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ABSTRACT = _ - R

On the evening of the 21 October 1977 an experiment
“was- run in a cross-section of an east-west segment of the
North Saskatchewan River Valley 1n Edmonton Alberta.: Mea-
surements of temp@rature, wind, and carbon monoxide concentra-

tion were made in an attempt to determine the micrometeoro-

. log¥\of the va]]ey

. The inver51on in the valley was more intense than in
the city which 1s situated on the p1a1n. The south 51de of
the valley was co]der fhan the north side, and 1ts tempera-'
.tures were comparab]e to 2 rura1 station

Drainage winds were experienced on the s]opes of the

i__valfey The along- va]]ey W1nd shifted from easter]y to~'

g westerly as the inversion formed. During th]S time the

prevailing wind remained southeasteriy A 15 minute periodi-
city in the drainage W1nd oni the south 51de of the valley
_was determined by~ spectral ana1y51s |
’ Carbon monoxide concentrations were found to be ;
strOngly influenced by the drainage wind, W1th a peak 1n

concentration three hours after the 1ate afternoon rush-

.*hour traffic max1mum.

" The data were not of suff1c1ent resoiution to describe

‘ thecﬁomplete vailey wind c1rcu1ation, but the potqptia] for

polfutant entrapiment within the valley was established.

f

iv | .
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CHAPTER 1

INTRODUCTION

171 Reasons for the Study

Many cities the world over are built arourid smafh
river systémg. where the river valley is below the 1eve1
of. the city. In many cases, these valleys are used fer
public recreation, including parks, amusement areas and
recreationa] boating. These valleys are then at %dmes the
location for large congregations of peaple, which in turn
leads to high levels of motor vehicle activity in access
roads and parking lots. Those areas of the valley not usedv
for recreation are often sites for mqpor~urban roads ane
freeways, as well as 'various types of commerical enter-

prise. Due to the sma11 size of these va]leys,? he

foncentrat1on of pollutants would ot be expected to be

of concern ‘during the day when thermal mixing processes
transport the pollutants out of the valley, but what of

the night? Especially during the summer, evenings are

| when the maximum concentratwon of people would be expected

and when the formation of inversion cond1t1ons wouild be
most likely to concentrate the po]lqtants in the river
va11ey The questiohs arise: will the inversion conditions
formed in these sma11 river valleys be 1ndependent of the

larger urban environment?; how will the urban environment



‘affoci the river valley?; will the circulation within the

valley be a closed system? There seems to be few gtudies
t;at hayc concerned themsel;os with the nic;onotnqroiogy
of small urban.va}leys. but perhaps some of the observed
circulations in large moyntain and river valleys would
apply fo the small river valleys, _

,  The phenomenon of mountain and valley winds has been
investigated by Getger (1965), Defant (1951) and others.
Observation shows that well-developed local circulﬁtions
with marked :iurnal variations are formed in valleys lead-
ing~1nto mountain ranges. There is a double system of
periodic winds; during the day there are upslope and
upvalley winds and at night downslope winds.and downvai]ey
'winds. The slope winds are always initiated first and the
valley winds follow. An idealized description of valley
winds is given by Defant (1951), (Fig. 1.1): At sunrise
upslope winds begin (white arron).'bdt the valley is still‘
colder.than the plain; and the downvalley winds (black
arrows) are still blowing, fed by return circulation from
the slopes. It soon dies out with further heating. 1In
the forenoon (B), the slope winds are strong and there is
a transition from a mountain wind to a valley wind w1th
the valley and plains temperatures the same By noon and
early afternoon (C) the slope winds are d1m1n1sh1ng and
there is a fully-developed valley wind with> ‘the valley
warmer than the plains, In the late afternoon (b) the

siope'winds have cea;ed and the vaT]ey wind continues. In



—

Fig. 1.3, Schematic_illustration of the normaf}variations ]
, ' of t?e circulation in a-valley (after Defant
1951). - R o S
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“ the evening (E) downs]bhetwinds begin and the,vaIJey’winds
diminish; The vaTiey‘at this time is on1y;s]19ht1y.harmer'
than the plains. By early night (F) there are well-
deve]oped dens]ope‘ginds and a transition from a val]ext
wihd to a mountain wind. ‘fhe valley ahd-bleins‘ere at the

"same temberature The m1ddle of the n1ght (G) sees the

. mountain wind fu11y developed with the va]]ey colder than

Athe p]alns and by late night (H) the downs]ope wind has
ceased and the mountain wind fills the va]]ey This
‘descr1pt1on of the progress1on°of the va]]ey winds w111
be further eempl1cated if there 1is a»cross-va]]ey preya11-;f
ing hind'(Tang, 1975), which may reéu]t in cTosed celT'(cﬁte
off) circulatione This then forms. the basis on which to

begin the 1nvest1gat1on of sma11 urban river va]]ey c1rcu1a- S

\\\\ - - tion ‘and ga1n an insight 1nto poss1b1e pollution prob]ems

, , . S
“1.2“Edmdnton's‘River Valley » o
Within the City of Edmonton (53°33'N, 1T§°30’W) the

i

dominant tepographfcal feature 1is ~the North Saskatchewan
River Valley. A large'part bf this!ya]]ey/ts used for
o~ B public recreational activit%e$>end inc]udes much of the
| ‘city's park]and.’ For this reason it is of intehestrto
stﬁdy the valley microclimate and pollution potentiai and
if posstb]e devefob‘simulation (compﬁter) mede]s. within‘
“the valley are comp1exﬂarrangementé»of\motor vehicle poliu-
tion sources " wWith br1dges (cross va]]ey line sources),

streets and roads (along- va]]ey line sources) and parks




/
‘ and residentia]‘districts (area sources)“ “’htsyva1l§y i's
-known to possess, its own microcllmate, with for-examp1e, :
'Zminimum observed temperatures on clear nights on}the f]oor
“of the va]ley comparab]e to. those reported at n#arby rural -
stations (Hage, 1972) Ev1dence for poor mixing withjn

the r1ver va]]ey is 1ona11y seen‘in'fog situations

where the layered nature of the fog is 1nd1cat1ve of the

~absence of effect1ve mixing between valley and p1a1ns air. -

Klassen (1962) found that the r1yer l1ley system in

Edmonton sim lates the description of e model SUggested

by Defant 1951),  did not observ‘ an upvalley wind

which was independent of the‘preva' g airflow. He observed
. a downs]ope w1nd under conditions- of c]ear skies and 11ght
preva111ng w1nd and ;::nd the downs]ope flow to be weak,
'very unsteady and quite shallow. Air was seen to flow down
the valley even when the preva111ng wind b]ew perpend1cu1ar1ye
hacross the va]]ey . It was suggested that a doub]e vortex
| c1rcu1ation deve1ops under favorab]e cond1t1ons. w1th

ascent over the relat1ve]y warm river water and desFent'

\\\\;" along the slopedi._
5\\\ In an attempt to answer;some'quesQions on the circula-
- _f . tion’within the vaTley, field experiments were run within-
o "',the.riverxvailey in the centerxof‘Edmonton., Measurements

of wind, temperathrg and carbon monoxide concentrations

were made. N




CHAPTER 2.

- EXPERIMENTAL LOCATION 'AND INSTRUMENTATION

L3

2.1 Topographx

- The City of Edmonton is located on tée banks of the
North Saskatchewan River 1n centra] A]berta Edmonton lies
670 m above sea 1eve1 on a p1a1n that. s]opes gent]y from
the southwest down to the northeast (Fig 2 ]) | The North
Saskatchewan R1ver meanders through Edmonton from the south-
west to the northeast and the va]]ey s steep sided and
narrow, with an average "depth of 50 m. The width of the
vé}ley~varies from 1000 m,in the‘straighter se;tions to
ISOO.ma }Data were collected from the'Edmonton>Citw Tower
(A), the Municipal Airport (YXD), the International Airport
(YEG).and nainly from the High Level Bridge (B)-area. The
International Airport. is sdtuated 32 km due south of ;
Edmonton in a rural sett1ng _ & | i

The detailed study of the river va11ey was done in
a cross sectiGn of the va]]ey'in the vicinity of the High
Level Bridge_(FigIIZ.Z). The bridge consists of two traffic /
1eveisjw1th a railbed on top and ‘a motor,vehic1e:roadway S
below. Pedestrian walkways are found on both sides of the,v‘
,roadway. The wa]kways are 42 m above the niver., The south

slope of the river valley in the area of the bridge has no .

major roads running paral]e] to the river and no through
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rdads west of the brddgeﬂbelowdthe im df¢£he,v§11e&.  The
éouth«Qlopekis'heavily'treed. The n rth §ﬁ§peu9egetatibn |
consists ofitéil grasses qnd[is“slbbe hofe\é%eep]y thah-‘
the sohth sjbpé; ;R{ver Road"isja majow‘traf%ic artéry‘
within.;he~c}ty. ‘The'roﬁd hdwn‘the*nofbh‘siope passihd
under the bridge is’Iightiy trayél]éd.’iTr;ff;c'counts

along River Road vary from 1,700 motor vehicles per hour

 The3iocatioﬁ3‘of.the expérimenta1~Stétibns'arqmindi—

cated in Fig. 2.2, Tpe numbers 1 to 5 indicate the loca-

0;%'km west of the bridge and station‘CAWas located at the
base of the north slope WNW of station D. The elevations -

of“;hg main stations (1-6) are indicated ip the'crpss sec-

B -
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2.2 Experimental History

During the summer and fall of 1977, experiments were
run to provide data for modelling studies Temperature,
wind and carbon monoxide concentrations were measured under
light winds and clear ekﬁes. ‘Thus the microc]imete of the
valley was observed ynder inversion conditions. The first
experiment, run on July 13, was a pmeliminary study to gain
fam&iiarity~with equipment and to estebliSh'procedures.

