and direction were obtained 

at least twice daily at each station. 

At the C-17 station, three periods of intensive releases were 

carried out during the winter of 1975 and during the summers 

of 1975 and 1976. These periods were 6 February 1975 to 21 

February 1975, 28 July 1975 to 09 August 1975, and 14 July 

1976 to 30 September 1976. During these periods, from four 

to seven soundings we~e performed daily. 

This report wi 1 l be concern~d chiefly with data from the C-17 

releases. A total of 1238 soundings were obtained during the 

experimental period. The raw data consisted of theodo1 ite 

measurements of balloon azimuth and elevation, as well as mini

sonde temperature readings. The balloons were assumed to rise 
- 1 - 1 at a constant rate, from 128 m s to 170 m s , determined 

by the weight of the balloon and minisonde. The accuracy of 

this assumption was tested during the intensive study periods 

by double theodolite tracking, and is discussed in the report 
11 A Predictive Study of the Dispersion of Emissions from the 

Syncrude Mildred Lake Plant 11 1976. The conclusions of the 

testing were that a single theodol lte technique which assumed 

a constant balloon ascent rate gave results that agreed with 

double theodolite tracking measurements. The data of this re

port is derived entirely from single theodolite balloon tracking. 

Coordinates were usually obtained every 30 seconds. On 13 

Augustt l976.the sampling interval was reduced to 15 seconds. 

Tracking the balloon continued for 15 minutes, or until the 

balloon was lost. Due to staff requirements, the minisonde and 

2 



piba.l were occasionally relea~ed ~eparately. The times of 

the two ascents may differ by ~p to one hour in these situa

tions. 

The raw data were then ~omputer processed into vertical pro

files of wind speed, wind direction, temperature, and poten

tial temperature. The soundings were classified into cases 

of 1 imited mixing, zero mixing and unlimited mixing depending 

on the structure of the temperature profile. The mixing 

height and top of the inversion were determined by a conven

tional method for the appropriate cases. The mixing height 

is taken as the height at which a dry adiabat through the sur

face temperature intersects the temperature profile. A di

r~ctlon for e~ch ~ounding was determined by everaging the 

wind direction from 200 m to 600 m. This direction does not 

necessarily correspond to the surface wind direction, the gee

strophic wind direction, or the mean wind direction in the 

boundary layer. However, it may be a representative value 

of the wind direction in the plume layer. The change in wind 

direction in this layer was generally less than 45 degrees. 

These resulting data were then studied with the previously 

mentioned objectives in mind. Sources of error to ~his point 

arise from errors in reading the theodolite angles. These 

errors will cause uncertainties in the calculated balloon po

sition which will increase with height. Some errors originate 

from the computer processing due to coding mistakes, but these 

tend to be extreme values and can be corrected. 

3 



PREVIOUS .WIND STUDlES IN THE TAR SANDS 

The results or an atmosphe~tc sounding project in the Tar 

Sands region w-ere t~e subject of a previous report (Environ

mental Research Monograph 1976-1 A Predictive Study of the 

Dispersion of Emissions from the Syncrude Mildred Lake Plant). 

That report discussed soundings taken at the· C-13 and C-17 

leases in 1974 and 1975 for the purpose of establishing the 

climatology of the region. Some of the results are applicable 

to this report. 

Comparing the winds at leases C-13 and C-17, it was found 

that the wind directions in the layer 200 - 400 metres were 

the same at both sites. The mean wind speeds also were com

parable with morning and afternoon speeds of 6.7 and 5.9 m s-l 

at C-17 compared to 5.8 and 5.8 ·m s -l at C-13. Local low

level variations were interpreted to reflect circulation pat

terns induced by the valley. A down-slope wind dominated in 

winter as opposed to an upslope wind in summer. 

Mean wind speeds in the plume layer were about 6 m s-l and 

did not vary seasonally. Wind speeds were slightly higher at 

C-17 in the spring and summer. 

Wind directions varied seasonal 1y. In the spring, the flow 

was generally up or down the valley, that is, northerly or 

southerly. In summer, the winds were from the southwest quad-

rant. Fall winds were westerly or southwesterly. Winter winds 

were from every direction but east. 
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THE WlND BELOW THE GRADIENT LEVEL 

Very near the surface of the earth, the wind speed is zero, 

due to the frictional effects of the surface. At upper levels, 

generally above about 1 kilometre, the wind is geostrophic and 

is descri6ed by the balance of the pressure gradient force 

and the coriol is force. Between these two levels, known as 

the boundary layer, the behaviour of the wind is more com-

plex and is influenced by several factors, such as surface 

roughness and air stability. 

The stability of the air in the boundary layer is largely 

determined by radiant energy to and from the ground. At 

night, the surface radiates heat more rapidly than the air 

and cools to a lower temperature than the lowest layer of 

the atmosphere. This lowest l·ayer cools by conduction of 

heat to the ground. The potential temperature tends to in

crease with height and an inversion, or layer of stable air, 

forms. When the sun rises, the ground .heats up rapidly and 

warms the lowest layer of the atmosphere. The potential tempe

rature profile is modified so that a warmer lower layer 1 ies 

below a cooler layer •• The profile is then unstable and verti

cal motion and turbulent flow results. Since snow is a poor 

~bsorber and radiator of heat, compared to the ground, in

ve~sion breakups are less extreme in the winter than in the 

summer. 

The wind speed in the boundary layer varies with height and 

stability. It generally increases, due to decreasing in-

fluence of friction, to about one kilometre, where it becomes 

geostrophic. The rate of change of the wind with height 
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vartes wtt~ the stability of the atr. For stable air, the 

wind speed increases rapidly ~ith height. In unstable air, 

turbulence distributes the momentum of the air more evenly. 

across all layers and the wtnd speed tends to be constant ~ith 

height. J;t.gure 1 snows examples of wind speed profiles for 

various air stabilities. 

The direction of the wind may also be variable in the boundary 

layer. Factors influencing the wind dir~ction include the 

pressure gradient force, coriol is force, and eddy-vfscosity 

forces. Near the surface, the wind vector points towards the 

low pressure. The vector rotates with increasing altitude 

until it is parallel to the geostrophic wind at the gradient 

1 eve 1 . Figure 2 shows an example of the variation of the 

wind direction with altitude. 
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MODELS AND EQUATIONS 

Two models of the wind speed vertical profile are examined in 

this report. One ts an empirically derived power law of the 

form 

V(z) = V (Z/Z )t3 
r r 

( 1 ) 

where V is the wind speed at a reference height Z . The r r 
value of t3 increases with increasing stability and is about 

1/7 for neutral conditions. This model has the advantage 

that the effects of stability and to some extent, mechanical 

turbulence, are included. A disadvantage is that V(Z) in

creases indefinitely with Z, rather than approaching 'the 

geostrophic value at the gradient level. 

A model which used different physical arguments is described 

by Brown (1974). An outer, viscous-coriolis force balance 

is matched to an inner logarithmic layer tn thts model. In 

the matching layer, it is basically a logarithmic wind profile 

given by V(Z) = U*(ln(Z/Zb) /k (2) 

with the side conditions: 

UG/U 7: = (ln(UiJfZb)-A)/k 

V /U .... = -B/k G ,. 

