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Abstract We included a parameterisation of the emissions
of pollen grains into the comprehensive model system
COSMO-ART. In addition, a detailed density distribution
of birch trees within Switzerland was derived. Based on
these new developments, we carried out numerical simu-
lations of the dispersion of pollen grains for an episode that
occurred in April 2006 over Switzerland and the adjacent
regions. Since COSMO-ART is based on the operational
forecast model of the German Weather Service, we are
presenting a feasibility study of daily pollen forecast based
on methods which have been developed during the last two
decades for the treatment of anthropogenic aerosol. A
comparison of the model results and very detailed pollen
counts documents the current possibilities and the short-
comings of the method and gives hints for necessary
improvements.

Keywords Pollen dispersion - Numerical modelling -
Operational pollen forecast

Introduction

The transport and turbulent diffusion of pollen is of great

interest mainly in two fields. Firstly, pollen causes
allergenic reactions (hay fever) for human beings. About
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15% of the population in Europe suffers from hay fever
(WHO 2003). To minimise the symptoms, allergy patients
therefore need to know when and where there will be high
pollen concentrations. Secondly, increasing genetic manip-
ulation of plants leads to the problem of cross pollination.
To ensure purity of plants in the vicinity of genetically
modified plants, exact knowledge of the distances that can
be travelled by pollen grains is required for different plant
species.

During the last two decades, very sophisticated numer-
ical models have been developed to simulate the temporal
and spatial distribution of anthropogenic and biogenic
gaseous and particulate matter. In contrast, today’s forecast
of pollen concentration is often based on a few measure-
ments in combination with the weather forecast using the
specific knowledge of individual forecasters. Therefore,
these forecasts are subjective and the spatial and temporal
resolution is low. Within the last couple of years, new
efforts have been undertaken to simulate the pollen
dispersion applying the concepts which are commonly used
in air pollution modelling.

The dispersion of pollen grains in the atmosphere
depends on atmospheric flow and turbulence fields. There-
fore, for the airborne trace species, one has to distinguish and
take into account different scales. At the microscale, it might
be justified to use the Gaussian type of models as developed
by Walklate et al. (2004) for oilseed rape and by Jarosz et al.
(2004) for maize. However, these kinds of models can only
be applied close to the pollen source.

In our study, we will focus on the dispersion of
allergenic pollen grains on the regional scale. Schiiler and
Schliinzen (2006) used a non-hydrostatic mesoscale model
to simulate the dispersion of oak pollen in an area of up to
200 x 200 km?. The proposed parameterisation of the
emission flux mainly depends on the estimated annual
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pollen production and the vapour pressure deficit. They
also took into account the pollen viability and para-
meterised it as a function of the amount of sunlight that
the pollen gets during the transport. Due to a lack of
observations they were not able to validate their model.

Sofiev et al. (2006) presented a feasibility study to use a
model system that was originally designed for emergency
modelling (Sofiev and Siljamo 2003; Siljamo et al. 2004).
They used this model system to study the long-range
transport of birch pollen to Finland. Their model includes
parameterisations of the settling velocity and of the dry and
the wet deposition. In order to prescribe the pollen emissions,
they used a detailed birch forest map and climatological
values for the pollen emissions. Comparisons with a limited
number of observational data are presented showing the
possibilities and the limitations of the modelled pollen
distributions. The authors could demonstrate by their model
results that pollen grains can be transported over quite large
distances in the order of several hundreds of kilometres.

Pasken and Pietrowicz (2005) used a combination of the
MMS5 and the HYSPLIT 4 model to simulate oak pollen
concentrations during a pollen episode that was observed at
Clayton, Missouri, United States. They made rather rough
assumptions for the emissions of the pollen grains and used
the observations to tune the model. They prescribed
emission fluxes that were constant in time and a pollen
release that started at 1300 hours UTC and continued for
22 h. Although the model domain was rather large, only
data from one observation station were available to compare
with the modelled diurnal cycles of the pollen number
densities. These comparisons show that there are still large
discrepancies between observation and simulation.

