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1. Introduction

Allergic rhinitis, knows as “hay fever” affects
approximately35.9 million peoplein the United States
(Nathanet al.; 1997).TheCenterfor DiseaseControland
Preventionestimatesthat hay fever resultsin over eight
million visits to physicians'offices eachyear.Treatment
is possible,however,theAmericanAcademyof Allergy,
Asthma and Immunology (AAAAI) recommends
completeavoidanceof the allergens.By altering one's
daily routine to avoid times and placeswhereallergens
are present,hay fever sufferer can reducethe needfor
treatmentand allow medicalpersonnelto createa more
effective treatment plan.

The only information concerningthe pollen and mold
concentrationsin the St. Louis areais providedby the
Saint Louis County Departmentof Health. This county
departmentsamplespollensandmoldsat a singlesite in
Clayton, Missouri and provides a 24-hour total
concentration during business days.

Unfortunately,the currentstateof the art for forecasting
pollensand other allergensis primitive. In many cases
the only information availableto the public are pollen
and mold countsfor the previous24 hours.Forecasting
of pollen countsfall into oneof two categories(Norris-
Hill, 1995). One method is known as the receptor-
oriented model, it predicts the concentrationwithout
prior knowledge of emission strengths, duration or
diffusion by the atmosphere.

A second method, known as the source-orientation
model, requires knowledge of the source locations,
emissionrates,and durationas well as the structureof
thePBL on scalessmall enoughto accuratelyreproduce
the temporal and spatial variations of the pollen and mold
sources. 

The early stages of developing a source-oriented
methodology to forecast pollen concentrations is
underway at Saint Louis University. This method

involves using two meteorologicalmodels to perform
this task. The first is the National Center for
AtmosphericResearch (NCAR) MM5 (Dudia, et al;
2001) model to derive high resolution meteorological
fields of wind, temperature,andmoisture. Thesefields
areusedby theAir ResourcesLaboratory(ARL) Hybrid
Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT_4) model (Draxler and Hess; 1998) to
calculatethe future concentrationpatternsof the pollen
in question.A critical component to the transportof
thesepollensis the structureof the PlanetaryBoundary
Layer (PBL). Three PBL schemesare being testedto
determinethe one that forecastspollens the bestfor St.
Louis Missouri.At This time Oakpollenis beingusedas
the testpollen. It was selectedbecauseoak treescanbe
easily located.The methodologyandsomeearly results
of these tests are discussed.

2. MM5 Model Configuration

The MM5 is configuredusing threedomainswith two-
way nesting,and the horizontal resolutionsare 108, 36
and12 km. The vertical resolutionhas42 sigmalevels,
with 20 levelsbetween1.0 and 0.80. The Kain-Fritsch
(Kain and Fritsch; 1993) cumulus parameterizationis
used. This configuration is held constant for all the
simulationsin order to test the BPL schemes.The three
PBL schemesselectedareBurke-Thompson(Burke and
Thompson1989),BT, Eta (Janic1990)and(Janic1994)
and Gayno-Seaman,(Ballard., 1991) GS. These were
selectedbecausetheoutputincludesTKE, a quantitythat
is importantto studyfor vertical transportof atmospheric
quantities.

3. HYSPLIT_4 Model Configuration

HYSPLIT_4is themodelusedin thisprojectto calculate
dispersion,depositionand transportof the oak pollens.
This modelrequiresdefinitionsof thepollutantthat is to
be transported.Oak pollen is definedwith a diameterof

1` Secondary Affiliation, Department of Earth and Atmospheric Sciences, Saint Louis University



20µm, thedensityis 0.9g/cctheshapevariableis 0.9and
thedepositionvelocity is 0.05m/s.This modelallows for
resuspensionof particlesthataredepositedon thesurface
by winds, the suggestedvalue for this parameterization
of 10-6/m is used. Over 3000 locationsare specifiedin
HYSPLIT_4 for releasepoints for the sourcesof Oak
pollen. 