( 3) 

(4) 

where V(Z) is the wind speed at a height Z. U* is the friction 

velocity, k is von Karman's constant, Zb is a characteristic 

length for the matched layer. UG is the component of the gee

strophic wind parallel to the surface wind, VG is the perpendi

cular component, f is the coriol is parameter and A and B are 

empirical constants. The geostrophic wind is assumed to be 

constant with height. In the matched layer where equation 2 

applies, Z is small compared to U*/f and large compared to Zb. 
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Equations 3 and 4 can be combined to give 

l n (U*/G} = A - 1 n (G/fzr) + (kG/U 7) 
2 1 

(1-Sin o:) 2 ( 5) 

where G is the magnitude of the geostrophtc wind and o: is 

the angle between tne geostropnic and surface winds. 

To apply the model, values of the constants A, 8 and Zb must 

b~ determined. Given these values, equation (5) can be solved 

for U*. This value then enables calculation of the wind pro

file from (2). Appendix 1 contains a listing of the computer 

program written to solve the ge~st~ophic model. 

The approximate values of G and o: can be obtained from hade

graphs of the wind profile. Figure 3 is an example of such a 

hodograph. The geostrophlc wind direction is estimated from 

the direction to which the upper winds appear to converge, 

while its magnitude is estimated from the point where the wind 

first crosses the geostrophic direction. 

1 0 



Figure 3 . Profile of wind speed and direction for 1751 MDT 

September 2, 1976 drawn on a hodograph. 
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RESULTS 

Model Evaluation 

The relative abilities of the twd models described previously 

to fit the actual vertical profile of the wind were tested on 

data samples selected from the intensive release soundings. 

The criteria used for evaluation were the average RMS error 

and the relative performance of the two models on one profile. 

The actual wind profile, and the best fit logarithmic (geo~ 

strophic) model and power law profiles for a summer day are 

shown in Figure 4. The ~lnd profile is that shown in the 

hodograph of Figure 3. This figu~e illustrates that as empiri

cal models, there is little difference between the two. 

Table 1 shows the results of model comparison considering the 

layer from 100 to 600 metres, th~ estimated plume layer. Forty 

one winter and sixty summer profiles were examined. The power 

law produces smaller errors than the logarithmi~ model for most 

of the cases examined. During winter 1 imited mixing, the power 

law was better for more cases than the geostrophic model, but 

the geostrophic model produced a smaller average RMS error. 

This may indicate that when the models fail, the power law 

model will 11 blow up 11 more than the geostrophic model. Pro

nounced stratification sometimes.occurs in the layer 100 to 

600 metres, so that lower RMS errors may result if the layer 

is spi it into limited mixing and stable regimes. 

This evaluation shows that for the layer in which the Syncrude 

plume will diffuse, the power law model provides a more accurate 

1 2 
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Limited 
Mixing 

Zero 
Mixing 

description of the wind than does the geostrophic model. A 

reference height and velocity must be determined in order to 

apply either of the models. The geostrophic model has the ad

vantage of a theory which will supply these parameters. How

ever, there are difficulties in practice because the model 

assumptions are often invalid in the Tar Sands area. The 

arctic weather front is often al'igned Northwest-Southeast 

over the area resulting in a geostrophic wind which varies in 

both height and direction. 

Total Winter Summer 

F EG E F EG . E F EG 
( ,-,] }" cP .. -l J { . - 1) p -1 - 1 . ms ... ms .... .ms. (ms ) (ms ) 

0.69 0.45 0. 4 1 0. 71 0.58 0.80 0.69 0.42 

0.80 0.62 0.33 0.83 0.72 0.36 0.7~ 0.45 

Unlimited 
Mixing 0.75 0. 51 0.25 0,75 0. 51 

E 
p -1 

(ms ) 

0.33 

0.28 

0.25 

Table 1: Evaluation of geostrophic and power law models in the layer from 
100 m to 600 m. F is the fraction of cases when the power law 
model produced a smaller RMS error. E is the average RMS error 
produced by the geostrophic model and ~ is the average RMS error 
produced by the power law model. P 
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Determination of a Reference Height 

The derived wind proftles were used to determine a suitable 

reference h~ight for the power law model. The method employed 

was to fit 1 ines to the equation 

ln(~(z)) = S ln(¥--) (6) 
r r 

by the method of least squares. The wind profiles were sepa

rated into various categories according to mixing class 

(limited mixing, zero mixing height, or unlimited mixing), 

time of day, season and wind direction. The data values em

ployed were limited to those obtained during the periods of 

intensive study in February 1975 and the summers of 1975 and 

1976. ln cases of limited mixing, wind speeds below the mixing 

level only were evaluated. 

Figure 5 illustrates an ascent with the best-fitting power 

law profile. The error of the line is expressed as an RMS 
- 1 error in ms and as a percent of the average speed of the 

winds over the profile. 

The reference heights to be tested were selected to provide 

examples over the entire range of heights measured during the 

field experiments. No heights below 100m were used since the 

speed of the ascending baloon precluded many measurements be

low that height. 183 m was included to correspond with the 

height of the Syncrude stack. Several heights were selected 

to be in the expected plume layer. 

Table 2 summarizes the results obtained from this phase of the 

1 5 
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REFERENCE LIMITED UNLIMITED 
HEIGHT (m) MIXING STABLE MIXING 

100 i3 0 . 1 6 0.27 0. 1 7 

b. 2.0 2. 1 2. 0 

0 28 23 22 

183 i3 0 . l 1 0. 1 8 0. 1 9 

b. 2. 0 2. 0 2. 0 

5 28 22 2 l 

400 i3 0.26 0. 19 0.26 

b. 1.6 l. 9 1. 8 

0 31 25 24 

800 i3 0.25 0. 19 0.24 

b. l . 7 1 . 6 ·2. 2 

0 32 22 29 

2000 i3 0.25 0. 1 9 0. 30 

b. 1 . 8 1.7 1 . 5 

0 34 1 9 1 9 

TABLE 2 Power law exponents and errors for different 
reference heights. s lr the power law exponent, 
b. is the RMS error ( m s ) , 0 is the relative 
error in percent of the mean wind. Data are 
from the 1975 and 1976 intensive study periods. 
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analysis. A blank tn t~e following tables indicates that no 

values were found in the sample set to fit a line to. The 

absence of results for unstable cases during the morning and 

winter reflects the stability of the atmosphere during these 

times. 

The variation of B with reference height is small for the cases 

of unlimited mixing (unstable air) and zero mixing (stable air). 

In the case of'limited mixing,- the values of S are close to 0.1 

for reference height up to about 400 m, then they become about 

0.22 to 0.28. This change in B may be a result of the refe

rence height being in the stable air mass above the inversion, 

where characteristic values of B are 0.25. At the lower levels, 

the reference height is usually in unstable air. 

The variation of S with the stability of the air was examined 

at levels up to 2000 m. The value of S is near 0.1 for cases 

of limited mixing, about 0.18 for unstable air (mixing height 

above the vertical range of the sounding), and about 0.25 for 

stable air. These values compare with the typical value of 

1/7 for neutral air. The low values of S in the case of 1 imited 

mixing means that the wlnd speed will be essentially constant 

up to the mixing height. Increasing values of S imply that the 

wind speed increases faster with height. 

l 8 



Figures 6 and 7 show the average diurnal variation of S for 

winter and summer. The raw curve ha~ been smoothed by adding 

a few of the Fourter tomponents to get the dashed 1 ines. The 

idealized variations for both seasons show a maximum in the 

early morning, when tne air ·is ·most stable, and a minimum at 

about 1 50 0 1 o c a 1 t i me d u r i n g the t i me o f max i mum he a t i n g. and 

instability. The idealized curves fit the summer raw data 

better than for the winter case. This may be a consequence of 

low-er invers-ion fie-Lghts during the w-tnte:r, tnus- allow-ing two 
different wind regimes to be closer together. 