A very crucial point in all kinds of dispersion modelling
are the emission data. One problem arises from the fact that
currently no detailed maps of the spatial distribution of the
relevant plants are available. In the case of pollen grains the
emissions are determined by several factors. Pollen emis-
sions depend on the start and the intensity of the flowering
season. For example, it is well known that the birch pollen
flowering shows interannual variations (Clot 2001), and
long-term trends (Menzel and Dose 2005).

The emission of pollen depends on meteorological varia-
bles such as wind stress, temperature and humidity (Rempe
1938; Puls 1987; Mullins and Emberlin 1997). Helbig et al.
(2004) proposed a parameterisation that takes into account
these individual factors. They applied this parameterisation to
an isolated field in the Rhine Valley and could show that,
especially in inhomogeneous terrain where secondary circu-
lation systems are generating vertical velocities substantially
greater than zero, pollen grains can travel larger distances.
For that case no observational data were available.

In this study, we used a comprehensive model system to
simulate a birch pollen episode that occurred in April 2006
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in Switzerland. For that purpose we included the parameter-
isation for the pollen emission of Helbig et al. (2004) and
generated a detailed map for the distribution of birch trees
in Switzerland. We compared the modelled diurnal cycles
of the pollen grain concentrations with measured data of six
pollen counting stations in Switzerland, documenting the
current abilities of an operational pollen forecast system.
Finally, we discuss the necessary improvements and the
requirements with respect to input data.

Materials and methods
Model description and necessary input data

The COSMO-Model (formerly LM; Doms and Schittler
2002) of the German Weather Service (DWD) is a non-
hydrostatic mesoscale model and is part of the forecast
system of the DWD. The standard model domain covers the
whole of Europe. Due to its operational use, it is appropriate
to use as the meteorological driver for a pollen forecast
system. In order to calculate the temporal development of the
pollen grain number density it is necessary to describe the
emission flux, the transport by the mean wind, the diffusion
by atmospheric turbulence, the coagulation, the sedimenta-
tion and deposition, the re-suspension, and the wash-out.
Therefore, the COSMO model had to be extended by
parameterisations which describe these processes to deter-
mine the temporal and spatial distribution of pollen grains
from the local to the regional scale.

Based on the mesoscale model system KAMM/DRAIS/
MADESsoot (Riemer et al. 2003) we developed the compre-
hensive model system COSMO-ART (ART = Aerosols and
Reactive Trace Substances, http://www-imk.fzk.de/tro/
ACP/index.html). This model system is used to simulate
the spatial and temporal distribution of reactive gaseous
and particulate matter and especially to quantify the
feedback mechanisms between aerosol and climate pro-
cesses on the regional scale. The model system is fully
online coupled. It includes a treatment of the aging
processes of soot particles. In addition to MADEsoot,
detailed emission modules for mineral dust (Vogel et al.
2006), sea salt, and bacteria were added to the aerosol
module. Identical numerical schemes and parameterisations
are used for identical physical processes such as advection
and turbulent diffusion. This avoids truncation errors and
model inconsistencies. COSMO is verified operationally
by DWD; the model system can be embedded by one-way
nesting into individual global scale models such as the
GME or ECMWF models. All components of the model
system are coupled online with time steps of the order of
tenths of seconds. Nesting of COSMO-ART within
COSMO-ART is possible. Typical horizontal grid sizes
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vary between 2.8 and 28 km. The model allows the
simulation of the interaction of the aerosol particles with
radiation and the feedback of this process with the
atmospheric variables.

In order to include pollen as an additional component
into the model system COSMO-ART the following sim-
plifications are made. Coagulation is neglected. The
equation that describes the transport, the turbulent diffu-
sion, the sedimentation, and the washout of the total pollen
number density is then given by:

dq = 0
with
Np
= — 2
1= (2)

N, is the number density of the pollen grains and N is the
total number of particles per m™ including the air molecules.

Fr=p-v-¢ (3)
is the turbulent pollen flux that is parameterised according
to temperature and specific humidity. p is the air density, v’
and ¢’ are the turbulent fluctuations of the wind speed and
the mass density of the pollen grains.

