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Abstract: Pollination (release of pollen grains) is generaiiffuenced by temperature, daylight length, magniemperature gradieand
relative humidity. The mentioned collection of parters sn't complete for correct pollen production preigictwithout inclusion of th
actual wind velocity. Results of isitu measurements were used for carried out asatyghe relation betweethe wind velocity and the
pollen concentration in an urban cagdayer. Subsequently, numerical modeling (CFDec6tarCD) was used fthe parametrical studies
testing influence of the wind velocity on polleegse from the mother plant and subsequent polfgreision ira ground boundary layer.
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INTRODUCTION

Temperature is the basic parameter for predictioth® beginning of the pollen season and identificadays with goos
potential for pollen release. Differeapproaches are us for determination of the start of the pollen seaspthe sum o
daily pollen counts 2x criterion (Vliet 2002), ii) the mean temperatunethod during pr—defined period (Sparks, 200!
iii) the temperature sum method (Jones 190ther parameters influencing pollen release arglighd length, morning
temperature gradient, relative humidity. The memdib parameters enable to create the “statisticalighfor determinatio
of timing of pollen potential release. But, the eatrcetermination of pollen release timing is only tirstfstep to correc
prediction of pollen concentration in a The abovementioned collection of parameters isn't complete dorret pollen
production prediction withouhclusion of the actual wind locity. The wind velocity directly influences the polleriease
rate from mother plants and subsequently transgfgobllen grains. For this reason, influence of dvoonditions has to t
considered as exactly as possible in complex piiedienodels. Oly a limited number of published papers deals it
relation between the wind velocity and the pollemaentration. In this paper, the authors presematyais of in-situ
measuremeniand subsequent parametrical studies focused andéhé&oned relatin.

RELATION BETWEEN WIN D VELOCITY AND AIR P OLLEN GRAIN CONCENTR ATION

Results of the irsitu measurements were usedthe carried out analysis of the relation betwdanwind velocity and the
pollen concentration in an urban can layer. The mean dailwind velocities and the mean daily pollen concatidns were
used as the input data describing the pollen ssak@®8- 2008 in an inner part of the city of Brno (pop. 000. The mean
daily pollen concentrations were matched to thaesmonding mee daily wind velocity and depicted in graphs. T
procedure was done for all locally monitored adesgens, namely Alnus, Ambrosia, Betula, Artemis, yiar, Fraxinus
Poaceae and Quercus.
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Figure 1. Pollen dispersion process considerédisrcontribution

The following subsequent steps were used for thvedata processin

1. The unrealistic pollen concentration values @B polens.rit.24h were excluded from the processi

2. Only days with the pollen concentration abowettireshol pollen concentration were considered for a detailealysis
The threshold pollen concentration was determiree€ % of the maximal pollen concentration obtainedtfoe considere
aeroallergen. The threshold pollen concentratioterdenation enabledo exclude the zeroencentration days and ve
small concentration values that have great potettdidoe weighted by a significant relative erroheTthreshold polle
concentration was set to 25 poligrainsm>.24h? for Fraxinus and Poaceae. The thiald pollen concentration for oth
monitored aeroallergens was set tgpsllen grainsm?=.24h*

3. Determination of the threshold velocity of padition. The threshold velocity of pollination isfided as the lowest wd
velocity with evidence of thpollen concentration above the threshold pollerceatration

4. Determination of the threshold maximal wind o#p with presence of the significant pollen conation in the air. Th
threshold maximal wind velocity is defined as thghlest wind veocity with evidence of the pollen concentration abthe
threshold pollen concentration.