Discussions of the variation of S by season of the year is 

limited to cases of limited mixing and stable air. The results 

shown in Table 3 show that S tends to .be greater during the 

winter than during the summer, indicating the increased average 

s t a b i 1 i t y o f t h e a i r' n e a r t he g r o u n d i n w i n t e r • F i g u r e s 6 an d 

7 and Table 3 show that a change in season generally has a 

small effect on S. 

Table 4 shows the variation of B and the RMS errors for winds 

from different directions. The wind direction in these cases 

was defined to be the average wind direction for winds in the 

200m to 600 m layer. The error for each direction will not 

change with height, so the reference height was standardized to 

183m. Generally, S does not change much with direction. The 

only anomalous result is an ea~t wind during unlimited mixing. 

The large errors in this case indicate that the situation is 

not well handled by a power law model. The results of Table 4 

indicate that differences in wind profiles due to direction 

may be less significant than differences due to seasonal or di

urnal variations. 
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SEASON 

Winter 

Summer 

TABLE 3 

L!MtTED 
M tXt N G 

s 0. 14 

IS 1 • 6 

0 39 

s o. 1 a 
!i 2.0 

c 28. 

STABLE 

0.28 

2,0 

21 

0. j 7 

2.0 

22 

UNLIMITED 
MiXtNG 

0. 1 9 

2.0 

21 

Comparison of the power law for different 
seasons. S ts the power law exponent, !i 
i' s t n e RM S e r r o r (m s- 1 J a n d o i s t he r e 1 a t i v e 
error expressed fn percent of the mean wind. 
Data are for the 1975 and 1976 intensive 
study periods. A reference height of 183 m 
is used. 
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WIND LIM tTED UNL IM !TED 
D tRECT ro·N MtXtl'lG STAB'LE M fX t NG 

North ~ 0.08 0.22 

IS. 1 . 9 2 1. 97 

0 37 23 

East f? . 0. 06 a. 1 8 0.38 

IS. 2.04 2.09 2.34 

0' 37 25 65 

South s 0. 07 0. 1 2 0.09 

IS 2.09 1. 83 2.06 

0' 34 24 24 

West (?' a. 1 4 0.21 0. J 4 

!S 1. 97 2.07 1 • 6 7 

0 23 20 1 4 

TABLE 4 Compartson of the power 1 aw mode 1 for 
different wind directions. (3' Is the 
pow·e r law exponent, !5.' ts the RMS 
(ms-1) and 0 is the relative error 
e-xp res·sed as· percent of the mean wind. 
Data are for the 1975 and 1976 intensive 
study periods. A reference height of 
183 m is used. 

23 



These result~, tf employed for the purposes of selecti~g a 

suitable reference height for a power law model, indicate 

that the actual Ftetght used for a refer-ence level is relatively 

unimportant. Much greater ~ffects ar~ introduced by different 

seasons, times of day, and air stabilities. Other factors in

fluencing a decision are the height of the mixing level and 

errors from the the6dol ite measurements. The theodolites 

measure elevation and azimuth angles which are transformed . . 

into height and horf.zontai displacements. Errors in these 

values will increase with height. For the rest of this study, 

a reference height of 183m will be employed. 
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DIU·RNAL VARIATION OF SURFACE AND UPPER WINDS 

Since the wind varies during the day, part of this report was 

devoted to the study of the variation of the surface and upper 

winds at lease C-17. The days studied were 1 imited to those of 

the intensive study periods, since only those days had more 

than two vartical profiles per day. The timing of the soundings 

was not at fixed times of the day. The first one was performed 

at sunrise. The others were spaded to occur at about mid-mor

ning, mid-afternoon during the time of greatest heating, and 

in the late afternoon. 

f[gure 8 sho~s an example of the diurnal variation of the ver~ 

tical wind profile for a winter and a summer'day. The examples 

are not meant to be typical. For the surface winds, the lowest 

layers show characteristics of small values in the morning, with 

a maximum during the early afternoon and then decreasing again. 

In the plume layer, at 500 m for example, the winter variation 

shows a maximum in the morning and again in the afternoon. The 

summer wind at 500 m has a maximum in the mid-morning and tends 

to decrease during the afternoon. Levels of relatively constant 

wind speed during the day appear to exist at about 850 m in the 

winter and 500 m in the summer& 

The method followed for this analysis was to average the winds 

for each hour. During the winter the hours of the day with 

available data were from 0800 to 1800 local time, while during the 

summer, data was available from 0300 to 2100. No soundings were 

performed during the winter between 0900 and 1000, and during the 

summer between 1500 and 1700 or between 1900 and 2000, so the 

behavior of the winds during these hours is unknown. The sur

face wind was approximated by the mean wind for the layer from 

the surface to 100m of the vertical profile. For the plume layer, 
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the wi.nd speeds. from .200m to 600. m were averaged. 

Figure 9 shows the average dturnal variation of the surface 

and plume layer ~inds during the winter. Forty differents runs 

were used for the winter data. The average surface wind during 

the day is 4.13 m s- 1 , and the standard deviation is 0.68 m s-l 

The surface wind begins in the morning at about the average 

value, then decreases to a minimum during the mid-morning. The 

wind 'speed then increases to the maximum at about the time of 

maximum heating, then decreases again, presumably to another 

minimum during the night. The plume layer wind has an average 
- 1 - T speed of 7.77 m s and a standard deviation of 1.67 m s 

It decreases to a minimum late in the morning, then increases 

to the maximum early in the afternoon, then decreases to the 

minimum at the time of maximum heating, then increases to 

another maximum. At the time of maximum heating, the average 

plume layer wind is comparable to the average surface wind 

speed. The correlation coefficient of the winter surface 

wind and the plume layer wind is -0. 15, indicating that the two 

winds are not closely related. This poor correlation may be 

·the result of two different wind regimes, one near the surface, 

and one in the plume layer. 

Figure 10 shows the average diurnal variation of the surface 

and plume layer winds during the summer. The average surface 

wind is 3.45 m s-l and the standard deviation is 0.45 m s-l 

Like the winter case, there is a minimum at mid-morning, and a 

maximum during the afternoon, but the magnitudes of these 

features are not as great. The plume layer has an average 
. f 6 4 -l f , ' -l wind speed o . 7 m s and standard deviation o 1 .bO m s . 

It decreases to a minimum in the late afternoon and then in

creases to a maximum during the night. The improved relation-
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sh.ip of th..e summer surface wtnd to tlie plume layer wind is 

reflected in tlie correlation coefficient of 0.26. 