/The second experiment, run on July 20, did not y1e]d light
winds, and the mean wind penetrated/to the f]oor of the
va]]ey. The third experiment held on July 2§ gave the
nequired conditions. |

It became obv1ous that more was occurring in the
: m1erometeoro]ogy of this sma11 valley than had been expected
and, in many respects, ‘the f1nd1ngs resembled those for
~larger val]eys "A survey of the literature did -not reveal
any work done,on this scale of river valley, a]thbugh many
studies had concemned themse]ves'with,mountain valle;s'or
large river valjey systems.

To investigate %he‘%bservee complexity, additional
instrumentation was obtained or designed to allow efudy at
locatiens where only battery power could be mged. As very
lighf winds had'been observed previously, this equipment
~also hanto heYe good‘sensitivity amd stability.

A fourth experiment.was run on October 21, during the
period ofv}800-2400 MDT, although some.stations have slightly

longer records. Additwona] information was gained from the
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Municipal Airport, the International Airport and the Edmonton

City Towgs

2.3 ‘Station fnstrumentation for Experiment+4

The pos1t1ons available for: the statioﬁs were all
easily accessib]e by the pub]1c, as much of the river valley
- is part of the regional parks system. As a result all sta-
tions were manned cont1nuous]y and all equ1pment was removed
at the end of each exper1ment Portable meters] wereuseds
for the measurement of carbon monoxide concentrat1ons anz
/he output recorded on portab]e chart recorders 2 _The meters
and recorders were carr1ed from station toastat1on and five
m1nute read1ngs of concentration were taken at each station.
The instrumentatfon*whibh was located at each’gtation is
listeg in Table 2.1. A11‘fhermo§raphs were held in Stevenson
screens, with those at statfons 1 and 3 suspended abo;e the
ground, those at statlons 2 and 6 placed on the ground and
the screen at stat1on 5 was placed on a picnic tab]e Tempe-
rature profiles were obta1ned at stat1on 4 by suspend1ng
thermocoup]es from the bridge at 5, 13, 21 and 29 m below
the road level of the br1dge The anemometers at stations

1 and 3 were’ suprorted by standard television antenna tower

sections and theﬂprofi}ing anemometers at stagion 2 were

!

Interscan Corporation mode] no. 1148

2 Esterline Angus Corporation mode] no. MSH4018BB.



Tab]e'z.i. Meteorological Instrumentation

Lnstruﬁgnts

Station Variable

1 wind speed and direction cup and vane anemometer
air temperature . thermograph |

2 slope wind propeller anemometer
wind profile tup anemometer
air temperafure thermograph

3 3 wind components propeller anemome ters
wind profile cCup anemometers

[ ] '

air temperature thermograph
water temperature thermograph

4 'bridge'leve] qir’tem!erature thermister
4 level éir temperature’ ‘thermocouples

5 ~slope wind speed pfope]]er anembmeter
wind direction vane
air temperature thermograph

6  air temperature thermograph
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supported by a guyed metal tube. The propeller anemometers
at the river valley slope stations 2 and § were aligned along
the slope s0 as to measure the .up and down slope component

of the wind. The heights above ground of all 1nstroments

are listed 1anab1e 2.2. |

2.4 .Calibration

The thermographs used were made by Casella. Thies and
Ryan Instruments,] the latter being submersible for'obta1n~
ing water temperatures, Measurements of temperature at sta-
tion 4 were obtaimed from a thermlster thermometer. 2 >Th1s
thermometer was found to be accurate when calibrated against
a standard mercury-in- g]ass thermometer and was used as a
reference for all other instruments because of its rugged
portability. Prof11e measurements were made by thermocouples'
of nicke]-constantan of 0.013 mm‘d1ameter. This size was
used to avoid radiation effects, as the elements could not
| be shie]ded. The output from the thermocoup]es was measured
| by a digital readout3 wh1ch was not capable of read1ng be]ow
a machine reading of 0 C. Calibration of the temperature

measuring instruments was carried out at several tempera-

tures,’ using both the Meteoro]og1ca1 Division cold room and

Ryan Instruments model no. F-8.

% Weather Measure Corporation model no. T618-1-B.

3 Omega Engineering model no. 200-EC2-DSS.

Al



Table 2.2. Height of instruments above"

g s |

ground.

"
-+

ﬂeight (m) ~//;

Instrument Station
thermograph 1, 3 1.5
1, 6 0.15
5 0.9
‘ .
- cup anemgheters;‘ 1 4.1
2 1., 2.0,
3 2.6, 1.4
propeller anemometers 2 0.78
3 4.5
5 0.53
vanes 1 4!}
5 0.6
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sti1) outside air, over a temperature range of +20°C to

~15°C. Many of the instruments used had sliight tompcf%tura

‘dependencies ang fo: these regression Tines were fitted to

the calibration points, Accuracy of the thermographs was
af?ected b&dtwo factors: the e;traction.éf data from the -
charts, and the slightly differiag positions of the paper
on the recorder %rum. Data could be extracted from the
chart itself to within 0.1°¢C ind the positioning error can
be 1nferred from the average standard error of regression,
which was abouyt 0.2°cC, implying a position error of about
0.1°C.  The thermister thermometeg could be read to within
0.1°c andaﬂﬂe digital‘readoutAfor the’thermocouples is
specified ét‘wfthin 0.1°C resolution,

Impulse cdunting anemometers4 were used to obtain wind
profiles and a Cup anemometer and chart recorder system5 was
dSed at station 1 to measure prevailiﬁg wind. A1l pro-
pellers were of the Gil1 type. Anemometer calibration was
carried out in the Universi;y of Alberta Mechanical Engineer-
ing Department low speed wind tunnel, which is capable of
speeds down to 0.04 n s']; The calibration reference for

the speew‘range of 0.05 to 2.0 an'] was a hot film anemo-

-meter own?d by the Mechanical Engineering-Department and

which was calibrated from first Principles and linearized
' ' /

X

4 Rimco C.S.I.R.O, model ASI.

S R.M. White anemometer model no. 5-902, reforder
model no. 1-t8g, . o /;t




'ment In th1s way the zero drlft could be observed and

‘battery powered, s1nce none of the s1tes ha:jaccess to

‘commercial power 11nes As RUStrak6 chart -

*

' over-this range. Above 2 m”s“ the Gil1 propeller anemo-

meters were used as a reference as the response was found

"~ to be—]inear above T,m s’ ];“ The stall speed of the R.M,

White cup was found (to be 1.5 m s q. The GilY anemometers
were very cTose to one another in calibration and staTT s

speed the Tatter vary1ng from 0.75 to 0. 18 m s ]. The

count1ng cup anemometers aTso proved reasonabTy sens1t1ve

with staTT speeds grouped about 0. 32 ms ].
The zero ca11brat1on of the- carbon monox1de meters was

found to be unre11ab1e, S0 to detect zero dr1ft the meters

- wWere Teft to ‘run centlnuously for the duration of the experi-

e

corrected for, as the drlft was reTat1ve1y slow and steady

2;5 'Chart'Recordeeresign

During ana]ys1s of ExperIment 3, it became obvious

vthat a senswt1ve Chart recorder was needed to- obta1n sat1s-'

factory: resoTut1on of W1nd Speed, whwch could change by an

order of. magn1tude ﬁr more during the Period of interest.

~

"Due to site location, the recorders .had to be ]ight and

ecorders were

avallable, it was dec1ded to design electronics for these

,recorders. The Rustrak recorders consist of a one milli-

-ampere meter movement “whose 1nd1cat1ng arm can be clamped

"

P

6 Rustrak Instrument Company model no. 214cC.
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by a striker bar to mark pressure sensitive chart paper
The chart paper 1s drlven by a 12 volt d.c. motor, which -
also controls the str1ker bar The dra1n of this motor is
very‘]ow, so that the current drain on- the 12 volt lantern
battery used w111 not reduce the output vo]tage by a measur-
able amount by the end of the exper1ment Depend1ng on the
gear tra1n se]ected, speeds of up to 30. 5 cm hr™ (12 inches

ﬂ ) could be obta1ned Dur1ng Exper1ment 4, station §
used a chart speed of 15.25 cm hr (6 inches hr™! ) and all
other stations used 30 5 cm hr ]. o