5. As another step, the construction of two linmes was done on the outskirt of the data plot Egare 2). The first oint
of the lower limit line was determéd by the threshold velocity of pollination (defthin point 3) and the threshold pol
concentration. The first point of the upper liniitd was determined by the threshold maximal winldeity (defined in poit
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4) and the threshold pollen concentration. Thedsesf both limit lines were obtained by the intéi@e calculating process
fulfilling the following requirements. The lowemtit line and the upper limit line close the 90%elfevant records obtained
from the long term measurement. Another 10 % afuaht records were split in two groups (each 5 &6nds). The first
group of records is located on the left hand sidenfthe lower limit line and another 5% group afaels is located on the
right hand side from the upper limit line. The seggoints of both limit lines were obtained in thiaitersection point. This
intersection point was used for determination efwind velocity corresponding to the highest poliencentration. Figure 2
shows the raw data and the limit lines for all gpatl aeroallergens.
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Figure 2. The relation between the wind velocity &me pollen concentration
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Clear evidence of the wind threshold velocity oflipation appears in the carried out graphical esgian of the in-situ
measurement. The threshold velocity of pollinaimthe lowest wind velocity with significant cond¢eation of pollen grains
in the air. Wind velocity increase above the thotdhvelocity of pollination causes another increaséhe pollen maximal
concentration until reaching the highest conceiotnadf the pollen season. This trend reflects iaseein the total pollen
release rate due to increase of the air velocityeaper layers of vegetation and branch bundlesth&n increase of wind
velocity causes decrease of the maximal air patamcentration due to “dilution” of the canopy layer vast quantity of
fresh air. The described "triangle" trend was aoméid for the majority of considered species. Thetiqdarly determined
values are written in the Table 1 for the threshalbcity of pollination and the wind velocity cesponding to the maximal
pollen concentrations.

The general equations used for mathematical expres§the limit lines can be written in followirfgrm:

- for the lower limit line ¢ =a +bu, 1)

- for the upper limit line Cy =ay +byu. 2)
The coefficients a by, &, b, are written in the Table 1, u is the actual wirdbeity, g and ¢ are the limit concentration in
the air.

Table 4. The threshold wind velocities and the limit lineefficients obtained from the in-situ measuremenstlected aeroallergens

Species Threshold wind velocity of Wind velocity corresponding to Coefficients of the limit lines
pollination (m/s) the maximal pollen concentration
(m/s) al b1 a2 b2

Alnus 0.3 11 -289.9 1133.0 1102.8 -184.7
Ambrosia 1.0 1.9 -305.9 355.9 478.1 -61.2
Artemis 0.3 2.7 -118.6 562.3 3672.1 -842.3
Betula 0.7 1.8 -407.8 653.6 961.1 -113.9
Corylus 0.7 0.7 -100332.0 1126769.0 1298.3 -219.0
Fraxinus 0.3 17 -19.4 148.1 309.0 -45.1
Poaceae 0.3 0.8 6.1 63.0 153.4 -20.4
Quercus 0.7 1.7 -199.7 356.3 509.1 -57.39

Note: The wind velocity mentioned in this papecassidered at height 10 m above the ground.

INFLUENCE OF THE WIND VELOCITY ON POLLEN RELEASE AND POLLEN DISPERSI ON

There is no clear evidence if the threshold vejoaftpollination results from more intensive pollgrain production or if the
air pollen concentration is increased due to morepex dispersion processes keeping pollen graingdr traveling in the
air. Numerical modeling (CFD code StarCD) was us®dparametrical studies testing influence of thiedwelocity on
pollen release from the mother plant and subseqaien dispersion in the ground boundary layer.

Pollen dispersion in free space

The first parametrical study was focused on snwlesmodelling of pollen dispersion from a singheeat located i) alone
in free space, ii) in field of aments with reguigan 50 mm. The aments had geometry of cylinddr ei@meter 10 mm and
height 50 mm. The Figure 3 shows the results afutation obtained from the numerical model of thena ament. The
figure 4 shows the result of calculation for saigagions obtained in the regular field of aments.

Circumfluence of the cylindrical ament is connectéth significant instability in the flow patterhe instability of flow
pattern forms non-symmetric shape of pollen corregion field in the cross section done in the dava@sn direction from
the ament. The cross section concentration fietdind more regular cycle shape features with irsingadistance from the
mother plant. The cross section pollen concentrdield can be considered as regular cycle in feadce 1m downstream
from the ament, see Figure 3b. The figure 3c shitwsrelation between the maximal pollen conceiomain the cross
section and the distance of the considered cras®msdrom the initial ament. The series of caltialas was carried out for
different wind velocity boundary conditions. Theepented results show the linear decrease of thanmabypollen
concentration with increasing distance from thehmaotplant. Higher wind velocity causes more inteasiecrease of the
maximal pollen concentrations, the relationshipairs in the linear trend.