Tbis metnod of averaging the winds may mask some features of 

the diurnal wind speed variation. For example, an extreme 

value of the wind speed in the morning may have consequences 

later in the day, but averaging out the extreme values will 

hide such effects. However, some facts are apparent. The 

surface winds have relatively small values in the mid-morning 

and maximum values at the time of maximum heating. The plume 

layer winds have maximum values in the early morning and late 

afternoon, with minimum values at maximum heating. The surface 

and upper winds correlate better in summer than in winter, 

probably due to greater .momentum transfer by turbulence. 
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THE WIND PROFILE IN LIMITED MIXING 

A 1 tmtted mixing condition occurs when a unstable surface 

layer is capped 5y a stable inversion. Thii condition is 

important in the dispersion of pollutants, since the turbulent 

layer allows the pollutants to reach the ground. The capping 

inversion prevents the pollutant from dispersing upward and 

tends to increase the pos~i~le ground concentrations. According 

to the report on the dispersion of emissions from the Syncrude 

plant, (ERM !976-1) the predicted ground concentration of pollu

tants exceeded the Clean Air Regulations (Alberta) only under 

conditions of 1 imited mixing. 

Table 4 shows the distribution of limited mixing profiles 

during the periods of intensive study. It shows that cases of 

limited mixing are more prevalent in summer than in winter. 

Total Winter Summer Sunri'se Daytime 

Number of 
Profiles 499 40 459 96 403 

Number of 
Limited Mixing 
Profiles 316 7 309 1 4 302 

Fraction of 
Profiles that are 
Limited Mixing 0.63 0. 18 0.67 0. 1 5 0.75 

TABLE 4 Distribution of 1 i mi ted mixing profiles 
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Figure 11 shows a wind profile during a limited mixing condi

tion. Two possible characteristics of the wind speed may be 

seen in this example. The wind speed is approximately constant 

up to about tfie mixing height. Above the mixing height, the 

wind speed increases rapidly. These two wind speed profiles 

are characteristic of the wind in unstable air and stable air 

respective!Y· 

The vertical profiles of tne wind speed were plotted for several 

days of the intensive study period. Although the two character

istic variations with height occurred occas~onally, they were not 

typical. They also occurred in cases that were not limited 

mixing. Another possible feature seen on the graphs was oscilla

tion of the wind speed above the mixing height. This oscillation 

may be due to errors associated with the balloon ascent speed 

.and the theodolite measurements. 

To test if the air in 1 imited mixing could be described as a 

stable layer capping an unstable layer, power law profiles 

were fitted separately to the air layers below and above the 

mixing height. Table 6 shows the results of this calculation. 

In this analysis, a stable layer is characterized by a larger 

value of S than for an unstable layer. Table 6 indicates that 

the upper lay~r is more stable than the lower layer. The only 

exception is in the sunrise cases. The values of S in the 

upper layers compare with th~ values for stable air to the sur

face. A major Variation occurs for the winter cases, where 

the upper level appears to be extremely stable. The lower 

layer has values of S about one half of that for a completely 

stable profile. 
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Stab. 1 e 
Profile 

TOTAL 

0. 1 8 

2. 0 

22 

WINTER 

0.28 

2.0 

2 1 

SUMMER 

0. 1 7 

2. 0 

22 

SUNRISE 

0. 1 2 

1.9 
20 

DAYTIME 

0.28 

2. 1 

84 

Below Mixing 
Height s 

/::,. 

0. 11 

2.0 

28 

0. 1 3 

1.6 

39 

0. 11 

2.0 

28 

0. 1 7 

1.9 
26 

0 • 1 1 

2.0 

28 0 

Above Mixing 
Height 0.29 

2 • 1 

22 

l. 33 

2. 3 

25 

0.28 

2. 0 

23 

0. 1 3 

l . 5 

0.30 

2 • 1 

24 

TABLE 6 

l 1 

Com pa r i s on o f 1 i m i t e d m 1 x 1 n g pow e r 1 a w p r o f i 1 e s w i t h s t a b 1 e 
power law profiles above and below the mixing bright. S is 
the power law exponent, t:, is the RMS error (ms ), 8 ls the 
relative error in percent of the mean wind. Reference height 
= 183m. 
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LOW LEVEL JETS 

The existence of low level jets, or regions of relative wind 

speed maxima in the vertical profiles, was investigated. The 

presence of such jets may have considerable effect on the trans

portation and dispersion of pollutants. 

Several vertical wind profiles from August 1975 were plotted 

on graphs. One profile that illustrates a possible jet is 

shown in Ftgure 12. In thts figure, the wind speed reaches a 

relative maximum of 3.5 m s-l at 500 m and decreases to a re

lative minimum of 0.5 m s-l at 1100 m. The wind speed then 

increases almost continuously to the top of the ascent. 

After examining several similar cases, the following rather 

arbitrary-algorithm for defining a low level jet was developed. 

Beginning at the surface, the wind speed was examined until a 

relative maximum was found at some level. The levels above 

were then examined. lf a wind speed was found at a higher 

level that was less than one half the relative maximum speed, 

then the relative maximum wind speed was considered to be a 

jet. The profile shown in Figure 12 thus defines a low level 

jet. 

All 1238 wind profiles were examined by this definition, and 

low level jets were found in 575 cases or about 46 percent of 

the time. Table 7 shows the numbers of jets found in the 

sample obtained during the intensive field experiments. The 

results show that jets occur slightly more often in summer than 

in winter. This conclusion indicates that jet activity may be 

in some way related to the stability of the air, since it was 

shown earlier the air tends to be more stable in the winter· 

than in the summer. 

35 



Figure 12. August 1, 1976 1130 Release 

Windspeed Profile 

Low Level Jet 

2000 

1800 

1600 

1400 

1200 

1000 

8oo 

600 

.... 
..:::400 

200 

1. 0 2.0 3.0 4. 0 

( - 1 I \4 i n d S p e e d m s , 

36 



TABLE 7. Number of _vertical wi_nd profiles found to have 

jets durlng the intensive experimental periods. 

Total number of ascents = 499. 

TOTAL WINTER SUMMMER MORNING DAY 

Limite·d 
Mixing 1 81 3 178 4 177 

Zero 
Mixing 83 1 1 72 43 40 

Unlimited 
Mixing 1 2 0 1 2 0 1 2 
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Ftgure 13 s~ows t~e number distrlbution of jets with ·height. 

This figure Indicates a relatively common occurence of jets at 

the levels of 200 - 300 m and 400 - 500 m. No explanation is 

obvious for the relative minimum number from 300m to.400 m. 

The number of jets drops off suddenly ab~ve 600 m. Thus it 

can be seen that jet activity may be significant in the plume 

layer of the Syncrude stack. Two factors will influence the 

numbers found at higher levels. First, at higher levels, 

fewer levels will be above a relative maximum in which to find 

a relative minimum, and hence define a jet. Secondly, there 

are fewer measurements at higher levels due to obscuration 

by clouds and loss of balloon tracking. Both of these factors 

bias th~ distribution of numbers towards lower levels. 

