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Abstract: Themaingoalof this paperis to assesslifferercesin calculatios of air pollution usingstandard
one hou wind averggesandshortertime averages of ten minutes. A puff modelhasbeenusedto estimate
conceltrationsof a passve substane for four daysin Januay, March, Juneand Septembeasrepresetatives
of variatiors of wind andstability during ayear Meteorol@icalinputsweretenmeterswvindsandtwo meters
temperatte, measuedataweatherstation. Theaddtional dataof temperatte gradients, measure@tthesame
stationtwo timesa day, werealsoavailable.

The standardoradice is to form hourly averagsof wind speedandhouty prevailing directionbasedon the
datataperecads. To infer theimportanceof the shorteraveragirg periad, tapeswerere-andyzedforming ten
minutesaveragesAfter extrapdationto fifty metersheightswe forceda puff modelwith thesetwo differertly
averagedwind data.

Keywords: Wind extrapolation; Monin-Obukhov theoy ; Stability of the PBL; Calculationof pollution dis-
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1 INTRODUCTION temperatte gradentsaswell. If we have tempea-
turegradentsMO theoryenablesisto calculatehe
sensibleheatflux and the friction velocity, which

If we wantto estimatepossibleinfluerce of a fu- finally leadsthe extrapolationof thewind speed.
ture pollution source,we should perfam calcula-

tions of congenratignsof a passve pollutantfor an Holstag and Van Ulden [1] and Holstag[2] have
extencedperiodof time suchasoneyearor evenup proposedanalternatve procedirefor calculationof
too five yeas. Ona given locationwe mightbein the sensitve heatflux using only standardwind,
a situationwhereonly the standardmeasurerents temperatte measurerentsand cloud cover. Once
of wind andtemperatte areavailable. Thatmeans we have sensibleheatflux we can, usingthe MO
that we have dataof wind at ten metersand tem- theorydo the extrapolation Oncewe do the wind
peratue at two meterswith time resolutionof one extrapolation we canthen usesomesimple model
hour The wind direction is the so-calledprevail- to estimatepossibleinfluerce of a pollution source.
ing wind direction whichis definedasthemostfre- That can be done for instancewith a Gaussian
quentwind directin in an hou. Sincethe source plume modelas lesscompter demanling methal
of pollution is usuallyat greaterheighs thanthose or apuff mocel, of the Gaussianype, but with con-
of ten meterswe have to perform vertical extrapo- siderablemore dema for compuer time.

lation of the wind speed. The standadl procealure
would beto useMonin-Obukhor theory(MO in the
further text)y. Unfortunatelyin that casewe need



2 THE WIND EXTRAPOLATION

Following HolstagandVan Ulden[1] andHolstag
[2] we can estimatesensibleheatflux using only
routinemeasurerents,wind attenmeterstempea-
ture at two metersandcloud cover. Basically the
methodrelies upon enegy balanceof the ground
surface.To reassesthe quality of this appro@h we
have comparedthis extrapolation methodwith the
standardVO theowy for onesitewhereconcurently
with the routine measurem@s, measurerants of
temperatte gradierts were dore. The stationis
Rimski Sancei nearNovi Sad lat(45°20" N) and
lon(19°51" E). We have alsoaddessedhe question
of time resolutionof thewind databy doing there
analysisof the anemonatertapesandthusforming
ten minuteswinds with correspondilg changesn
directions.

In course of a yearwe meethigh rang of stabil-
ity, from very unstablestratificationduring sum-
mer daysto very stablestratificationduring win-
ter nights. In the caseof very stablestratification
straightfoward use of MO theorywill give exces-
sively high valuesof wind. In thatcaseHolsatg[2]
hadproposedanadhockprocedire,whichseemgo
perfom well in suchextremecondtions. In order
to reexamine that methal we did extrapolationus-
ing the samewind databut now without the useof
the temperéure gradents. Comparisa of the two
method is preseted in one varialle, the diurnal
variationof wind averagedver ayear figure 1. The
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Figurel: Diurnal vaiation of wind averagedovera
year

lowestcune (black) shovs the measurd data. The
next curwe is the extrapdatedwind usingMO the-
ory with the progposedmaodificationfor high stabil-
ity whenneedé(red)andthe third curve (green)is

the extrapdatedwind from standardneasurments
only. Inspectia of that figure shavs that thereis

guitegoodagreemat betweerthetwo methals ex-

ceptbetweersixteerhousandnineteerhourswhen
Holstag and Van Ulden metha producesslightly

highervaluesfor the wind speed. We shouldnote
that the proposedmethal has several paraneters
which vary for differentlocations.They arerelated
to the stateof the grourd andto its radiatian prop

ertiesaswell. If onehasmore accuatelocal val-

uesconcering theseprocesseshatwill improvethe
quality of theresults.