4. Oak Pollen Sources

In orderto usea sourceorientatedmodel,thesourcesof
Oak pollen needsto be known. The BiogenicEmissions
Landcover Databaseversion 3.1 (BELD3) is used to
define the location of Oak trees.The datafor Oak tree
landcover information is extrapolatedto 1km2. It was
developedusing the MM5 meteorologicalmodel grid
centeredat 40oN and90oW, thesameasdomain1 in our
configuration of MM5. The 1km2 Oak tree density
extractedfrom BELD3 is averagedto 12km2 to fit the
inner MM5 domain.Theseaverageddensityvaluesthat
are used in HYSPLIT_4 as relative emission source
strengths.It is also known that wind bornepollinating
plantsreleasepollensbetween6 am and 8:30 am LST.
Theseparametersare used in HYSPLIT_4 for release
time, duration and sourcestrengthof Oak Pollen. It is
assumedthat the number of pollen grains releasedis
proportional to tree density, figure 1.

5. MM5 Performance

The synopticsituationhada weaklow pressuresystem,
1009mb,overeastcentralKansasat 06Z 16 April, 2000.
Thelow movednortheastto northcentralIllinois by 00Z,
17 April, by 06Z the surface low then moved
southeastwardto southeastIndiana by 06Z, 17 April.
However,a secondarylow was locatedover east-central
Illinois. GustywestwindsdevelopedacrosstheSt. Louis
area after the frontal passage at 00Z, 17 April.  

An inspectionof the output of the MM5 simulations,
indicatesthat BT placedthesurfacelow pressuresystem
acrossMissouri and Illinois the best.Eta was a close
second,followed by GS PBL schemes.BT put the cold
front passingSt. Louis a few hours early, 22Z on 16
April, afternear24 hoursof modelintegration,while Eta
was about one hour early. BT and Eta keyed on the
secondarycirculationat 06Z,April 17 astheprimaryone
and both were too far to the northwest.

6. Pollen Forecasts

Figure2 is theplot of Oakpollendatafrom theSt.Louis
CountyDepartmentof Health.Oak pollen concentration
is givenevery30 minutesin unitsof grains/m3 startingat
7am, (12 GMT, 16 April, 2000). Several important
featuresis thefist peakoccursat 10am.This is thepollen
that is transportedfrom the Ozark mountains,which is
theoaktreerich regionto thesouthwestof St.Louis.The

next maximum pollen count is found at 9pm, and the
highest value is found at 12:30 am on 17 April. 

Figure3 showsrelative Oak pollen concentration from
HYSPLIT_4.It forecastthemorningpeak,but is wasup
to onehourearly.Theotherpeaksdid not showup in the
desiredmagnitudes.This can be explainedby the fact
that the sourcethat reachedSt. Louis at 7pm originated
beyond the region of where oak trees were mapped.
Also, and perhapsmore important,is that all the pollen
in the model was generatedfrom the day in question.
The previous day's weather pattern had south to
southeastwinds that would have depositedoak pollen
from the Ozarks and to the northwest into central
Missouri and would havebe availablefor resuspension
for the peaks after the frontal passage.

Closer inspectionof forecastoak pollens, figure 4, for
12am17 April using resultsof the BT MM5 showsa
maximumof oak pollen centeredabout300mabovethe
ground. The air over the St. Louis region originated
outside the region of mappedoak trees and therefore
must have its origin from resuspended oak pollens. 

The BT boundarylayer for the sametime shows its
turbulentcharacteristics.The depthof the PBL is about
600m with a nearly adiabatic lapse rate, figure 5. 

7. Conclusions and Discussion

Early results show the promise of using a mesoscale
meteorological model to provide forecast winds,
moisture and temperature structure as input to a
trajectory/dispersionmodel. The ability to fine tune
MM5's structure makesit ideal to the understandingof
the importantphysicalmechanismsin the transportation,
dispersion,deposition and resuspensionof air borne
pollens. 

More work need to be done on the pollen budget,
especially deposition from previous days. Fortunately
HYSPLIT_4 does have options to input deposition
fields as inputs from a previoussimulation. The ability
to fine tuneMM5's PBL is extremelyimportant for usto
understand the process of pollen dispersion. 
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Figure 1 Oak Tree Density
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Figure 2 Oak Pollen Data for St. Louis, MO

Figure 3 BT Pollen Forecast for St. Louis, MO

Figure 4 BT Oak Cross Section 06Z 17 April,
2000

Figure 5 BT Theta Cross Section, Same as Figure 4
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