A scheme similar to that of Figure 14 illustrates the possible 

relationship of jet activity to changes in the vertical tempe

rature gradient. In Figure 14 the number of jets is plotted 

as a function of a non-dimensional height parameter, either 

ln(Z/H)or ln(Z/L ) where H is the height of the top of the 

inversion and L is the mixing height. This figure indicates 

that jet activity is associated with the mixing level, since 

the largest number .of jets occurs when the mixing height is 

equal to the jet height. The maximum number of jets for in

versions is displaced below the inversion level. This fact 

is probably a consequence of the top of the inversion generally 

being above the mixing height, and reinforces the hypothesis 

that the jet height is related to the mixing height. The local 

maxima at ln(Z/H) = 3.0 and ln(Z/L = 1.0 may be real, since 

similar maxima show up for each summer, although not at exactly 

the same points. The sharpness of the graph is deceptive, 

due to the logarithmic nature of the x- axis. 
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The previous results indicate that jet activity may be re~ 

lated to changes in the stability of the air. Two likely 

levels for jet activity occur in cases of 1 imited mixing at 

the top of the inversion 1 where the wind regime changes from 

thermally unstable air to stable air, and at the mixing level, 

where low level turbulence ceases. Accordingly, the heights 

of the jets were correlated with the inversion heights and 

mixing heights. Table 8 shows the results for the cases of 

the intensive study periods. All the correlation coefficients 

are small and negative. The results of the correlations are 

not favorable to the hypothesis. These results are severely 

handicapped by the small number of points for some correlations, 

but the results are close to zero in al 1 cases. The fact that 

all the correlations are negative does not seem to be signifi~ 

cant, ~ue to the large scatter of the values. 

Table 9 shows the correlation of jet speed with jet height. 

The positive correlations indicate that jet speeds increase 

with height. This is not a surprising result, as that is the 

general behavior of winds. 

The results of this study indicate that low level jets do exist, 

•but do not suggest a cause. One problem might be the definltion 

of a jet. The algorithm described located only the lowest jet 

in a profile, while rejecting any possible higher ones. The 

requirement of a relative minimum above the jet may also have 

rejected some reasonable jets. 
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TABLE 3 

Mixing 
Height 

Top of 
Inversion 

TABLE 9 

WINTER 

SUMMER 

Correlation coefficients of jet height with 

atmospheric levels. The numbers are the number of 

profiles with jets and the ~orrelation coeffidients. 

MORNING 

WINTER 

DAY 

3 
-0.058 

MORNING 

4 
-0.348 

41 
-0.148 

SUMMER 

DAY 

177 
-0.163 

Correlation of jet speed with ~eight. 

MORNING DAY 

. 6 31 .676 

.436 .340 
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COMPARtSON OF THE WtNDS AT LEASES C-13 AND C-17 

The wind speeds and dtrections were compared for lease C-13 

(Shell) and C-17 (Syncrude). The C-13 lease is approximately 

northeast of C-17 at a distance of about 16 kilometres. C-13 

is about 300m ASL and C-17 270m ASL. A river valley with a 

floor elevation of about 230 m runs north-south between the 

two leases. 

For purposes of this study, the wind speeds between 200 m and 

400 m were averaged and plotted on graphs composed of the total 

intensive sample and morning and day wind speeds. To study 

wind directions polar graphs of C-13 wind· direction deviation 

from the C-17 wind direction versus the C-17 wind direction 

were plotted for various values of the potential temperature 

gradient. 

Ftgure 1 5 and 

speed for the 

lation of the 

1 6 show the C-17 wind 

sample period. This 

wind speeds measured 

speed 

figure 

at the 

versus C-13 wind 

shows 1 ittle corre

two sites. The mor

ning winds at C-17 tend to be higher than those at C-13, since 

most points are above the line r = 1. 

for the.daytime winds. 

No such trend is evident 

Tab.Je 10 lists prop~rties of the wind speeds of the two locations 

as derived from the monthly graphs. In general, there is no 

strong relation in wind speeds at the two locations. The wind 

speed is generally higher at C-17 than at C-13. The wind speeds 

seem to correlate better in the morning than during the day, and 

better in the winter than during the summer. 
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Figure 1 5 . Comparison of wind speeds in the plume layer 

(200 - 400 metres above ground) at Lease c- 1 3 

and Lease c 1 7. 
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TABLE 10 . Comparison of wind speeds at C-13 and C-17. 

t~ONTH 

SEPTEMBER 1975 

OCTOBER 1975 

NOVEMBER 1975 

DECEMBER 1975 

JANUARY 1976 

FEBRUARY 1976 

MARCH 1§76 

APRIL 1976 

MAY 1976 

JUNE 1976 

JULY 1976 

AUGUST 1976 

SUNRISE 

Good correlation 

Wind fairly constant 
at about 4 m s -1 at 
C-17 -winds variable 
at C-13 

A few relatively strong 
winds ~p to 10 m s-1 
weak correlation 

Correlation- tendency to 
stronger winds at C-17 

Correlation- Stronger 
winds at C-17 

Slight correlation 

Correlation - stronger 
winds at C-17 

Slight Correlation
stronger winds at c~17 

Few but strong winds 
- stronger at C-17 

No correlation -
stronger winds at C-17 
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DAYTIME 

Weak correlation -winds 
occur at one site but 
not the other 

Wind near zero at C-17 
- variable at C-13 

No winds at C-17 
variable at C-13 

Usually no wind at C-17 

Correlation~ fendency 
to stronger winds·at 
C-17 

No correlation - a few 
zero winds at C-17 with 
winds at C-13 

Slight correlation -
stronger winds at C-17 

Cases of zero wind at 
C-13 

No correlation -many 
cases of zero wind 
at C-13 

No correlation 



Figure 17 is a polar graph of the deviation of the wind di~ 

rection at C-13 from the direction at c~17 versus the wind di~ 

rection at C-17 for a potential temperature gradient less than 
0 ,.. 1 ( } or equal to ... o. 15 C 100m unstable . Similar graphs were 

drawn for three different levels of stability. Analysis of the 

graphs gives the following results. 

rized as follows: 

The results can be summa-

1. For PTG <-0.15C lOOm-] the maximum deviations are from -90 

degrees to +50 degrees. The deviations are approximately evenly 

distributed positively and negatively. 

2. For -0.15 <PTG <PTG <l.lOC 100m-l the maximum deviations are 

from -180 degrees to +160 degrees. For west-southwest winds, 

the deviations tend to be negative, while for northerly winds, 

the deviations tend to be positive. 

3. For PTG >1. lOC 100m-l the maximum deviations are from -150 

degrees to 90 degrees. 

4. The deviations do not have a strong relationship to the 

wind direction. 

5. Deviations greater than 90 degrees occur less than 10 per

cent of the time. 

This comparison was done in a qualitative manner and hence 

suffers from subjective error. A point of further investigation 

may be the-correlation of the winds with a time lag. Also the 

correlation of the wind speeds for different directions has not 

been studied. 
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Figure 17. 

Deviation of wind direction in the layer 200 - 400 metres above the 

ground from Lease C-17 to Lease C-13 September 1975 to August 1~76, 

when plume layer potential temperature gradient was less than, or 
0 

equal to, -0.15 C/100m at Lease C-17. Radials indicate wind direction 

at Lease C-17. The heavy ring represents 0° deviation with negative 

deviation toward the centre, positive deviation 

Each ring represents approximately 25°. 
360 

180 
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CONCLUSiONS 

.The analysts performed for this report was generally 1 imited 

to the rather small data sample obtained during the intensive 

study periods. The winter sample of February 1975 was small 

compared to the length of the winter season, and no intensive 

studies were available during the spring and late fall. Addi

tionally, the winter of 1975 may have been atypically warm, 

further distorting the winter results. The following paragraphs 

summarize the results of this report, subject to the above 1 imi

tations. 

A geostrophic model and a power law model were evaluated for 

their ability to describe the vertical profile of the wind. 

The winds considered were restricted to those from 100 m to 

600 m. The power law model was clearly superior. Winter limited 

mixing was the only category for which the geostrophic model 

gave smaller RMS errors. Even in this category, the power law 

model gave smaller errors for the majority of profiles. 