Pollen dispersion in field of aments

The second parametrical study was carried out emthmerical model of the field of the aments wiih tegular span, see
fig 4a. Due to more complex flow pattern in thddief aments, the cross section concentration diéldve more regular
shape in comparison with the results obtained enntiodel of the single ament, see fig 4b. Intenshieing processes
encourage pollen dispersion. From this reason,nth&mal pollen concentrations are lower in thedfigif aments in
comparison with the single ament model. The Figltzeshows the relation of the maximal pollen comegion and the
downstream distance. There is rapid pollen conagatr decrease in distance up to 5 cm from théalrdiment. This trend
results from the high pollen concentration in thase vicinity behind the ament and following rapidution of the pollen
cloud in the distance of one regular span. Higl&tadces from the mother plant are connected atlv Bnear decrease of
the pollen concentration in the field of aments.
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Figure 3. Pollen dispersion from single ament FeglurPollen dispersion in the field of aments

Influence of vertical distribution of pollen grains on space dispersion

Another parametrical study was focused on dispersfgollens released in different heights abowegtound. The different
heights correspond to the different kinds of vetygta namely trees (releasing height 4 m), bushasgsing height 1 m) and
grasses (releasing height 0,2 m). Three differemerical models were built up. The boundary conditinon slip wall” was
used on the ground surface. The parametrical raegghwas set to the ground surface to involve ttheeimce of vegetation.
Two different wind velocities were tested, namely é/s and 2.7 m/s. The spherical pollen grainseveensidered with
diameter 30m and pollen density 1200 kgimThe Lagrangien approach was used with detailestrifgion of the
interaction between the pollen grains and an anliien

The Figure 5 shows results of carried out calcofettiin the form of the relation between the maxipwllen concentration
and the distance from the mother plant. Each ptedegraph corresponds to the different pollen sgldéheight: Figure 5a -
trees (4 m), Figure 5b - bushes (1m) and Figure Beass (0,2m). The pollen grain release rate destical for all tested
situations. The presented results show decreasigeqgiollen concentration with the rising distaneenf the mother plant.
The lower position of pollen release causes fadgerease of the pollen concentration due to mdengive deposition of
pollen on the ground surface and the ground cogerggetation. The higher wind velocity causes niatiensive decrease of
the maximal pollen concentration in distances1l0 m from the mother plant. Another increasinghaf distance brings
near the maximal pollen concentrations obtainedHertested wind velocities.
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Figure 5. The relation between the maximal pollencentration and the distance from the mother plant

CONCLUSION

The pollen season prediction models are predoniinatattistical models analyzing the actual metemgimal conditions and
their history. The simplest models are based omlyaw temperature monitoring. Other prediction medmalyse other
parameters such as daylight length, morning tenypergradient, relative humidity. The pollen seapoediction models
are capable of identifying the period with goodgmtial for intensive pollination. The days with higoncentration of
pollens in the air alternate with the days with tbe level of pollen concentration during the pallseason. This high
variability of the pollen concentration in the a@sults from change of meteorological conditiorenaly precipitation and
wind velocity.

The detailed analysis carried out in this studywskt some typical features in the relationship betw¢he pollen
concentration and the wind velocity. The data rdsaf eight major aero-allergens were analysedutiirahe period 1988-
1998. The threshold velocity of pollination was etetined for all analysed species as well as thal wiglocity causing
maximal concentration of pollen grains in the @nother step of analysis was focused on deterntinadif the pollen
dispersion in a close vicinity to the mother plant.

The study confirmed significant influence of thendiivelocity on the air pollen concentration. Thevrerdays pollen season
prediction models can be effectively improved bslusion of the wind velocity monitoring and the wirelocity prediction.
The correct air velocity prediction is the crucmdint of such models and requires powerful comjanat methods (for
example CFD) that become the common prediction toblsiany meteorological models. Inclusion of thendvivelocity
between the monitored parameters of the pollinatimdels enable to built up the correct predictiegional models with a
high level of accuracy.
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