The sedimentation flux F; is given by:

Fs:P"]'Vs (4)

The settling velocity vy is calculated by:

4ppdpg

3.pcq )

Vg =
d,, is the diameter of the pollen grains. p, is the pollen grain
density that depends on the water content (Aylor 2002). cq4
is the drag coefficient parameterised according to an
approach of Fuchs (1964) and Friedlander (1977) and g is
the acceleration of gravity. A is the washout coefficient that
is determined in the following way:

gy = D) (©)

E is the collision efficiency after Slinn (1983), D, is the di-
ameter of the rain droplets, P is the precipitation rate in m s™".

The source term in equation (1) is then given by the
divergence of the vertical mass flux F,, calculated on the
numerical grid.

i=1,3 (7)

To take this into account, the parameterisation of Helbig
et al. (2004) was chosen and will be briefly described in the
following.

The basic idea of our parameterisation is that the vertical
flux of pollen grains F. at the top of the vegetation is
proportional to the product of a characteristic concentration
and a characteristic velocity:

. qp
LAI-h

The friction velocity u« is used as the characteristic
velocity. The pollen production g, is given in pollen grains
per square metre. It describes the number of pollen grains
produced during one season. It therefore reflects the
maximum number of pollen grains which can be emitted.
Of course, q,, is reduced by the already emitted amount of
pollen grains. LAI denotes the leaf area index and h the
typical canopy height of the corresponding plant species. c.
is considered a plant-specific factor that describes the
likelihood to bloom. This factor takes into account that
not all flowers are blooming at the same time, although the
meteorological conditions are ideal for pollen release.
Instead, the number of flowers increases with time until a
maximum is reached. Afterwards, the number decreases
again until the end of the pollen season. Wris a weighting
factor that will be explained below.

It is obvious that the available pollen grains cannot be
emitted into the atmosphere if the meteorological condi-
tions are unfavourable. K. is a correction factor that takes
into account some previous findings that documented the
dependency of the pollen emissions on threshold values of
temperature Ty, humidity Uy, and wind speed || (for
details see Helbig et al. 2004). Threshold values for
temperature were found for different plant species by
Wachter (1982), Fritz and Gressel (1983) and Puls (1987).
In contrast to this, threshold values for Uy, and ’7| « could
not be found. They had to be assumed for this study. ¢y, c,,
and c3 are plant-specific constants to weight the influence
of the corresponding meteorological resistance and will be
set equal to 1 in this study.

F. = wr - ce - K¢ - U, (8)

Model domain and input data

We simulated a pollen episode which occurred from 19 to
22 April 2006 in Switzerland. The model domain covers
the central part of Europe. The horizontal grid size is 7 km
in each direction. 40 layers are used in the vertical direction
and the top of the model domain is at 24 km. The time steps
are in the order of tenths of seconds. The model system
COSMO-ART is driven by the initial and the boundary
conditions which are taken from the ECMWF model IFS.
The boundary conditions are updated every 6 h. In the
following, however, we will only present the results for a
sub-domain for which we had detailed information about the
occurrence of birch trees. Figure 1 shows the topography of the
sub-domain which covers the whole of Switzerland. It also
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shows the surface wind fields at 1200 hours UTC for four
consecutive days. Only every third wind vector is shown.

Distribution of birch stands

Applying the parameterisation of pollen emissions requires a
dataset describing the spatial distribution and the density of
birch trees. These input data are crucial for the modelling of
pollen dispersion. In Switzerland, land use data which give
specific information on birch trees are available for forested
areas. The National Forest Inventory (Schweizerisches
Landesforstinventar; WSL 2006) provides gridded informa-
tion on the percentage of birch trees on a 1-km resolution.
This dataset was produced using a systematic sample of
500 m” at every grid point. For the non-forested areas we
relied on land use data by the Bundesamt fiir Statistik
(source: Arealstatistik 1992/97, BFS GEOSTAT). However,
this dataset contains no direct birch information. It uses a
classification scheme of 74 land use categories and is
resolved on a 0.1-km grid.