To determine a reference height for the power law model, various 

heights from 100 m to 2000 m were teste~. A height of 183 m 

gave the smallest relative error. The value of the exponent of 

the power law varied most with the atmospheric stability and 

time of day, while variations due to season, wind direction 

and reference height were relatively unimportant. Typical 

values of the exponent were 0.11 for 1 imited mixing, 0.18 for 

unstable air, and 0.28 for stable air. Over the entire profile, 

the power law model produced an error of about 25 percent of 

the mean wind, while the geostrophic model produced an error of 

about 10 percent. In the plume layer, the corresponding errors 

were 10 percent and 20 percent. 
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During t~e cases of limited mixing, the value of S is s~all for 

the layer below the mfxing height. For dispersion calcula

tions, an appropriate model of the wind speed in this layer 

might be a constant speed model. 

The surface and plume layer winds had typical diurnal varia

tions. The surface winds had miriimum values during mid~ 

morning and maximum values at the time of maximum heating. 

Plume layer winds had maximum values in the early morning and 

late afternoon, with minimum values at the time of maximum 

heating. 

The wind profile in 1 imited mixing did not exhibit ariy clear 

characteristics. It could be characterized as an unstable 

ground based layer capped by a stable layer. The wind speed 

was approximately constant up to the mixing height. If a 

power law was fitted to the winds above and below the mixing 

height, typical summer values of S are 0.11 in the mixed layer 

and 0.28 above. The corresponding figures in winter were 0.14 

and 1 .34. 

Low level jets were shown to exist, most often from 200 m to 

500 m. The height of the jets did not correlate wel 1 with the 

mixing height, although the jets seemed to occur most often 

near those levels. 

In the comparison of the winds at leases C-13 and C-17, 1 ittle 

correlation was seen in the wind speeds. The wind speed was 

generally higher at C-17 than at C-13. The wind directions were 

generally within ninety degrees of each other at the two sites. 
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APPENDIX 

COMPUTER SOLUTION OF THE GEOSTROPHtC MODEL 

The subroutine PHYCAL calculates wind speeds for 60 different 

levels. The heights of the levels are stored in array Z(60) and 

and the speeds are returned in array U(N). Array 5(60) con

tains the measured wind speeds at tne levels. HMIX is the 

he~gnt sele~ted to represent the gradient level, in this re

port lOOm. 

Subroutine SOLVE solves the geostrophic drag law for the value 

G/U*. This parameter is named VRAT. The input parameter VG 

is the geostrophi~ wind speed.· The method is Newton!s 

iteration. 
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D I t-1ENS I ON U r i'J) , Z ( o 0 l • S ( 6 0) 
COW>ION/DA T l'-17. • S 

____________ DA IP. _ __f.!_Q .. _pn o l_[1..AK!_O •. }fiL~----- _ .. _______________ _ _____________ _ 
DATA AS0/1./ 
DATt.. Z0/0.5/ 
Hr-1 T X __ =._ 7 0 G • 
ILEV = G 

110 ILEV = ILlV + 1 
___________ !_Q__ _________________ ) ~ _ _sj_1_Ey __ • t:U • ___ t'!_L_ -~Q _ T u __ 1_2_9 ______ ···-·· _____________ . ___________ _ 

IF (Z(ILt.VJ .. LT. Hr-<IXl GO TO lli! 
120 It::l = ILt-V-2 

IF < I 8_ .• LT. 1 l p3 ___ = l 
IT = I Lt-V ... 2 

15 IF (IT .GT. N) IT=~-.! 

_________________________ K = 0 -:------------------- -------------·-------· 
. SPBAR = 0.0 

DO 200 KZ = Ib,IT 
SPF:: . _== _ ~ 'K l l __ . _____ _ _ 

20 IF <SPE .LT. 0.01> vO TO 200 
K = K + l 

____ S2_Q.Afi_:::_ _ _S_2~~A~_+ SPE -----------------------------------------
200 CONTINUE 

VG = SP8AR/FLOAT(K) 
?.~--- ______ 1~0 I d.t~,_Q ___ = ___ p _ 

IF <VG .LT. O.Oll GO TO 150 
CALL SOLVE (V~,VRATJ 

__________ ___,lL._LV R A l_ -~ l~E_. __ _p_!j __ ~JJ~___if~ _2_Q_U _yj)_:o _u_s_T~~ !::'~ Yf.:!:.I ___ _ 
201 FORMAT <1X,3FIO~Sl 

30 USTAR = VG/VPAT 
AVRAT = ALOGIVRATJ 
ALRO = ALOG(VG/(F*ZO)} 
C = A L R 0 /i\ i\ - { A V 1-< A T I A r\ + V kAT + 3 • L;.,:,. i 

~------------------···· -·· --- _ _t_~L~ = 0_!'_3'~·LJ$_IAR,(f ______________ ----'"--------·------ _______ _ 

._ .. ~--. 

35 DO 100 I = loN 
IF <Z<Il .LTo O.OOll GO TO l'+O 
U<I) = VG + USTAR*(ALCh(Z(Il/H:vtix.l + Cl 
GO TO 100 

140 U(I) = 0.0 
________ 4Q ______________ lJ2.Q ______ ~Q~LLt:J.k.~ __ __ _ ________________ ···------- ____________________ _ 

4S 

101 FORMAT ClX.5Fl0.5) 
RETURN 

150 I8AD := 1 
RETURN 
END 
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- ----···· ------------ --···· .. -- _.________________ -· -.- --------

SUf·H-<OUTINE- SOLVE TRACF 

100 

SURROUTINl SOLVE !VG.VRATl 
DATA AK,F,lO•TOL/O.JB•O.OOOl,O.S,O.Ol/ 
VRAT = 20. 

_I:\ = 0 --- -- ------ - ------- -----·-·-. ·--- --------------- --- .. ----------
. F X = 2 • + A L 0 G ( V R A Tl + At~':- V t-< AT - A LCJ b ( V G I { F -!:·I 0 ) l 

DFX = 1./VRAT • AK 
VRA.JJ ___ = Vf-<liT _:-:__FX/Clf X 
DIF = VRAT - VRATl 
Vt-<AT = VPATl 

______________ 1 0 ______________________ ts __ : K + l_ -----------------------------------------------

i 

i ··--~-------····· 

15 

,. ·-·-··-··-·- ··-
! 

------
: 

,-, ------

'. 
! 

IF (K .GT. lOOl GO TO 200 
IF {ABSWIFl .GT. TULJ GO TO lC10 

____ ____ __ REJJl.B....:.I\!. .. ____ ____________ ___ _______ _ _______________ . _______________ . 
200 viRiTE (6,201) VRAT.VRATl,FX,L!fX 
201 FORMAT (lX. Fl0.5) 

__________ f3J. TURN 
EN f) 

--------- ------ ---

---- ------------ ----

-----·-· ---
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APPENDIX ll 

COMPUTER ANALYSIS OF LOW LEVEL JETS 

Program JETCOR is use~ for statistical analysis of low level 

jets. T~ls particular version correlates jet height and 

mixing hetght. 

The DO loop 200 beginning at line 48 is executed once for each 

profile desired. Statements 52 to 69 search the profile for 

a low-level jet. The jet speed is WSP and the helght of the 

jet is Z(MAXLEV) 

Statements 89 to 120 solve for the covariance and' variances 

of the desired variables. 
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,.· 
I 

.> 

:JETCOK 

PROGRAM JETCOR <INPUT,QUTPUTtTAPE5=IN~UT•TAPE6=0UTP 
+ TAPEll,TAPtl2l . 

