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Rajković Borivoj
�
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Abstract: Themaingoalof this paperis to assessdifferencesin calculationsof air pollution usingstandard,
onehour wind averagesandshortertime averagesof ten minutes. A puff modelhasbeenusedto estimate
concentrationsof a passive substance for four daysin January, March,JuneandSeptember asrepresentatives
of variations of wind andstability during a year. Meteorological inputsweretenmeterswindsandtwo meters
temperature,measuredataweatherstation.Theadditional dataof temperaturegradients,measuredat thesame
stationtwo timesaday, werealsoavailable.

Thestandardpractice is to form hourly averagesof wind speedandhourly prevailing directionbasedon the
datataperecords. To infer theimportanceof theshorteraveraging period, tapeswerere-analyzedforming ten
minutesaverages.After extrapolationto fifty metersheightsweforcedapuff modelwith these,two differently
averaged, wind data.
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1 I NTRODUCTI ON

If we want to estimatepossibleinfluence of a fu-
ture pollution source,we shouldperform calcula-
tionsof concentrationsof a passive pollutantfor an
extendedperiodof timesuchasoneyearor evenup
too five years. On a given locationwe might be in
a situationwhereonly the standardmeasurements
of wind andtemperature areavailable. Thatmeans
that we have dataof wind at ten metersand tem-
perature at two meterswith time resolutionof one
hour. The wind direction is the so-calledprevail-
ing wind direction, whichis definedasthemostfre-
quentwind direction in an hour. Sincethe source
of pollution is usuallyat greaterheights thanthose
of ten meterswe have to perform vertical extrapo-
lation of the wind speed. The standard procedure
wouldbeto useMonin-Obukhov theory(MO in the
further text)y. Unfortunatelyin that casewe need

temperature gradientsaswell. If we have tempera-
turegradientsMO theoryenablesusto calculatethe
sensibleheatflux and the friction velocity, which
finally leadstheextrapolationof thewind speed.

Holstagand Van Ulden [1] and Holstag [2] have
proposedanalternativeprocedurefor calculationof
the sensitive heat flux using only standardwind,
temperature measurementsandcloud cover. Once
we have sensibleheatflux we can,using the MO
theorydo the extrapolation. Oncewe do the wind
extrapolation we canthenusesomesimplemodel
to estimatepossibleinfluenceof a pollution source.
That can be done for instancewith a Gaussian
plumemodelas lesscomputer demanding method
or apuff model, of theGaussiantype,but with con-
siderablemore demand for computer time.



2 THE WI ND EXTRAPOL ATI ON

Following HolstagandVan Ulden [1] andHolstag
[2] we can estimatesensibleheatflux using only
routinemeasurements,wind at tenmeters,tempera-
ture at two metersandcloud cover. Basically the
methodrelies upon energy balanceof the ground
surface.To reassessthequalityof this approach we
have comparedthis extrapolationmethodwith the
standardMO theory for onesitewhereconcurrently
with the routine measurements, measurements of
temperature gradients were done. The station is
Rimski Šancevi nearNovi Sad lat(

�����	��
��
N) and

lon( 
�� ��� 
 � E). We havealsoaddressedthequestion
of time resolutionof thewind databy doing there
analysisof theanemometertapesandthusforming
ten minuteswinds with corresponding changesin
directions.

In course of a yearwe meethigh range of stabil-
ity, from very unstablestratificationduring sum-
mer days to very stablestratificationduring win-
ter nights. In the caseof very stablestratification
straightforward useof MO theorywill give exces-
sively high valuesof wind. In thatcaseHolsatg[2]
hadproposedanadhockprocedure,whichseemsto
perform well in suchextremeconditions. In order
to reexamine that method we did extrapolationus-
ing thesamewind databut now without theuseof
the temperature gradients. Comparison of the two
methods is presented in one variable, the diurnal
variationof windaveragedover ayear, figure1. The
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Figure1: Diurnalvariationof wind averagedovera
year

lowestcurve (black)shows themeasured data.The
next curve is the extrapolatedwind usingMO the-
ory with theproposedmodificationfor high stabil-
ity whenneeded(red)andthe third curve (green)is
theextrapolatedwind from standardmeasurements
only. Inspection of that figure shows that thereis
quitegoodagreement betweenthetwo methodsex-
ceptbetweensixteenhoursandnineteenhourswhen
Holstagand Van Ulden method producesslightly
highervaluesfor the wind speed.We shouldnote
that the proposedmethod has several parameters
which vary for different locations.They arerelated
to thestateof theground andto its radiation prop-
ertiesaswell. If onehasmoreaccurate local val-
uesconcerning theseprocessesthatwill improvethe
qualityof theresults.

3 CAL CUL ATI ON OF POL L UTI ON DI SPERSI ON

For the purposeof calculationof the atmospheric
dispersionof airbornematerialwe canusethestan-
dard Gaussianplume model. It is a simple con-
ceptandis extremelycomputationallyefficient. Its
shortcomingsarepronouncedif we have largetem-
poral variability of wind and/orif we want to es-
timateconcentrationsfor larger areas,say beyond
ten kilometers. In that caseit is better to use a
modelfrom thepuff category whereinonehasseries
of consecutively releasedpuffs. Detailsof a such
modeldesignaregiven in [3] and [4]. Local dis-
persion,of a individual puff, is still Gaussianlike.
This meansthatwe still havedispersionparameters
in horizontal andvertical whosevaluesareparame-
terizedusingthePasquill-Gilfford schemewith the
useof thevertical temperaturegradients.

