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Abstract

In order to propose a new deterministic ragweed pollen emission scheme, the mete-
orological conditions conducive to common ragweed pollen emission are studied over
Europe between 2005 and 2011. Correlations are calculated between daily modelled
meteorological variables (wind speed, temperature, humidity, precipitations rates, sur-5

face fluxes) and surface concentrations at nine stations in Hungary, Croatia and France.
We found that the 2 m temperature is the most correlated parameter, followed by con-
vective velocity and incoming shortwave radiation. On the other hand, the precipitation
rate and the 2 m specific humidity act as limiting factors. A new emission scheme is de-
signed. Compared to two existing schemes, we show that it is able to better estimate10

the daily release of ragweed pollen in 73 % of modelled cases.

1 Introduction

The Ambrosia artemisiifolia or common ragweed is an invasive weed, recognized for
its atopic properties. For both event analysis and operational forecast, numerous ef-
fort were devoted to model its emission and transport. A recent overview of ragweed15

studies, Smith et al. (2013), showed that ragweed modelling is conducted using lo-
cal statistical models (using observed meteorological data for example), trajectories
models, multi-parameters regression analysis as well as regional mesoscale models.
Ragweed emissions are often derived with modified birch pollen emission schemes,
a tree historically more documented than ragweed.20

Assessing and predicting ragweed pollen emissions is challenging because they are
sensitive to different botanical and meteorological factors. First, even though major
efforts are currently made (see eg. Bullock et al., 2012; Chapman et al., 2014), the
location of ragweed plants is difficult to establish, as recently presented in Thibaudon
et al. (2014) for France. Second, for an area with clearly identified ragweed, seasonal25

weather conditions determine the phenology of the plant and its pollen production.
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Depending on these seasonal conditions, the yearly amount of pollen may be very
different from one year to another. Finally, if the plants are present and climate condi-
tions are favourable to the plant growth and flowering, hourly meteorological variability
strongly influences the pollen release.

A wealth of observational data were analyzed to better understand the physical5

mechanisms underlying pollen emissions. A key reference is the study of Holmes and
Bassett (1963) with the measurements of hourly ragweed concentrations during the
summer of 1961 in Ottawa. For the first time, meteorological variables (relative humid-
ity and air temperature) were measured together with ragweed pollen concentrations.
It was shown that concentrations exhibited a diurnal peak during the morning when10

relative humidity suddenly decreased and temperature increased, except for the days
when it rained. No significant relationship with wind speed was found. Laaidi et al.
(2003) analyzed the ragweed pollen concentration data in Lyon (France) during the
long-term period of 1987 to 1999. Using a statistical approach to relate meteorology
and concentrations using a multi-parameters regression, they were able to predict the15

pollen season start with an error of 3 days at the maximum, and the duration of the
pollen season with an error of 7 days at the maximum. Crimi et al. (2004) conducted
a statistical study over the north-west of Italy during the period from 1991 to 1995: they
found that Parietaria pollen concentrations were significant when the daily temperature
was not exceeding 21 ◦C and with a diurnal range of about 5 ◦C. The temperature range20

seems to be an important control factor, indicating the dehydratation of pollens during
the day, losing mass and thus more likely to be emitted under specific wind conditions.
Makra et al. (2004) also analyzed observational data and studied a possible relation-
ship between ragweed pollen and meteorology for the period of 1997 to 2001 and in
the city of Szeged (Hungary). They used 11 meteorological variables and proposed25

a complex relation to fit their data. A similar approach is presented in Kasprzyk (2008)
over Rzeszow (Poland), quantifying the impact of temperature and wind speed on rag-
weed emissions. Finally, these studies correspond to the “local” approach in Fig. 1:
the strength of such studies is that they are close to the processes and are able to
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evaluate emissions taking into account the spatial representativeness of the measured
concentrations. On the other hand, these studies are mainly useful for analysis of past
or present conditions, (ii) the pollen transport is not taken into account. Our aim here is
to identify main emission drivers at the scale of the European continent.

Regional modelling (Fig. 1) was initiated to better understand, quantify and predict5

the individual processes driving concentrations variability (emission fluxes, long range
transport, deposition). It has motivated the development of pollen emission param-
eterizations. Over the recent years, a few schemes were proposed to estimate the
pollen emissions fluxes. Helbig et al. (2004) proposed a scheme for pollen emission
and re-suspension with the KAMM/DRAIS model. In their model pollen emissions are10

computed using a “characteristic” concentration (the sum of grains measured over one
season), the Leaf Area Index of the corresponding model grid cell and the friction ve-
locity u∗ acting as a limiting factor. Pollen emissions are considered as a threshold
process, similar to the saltation of mineral dust over arid areas. That is why resistances
based on relative humidity and wind speed are included. Zink et al. (2012) used the15