DIMENSION INDEX<l~Oll ,JNDEX<l50ll dHL(20l •Z(60) ,SP<: 
+ bH60) ,T<60> ,P1<60> ,sx(],J} ,sy(3,3> ,sxx<3,3> ,sYY(3 

5 + N ( 3 ~ 3 i , X < 2} 'RHO ( 3 '3) 
___________ . __________ __D_LYENS_I ONJJ::tD£JLL2AJ -------------· --------·-------- ----·-·· . _ 

. DIMENSION IST<JJ ,IFN<3} ,IMf(J} 

10 

15 

20 

25 

DIMENSION NT(3l ,MI/<3) •NS(3} .,NF<3i .,ND<J> 
DIMENSION JETVEL<24l ,NJET<2~> 
REAL JETVEL 
COMMON/NDX/JNOEX 
COMMON/DATA/Z,SP,OIR,ZM,T,PT 
EQUIVALENCE ( Z I NV ,I HL ( 17) ) , U·H X, I HL { l 0 l } ' ( HM I X d HL ( ; 

+ _LlE_T~t~L_l_t:iU_6J_L _________________ ..... -· ___ _ 
EQUIVALENCE <IHLC6l ,ITIMEJ 
EQUIVALENCE <IHL{l8),TINVl 
04TA IFILE,JFILE/ll,12/,LINX/l~Ol/4IRD/O/,NRECS/ 3~ 
DATA IST/243,867,4/,IFN/328,1239,43/,IMF/800,800,10~ 
CALL OPENMS <IFILt,INDEXtllNX,Ol 
CALL OPENMS (JfiLE,JNDEX,LlNX,Ql 
NOJET = 0 
N.l~--= [)____ --=-- ·--- -- ---------------··- -·---------DO 100 I - 1,3 
DO 100 J = 1,3 
N<I,Jl = 0 
SX<I,Jl = o.o 
SY<I.Jl = 0.0 
SXX(I,JJ = 0 .. 0 
SYy(I,Jl = 0.0 

-··-- ----· ·------3_0 ____ ....... ---- SXYJJJ.JJ _=:.=_o_.,_Q __________ _ 

100 

35 
2100 

RHO<I~J) =10.0 
CONTINUE.: 
DO 2100 I = 1,24 
JETVEL(I) = o;.o 
NJET (I> = 0 

CONTINUE 
DO 400 I = 1,3 
NT(!) = 0 ·---- ---------·----·-----------Niv err= o 

·40 NS!I> = 0 

400 

45 

50 

---ss---

NF <I) = 0 
NO C I l = 0 
CONTINUE 
!PASS = 1 
IBEG = IST<IPASS> 
.L~"'D- = If.NJJ P_A_SS >.-.------
I MORN = IMF<lPASSJ 
DO 200 IREC = I~EGtiEND 

------·---------

CALL READMS <IFILE,IHL920,IREC} 
IF (1-1 I X • t. Q. 3) GO T 0 2 0 0 
CALL READR CIRD,IREC,NP,NM,IBFLG) 
AU-1AX = 0.0 
AUHN = 999. 

---1? 1-~ ~I l-t~j ~ L }-;-Nro~-)-GO-Tu"J-oo·--- ------··-·------------
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60 

65 

75 

80 

1\SP = SP ( IU:::.Vl 
IF (AU-liN .LT. 999ol GO TO 310 
IF CWSP .LE. ALMAXl GO TO 310 
AU-1AX = \'iSP 
t•' A X l C: V = 1 L E V 

__________ c_u_I __ ~--0_,._5_2:-_A U1AX __________________________________ ·-- _____________________ _ 
310 CONTINUE 

I F !\'IS P o L T • 0 o 0 0 0 0 l ) G 0 T 0 3 0 0 
IF <ILEV .LE. MAXLEVI GO TO 300 
IF-- OJSP .• GT. CUT> GO TO 300 
IF (WSP .GE. ALMINJ GO TO 300 
AUHN = ~JSP 
t-~Ii,JLEV = ILEV 

3lt0 __ .C.O bJ I I N l J f 
-~ IF <AU~IN .EO. 999:"")--NOJE_f_= N-O:JET+--1------------------·--

IF IALMIN .EQ. 999.) GO _TO 200 
G = Z<MAXLEVl 
h = Ht-11 X 

·oo 600 IH = 1,2 
IF <IH .Eo. 21 H = TINV 
IF (IH ;.EQ., 2 .ANOo ITIHE .GT .. lMORNl GO TO 600 

_____ _I [__l_Ii:i_~ t;.\J.~: ___ 2 __ , ANO~ _ _T_Ir'J V ___ • li_l' _ _l_Q _ .. ) __ GO ___ I 0 6 0 _o ______ _ 
Ir <IH .EQ. l .. ANO. MIX .NE.. l) GO TO 600 
IT = 1 
IF <ITIME .LT .. !MORN} IT = 2 
t-~IIH,IT> = N(lHdT> -~ 1 
SX<IHdTJ = SX(IHdT) + H 
S Y < I H , I T l = S Y { IH , I T l + G 
SXX(IH,IT) = SXX(lHdTl + H.;:·H 

$_;) ______ _ _ ___ _S_Y.y__ll_tj_._Llt_:: ___ _sy_y_<_IH __ d T l __ ! __ G~0 _____________________ ··------------- _ 
SXY<lHdTl = SXY(lH,IT) + G*rl 

90 

95 

100 

600 ·CONTINUE 
20 0 CO;-.!T I NUE 

DO 700 I = 1,2 
DO 700 J = 1,2 
N(I,3) = N(I,3l • NCI,Jl 
NIJ,I> = N!3,IJ + N<J,II 

____________ 5X_LlL3J_:: _ _sc: __ ( I__,_]_) ___ ~ __ S,X,J I_,) L_ ___ _ ____________ __ . ___ ----··-
SX<3dl = SXl3d) + SX(J,I) 
SY<I•3l = SY(l,3) + SY<I,Jl -
SY(3dl = SY(Jd) + SY{Jdl 
SXX_(I,Jl = SXX(!,3) + SXX!IfJ} 
SXX(3.,I) = SXX(3d) + SXX(J,IJ 
SYY{!,JJ = SYY<I,3l + SYY<I~J> 
SYY(3,I> = SYY<39Il + SYY(J,I> 

.. __ .. ____ . ____________________________ SX..:i LL d..L::: S X~LU _,_3 L_+ ___ S ~< YJJ ,_J) _______________ --·----------- __ _ 

105 

1 Hi _______ _ 

700 
SXY(3dl = SXY(J,I) + SXY<Jd> 
.CONTINUE 
DO 750 I = 1.2 
N(J.3} = N(3,3) + N{l,J) 
SX(3,3l = SX(3,3l + SX(I,3> 
SY(3i3l = SY{3,3) + SY{I,3l 
SXX(3~3l = SXX{3,3l + SXX\1,3) 

··---------·--·--5 Y.YJ3_,_3>__::= __ S_'r:Y._( 3_,_3) -~-- S YYi.I'7_3 > _________________ --------=--
SXY<3.JJ = SXY(3,3l + SXY (1,3) 

--·--------- ..... ·---------------------···--·- ------·------ ·------ ---- ·-·------- -- ... ------------
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llS 

120 

750 CONTINUE 
DO 800 I = l d 
DO 800 J = 1,3 
IF. IN(I,J) .LT. 2) C30 TO 800 
Al'4 = FLO.ll.T<N<I~Jl) 

---~--------LOV-~-SX-Y.CI-•J-L~SX..CI ,J).:',tSY U.,J.) /AN-----·-- . -······-- --- ···--·-···· 
SOX = SXXIIqJJ-SXII,JI**2/AN 

800 

SOY= SYYII~Jl - SY(!,Jl**2/AN 
RrlQ(!,Jl = COV/SOkTISDX*SDY) 
COi,HINUE 
Wr<ITE (6,80ll ( INI!,Jl ,J=l?3}, (RHO<I~Jl ,J=l93) ~I=l~~~ 
FORMAT llX~3Il0,/,3FlOo5} 
STOP . 