Wind , 19.04.2006, 12 UTC
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These two datasets were combined and integrated on the
7-km resolution of COSMO-ART using the following
procedure. For each forested grid box of the COSMO-
ART, all birch percentages from the National Forest
Inventory were added up. Then, the birch density categories
of low, medium, and high were assigned to the terciles of
the added birch percentages. For the non-forested COSMO-
ART grid boxes, we assigned to each category of the land
use dataset the birch densities 0 (none), 1 (low), 2
(medium), and 3 (high) and added them up for each
COSMO-ART grid box. The lowest 20% were considered
as virtually birch-free and the remaining 80% of the data
was assigned the birch categories low, medium and high
according to the terciles, and were then combined with the
birch density data derived from the National Forest
Inventory to produce the final birch distribution dataset
encompassing the whole of Switzerland (Fig. 2).

Since we had detailed data on birch stands and land use
only for Switzerland, we will focus on the results in the area
which is shown in Fig. 2. The stations depicted in Fig. 2 are
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Fig. 1 Simulated surface wind field at 1200 hours UTC on four consecutive days. The red crosses denote the pollen measurement sites. The
colour-shaded areas give the terrain height. The lower left corner is at 45°17°54”N, 5°23°39”E
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those where detailed pollen counts with a time resolution of
2 h were carried out. In addition, the locations of those
stations are marked where daily averaged pollen concen-
trations are available. All stations belong to the national
pollen monitoring network (Nationales Pollenmessnetz
NAPOL).

The pollen grains were collected by Burkhard samplers.
The samplers are situated on the roof of buildings 1040 m
above ground. Birch stands are located in the vicinity of
many samplers. The Burkhard sampler allows a time
resolution of 2 h which makes it possible to compare
modelled diurnal cycles and observations.

Results

The simulation was started on at 0000 hours UTC on 19 April
2006. We chose this date as it is during the birch pollen season

Neuenburg

ol

Genf

Fig. 2 Spatial distribution of the population density classes (green
low, orange medium, red dense) of the birch trees and location of the
pollen count stations. Stars indicate those pollen count stations with

and because it was a period of fair weather with almost no
precipitation. The simulation was continued for 92 h which
might be the upper limit as long as no data assimilation or
nudging in the inner domain is carried out inbetween.

As the wind speed is an important factor that determines the
emissions of the pollen grains, we will first compare the
simulated and the observed wind speeds at those stations where
we had the pollen counts with the high temporal resolution.

Figure 3 gives the temporal development of the observed
and the simulated surface wind speeds. It shows that the
wind speed is quite well simulated at most stations with the
exception of Visp. The observed wind speed at Visp is
much higher than the simulated one during the day. During
night-time the wind speed is often overestimated by the
model system. Visp is located in the Rhone valley whose
topography is relatively well reproduced by the model.
However, wind speed and direction are also influenced by
narrow side valleys such as the valley of Zermatt. They are

Zlrich

Luzern

2-h resolution whereas black crosses stand for stations where only
daily averages of the pollen concentration were available
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Fig. 3 Simulated and observed diurnal cycles of the wind speed at 10 m above surface
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smaller than the used grid size of 7 km and are causing
effects such as small-scale wind systems and channelling
(which may explain the underestimation of the wind speed
during the day). These phenomena need a higher resolution
to be modelled (Fig. 3).

Although we have a quite detailed map of the spatial
distribution of birch trees, it is still more a qualitative than a
quantitative distribution. In addition, we have no pollen
emissions outside Switzerland. For that reason, we have
chosen the following procedure. We carried out three
individual model runs where in each run only emissions
of a single birch density class was allowed and the
weighting function wy in equation 8 was set equal to one.
By this procedure, we end up with three time dependent
three-dimensional concentration distributions of birch pol-
len. We then assumed that the daily averaged pollen
concentration at each station is a linear combination of
results of the individual model runs. Finally, we applied a
linear regression to minimise the deviation between the
observed and the simulated daily averages.The equation for
this fit is given by

L
Z (m1 —A- Np,l,l —B- ﬁp,Z,l — C . Wp’g,,l — D)2: Mll’l
1=1
9)

Solving this equation results in A = 0.2, B = 0.65, C = 3,
and D = 87.