Whenwewanttogiveanestimateof thepossiblein-
fluenceof a sourceof pollution, we shouldperform
calculations covering a longer periodsayoneyear
or, if possible,up to five years.Here,at thebegin-
ningof ourwork, we did just a few, pilot runs,cov-
eringall fourseasonsandwith runsthreehours long
whichwereperformedtwice a day, at midnight and
at noon. Puff releasesweredone every tenminutes
in bothcases.In thecaseof hourly averagedwinds
thereleasesweredone but with thesamewind, in-
sideeachhour. To quantify, in someextent, there-
sults we have presented, in table 1, valuesof the
maximum concentrationsfor eachrun. We seethat
ratiosof maximums,for two typesof wind averag-
ing, arequite differentfrom onemonthto another.
Valuesof theseratiosare22.6, 4.6,7.1 and1.1 for
night casesfor January, March, JuneandSeptem-
berrespectively. For thenooncasestheseratiosare
muchsmalleri.e 2.1,1.3,7.2 and1.1. Thebiggest



Month Hour Hourly averages tenmin averages
01 0 5.2E-03 2.3E-04
01 12 4.4E-05 2.1E-05
03 0 2.5E-05 5.4E-06
03 12 3.9E-06 2.9E-06
06 0 2.7E-07 3.8E-08
09 12 1.8E-07 2.5E-08
09 0 1.9E-06 1.7E-06
09 12 1.4E-06 1.3E-06

Table 1: Valuesof maximum concentrations for
hourly averagedwinds andfor ten minutes aver-
agedwindsin theright panels

value is for Januaryat midnight, while the small-
est value is for September at noon. Thesediffer-
ences,presumably comefrom thedifferencesin the
respectivestability regimesandwind strengths.

Figures2 3, 4 and5 aregraphical representations
of theconcentrationsof threehour averagesfor the
thecontinuousreleasewith constant rateof the re-
lease.Theleft panelsrepresent resultsusinghourly
averagedwinds while on the right panelswe have
resultsform ten minutesaveraged winds. General
characteristic,asseenfrom thesepanelsis thatcon-
centrations aresmallerfor ten minuteswinds (i.e.
respectiveareasarewider). Wealsoseequitestrong
signal of seasonaldependenceas well as diurnal
variations though in smallermagnitude. Thediffer-
ences,as in the caseof corresponding maximums,
presumably comefrom two reasons. Differences
in the wind strengthand in stability at that mo-
ment. Comparison betweentwo panels,left and
right is comparisonof differencesin the averaging
methodonly. But thatdifferencehastwofold conse-
quence. First temporal variationin tenminuteswind
might ”stretch” thepassive substanceandsecondly
through parameterizationof dispersion coefficients
(Pasquill-Gilffordscheme).

Figure 2: Concentration of pollution after three
hours of continuousrelease.Uppertwo panelsare
for the 15nth of January. Start of the releaseat
midnight andat noon while lower two are for the
15nthof March, with the samestartingof the re-
lease.Windsarehourly averages. Pleasenotethat
thescalesaredifferentfor differentpanels



Figure 3: Concentration of pollution after three
hoursof continuousrelease.Uppertwo panelsare
for the 15nth of January. Start of the releaseat
midnight andat noon while lower two are for the
15nthof March, with the samestartingof the re-
lease.Windsareten minutes averages. Pleasenote
thatthescalesaredifferentfor differentpanels

Figure 4: Concentration of pollution after three
hours of continuousrelease.Uppertwo panelsare
for the 15nth of June. Startof the releaseat mid-
night andat nonwhile lower two arefor the15nth
of September, with thesamestartingof therelease.
Windsarehourly averages



Figure5: Sameasin figure4 except for thewinds,
whicharetenminutesaverages

4 CONCL USI ONS

The differences in calculations of dispersionof a
wind borne materialhaving ten minutesaverages
andhourly averagesarequite evident. They come
basicallyfrom two effects. Firstly therearediffer-
encesin the wind intensityand in wind direction.
The seconddifferencecomes from different states
of the atmosphere for different seasons(stability).
Thesedifferencesare presentalso going for mid-
night to noon. Ratiosof themaximumsin theserun
arequitedifferentandarequitelargefor stablecases
andweaker winds. Having in mind theunderlying
physicsof apuff model wemaysaythattenminutes
winds arepreferableto the longer period averaged
windsin longertermcalculationsof concentrations
ananairborne material.
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16,11000Belgrade,SerbiaandMontenegro

Phone:+381 11625981

Fax: +381113282619

Email: bora@ff.bg.ac.yu

ACK NOWL EDGM ENTS

Thisresearchwaspartiallysponsoredby theRepub-
lic of Serbia,Ministry of science,technologiesand
developmentunder grantno. 1197andby Republi-
canMeteorological Instituteof Serbia.

REFERENCES

[1] HolstagA. A. M., , andP. VanUlden. A sim-
ple schemefor datimeestimatesof the surface
fluxes from routine wetherdata. J. Appl. Me-
teor., 22:517–529, 1983.

[2] Holstag A. A. M. Estimates of diabatic
wind speedprofiles from neasr-surface wether
observations. Boundary-Layer Meteorology.,
29:225–250,1984.
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