3 CALCULATION OF POLLUTION DISPERSION

For the pumposeof calculationof the atmospleric
dispersiorof airbane materialwe canusethe stan-
dard Gaussianplume model. It is a simple con-
ceptandis extremelycompuationally efficient. Its
shortconngsareprorounedif we have largetem-
poral variability of wind and/orif we want to es-
timate concentationsfor larger areas,say beyond
ten kilometes. In that caseit is betterto usea
modelfrom thepuff categgory whereinonehasseries
of corsecutvely releasedpuffs. Details of a such
modeldesignare given in [3] and[4]. Local dis-
persion,of aindividual puff, is still Gaussiarlike.
This meanghatwe still have dispersiorparaneters
in horizantal andverticd whosevaluesareparane-
terizedusingthe Pasquill-Gilfford schemewith the
useof theverticd temperatte gradients.

Whenwewantto give anestimateof thepossiblen-
fluenceof a sourceof pollution, we shouldperfom
calculatiors coveling a longer period say oneyear
or, if possibleupto five years.Here,at the begin-
ning of ourwork, we did just a few, pilot runs,cov-
eringall four seasonandwith runsthreehousslong
whichwereperfamedtwice a day, at midnight and
atnoon Puf releasesveredore everyten minutes
in bothcases.In the caseof houty averagedvinds
thereleasesveredore but with the samewind, in-
sideeachhour To quantify, in someextent, there-
sults we have preseted, in table 1, valuesof the
maximun concefrationsfor eachrun. We seethat
ratiosof maxinums,for two typesof wind averag
ing, arequite differentfrom onemonthto andher.
Valuesof theseratiosare226, 4.6,7.1and1.1 for
night casesfor January March, Juneand Septem-
berrespectiely. For thenooncasegheseratiosare
muchsmalleri.e 2.1,1.3,7.2and1.1. The biggest



Month | Hour | Hourly averages | tenmin averages £
01 0 5.2E03 2.3E-Q¢ .
01 12 4.4E05 2.1E-® P
03 0 2.5E05 5.4E-B
03 12 3.9E06 2.9E-®
06 0 2.7EQ7 3.8E-B
09 12 1.8E07 2.5E-8
09 0 1.9E06 1.7E-® °
09 12 1.4E06 1.3E-®

_—

Table 1: Valuesof maximun concetrations for
hourly averagedwinds andfor ten minutes aver-
agedwindsin theright panels

0 oor

0

valueis for Januaryat midnigh, while the small-
estvalueis for Septembeat nom. Thesediffer-
encespresumaly comefrom thedifferencedn the
respectie stability regimesandwind strengths.

Figures2 3, 4 and5 are graphcal representions
of the concetrationsof threehou averagesfor the
the continwousreleasewith constanrate of the re-
lease.Theleft panelsrepresenresultsusinghouty

averagedwinds while on the right panelswe have
resultsform ten minutesaveraged winds. General
characteristicasseenfrom thesepanelds thatcon-
centratios are smallerfor ten minuteswinds (i.e.

respectie areasarewider). We alsoseequitestrong
signal of seasonablependenceas well as diurmal

variatiors though in smallermagnitude. Thediffer-

encesasin the caseof corresponthg maximums,
presumaly comefrom two reasons. Differences
in the wind strengthand in stability at that mo-
ment. Compaison betweentwo panels,left and
right is comparisonof differencesin the averaging
methodonly. But thatdifferencehastwofold conse-
quenceFirsttempaal variationin tenminuteswind

might "stretch” the passie substanc@ndsecondy

throudh paraneterizationof dispersia coeficients
(Pasquill-Gilfford scheme)
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Figure 2: Concettration of pollution after three
houss of continwbusrelease.Uppertwo panelsare
for the 15nth of Januay. Start of the releaseat
midnight and at noa while lower two arefor the
15nth of March, with the samestartingof the re-
lease.Windsarehourly averags. Pleasenotethat
the scalesaredifferentfor differentpanels



Figure 3: Concentation of pollution after three
hoursof continwbusrelease.Uppertwo panelsare
for the 15rth of Januay. Start of the releaseat
midnight and at noan while lower two arefor the
15nth of March, with the samestartingof the re-
lease Windsareten minutes averags. Pleasanote
thatthe scalesaredifferentfor differentparels

Figure 4: Concetration of pollution after three
houss of continwbusrelease.Uppertwo panelsare

for the 15rth of June. Startof the releaseat mid-

night andat nonwhile lower two arefor the 15rth

of Septembr, with the samestartingof therelease.
Windsarehourly averayes



Figure5: Sameasin figure 4 excep for thewinds,
which aretenminutesaverages

4 CONCLUSIONS

The differercesin calculatiors of dispersionof a

wind borre material having ten minutesaverags

andhourly averagesare quite evidert. They come
basicallyfrom two effects. Firstly therearediffer-

encesin the wind intensity andin wind direction

The seconddifferencecomes from different states
of the atmosphee for different seasongstability).

Thesedifferencesare presentalso going for mid-

nightto noon Ratiosof themaximumsin theserun

arequitedifferentandarequitelargefor stablecases
andwealer winds. Having in mind the undelying

physicsof apuff mode we maysaythattenminutes

winds are prefeableto the longer periad averagd

windsin longertermcalculations of corcentratiors

ananairborre material.
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