Figure 4 shows the comparison of simulated and
observed daily averages of the pollen concentration after
regression was applied. The figure shows that the ratio of

modelled and measured pollen concentrations is in most
cases in the interval between 0.5 and 2. The positive value
of D is consistent with the fact that no emissions were
allowed outside Switzerland.

The parameters A—D are used to calculate the diurnal
cycles of the pollen number density for those stations where
we had the 2-hourly pollen counts (Bern, Genf/Geneva,
Luzern, Neuenburg, Visp, and Ziirich).

NP(XaYa Z, t) =A- Np,l (X> Y,z t) +B
. Np,z(X, Yy, z, t) +C- Np.3 (Xa y,z, t)

+D (10)

Np.1i» Np2, and N, 3 are the concentrations which were
calculated using emissions from a single birch density class
and we= 1.

The comparison of the observed and simulated diurnal
cycles of the pollen density is presented in Fig. 5 for the
individual stations. The highest deviations between ob-
served and simulated concentration occur for the station
Visp, where the observed concentrations are much higher
than the simulated ones. To some extent this could be
expected since the observed wind speeds at this station are
much higher (Fig. 3) and therefore the emissions and the
real concentration should be larger than the simulated ones.
Additionally, the transport and the sampling efficiency of
the trap is more effective at high wind speeds.

The best agreement is found for the stations Luzern and
Zirich (Fig. 5). At both stations, the increase on 20 April
and the peaks on 21 April is featured by both the
measurements and the simulations. Luzern is located in
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Fig. 4 Simulated versus observed daily averaged number densities of birch pollen grains. Each data point represents one daily averaged value of

each of the pollen count stations shown in Fig. 2
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Fig. 5 Simulated and observed diurnal variations of the number density of the pollen grains

the more inner part of the area where emissions are allowed
and Ziirich is located in an area where the density of the
birch stands is high, therefore the impact of the zero
concentrations that are advected from those areas where no
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emissions are allowed is supposed to be small. It is obvious
that single spikes as they are observed at individual stations
and time periods are not reproduced by the model and might
be caused by local effects in the vicinity of the pollen stations.
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At the station of Geneva, the maximum tends to occur
around midday. Interestingly, there is also a daily maximum
in the simulation but it is delayed by 6—12 h compared to the
measurements and is less well pronounced. In Geneva, the
pollen trap is situated within the city atop a building 42 m
above ground while the other pollen traps are typically
located at only 15-20 m above ground. It is argued that, in
the case of Geneva, the model underestimates turbulence
during the day so that it takes longer to reach the pollen trap.
Turbulence depends on the roughness and the availability of
heating surfaces. Both factors are increased in towns, helping
to explain the delayed peaks in the simulation.

Generally, the peak values in the measurements cannot
be found in the simulations. This is not surprising as the
measurements are subject to random processes that intro-
duce errors. They include various sampling errors such as
the limited volume of the air sampled, counting of only
parts of the sample and sampling efficiency of the trap.
Comtois (1998) gives an overview of possible errors in
aerobiological data. According to Comtois et al. (1999), the
errors in pollen counts range from 10 to over 30%
depending on pollen abundance and sample size. Addition-
ally, pollen counts may also be influenced by local effects
in the vicinity of the pollen stations that are below model
resolution. Hence, it is not possible to model the peak
values. On the other hand, the level of daily concentrations
is well modelled (Fig. 5). Since this is the focus of pollen
forecasts, the simulations represent a promising start for
their future use in operational pollen forecast systems.