Operatlonal amp11f1ers wera selected for the chart

recorder eIectron1cs due to their Precisely- deflned para-
meters and ease of rep]acement in the event of fa11ure s
0r1g1na11y only 741 type operat1ona1 amp]1f1ers were used
but due to the1r high 1nput bias requirements of 2 x 10'7
amperes, any ofénge in the input or feedback Toop 1mpedance
caused large changes in the output offset. No rearrange ent
could cure th1$ Problem due to the change of three orders
of magn1tude 1n input impedance- shown by the requ1red 1nput
_ attenuater After some exper1mentat1on it was dec1ded to

use the Nat1ona] Sem1conducter LM310N as an 1nput buffer, ¢
hTh1s amp11f1er has a typ1ca1 input b1as current of 1 x 10'9
jamperes and 1so]ates the 747 from 1mpedance changes The
current feedback Toop around the 743 (F1g 2.4) was found

to prov1de the most stab]e operatIng point, w1th no instabi-

11t1es deve]op1ng and with no discernible output zero dr1ft

after several hours
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As shown in the c1rcu1t diagram, SW1 is the input
I attenuater, stepped in. a sem1-logarathm1c sequence and pro-.
viding a constant input 1mpedance of 50 K@, as the shunt
impedance of the LM310N 1s 1. 5 X lolovohms Al res1stors
in the attenuater are one percent meta] film res1stors for
best stab111ty and accurate 1nput attenuation. . The ]arge
range of 1nput vo]tages ava11ab1e,,wh11e unnecessary for
Experiment 4, was designed to allow”greater f]eXibiTity'in
futurd experiments. ‘Resistor R3 1imfts'the‘maximum current
available to the'chart-recorder;zshould a device failure
S occur, to 4 mi]]iamperes tolprevent burning out the meter -
movement'of the'recorder. Output otfset is controlled by
variab]e resistor R2, in conjunction with the internal cir-
cuitry of the 741. Gain is set by resistors R4 and R5, with
the max1mum gain Timited by R4 to two and the minimum gain
limited by R4 and R5 in ser1es to 0. 7 Sw1tch sw2 is the
power on-off sw1tch There is 1nteract1on between the out—
put offset control and the gain eontrol.- Changing the gain
w111 change the offset, but the offset w11] not.affect the
‘gain. The initia] set- up procedure consists of adJustlng

both ga1n and offset one after the other until the fu]I-

: ;sca]e range is accurate Once the full-scale read1ng-is

Correct, the offset may be adjusted and the}gain w111 not
'be affected. Gain stability depends on the stability of
~resistors R4 and R5 and output offset stab1]1ty will depend
on the stab111ty of R2 The c1rcu1t‘]s not voltage sens1e

tive and will operate well at 7.5 volts. Total current draw .
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of the circuit at fu11 scale def]ection‘is 5.3 milliamperes
from the positive supply rail and 4. 3 mi]]1amperes‘from the
negative supply rail. | | '_
Thefperformance of this design was tested.on all
‘ranges. From- max1mum to m1n1mum ga1n, the zero offset
varies by 0.5 percent and fu]] sca]e accuracy is W1thin 1 0
percent Tota] error of any read1ng was 2 percent with all
errors additive, If a 11m1ted number of closely spaced
ranges were used, accuracy was typically within the 1 per-
cent 1eVe1 The circuit was also tested’ with a ca11brated
‘voltage source for temperature dr1ft W1th1n the range of

0°C to +21 C no change'1n gain occurred
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'CHAPTER 3

RESULTS OF TEMPEhATURE MEASUREMENTS

3.1 Temperature Profiles A o )
QE, The tehperature~brofi1esobtained at station 4 were
augmented by temperatures measured at stations 1 énd*a.,

The:assumptjon Was made that at any given height in the

valley, eXc]udingﬁfhe'Slopés, the temperatures wouldbe

~uniform over the horiZonta] distances separating the sta-

: tions. To extend'the temberature profiles intaqg the urban

environment, temperature measuremeﬁts from the 10 m (A),

45,7’m (B) and 91.5 g (¢) Tevels onjthe Edmonton City Towérf

‘ were used (Fig, 2.])} 'The actual tempenatures‘could not

be~used as comparison bf the tower tehperatures with
_temperatures'obtafned‘from the muhicipa] airport (YXD)
during inVeﬂsion andflabse bonditions‘showed differences -
of'up tonth Hégree$ between fhé‘two lbcaﬁions. That these
temperafure differences Were due to'TOCafi6n was -demon-
strateq‘when periods of continuous rain were used for
comparispﬁ} During sdch occurréncés,-témpefatures_over.

large areas can_be expected to be uniform and in- these

AN
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adjusted by the amount of the difference obtained. The
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the temperature profi1e woujd ﬂe_madn;ained with respect ..
to 1ts heng; above ground To rela e the tower tempera-
tures to temperatures measured at the river valley, an
est/mate of screen-level temperature expected from the

tower profile was made by extr@polating the 10 m to 45 7 m
temperature d1fference to screen level - The expected screen-

‘level temperature_uas then equated to the'actua] tempera-

'“\}turelat station:i and the entire tower temperature profile

(

tower measurements of temperature were assigned to'the same
he1ght above ground at station 1 as at the Edmonton City -

Toweﬂ 1ocat1on Temperatures obta1ned at half hour 1nter-

va s, 1nc1ud1ng the a]tered tower and r1ver water tempera-

... Jures are 11sted in Tab]e 3.1.

/

Temperature profiles p]otted every hour from 1800 to
2400 MDT are shown in Fig. 3~1 and, as can be seen, the
var1at1on of the prof1Tes w1th t1me is reasonabTe At 1800
the prof11e within the va]]ey was 1sotherma1 and temperatures
decreased w1th height above. the valiey.l This is reasonab]e

as the va]]ey at this t1me had been in shade longer than

)the air above the c1ty. A peak in- the temperature prof11es

at bridge level in this and other'proflles was attributed
to the therma] effect of the High Level Bridge and thi
own -

traffic on it, as the thermometer was 1ocated on the

wind side of the bridge. The br1dge level temperature was

much larger tgan ex ted from the other prof11e tempera-

tures (up to 1L #C), as well as erratic, so it was not
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10.3

9.5
8.9
8.4

10.4

10.1

9.9
9.7
8.7

10.0

0.1 "10.0

4.9

1730
1800
1830
1900

9.5
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9.8
8.7
7.8

9.9

9.6
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8.0
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9.6
8.8
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7.2
6.7

9.5 9.6

8.2

4.8
4.8

8.7

8.8
8.2

8.8
7.7

7.1

7.7
8.4
8.3

7.7
7.6

7.8

8.0
7.2
6.9

7.4
6.9
5.0

4.7

7.2
6.9

7.3
7.0
6.4

7.7

4.6
4.5
‘4.5

1930
2000
2030

7.6
6.9
6.3
6.2

7.4
7.0

6.7
6.5
4.6
3.5
3.1

7.0

7.9
7.9

6.2
5.2

< o o
™M N -

5.4
5.0
3.9

6.6
4.5

4.4
4.3

2100°
2130
2200
2230
2300
2330

7.9

4.7

7.9
6.4

4.8
4.2

4.2

3.7
3.2

3.1
2.8

3.4

4.2

4.2
4.1

3.4
3.3

1.1

7.2
6.8

3.8
2.2

4.6
5.1

3.2
2.8

4.0

2.2

1.1

6.9
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1

included in the profi]gs. The thesmomefer was movea after
2100 to try and minimize the thermal effects, but the
‘temperatures were still unreliable. |

. At 1900 coo]ing was evident in the 1pwer,25 m of the
river valley and the temﬁerature bEOfile above the city was
isdtherﬁa]. By 2000 the coo]%ng_in,the lower levels of the
va]]ey was very pronounced and in later profiles this.codl-
ing had extended upward.'.Once the inversion had formed,
the temperatures at the bottom of the river valley Were‘ 
always lower than would be expecfed from the Edmonfon City
“' rower profile, indicatfng that the river valley may haVe'l

been closer to a rural than to an urban temperature regime.

3.2 Time Variafions

In order to follow the'Variation of tempefaturé with
time, the temperatures were plotted at ten minute intervals
with the axfs of one stafion plot shifted from another»fo“
illustrate tﬁe simultaneous time vari;tions of temperature
at all statioﬁs. The statfbn temperatures used‘fdr the-
‘profi1e measurements within the’valley are shown in Fig. 3.2.
As can be seen, the onset of the inversion at station 3 was
‘abrupt, starting after 1940 MDT. The températﬁre fell
rapidly to a plateau at 2100. Rapid falls foiiowed by a
leveling off of the temperatures occurred three times before
2400. The inversion can be seen propagating upward tﬁrpugh
stations 4d to 4, marked by the tick marks in Fig. 3.2, at

1

a constant rate of 0.7 m min . The répid}drop in tempera-

[



Fig.

Temperature ——.

18 19 20 20 22 23 24
Time (MDT)
3.2. Time plot of temperature for river valley

stations used in profiles. Numbers at
beginning of piot indicate station. Tick
marks indicate onset of inversion.
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ture between'{doopand 2110 at station 4 was the result of
moving the thev¥mometer in am attempt to avoid the thermal
effect of;the High Level Bridge and was not an actual
temperature decrease: The most probabie real temperature
trend is indicated by the ‘dotted line. The initial
accelerated drop in temperature at station 3 and the sub-
sequent plateau was ‘reflected in the temperatures of a]l
other stations except-station 1, '.l1cat1ngqthat th1s*
phenomenon was a'characteristie Gf the.rirer valley. The
mechanism responsible for this hehavjor is at present
~unknown. The second rapid fall in temperature after the
first piateau was again reflected in ]euef§*4g to 4a,
although not as clearly as. the first decrease. The third
rap1d temperature fa11 at 2120 at station 3 was of greaterl
'magn1tude.than the second and was reflected 1n a rapid falr\ 
in temperature at station 4 one hour later than at stat1on
3. This is in agreeméht with the upward prOpaga¢1on rate
of the 1n1t1a1 inversion which occurred at 1940,

The two slope stations 2 and §, the south rim sta-
tian 6, the municipal airport (YXD) ahd the international
mpairport (YEG) temperatures are shown in Fig. 3.3 in the
same form as in Fig. 3.2. Stations 5 and 6 showed no
periods of rapid,temperature decrease, but exhibited a
steady cooling rate. The a1rport temperature showed large
temperature changes from hour to hour, but the linear trend
ohta1ned with a least squares fit and indicated‘by aldottedéy///

line, showed -general agreement with,the cooling rates of

A
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Fig. 3.3. Time plot of temperature for river valley
stations not used in profile, including YXD
and YEG. Numbers at beginning of plot
indicate station.