___ EN~.;.----

- -·-·--·-- -·-. - -·---·----- --···-··---------------·-----------·- -------· ---------- ·------ ---------- .. -

·---·-·----------- -------------· ··--·------. 

·-------------·--·-------·-------------·-·-·------·---·-----· 

·---·-- ·-··· -· ---··-·--------
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APPENDiX II l 

DATA BASE SAMPLES 

STABLE 

Potential 
Height Spe~9 Direction Temperature 
(m) (ms ) (Degree) T{°C) (oC) 

06 FEB 1975 1 35 5 ' 
64 5. 1 335.8 -17.6 - 1 7. 0 

128 6. 1 339.6 -18. 2 -17.0 

192 6.2 342.9 -18.9 -1 7. 0 

256 6.4 348.7 -19.3 -1 6. 8 

320 7.4 3 51 . 4 -20.0 -16. 9 

384 8.8 354.3 -20.0 -1 6. 2 

448 8.9 350.3 -20.5 -1 6. 1 

512 l 0 . 6 345.0 -21.0 -1 5. 9 

516 11.6 238.9 -21.0 - l 5. 3 

640 1 2. 0 335. l -21 . 0 -1 4. 6 

704 l 0. 5 330.6 -21 . 5 -14.5 

768 l 1 • 0 329.2 722.0 -14.4 

832 9. 7 327.0 

896 -22.5 -1 3. 6 

1 1 FEB 1975 1705 

64 2.9 3 51 . 8 -34.6 -33.8 

128 4.3 358~5 -34.9 -33.7. 

192 4.9 359.3 -35.5 -33.6 

256 5. 2 0.9 -36. l -33.6 

320 5.6 3 56'. 7 -36.7 -33.6 

384 7.0 350.7 -36.7 -32.9 

448 1 0. 2 351.9 -34.4 -31 . 7 

512 1 1 . 4 3 5 l . 9 -34.4 -29.3 

576 -34.4 -28.7 

640 5.6 6.2 -33.9 -27.5 
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Potential 
Heiglit S pe~? .. Direction Temperature 
(m) (ms ) · ·(Degree) T (°C l (oC} 

l 8 FEB 1975 833 
64 4.7 230.5 -7:7 -7. 1 

128 1 5 . 1 226.6 -7.2 -5.9 
192 5.8 237.2 -5.4 -3.5 
256 1 6 . 7 242.6 -5.6 - 3 . 1 
320 1 8. 2 247.0 -5.9 -2.7 
38.4 1 4. 7 255.3 -6.3 -2.6 
448 1 8. 5 254.9 -6 . 1 -1.7 
512 1 7. 2 257.8 -5.9 -0.8 

576 l 0 . 3 270.1 -6 . l -0.4 

640 1 3 . 4 260.4 -6.5 .-0. 1 

STABLE 

Z ( m) - 1 V(ms ) O(Deg) T(De9 C) PT(Deg C) 

02 MARCH 1976 722 

85 2.4 351 . 0 

170 3. 6 1 0. 3 -30.3 -28.6 

255 5.7 32.5 -28. l -25.5 

340 4.6 48.7 -27.6 -24.3 

425 2.7 53.2 -27.2 -2 3. 1 

510 1.4 66.7 -25.4 -20.3 

595 3.8 6 1 . 2 -23.7 -1 7. 8 

680 5.0 59.7 -24.0 - l 7. 3 

25 JULY 1976 

85 4.0 2 70. 1 10.8 11.6 

170 8.5 268.6 1 2 . 0 l 3. 7 

255 l 2. 0 285.6 11.6 l 4 . 1 

340 l 2. 0 294.5 1 3 ·. 0 1 6 . 3 

425 1 3. 5 300.5 1 2. 8 17.0 

510 1 3. 5 306.7 1 2. 3 1 7. 3 

595 12.5 30 3. 1 1 1 . 8 1 7 . 7 
680 12.5 302.7 11 • 2 1 8. 0 
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THERMALLY UNSTABLE 

0 1 AUG 1975 
Height 

(ms -]1 (m) v a · (Deg} T (oC} PT (oC) 

64 2.0 170.5 
128 4.0 177.8 22.2 23.5 
192 1.6 198.3 
256 2.4 194.0 1 9. 3 2 1 . 8 
320 1 . 8 180.8 . 
384 0.3 1 6 5. 0 18. 2 22.0 
448 0. 7 146.0 

512 1 . 0 196.0 16.5 21 . 5 
576 0.9 1 85.0 
640 0.9 347.1 1 4 . 4 20.7 

06 MAY 1445 
85 4.4 217.9 

170 4.6 209.7 l 4. 8 16.5 
255 4.3 209. 1 1 2. 8 1 5 . 3 
340 4.8 212.2 10.7 1 4. 1 
425 5. 1 206.3 
510 5.4 2 14. 1 7.3 1 2 . 3 
595 8. 3 21 5. 5 
680 8.8 21 5. 5 5. 1 1 1 • 8 

1 2 MAY 1426 

85 8.5 230.5 1 4. 8 l 5. 6 
170 6. 1 251.4 13.6 1 5 . 3 
255 3.8 2 71 . 9 
340 5.2 268. 1 9.4 l 2. 7 
425 3 . 7 265.9 
510 5.2 266.8 5 . 3 i 0 . 3 
595 4.4 293.3 
680 3.0 267.3 0.9 7.6 
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Height 
(rri s ~.l1 (oel . p·T (°C} (m) v o · CDe9l T 

27 MAY 1976 1422 
85 4.4 18 5. 1 25.0 25.8 

170 5.0 188.3 23.5 25.2 

255 5.4 1 8 8. 7 22.0 24.5 

340 5.2 189.0 20.6 23.9 

425 4.8 185.8 1 9 . 5 23.7 
510 4.9 182.6 18. 0 23.0 

59 5 5.0 166. 1 16. 4 22.3 

680 4.3 l 6 1 • 6 15.2 21.9 

9 JUNE 1976 141 5 

85 3.0 275.0 2 1 • 4 22.2 

1 70 3.8 260.9 20.6 22.3 

255 4.6 253.8 1 9. 6 22. 1 

340 4.5 269.3 1 8. 7 22.0 

425 5.0 255.8 1 7. 9 22. l 

510 5. 3 253.5 1 7. 0 22.0 

59 5 5.5 249.7 16.0 21.9 

680 4.6 246.4 1 5 . 1 21 . 8 
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