Discussion and conclusions

We have included a parameterisation of the pollen emission
flux into the comprehensive model system COSMO-ART. In
order to calculate the birch pollen emissions, it is necessary to
have detailed data about the spatial distribution of the birch
trees. We derived such data for the area of Switzerland. This
leads to a discrimination of sparse, dense and very dense birch
tree populations. Based on this rather qualitative information,
we carried out individual model runs for each density class
and applied a simple procedure that combines simulated and
observed daily averages of the pollen concentrations to derive
a more quantitative discrimination based on the individual
tree densities. Based on this weighting function, we simulated
the diurnal variation of the pollen concentration for 4
consecutive days (19-22 April 2006).

For the station Visp, we found a distinct underestimation
of the pollen concentrations by the model for most of the
time that is probably linked to an underestimation of the
wind speed. For those stations which are located in areas
with dense birch tree populations, the agreement between
model results was quite satisfactory.

Nevertheless, there are still several unsolved problems.
We need information such as detailed vegetation maps, the
spatial distribution of the beginning of flowering, and a
specification of the necessary parameters for the emission
module based on sophisticated field campaigns. In the
event that these are solved, a numerical model that uses
state of the art methods to treat the transport and the
diffusion of particles in the atmosphere is a promising tool
for an operational pollen forecast. The advantage of
COSMO-ART is that it also treats other natural and
anthropogenic particles and gas phase substances that are
suspected of enhancing the allergenic potential of pollen
grains or fragments. Therefore, these interactions can also
be treated by the model system.

References

Arealstatistik (1992/97) BFS GEOSTAT

Aylor DE (2002) Settling speed of corn (Zea mays) pollen. J Aerosol
Sci 33:1601-1607, doi:10.1016/S0021-8502(02)00105-2

Clot B (2001) Airborne birch pollen in Neuchatel (Switzerland):
onset, peak and daily patterns. Aerobiologia 17:25-29,
doi:10.1023/A:1007652220568

Comtois P (1998) Statistical analysis of aerobiological data. In:
Mandrioli P, Comtois P and Levizzani V (eds) Methods in
aerobiology. Pitagora, Bologna, pp 217-252

Comtois P, Alcazar P, Néron D (1999) Pollen counts statistics and its
relevance to precision. Aerobiologia 15:19-28, doi:10.1023/
A:1007501017470

Doms G, Schittler U (2002) A description of the Nonhydrostatic
Regional Model LM, Deutscher Wetterdienst. PO Box 100465,
63004 Offenbach, Germany. (http://www.cosmo-model.org)

Friedlander SK (1977) Smoke, dust and haze. Wiley, New York

Fritz A, Gressel W (1983) Zur Wetter-, insbesondere zur Temper-
aturabhingigkeit des Pollenfluges der Hasel, Birke und Gréser in
Kéarnten. med-met. Z Med Meteorologie 2:14—17

Fuchs NA (1964) The mechanics of aerosols. Pergamon, Oxford

Helbig N, Vogel B, Vogel H, Fiedler F (2004) Numerical modelling of
pollen dispersion on the regional scale. Aerobiologia 20:3-19,
doi:10.1023/B:AER0.0000022984.51588.30

Jarosz N, Loubet B, Huber L (2004) Modelling airborne concentration
and deposition rate of maize pollen. Atmos Environ 38:5555—
5566, doi:10.1016/j.atmosenv.2004.06.027

Menzel A, Dose V (2005) Analysis of long-term time series of the
beginning of flowering by Bayesian function estimation. Mete-
orol Z 14:429-434, doi:10.1127/0941-2948/2005/0040

Mullins J, Emberlin J (1997) Sampling pollens. J Aerosol Sci 28
(3):365-370, doi:10.1016/S0021-8502(96)00439-9

Pasken R, Pietrowicz JA (2005) Using dispersion and mesoscale
meteorological models to forecast pollen concentrations. Atmos
Environ 39:7689-7701, doi:10.1016/j.atmosenv.2005.04.043

Puls KE (1987) Der EinfluB von Witterung und Wetter auf
Bliitenanlage, Pollenfreisetzung und Pollenflug. In: Stiftung
Deutscher Polleninformationsdienst (eds) 1. Européisches Pollen-
flug-Symposium 20/21 Mérz: 27-47