”fhé other stations. Station 2 did show one period of rapid
cooling beginning at 2010, indicated by a tick mark. Th1s
time is in agreement‘wfth the beginning of the onset o;y

the fn1t1a1 fnversion shewn at station 4c which was close

to the height of station 2. The.absence of further.rapid
decreases in temperature is probably due t%)the formation

of a downslope wind, isolating station 2 from direct inter-
~action Qith the valley air. The absence of any such initial
temPerature drop at siation 5 is surprising until the actual
temperatureS are studied (Table 3.2). The temperatures at
station 5 were lower than those at ggy‘other river valley
station and were compar;ble with those at the rural s@at1on
YEG. The air temperatures above the rim of the va]]e& at
~station 1 were éomparable to those at the urban statign YXD
as expected. The north slope and river station (2 and 3)
temperatures were midway between urban and rural values.

An explanation for the lower:temperatures recorded at
station 5 may'be discerned by studying the change of tempera-
tyre with time from Expef}ment 1 (Fig. 3.4). As canmbe
seen, the temperatures at both stations we}e comparable at
1645, bﬁt station 5 began to cool earljer than station 1.
When statioﬁ-l began to cool at about 2000, the rate of
‘cooling at station/% was similar and the'temperafures at
station 5 remained lower than thosé at station 1. The early
cooling of station 5 is consistent with the early shading

of the\northéfacing slope from the sun. This phenomenon

was also observed during Experiments 2 and 3 in varying
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i
nglé 3;2; CbmpariSOn of temperatures (°C) at main river
e . valley stations.with ‘the urban_airport (YXD)
' and the rural airport (YEG). o
Station .
“Time 2 3 5 6 YXD . YEG
1830 . 8.7 8.4 8.2 - - ~
No_1900 7.8 7.4 7.4 4.2 8.3 6.6 1.7
] ;Léo 7.2 6.9 6.9 3.0~ 7.3 ‘
20001 6.9 5.9 5.0 2.9 6.2 5.7  -.4
2030 " 6.2 5.3 3.4 1 45
2100 5.2 3.4  2.9 0.5 ‘4.4 2.9 -.6
2130 4.7 2.8 1.9 . -3 3.9
to2200 3.7 222 16 -9 3.3 3.8 -3.4
2230 3.2 1.4 1.1 -1 2%
3.7 1.1 .4 -1.9 1.1 1.5 -2.1
2.8 -.3 -6 -2.5 0.6
2400 . 2.2 -.3 2.9 3.0 - 2.5  -2.8
. |
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q . ‘ . .
degrees. Since this difference in temperatures appears to

- be common on clear evenings it suggests that an east-west
segment of the valley is asymmetric in temperature and that

vlitt]e interchange of air occurs between the two sides of
the‘valley,‘at least near the surface. This casts doubt
on the‘existence of any type of‘dpable-vortex closed ciféue'

Tation within such_segments‘of fhe‘va11ey{




CHAPTER 4 -

RESULTS OF WIND MEASUREMENTS

4.1 Wind Above the River Valley

Wind speed at station 1, representing ‘the above- -valley

I3

ftow, was measured by a three -cup anemometer and the out-

Put was recorded on a Rustrak chart recorder As th1s

chart recorder marks pressure sens1t1ve paper w1th a

str1ker bar, the recording cons1sts of a series of dots.

The dens1ty of the dots is too h1gh to enab]e resolution
of the time sequence of successive 1nd1v1dua1 dots,

although the trend was obvious. .To extract the data, an

averag1ng procedure was adopted, wherein the chart record-

1ng was divided into sections av'e average va]ue of the
trace abstracted by vwsua] observa ion. This procedure

was tested for accurac?rby abstract1ng va]ues by the v1spa1
'method then ar:rag1ng the same data where the va]ue of
every po1nt was determined, Errors were found to be less
than 10 percent in a]] caSes and less than 5 percent for

/ mOSt cases. The wind Speed record1ng of station 1 was

divided into two- -minute per1ods by this method.

The stall speed of the cup anomometer used was 1.5 ms 1.

For a wind speed of ]ess than 1.5 n s 1, the 1nd1cated
-w1nd_speed will be zero. Where the w1nd speed is below

the stall speed for only part of the t1me, the average

34
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value abstracted from the chart will be a measure'of the
percentage of time the wind speed was above 1.5 ms 1; |
Where the w1nd speed rema1ned above the stall speed the
1nd1cated average speed will be correct

_ As expected the W1nd ‘speed decreased W1th time and
became 1ight\asmthe invers1on formed by 2100 (Fig. 4.1):
at station 1. The Wind'direction was from the SE for most

of the t1me, except for the period from 2030 to 2230, ‘when

the w1nd d1rect1on became unsteady, backed to WNN for 35

‘minutes, then veered back to SE. At the same t1me the wind

speed dropped to low values while the wind was unsteady and"

picked up once the wind had establlshed 1tse1f from a given

| d1rect1on. ‘To see if this behavior was tru]y that of the

mean wind, the w1nd d1rect1ons from YXD were plotted, and
the agreement was genera]]y good conS1der1ng the distance
between the. stat1ons and cons1der1ng that the winds at YXﬁv
are measured at the standard 10 m height above ground
Except for the d1rect1ona1 shift to wnw at 2200, the mean

d1fference in d1rect1on was 20 degrees with a standard

“deviation of .12 degrees At 2200 the difference was 90

degrees, 1nd1cat1ng that th1s change in direction must

have been related to the river valley and not to the pre-
vailing flow. : If the 1nvers1on, 1n1t1ated in the river -
va]]ey, is assumed to reach above the 1eve1 of the rim of
the va]]ey, the time of arrival would be about 2050, which
is ‘the time at wh1ch the wind at stat1on 1 began to back to

WNW, indicating that the increase in wind speed and the
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4.1. ngvai1ing wind direction and speed measured
at\station 1. Wind direction for municipal
aiﬁport (YXD) plotted for comparison.
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change in direction experiénced at station 1 were related
to the inversion propagating to this level} The tempera-

ture at station 1 did show an in réase in the rate of

temperature decrease, but this Wa' hotvahy lafger than  the
rate of femperafure decrease observed at other times and
cannot be used to confirm the arriva1 of the inversipn.

4.2 Minds Within the River Valley

4.2.1 sStation 3

- Wind measurements at station 3 wére taken with a
three-éxis Gilj>prope]]erianembmetey and twa cup anemo-
'meters for wind profi1e:measuremént§. Data were abStracfed
ffomvchart recordingé of the pr06e1]er anemometers by the
‘$ame method that was used for stationfT;;Jith éyeraging'
‘timesidf 1.0 to 1.2 minutes. The horizdﬁta]]y-positioned
propellers were aligned along the Qal]ey a%is‘(w to E) and
across the v511ey (N to S). 'The‘hind‘speed_andvdirection
were obtained by assuming a cosine response for the pro-
pe]ie?s and summihg the individué]"resu1ts vectoria]]y.
The actual respon;é“of the Gi1l anemometers has been shown
not to be é cosiné:(Drinkrow, 1972); but the error in this
‘-a§sumptioﬁ is about 1 pércent andvis cbnsidered small when
compared to othér soyrcés\of error. The chart speeds were -
“not constant over'the length of the experimeht, so to |
~equate the two components, the chart speéd was assumed to

be constant between hourly time marks, and values of speed
. ° _
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were interpolated to the same time intervals of 1.2 minutes.

The time series was then low-pass filtered to remove the.

high frequency components of the w1nd_(per1ods of less than

2.4 minutes), since these comp%nents are questionable due |-
to the data extraction method‘and would not aid in the‘
ana]ystsj The trend of the t1me ser1es was obtained by
low-pass f11ter1ng over a one-hour t1me interval us1ng a
Bartlett filter (see Sectlon 4.3, 2 for d1scuss1on)

Wind prof11e measurements were made at 1 4 m and 2.6 m
levels, with counting.cup: anemometers over periods of one
'hour The average wind speed measured by these anemometers

was found not to agree w1th the one-hour averages obta1ned

“ from the prope]]er anemometers, in that the eup speeds were

s1gn1f1cant1y,h1gher for low wind speeds. This effect 1s

" probably due to the wind‘speed-being too close to the stall

speed of the cups and to the resu]tant non-linearities.

" This means that wh11e the shape of the profile obta1ned

w1th the cups w111 be good the measured wind speeds cannot
be equated to other sensors if the wind speed drops below

the cup stall speed for-a port1on of the time. When the

1

average wind speeds. were greater than 1.0 m s the prof11es,

inc1uding the propeller anemometer data, were reasonable

(Fig. 4.2). After 1900, when the average speeds were be]ow

1m s'l,»the'inclusion of the propeller data is dubious.

The cup anemometers do, however, indicate that the wind

q\k/f;fspspd increased with height before 2000 and became almost

constant with height thereafter.’