Rempe H (1938) Untersuchungen iiber die Verbreitung des Bliiten-
staubes durch die Luftstromungen. Planta 27:93-147,
doi:10.1007/BF01939376

Riemer N, Vogel H, Vogel B, Fiedler F (2003) Modelling aerosols on
the mesoscale-g: Treatment of soot aerosol and its radiative
effects. J Geophys Res 109:4601, doi:10.1029/2003JD003448

@ Springer


http://dx.doi.org/10.1016/S0021-8502(02)00105-2
http://dx.doi.org/10.1023/A:1007652220568
http://dx.doi.org/10.1023/A:1007501017470
http://dx.doi.org/10.1023/A:1007501017470
http://www.cosmo-model.org
http://dx.doi.org/10.1023/B:AERO.0000022984.51588.30
http://dx.doi.org/10.1016/j.atmosenv.2004.06.027
http://dx.doi.org/10.1127/0941-2948/2005/0040
http://dx.doi.org/10.1016/S0021-8502(96)00439-9
http://dx.doi.org/10.1016/j.atmosenv.2005.04.043
http://dx.doi.org/10.1007/BF01939376
http://dx.doi.org/10.1029/2003JD003448

814

Int J Biometeorol (2008) 52:805-814

Schiiler S, Schluenzen KH (2006) Modeling of oak pollen dispersal on
the landscape level with a mesoscale atmospheric model.
Environ Model Assess 11:1420-2026, doi:10.1007/s10666—
006-9044-8

Siljamo P, Sofiev M, Ranta H (2004) An approach to simulation of
long-range atmospheric transport of natural allergens: an example
of birch pollen. In Air Pollution Modelling and its Applications
XVII (in press.), also in pre-prints of 27-th Int. Technical
Meeting on Air Pollution Modelling and its Applications, Banff,
23-30.10.2004, Canada, pp 395402

Slinn WGN (1983) Air-to-sea transfer of particles. In: Liss PS, Slinn
WGN (eds) Air-sea exchange of gases and particles. Reidel,
Dortrecht, pp 299-405

Sofiev M, Siljamo P (2003) Forward and inverse simulations with
Finnish emergency model SILAM. In: Borrego C, Incecik S (eds)
Air pollution modelling and its applications XVI. Kluwer,
Dordrecht, pp 417425

@ Springer

Sofiev M, Siljamo P, Ranta H, Rantio-Lehtiméki A (2006) Towards
numerical forecasting of long-range air transport of birch pollen:
theoretical considerations and a feasibility study. Int J Biome-
teorol 50:392-402, doi:10.1007/s00484—-006— 0027-x

Vogel B, Hoose C, Vogel H, Kottmeier C (2006) A model of dust
transport applied to the Dead Sea Area. Meteorol Z 15:611-624,
doi:10.1127/0941-2948/2006/0168

Wachter R (1982) Pollen- und Sporenflug iiber der Bundesrepublik
Deutschland. 14. Allergopharma. Joachim Ganzer KG

Walklate PJ, Hunt JCR, Higson HL, Sweet JB (2004) A model of
pollen-mediated gene flow for oilseed rape. Proc Biol Sci
271:441-449, doi:10.1098/rspb.2003.2578

WHO (2003) Phenology and human health: allergic disorders.
Copenhagen, WHO Regional Office for Europe, p 55

WSL (2006) Schweizerisches Landesforstinventar LFI. Datenban-
kauszug der Erhebung 1983-85 vom 27. Juni 2006. Ulrich
Ulmer. Eidg. Forschungsanstalt WSL, Birmensdorf


http://dx.doi.org/10.1007/s10666-006-9044-8
http://dx.doi.org/10.1007/s10666-006-9044-8
http://dx.doi.org/10.1007/s00484-006-0027-x
http://dx.doi.org/10.1127/0941-2948/2006/0168
http://dx.doi.org/10.1098/rspb.2003.2578

	Numerical simulation of birch pollen dispersion with an operational weather forecast system
	Abstract
	Introduction
	Materials and methods
	Model description and necessary input data
	Model domain and input data
	Distribution of birch stands

	Results
	Discussion and conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