<3
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The wind spegd at station 3 dropped;fov1ow values ét
2200, then picked Qp to a constant speed of about 0.6 ms]
after 2300 (Fig.-4.3). This is surprising, as the wind
speed Qou]d be expected to become véry 1ow with a well-'
devéldped inversion‘in the vai]ey, but‘én examingtion of
wind direction data indicates the reason for tHis (Fig.
4.4). Before the formatibn of the inversion after 1940,
the wind was b]ﬁwing from théveast-and_it’began to veer at
1940 to become westerly by 2040. The period 1940 to 2040
was the timevrequired‘for the inversion'td completely fill
| the rfver valley. XThereaftek the wind was a]ways wester]y.
The westerly wind in the valley within the inversion 1ayér
‘was in accord with the change of Wiﬁd.directioh to westerly
at station 1. This suggests the idea that the inversion
bropagated above the rim of the valley. /
There are {eyefa] possible explanations for the

switch to a wester]y wind. *Thé river runs at a consider-
able ve1ocityfin an'easteriy direction and frictional drag
_ might'pull fhe air with {t. However westerly winds in the
river valley with a souther1y pfeyai]ing wind héve been
observed with the river frozen over. The slope of the
rj?ereyal1ey may also cause a drainage effect; but the
slope'of thefriva is only 0.9 m/km and this does not seem
to be d‘feasonabie explanation for the rapid shift in
~direction in synchronization with the formation of the
. inverﬁion. The most,plausib]e tﬁeory is tied to the geo-

d}iphical alignment of the North Saskatchewan River<VaTley

- -
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syStem. The r;ver s generally aligned SW to NE and.con-y
sistS'bf a series of meanders that are generally aligned

N to S and W to E (Fig. 2.1). This can be represented
schematica]iy (Fig. 4.5). Although once the 1%version is

N\
< -
N . ’
* Compensating —_ S
Flow I
-~ —7-’
Flow forced by ; L
prevailing wind #- . Experimental
‘ ’ ' Site
———— - :
tlI‘ ' 11
S Prevailing Wind

Fig. 4.5. Schematic of North Saskatchewan River Valley
' system showing possiblé cause’ of westerly
wian at experimental site.

established, the valley air is éxpected to be isolatéd from
the'prevailing wihd, if the prevail;ng wind blows parallel
to the valley axis, the air in the va]]ey will tend to move
‘with the wind and there will be an.increase in mass in the
1eeﬁard end'of the valley and\a decrease in mass in the

windward end. Since the river valley.is arranged stair-
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»

case fashion, a southerly wind will move the air in the B

N-S aligned segments of tphe valley northward, and the

resulting Pressure gradient acroés the E-W segments of the

.valley would establish westerly flow within those seg-

ments. Thig could happen rapidly and could account for
the rapid directional change in the valley wind. This

theory, however, appears to be only part of éﬁﬁ explanation,
¥

A VY
for a westerly wind in the valley in winter when the river

is frozen has

evidfnced by waghd

observed with calm Prevailing winds ag &
#ally-rising plumes from sources within
the city,

{

Vertical velocity was also measured at station 3 énd

lﬁ#e@orded on a Rustrak recorder, As mentioned Previously, ;/'

it was not Possible to distinguish the time 'sequence of

negative (downf]ow),_the previous]y—uéed”averaging proce- ,
dbre will ndt give any significant information about -

vertical Qe]bcity. In order to derive statistical informa-
tion;_the values of each'reborder'trace wefe abstractéﬁ |

for a given time geriod. In this case a period oflfﬂiﬁ

minutes wés‘chosen.“ Four suCh\periods were abstracted and

the_means and vérianées were cgﬁculated. .The variance gf

the vertical.ve]ocity With time is shown in Fig. 4.6, the

final reading>being an~estﬁmate, as the signal ]eve]s_were

too loﬁ to enable the value of individual dots to be read, > S

After this time the signal was beloy the noise level
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of thebrecdrder, 1nd1cating nNo movement of the anemometer
Measurab]e vertlcal ve]ocity activity did not end at 1900,
but the act1v1ty cannot be described in a stat1st1cal way,
. as later activity bccurred in short bursts, as 1f stress
built up, then re]eased The first measurable act1v1ty
occurred at 1940 with a brief upward burst. of 0.4 ms ],
Four more bursts of upward motion occurred in the next ten
‘m1nutes, then at 2000 act1v1ty occurred for five m1nutes
with peak ve10c1t1es of 0.9 m s ]. After thws there was no
act1v1ty unt11 2143 when ‘a very br1ef burst of 0.2 m s -1
occurred for 20 seconds. Vert1ca1 ve]oc1t1es were observed
again from 2200 to 2208 With peak veloc1t1es of 0.3 m sil
and at 2215 w1th peak velocities of 0.3 ms ]; After this
time no act1v1ty was recorded, » |
As a check on the cons1stency of the data, stab111ty -
was determlned from the avaw]able 1nformat1on at station 3
and from the Towest level of the temperature profile ‘4d.
The stab1]1ty parameter is Z/L where L 1s the Monin- Obukhov
length As L cou]d not be determ1ned due to the unava11ab1-
11ty of surface heat f]ux measurements, the assumpt1on was
made that Z/L was equal to the. gradient R1chardson number,
'Ri (Panofsky, 1973) Th1s assumpt1on may be quest1onab1e
in stab]e cond1t1ons, but will 1nd1cate the trend in stabl—

lity. Thus we have, ‘ ' RN
o A . o _

~

e[ %3{%
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“ where g = acceleration of gravity | |
6 = potential temperature
T = mean temperature

and where the part1al der1vat1ves were eva]uated for a

logarfthm1c prof11e‘us1ng (Pau]son,‘1970)

9F = FZ B F]
g 1

[ . :
where F 1s, for example, 6 or U and the der1vat1ve is deter-

m1ned for the height (Z]ZZ)]/Z. The wind speeds were taken
;from the,cup anemometers at,1.4 and 2,6 m. A]though the"
fvalues'measured hy the wind profile system are,questdonab]e,
| the thange‘infyeiocity with height wil]dhe_valid, as the
| errors in the'measurements are common and should cancel.
-The temperatures were evaluated from the thermograph tempera-
~ ture at stat1on 3 and the thermodoup]e temperature from 4d
The change of temperature w1th he1ght;zetween these two :
4 | \levels was assymed constant‘ As the stab111ty is sens1t1ve
” .to temperature, the temperatures were averaged one ‘an hour

“to e11minate random errqrs and to match the one- hour wind

speed averages from tmg anemometers F1g 4, 6 shows that,

"jstent w1th the time of onset of the inversion at 1940
IR S 2 gw:- ' _
MDT, the stab111ty 1ncreased rap1d1y

v : §



4.2.2 Station 2 | |
n The upslope (north) and downslope (south) component
of the wind at station 2 was measnred.with_a propeller
anemometer; but the cross-s1ope'component was notymeasured‘
}due'to equipmewt problems. The data were abstracted and
filtered and the trend ca1cu1ated by the same process as

that used at stat1on 3 The averag1ng period was 1.2 '

’ L
minutes and
NG o

earlier stu-"ﬁ‘yﬁm?ggsen (1962) 1nd1cated that the drainage

td was ca]culated over one hour. As an

flow was weak’ and ‘'shallow, cup anemometers were arranged
;to measure the wind profile at 1, 2 and 3 m. The cup
anemoneters used'were of the same type as those used at

‘ station-3 and;the ear]ier\discussion.of their ]imitations
and errors pertains as we]ivto'the_pro¥i1e measurements

[y ! x

station 2. ‘ o
In the early. per1od of the even1ng the W1nd was blow—’

ing upslope, e1ther in response to the mean flow or 1nd1cat-
1ng that a\dayt1me type\of valley circulation was still
: 'occurringv(Fig. 4.7). -As the effect of nocturnal cooling
:made itseif felt the wihd at-station 2 decreased in *
intens1ty and at 1940 began blow1ng downslope, ind1cat1ng
‘the estab1ishment of a dra1nage flow. At 2000 the wnnd
B again b]ew ups]ope cont1nu1ng until 2030, when it once N
again began b]o;1ng ddanslope and estab11shed a dra1nage

flow. except for a few br1ef periods from 2230 to 2300,

when the temperature_rema1ned constant. Although no wind .

direction measurements were available, the flow was con-
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firmed as downslope by the “station operator for the latter
part of the exper1ment From the temperature record the
1nversion was seen to arrive at stat1on 2 about 2010,
although the maximumwrate of coo]ing was not experienced
unti] 2030, when the wind at stat1on 2 became downslope.
The tim1ng of the arrival of the inversion and the activity
of the wind, suggest that the ups]ope w1nd that occurred

. after the 1n1t1a1 downslope regime was estab]ished and the
hinvers1on were connected The most likely exp1anation for
"th1s is that the inversion: 1/yer atts as a 'floor to the
penetrat1on of the prevailing w1nd so, as the 1nvers1on
layer th1ckens, the mean w1nd flow w111 be constra1ned to
‘a shallower depth in the valley and thus affect the slope
winds. Nithout a measure of the cross-s]ope wind component,
however, it is not possiblevto determtne if the flow is

SE (the preva111ng f]ow) or W (the channe11ng effect which
resulted in the wester]y w1nds at station 3).

The wind profiles: reflect the norma] increase in wind
speed with height, until the per1od 2030- 2100 MDT, ‘and are
close to the theoretical logarithmic shape expected in the
constant- £lux 1ayer (Fig. 4.8). From the period 2030- 2100 :
onwards,.after the dra1nage wﬁnd had established 1tse1f
- the prof11es indicate a constant wind speed w1th height,
~ showing that the dra1nage w1nd, although 11ght, was much
deeper than expected 0bservat1on of a steam exhaust plume
from the G]enora club d1d not show evidence of the down-

o

slope flow at 2100, but by 2350 the plume»was observed to
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Fig. 4.8. Wind profiles from 1800 to 2400 MDT at

Profiles are half-hour averages
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drifting‘southward 1nd1cating that the drainage f]ow hed
extended in depth, on the river flood plain, to the top
of the building at 15 m. Evidence that the drainage flow

reached the height of the prope]ior anemometer array at

“station 3 can be seen from the cross-valley wind component,

‘which was consistent1y from the north after 2230.

4.2.3 Station 5 ) -

The Upslope (south) and downslope (north) component

-of the wind was measured with a prope]]er anemometer and

. the wind d1rect1on with a vane. The data were abstracted

and f11tered, and the trend ‘Wwas ca1cu1ated with the same
parameters that were used for station 2. A plot of wind
direttion was not produced as the wind was downslope from
1830 when mea50rement began, to 0100, the ehd of the
experiment (F1g 4.9), and the measured wind dTrect1on was

180 degrees * 15 degrees As noted in Chapter 3, the

' temperatures measured at station 5 were lower than those

' at any other stat1on because cool1ng begad first at this

statij . It was also noticed that the temperatures 1mp11ed'
erent regime at station 5, and this is reinforced by
the wihd»measurEments. The downslope wind with no signifi-

cant time variation in the trend implies a well-developed

drainage flow at 1830, with stag@FJCOnditiohs. This again

suggests that‘conditiens'on the south slope are di fferent

and isolated from conditions elsewhere.
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4.3 Spectral Analysis of Winds

| During study o% the wind speeds, there apbeared to
be a regular Variatibn in spéed, especi?l]y ét the river
vélTey ;lope stations. A simple‘correlation between station
‘2 wind and the cross-valley wind"component of station 3
resulted in a correlation of 0.95, which\suggesfed a
periodidity since an}'fandom variation would be.smoothed
by fhe distance between stations. However, a beriodicity‘
does not seem probablelas there is no apparent mechanism
to resu]f 1n»such'periodicities. ‘The simple regression
used'is not suitab1é for the purpose of determining if the
‘correlations reflect real periodicities as Seﬁsitivity is
\low. As an altgrnatiVe the wind speed measureﬁents were

‘subjected to spectral analysis.

4,3.1 The Spectral Program

The spectral ana]ysis program used w;s deviseﬂ'by
Lachapelle (1977) and uses the Fast;Fouriér Transform‘ |
(FFT) as the.basis for the modified periodogram.method of
analysis. The data wereAfirsflpfeconditibned by the pro-
gram as follows: | -

1. ’The mean, variance and stand%kd deviation were
calculated. |   €>
2. The mean~wa$-removed. |

3. Ieroes wer% added to the data set to.reachva

size of 2";
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4. The data were standardized by using the relation-
ship

Y, = (X

1 - D)/s

i
" where X is the mean, and S is the standard
| deviation.
The standardized datq were then passed to the FFT programs
| , . | \
le in printed and computer- -

, . ;
plotted form. Provision was| made for smoothing the periodo-

and the results made availab

gram using a Danijell window.| This is recommended by
_Kanasewich (1975), as it reduces the variance of the
periddogram and produces a spectral estimate that will more

likely be replicated if the experiment is repeated.

4.3.2 Fiiteriﬁg

B A1though the,wind datarwere smoothed'by the method
" of abstraction from the recorder charts, there was still
a considerable  amount of high frequency'energy in the data
which was of questionable value, as it added noise to the
fréquencies of interest. To remove these high frequencies,
‘Le data were filtered with a low-pass filter and as a
resqlt the characteriétics of the fi]ter uséd must be known
‘to assess_the effect on the data. The frequency reSponse
of‘the filter is the ratio of the amplitude of a wave of .
a.given frequency iﬁ the series-after filtering to the

original amplitude before.smomthihg‘and this frequency
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response is a function of freduency. The response function

of a filter is given by : _ | | J'i*

"y

R(f) = jmfw(t) exp(-2rift)dt SRS (a)

where f = }. T = smoothing interval

W(t). = weight function
~This equation is the inverse Fourier transform of W(t) and

therefore the inverse Fourier transform of the filtering

function is- the filter's response function. "The absolute ——

- value of R(f) is- ' | -,
R = [Re(R(HINZ + (mir(£)1)21/2 (4.2)"
and tﬁe phase angle

o = tan” [In{R(f)}/Re{R(F)}] C(4.3)

The discrete form of the filter is

‘ m . E .
R(F) = kz} W, exp(i2mfk) - (4.4)
==l R

Since it is desired that the filter not phase shift wavés °
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at any frequency, Im{R(f)} must be required to be zero.
This can be accomplished by requir1ngé&(t) to be even

(namely, W(-t) = W(t) or in the discrete case W -k 417/

If W(t) is even, the filter is called symmetric and the

response function is

.

g
R(f) = [°° W(t) cos(2rft)dt o ;

oo LY

=2 [ W(t) cos(2nft)dt (4.5)
0 i B .

“or for discrete filtering havfngIZm_+ Trwefghtg

m .
W, cos(2nfk) -
Lo e

R(F)
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Equation (4.5) gives ¥

A L™ §
R(f) = 2 £T/2 } cos(2wft)dt | . .
)
. 512 Wf: . (4.7)

"The response function is shown in Fig. 4.10. The meaning
of the negative response 1in Fig. 4.10 ;s that,-as'wéll as

being chaﬁbcd in amplitude, the waves are reversed in

polarity, that is, the phase is shifted 180 degrees, so
that maxima are changed‘to miniﬁa and vice versa. This °

characteristic, p]us the large value of the;response varia-

tion above the frequency of the ﬁarst zero pole in. the
response (side-lobes), makés this type of filter undesirable

The Bartlett filter is defined as

3

- t|7172° |t] < 1/2 |
| wWit) = . (4.8)
- | 0 |t] > T/2

/
/
/
/

~and tﬁe response function is
¥



:}.*/.p
SR

”:*: equai to ‘the Nyquist frequency <.»,ﬁ"ﬁ SR ,/

siﬁt1§£

As can be seen (Figt 4 li), the side iobes are smaii the

first being 4.5 percent of unit\response and all. side lobes i

: are positive, indicating no phase reversai This response J

is much more desirabie in that it maintains phase relation-r
ships and is reaSonab]y good at supressing frequenc1es above/a
the first response poie The Bartiett fiiter was chosen as
the operating Tow- pass fiiter with the first zero poie set

/

In addition to the high frequencies, the trend must

- aiso be removed from the da€§> or the power contained in E

the trend wii] load the 1ow frequency end of the spectrum

and cascade or leak through to higher frequencies of the

| spectrai estimate and 1nvaiidate the resuits of the power

spectrum anaiysis at many frequencies : A high pass fi]ter
was used for this purpose The high pass filter was synthe-
sized from the iow pass Bartlett filter by first deriv1ng

the 1ow frequency trend from the series, then subtnacting ,

this trend from the origina1 time series The resulting
response function will be the invfrse of that for the Tow-=

pass‘fiiter:.
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4.3.3 confidence Limtts e e

3

. To evaluatq_ the time%ries. the significance level
~of the spectra] peaks must be ﬂEtermined Generaiiy,
confidence limits are generated by assuming a. randomly-

: varying time series usual]y called white noise. that has :

| a constant power per unit(frequency The test statistic
is then the ratio ‘of the sampTe variance of the Tine to the

- variance of the white noise., In many meteorologica] appli-
cations. the use of a white noise’ source is not possibie _
One. of the characteristics of many meteoroidgical spectra o
is a generai suppression of relative variance at high |
frequencies as compared to an even“d?:;ribution of variance
across the spectrum expected from a white noise source

This characteristic is caused by the appreciabie auto- p‘

- correlation found in meteorologica] data and has been

-

~on its own immediate past va; A

cal]ed red.noise (Gilman et a] . 1963) The red noise ;
r‘spectrum may be derived by considering a first order linear
Markov process, where i?ﬂiscrete time series depends only

plus a random component

This’ mabee represented by ’”;‘u gfﬁﬁka_i,,,ev

Lo
e

v : e v T .
where E(Yh),,%he Xpected‘value»ofiYn equals zero .

R R (4.10)

o

sy

i
e
LR
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‘ p = p(l), the population value of the
: lag 1 autocorre]ation

v‘

It has bben shown by Gilman et al (1963), that the
estimate of spectral density as a ratiq of red noise to

'white noise can be expréssed in the form B

C = 2’ : . - (4.]1) .
p-/m 1 - 2p cos w + pT ‘ E
“where o is the frequency

8. M€ Trequenc,

oz(w)‘-iS'the;variance of the red noise spectrum at.
frequency.w'~-;v S - ,

: a,/m‘ is the varlance of white n01se per. line

“m is the number of spectral lines B : ¥ K
-« b ‘ '

‘fﬁIn the spectra] program. the spectrum 1s norma11zed, so

'-that 02 1; For red nO]Se p(t) = p(l)t ‘and if the sample
has come from a parent population which represents the red
noise process. then each sample autocorre]ation va]ue should_
',provide the means to estimate ps the populatnon lag 1 auto-,
corre]ation (Eddy, 1968) . Since the values used should be -
those which are statistica]]y significant and since the

lag 3 autocorre]ationmyalue of the sample w1nds was around

0. 05, P was estimate& fnomﬂthe samp'ie by .

i

> .

;itqé).r
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. 1

where R(L) is . the sample autocorrelation of iag L.

The statistic to be tested during the red noise hypo—
/ .

-thesis is the/ratio of the sample variance of the Tine to

the red noisd at that same frequency' For n, pieces of

) independent data and m spectrai lines. the equivalent number
'pf degrees of freedom for the Chi-square distribution of

a spectra] line is

"v = M—z_ o oy L P (4.]3)
| m- ; :
\:k}i’ . - -‘
<’

Qgteoro]ogical data are not 1ndependent due to the high

fautocorreiation, so that the number of degrees of freedom

of the data is

1 -p
1 +p .
Due to the bandpass filtering of the’ original data, not a11 A

f spectral lines will follow the ‘red noise model. At those
‘;frequencies.outside the pass-band of the fi}ters,'the‘
};:spectralrlines will contain far fewer'degrees of freedon
'G%vthan those inside the pass band; since the correlation of
‘*3 those frequenc1es outside the pass -band is much higher due

-to the filtering action For simp11c1ty,»the assumption'

was. made that a11 the degrees of freedom contained in the
-

data wou]d go into those spectra] lines w1th1n the pass- band i

] |



' filter (for unsmoothed spectrum Md =1). _The degrees of

64

‘Where the red‘noise model was valid' Thewred'ﬁofse mode]

fit well 1n the spectrum of wind speeds from a frequency

e v%

»of 0. 02 to 0. 24 resulting in an effective pumber of .
spectral lines m' = 70 compared to 128 1in the comp]ete f“gg
} R

_spectrum (Fig. 4.12).

Power

Frequency

“Fig. 4.12. Effect of band -pass flltering on spectrum
- compared to red noise model.

The fi]tered spectrum, wh1ch is smoothed by a Daniel]
hfi]ter. has the number of 1ndependent spectra] 11nes reduced

by 1/Md, where Md is the number of points in the Daniell’

.

t;,freedom per spectral line is then

(4.15)
Wi
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i |
. Confidence intervals were calculated using a Chi-

square dlstrtbution 'fhe confidence llmlts were obtained

| by multlplying the red noise value by x] c‘/\) and Xy /v for

| tqggﬁpper and lower Timits, respectively, where o is the

*~vAsuch a small percentage of the var1ance would not b

trum (Fig. 4.14).

much practical 1nterest %Hhere there were two pea

,probabillty level selected Slnce the degrees of freedom -

vary between one and two for the unsmoothed spectrum and

~since the distribution of the Ch1-square function varies

non-linearly between the values of v, graphs were plotted o

of the Chi- -square funct1on fn order to obtain m%re accurate

‘estimates of the confidence’ intervals for the unsmqothed

spectrum;f The same wasidone_for the confidence‘intervals
of the smoothed spectrum.' | o

}'The 95 percent and 5 percent confldenCe leuefs and
the red noise spectrum uere draWn'on the ‘graphs aslshown »

in Fig 4.13. AN spectral lines exceed1ng the upper l1m1t

were tabulated and the 51gn1f1cance levels were calculated

The confidence lim1ts were also drawn on: the f1ltered
spectrum and the results compared to the unf1ltered spec-
‘ , . N | ;

a - ) .

4;3.4 Results

.Table 4'l»shows'the results'obtained frbm-the uns-

- smpothed periodogram and lists only the peaks for the prob-

abiliiy level >‘95wpercent and for percent uarlance

explained greaiﬁ? than 1 percent,,as peaks that exp

Loty

SRR PRI L TR P S v»n&{" oo
o . . e ¥ o : PR o . and
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0.00  0.08 0.16 0.24 0.32 0.40
S FREQUENCY
Fig. 4.13. Unsmoothed per%odogram analysis of station 5

wind showing red noise spectrum and a 90%
confidence 1nterva1

POWER

0.16  0.24
FREQUENCY

Fig. 4.4, Three point Daniell-filtered periodogram
_ analysis of station 5 wind showing red noise
-.spectrum and a 90% confidence interval.
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I

Table 4.1. Periods (minutes) of significant peaks and
‘ significance levels (P %) for station winds
from unfiltered periodogram. Cross-valley
and along-valley ‘wind components at station
3 are indicated by®V and U, respettively.

P(%)
, ‘ : % Variance
Station, 99 97.5 95 Explained
2 - . - 1.0 4.6
9.6 ) \\ : 4.9
7.9 o \ 4.6
6.0 * 1.5
3-v I 18.1 . - 8.9
' 7.7 3.2
- 3-U 51,
19,2
5 14.6%
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!

“gether near the same probability level, only one.was Tisted
as it 1sxprobab1e that adjacent paaks represent variance |
.ih the same frequency.‘ With 70 spéctra] lines 3.5 would

B be' expected to equal or exceed the 95 percent cohfidence“
Iévet and, in all cases, this was observed, with 3 or 4 ,
peakswat or above 95 percent. 'Table 4 2 1ists the signifi-
~cant peaks for the 3-point fwltered spectrum.

In Table 4 1 station 2 shows four s1gn1f1cant peaks.
although the peak at ij minutes explains little variancqc
The peak at 7.§hminUtes would seem to be the most signifi-
cant and most likely to heprésent a real periodicity. How-
ever a‘chpar1SOn with Table 4.2 shows that the peak is
resolvediat 8.1 minutes and has deéreaséd fn significance/
This indicates that there is little likelihood of periodi-
cities at station 2

Neither wihd component at station-é shows a peak
above 97.5 percent in Table 4,1 and tn Tab]e‘4,2;litt1e \
.changes except that the peak at 18.1 minutes has moved up
fhom a 95 percent to a 97.5 percentrsignificanCe 1evé1.
Thus it is doubtful that a real periodicfty exists.

sStation 5 shows two peaks in Table 5.1, one at 14.6
minutes explainingrllsﬁ percent of the variance}and signifi-
cant to better than ‘99.5 pércent.' This would appear to
reflect a true periodicity, but chance could dictate this
resuit.‘_That the peraodfcity/is real is supported in
Table 4.2, where the‘period appéars at 15.4 mingtes and the

 significance level has increased to over 99.9 percent.

—



Table 4.2. Periods (minutes) of significant peaks and
significance levels (P %) for station winds

/
/

for 3-point Daniell-filtered periodogram.

Cross-valley and along-valley wind compongnts

at station 3 are indicated by V and U,
respectively. : : /

/

69

P(%) /

o ' % Variance
Station 99 97.5 . ‘95 | Explained
2 - - 9.6 2.9

. 8.1 ' 2.6

3-v : 1811 . 6.7
/ 7.5 2.3

3-u | 19.2 5.2
5 15.4* 7.2

* Indicates that the peak exceeded thé 99.9% level.
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The actual period was p&obably 15 minutes Two questions
must be answered. Does this periodicity make physical
--sense, and is there independent evidence of periodicity?
The south slope is heavily wooded, which could act as a
friction brake (reducing movement) until the air cooled y;
enough to'increase its density and thus its speed. where
the increase in speed and the resulting mixing would slow
down the coo]ing and thus slow down the air. As well
station 5, unlike station 2, was located at the foot of the
"slope on a plateau, so that the measurements showed the
effect of the entire s]ope on the drainage wind. There
should have been a measurable effect on the temperatures

at station 5, resulting in faster cooling during wind speed
. minima than when the w1nd speed was a maximum. Unfortun-
ately, the reso]ution of the‘thermograph was not sufficient
to observe this effect and prov1de 1ndependent evidence

of periodic1ty



‘CHAPTER §
CARBON MONOXIDE <

5}1 Measurements -

Carbon monoxide (CO) concentration measurements were

taken for a five minute duration at each monitoring stat1on o
throughout the experiment (stations A<H; see'Fig. é.Z).

The resnlting chart recording was divided into subsections
and the C( concentrations abstracted from the chart hy the
same method used for the windVSpeed'chart recordjngs. The
five minute series‘of'measurements were then -averaged and . T
‘the resulting concentrations plotted in parts- -per-million
(ppm) Fig. 5. 1 and 5 2 give the resu]ting CO concentra-
tions from 1700 to 2400 MDT. , |

, Most concentrations, except for those stations c]ose
to River Road. were 1ess than 1.0 ppm. Stat1on A did not
vshow any trend in concentrat1on, but varied between 0.0 and -
0.8 ppm. Stations B to F showed a rislng trend in CO
concentrat1on peak1ng around 2000 MDT,. This was in oppos1-
tion to the pollutant re?ease rate, as the average number
of motor vehic]es dropped from 1700 per hour at 1730 to

- 900 per hour at 2000. This 1nd1cates that the increase in

-CO concentration due to the decrease in wind speed prior
- to the onset of the temperature 1nversion more than com-

pensated for the emission rate decrease. The CO concentra-
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L tions at these stations dropped to average (alues that
- uere louer,after 2000 than before 2000 This was very

7%

evident at station E and dramatic at. station F. where the

average concentration dropped from 2.1 ppm before 2000 to
0. 2 ppm after 2000 Station 6 showed the opposite trend
o and. although no measurements were taken at station H until
}h.after 2l00. the concentrations were in accord with those |

measured at station 6 after .2100. These trends indicate

: the eftect of the fornation of- thm temperatﬁre‘ﬂmwersion |
@

" e

¥

, ,and the onset of drainage winds e ‘f’\ o ﬁ”*?, , 'ffa

, : The concentration at station c peaked at 0 8 ppm
'fv‘ g [

E before 2000 and decreased by 2035 to: 0.2 ppm é Station B |
',Joo showed a peak of 1.2 ppm at 1955 but the concentration was 2
O still 0 9 pPpPM at 2030. indicating that station B must have

Py

A
been within the inversion and came under the influence of
l

,athe drainage wind later than experienced at station C
TS ‘ ¥ ’
‘.-Qr Thig,b,_in q&reement with the t&me taken for £ﬁé inver51on -

L4

anlf to deepen, as at 2l45 when the inwersion had filled thel'
N valley for one hour,_the CO concentration at station B was L
- near zero. The reason for the non conformity of the time&
‘“g' variation of CO concentration atsstation D has not been |
’il explained Concentrations at statipn E Shdﬁed the same,-f
| | v time variation as those\at station C. This is to be S
-:fyri;a,tg expected. as both stations are close to the Same height in f'pké“

,tppiitf' the valley The effect of the drainage flow on CO con- e 1*szﬁ




¥

o S . on%et of the drainage winds. The rapid variation tn con-

*avd;hg' centration at station 6 after 2100 was- due to the close

'T;M proximity of the station ‘to River Road At short distances

o 0

L single vehicles or groups of vehicies were registered on

“} the CO meter ' Station H was far enough away from

e road
J .for such variations to be smoothed out

S REER i *,;c.,fs- : ;'5;:*\*;-¢>;j,
v.;f@5 2 Pollution Mode] v‘_ ' 'j‘ o

EEL As a2 quantitative check on ‘the magnitude of the ‘mea-
Y

-

ssured CO concentrations,<@ simple Gaussian plume pollution

"“u:s.nodel was used For wind direction with;n 75 degrees to. the

'Fhfh}perpendiCUIar of a hig}way, Caider (1973) has shown that

va;an approximate expression/can be used to determine poilutant:

- J'E;fgconcentrations from an infinite line source »-;,s:;
I g
‘M“‘ ¥ 4

, the concentration
:';y from the highway

o>
u,

rd deviationﬁvh plume
he downwind distance x, fﬁom




The vertical standard deviatinh of plume distribution is

- an empirical re]ationship. for X < 0, l km: and for Pasquill
stabflity class F (moderately stable). Zfﬁmerman (1975)

i gives the following expression for o (x)

*

! : : ‘ az(x) =]5.209(~x + .05842)0'81558

‘f‘ where x is 1n km. :

The emission rate Q can be found if the em1ssion factor,

EF(g veh -1 km ]) and traff1c volume, TV(veh hr~ 1) are knoWnL

) = (tr)(1V>(35°°-

W
i

=278 x 107% (EF)(TV) (g 5] knT)
: ‘ As measurements of wind direct1on in rekation to River Road

R

-'];“ were not available, a time was chosen when the wind speed

measured at station 3 was a minimum The assumpt1on was

made that, in the lower levels over the river valley floor,

ffi,¢;7r h‘ the wind speed equalled that of the drainage w1nd .ThiS"
Tfo' o [ flow was perpendicular to the road SO’ that\¢ ;. The t1me
,'3; = chosen was 2200 MDT and U'~ 0. 4 ms’ =¥ “at th1s time A]berta
R ;ﬂj "Environment] lists the emission factor for the average m1x‘
1%f"u
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of motor vehicles inwEdmonton as EF = 23 g veh -1 km'].‘

,Traffic counts made by the City of Edmonton list the aver-

R

age traffic volume at 2200 as TV = 500 veh hr » and this

was confirmed by an independent count on the night of the

‘experiment Thus o ' R

L

g = (2.78 x 107%)(23)(500) ©

- 3.2 g @ s

M',’% te

L
.!.

.ror cbmpdfﬁson tgdtne measurements which we:ggin gpm, the

,»calcu'lated q@icentrations were con~verted to ppm by

N - '#g

. . ‘ ‘&t . “’xf x Ri o A ‘ o :\ . ey g' ‘
=2 = %—M Sl = :
£ R Yo R
’s_‘where-‘ pa'= density“of air R : e o }:aj§ ‘
| P = statidn bressare at YXD = 9.15 x 104'Paza '1%{‘.

T = temperature at 2200 = 275 k

R =" gas constant = 287 J kg k!

Because the vertica] standard deviation of p]ume d1S->

. tribution is a function of stabi]ity, concentrations were

~11ca1cuiated using the equation fcr neutra] stability to give

"}an indication of the sensitivity of ‘the modei to stability

f;tlimmerﬁ@n (1975) gives the fo]iowxng expression for 0, (x) fov'

'ﬂi,ﬁifneutrai stability
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. . ‘ rd . '
0,(x) = 34.459(% + .02722) 86974

P‘?;

/ where X is in km.

* zsf‘

“"Using these figures, the results obtained are listed in

Table 5.1, f - T s
i . | | |

[

.4

‘d c;lculated
Qly stable (MS)

ditim

Table 5.1. Cqmparison between
: €0 concentrations i\l
. and neutral stabi

* @ ntretion (ppm)
o | Calculated
Station NS . N
6 2.3 1.7
. HE 1.9 1.3

| The correspondence between the measured and calculated values

indicates that-the measured values were reasona le. An
attempt to calculate co concentrations before 2000 was not
made because the angle of the wind to the perpendicular of

River Road precluded the use of this simple model




e

:MDT the valley was 1sotherma1 up’ to thesqim of the va]ley

.
o R
. e

- CHAPTER 6 -

A

SUMMARY AND CONCLUSIONS: -~ -
) . : LT R

LI

During the thning of 21-22 October 1977,Aan experi- |

‘iment was run to obtain measurements of wind speed tgmpora- s :;;"

I

: . # quk
determine the micrometeorology of the North Saskatchewan ; .*lesj’

ture and carbon ’onoxide concentrations in an effort tg; ’%

River Vailey as it passes through Edmonton, Alberta. "The

aim of this experiment and.a series of others run and

planned is o provide th?k;%formation needed to create a

~simulation mode] of the ﬂ’cro%gimate and pollutant distri-

bution within ‘the river valley. In this experiment,

=

number four of a series, six station® were instrumented

on in approximate cross- section of tvﬁ&river valley near

- B

the- center of Edmonton.

“  The results of the measurements ‘showed that at 1800

and slightly co]der than the . air above  t¥e plain of the

city. . This was thought to resuit from the earlier shading

of the valley as com%ared to the plain The prevai]ing

wind as measured at _the municipal airport and on the rim

- of the vailey was from the. southeast, ‘and- the wind over

" the river was easterly due to the channeiing effect ‘of the

valley The upslope downs]ope wind component measured on

,’the nolth (south facing) siope of the valiey indicated up-
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R

o s o
slope flow. The temperature at the foot of the south

(north- facing) slope was 4°C lower than the reést of the

lvalley due to the earlier onset of” cooling of the south

slope. The south slope - drain;\? wlhd was well established
by l830, with no along valley component evident. By 1930
the temperatwre z;ofile above th% plain (urban profile)

was isothermal and the lowest 25 m of the valley showed a

slight inversion. The winds above, the river were still

*;ﬁél( ﬁ&*iiftgrly with a downslope wind component on the north slope.

© By

3 At 2000 an inversion existed in the lpwest 14 m of the

: "‘”ey with a temperature gradient of 15°e/ioo e This

deepened ‘to fill th‘ valley by 20503 ith a gradient of

5. 2°C/100 m.” The south slope was still colder than the

rest of the valley and the resulting gradient, obtained by

: comparing the south slope station to the valley north rim

\station, was 13. 9 /100 m. An inversion had formed in the

urban air by this time and was less 1ntense than the valley

.inversion with a gradient of 3°C/100 m. During the time

the ?hversion was filling the valley, the wind above ‘the

river had veered from easterly to become westerly, althbugh

- the prevailingrwind remained southeasterly. This was

'v.‘thought to be due to the geometry of the prevailing wind- .

river valley.system, such that the westerly wind in the
east-west section of the river valley was a compensating
flow between two northerly'flowing winds in'north-south
sections of the valley. After 2050 the wind above the rim
of the valley backed to westerly from southeasterly,

e e b o T s e e,

Soan gt
T S
e
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"fexpnriment At 2400 the winds~were»sti11 westerly over

‘The distribution was found to depend strongiy on the’ wind

81

apparently in association with the rising inversion. The
winds above the vai]ey rim veered back to southeasterly
by ;230 and the valley wind was still westeriy The down-

slope drainage flow was well e ablished on both the north

and south slopes of the val]ey wtth the depth of the drain-

"y flow.on the north slope at least: three metres deep

ha;f@way up the slope. The urban inversion gradient was
'3%@%5/100 m and in the va]]ey, as measured by th: station
ion the r*%er. the gradient was 6.0°C/100 m, while the

gggdient measured on the south side was 13.4°C/100 m. This
fymgftion remained stable unti] the conciusion of the

;']the river ‘and downs]ope on the s]opes of the valley. The

urban inversion was siightiy stronger at 4, 6 C/100 m. The

‘invers%on gradient over the river was 6. 7°C/]00 m whiie

over the south slope the gradient was 15.1° C/100 m.

Spectra1 ana]ysis was performed on the sTope winds

"and on the wind over the river. No evidence of periodicity

was found for the va?iey wind or. the north slope drainage
wind. There was a periodicity of 15 minutes found in the

south slope drainage w1nd .This was thought to be connected

- to the wooded nature of the south slope. but independent

,evidence for its existence was not found in, the tempera-

ture records

Carbon monoxide concentrations were measured at

o

.‘severai points on the north side of the river (Fig. 2. 2).

~.

N

&
f
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field and was seen to decrease north of River Road and
increase greatly to the south of River Road with the onset
af the drainage w1nd Over the flood plain of the river
'5va11ey, the drainage wind was seen to extend to 15 m in

depth by 24Q0 by observation f plumeseemitted from_the
Glenora Club. A simple pollution dispersion model that ‘
assumed an 1nf1n1te 1ine source and a Gaussian distribution
was applied to the vehic]e emissions on River Road. Good
agreement was found between the measured and theoretical
calculations for the case of a*rflpw Perpendicular to-River

: Réad. o o R . |

‘ ' The river station 3 was near the north side of the h“gﬁ
river and, 1n the last two hours of the experiment. it ,d“.l i
showed a norther]y wind componqnt. Thls, a]ong with the &%ﬁ

jhdrainage flow recorded on the $lopes of the valley, 1mplies

that the air was converging ov%r the river, and lends
support to the toncept of a double-vertex circulation
within the valley. It was not jpossible to look for the
effect such a circulation would have on the temperature
profile measured over the river duento the Timitations of

: \
‘the equipment, which ceased'functioning before the time

| any‘effect would be notfced Tre lower temperatures on the
- south side of the valley could not be ma1nta1ned with this
» type of circu]ation unless there was little 1nterchange of |
a1r across the valley and a further study is requ1red to.
resolve these points. - : R . L Sy

esults of this study 1ndicate ‘that an 1nverstpn




o
stronger than the.urban,inﬁpfyion can formﬂin the valley
and tﬁat such an inversion is accompanied by a valley wind
system.’ Th1§ then has th; potential to trap pollutdnts
Qithin the vélley,‘especially on the south side where the

inversion is strongest.

o
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- | APPENDIX »/ A

. TEMPERATURE DATA

This appendtx contains the temperatures for all

stations used This 1nc1udes the Edmonton City Towe;

, temperatures A B. and C for 10 m. 45 7 m, and 9] 4 m

respectively. ] |
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ble A2. Temperatures_;f 10-mi

SN

Edmonton City Tower
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