COSMO-ART model to analyze a pollen episode observed over northern Germany
in September 2006. They compared the local contribution and the import from Hun-
gary (one of the European countries most exposed to ragweed spread) and found that
at least 20 % of the pollen counts could be attributed to transboundary inflow. Sofiev
et al. (2006) presented the first birch pollen forecast model, integrated in the SILAM20

model and applied over the whole western Europe. The emissions were statistically
prescribed. A few years later, Sofiev et al. (2013) presented a deterministic emission
module, with the flowering season driven by the heat sum and including a probabilistic
term. The module was limited to birch pollen emissions. Efstathiou et al. (2011) re-
cently implemented a modified Helbig et al. (2004) scheme in CMAQ and modelled the25

pollen period of 2002 over Newark (United States, NJ). More recently, Zink et al. (2013)
presented a tunable scheme for different kind of pollen (birch, ragweed). This scheme
corresponds to the best fit between modelled emissions and recorded concentrations
over several sites in Europe. However, correlations between observations and simu-
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lations were found to be insignificant. Finally, Prank et al. (2013) proposed a scheme
for ragweed emissions, dedicated to pollen forecasts. But in this formulation, the daily
release is fixed and not depending on meteorology.

In this paper, several meteorological variables are compared to local observations to
identify possible correlations. Since collocated pollen-weather observations, including5

a consistent set of weather variables, are generally not available, and to use the same
weather model as the one driving pollen count prediction, we use here outputs from
a mesoscale meteorological model. This choice also follows the “mesoscale” way as
described in Fig. 1. For representativeness and accuracy reasons, the low-resolution
meteorological model can deviate from the actual meteorological context of the ob-10

servation site. However it remains the best available method to assess the capability
of such regional models to calculate pollen concentrations over large areas, for past,
present, and future studies (such as climate scenario studies). The observations from
2005 to 2011 and the model used are described in Sect. 2. Correlations between mea-
sured concentrations and several modelled meteorological variables are presented in15

Sect. 3. The main rationale for the pollen emissions models is presented in Sect. 4.
Among all processes for ragweed emissions, we focus on the daily release. Therefore,
we implemented the emission schemes of Efstathiou et al. (2011) and Sofiev et al.
(2013) to benchmark the capability of various existing approaches to estimate the daily
variability of emitted pollens. In addition, a new scheme based on temperature, spe-20

cific humidity and precipitation rate is proposed. The comparison between these three
schemes is performed by investigating the correlation between the release term and
ragweed pollen concentrations measurements in Sect. 5. Finally, conclusions and per-
spectives are proposed in Sect. 6.

2 Observations and model25

This section presents pollen observations datasets used in this study, as well as the
meteorological variables. Pollen counts are recorded at in-situ stations which are rep-
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resentative of a few hundred meters around the instrument. In order to compare these
measured concentrations with meteorological variables, we could have used locally ob-
served meteorological data or local meteorological model outputs (such as Large Eddy
Simulation models), or meteorological fields after data assimilation. Here we correlate
measured pollen concentrations with meteorological variables obtained from state-of-5

the-art simulations used for regional modelling studies.

2.1 Pollen observations data

Nine observation sites are used in this study and their locations are given in Table 1.
The selection of the sites was based on the availability of 33 sites across Europe at
the time of the study, and on the basis of the mean pollen load. Most loaded sites10

were selected in order to have a set of sites where the fraction of count due to local
emissions is maximized vs. regional transport. These sites are located in Croatia (HR),
Hungary (HU) and France (FR). Sites were also selected for their satisfactory data
completeness (from 71 % to 100 %). For each year and each station, the percentage
of available data is given in Table 1. Note that for the stations VELIKA, SAMOBOR,15

IVANIC, and SLAVONSKI, there are no observations for the years 2005 to 2007.

2.2 Meteorological model configuration

As argued in the Introduction, this study compares measured ragweed pollen con-
centrations to simulated meteorological variables. The meteorological variables to be
correlated with pollen counts are obtained from a simulation using the WRF regional20

model in its version 3.3.1. The model is used in its non-hydrostatic configuration, with
a horizontal resolution of 0.44◦×0.44◦ and 32 vertical levels from the surface to 50 hPa,
a similar configuration as that used in the EURO-CORDEX project Jacob et al. (2014);
Vautard et al. (2013). Evaluation of a similar WRF configuration was made in (Menut
et al., 2013b). The simulation uses ERA-Interim boundary conditions, as for the EURO-25

CORDEX simulations (Vautard et al., 2013; Kotlarski et al., 2014) but uses here of
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a spectral nudging technique for the upper-air winds. This choice was made in order
to allow the model to follow the large-scale circulation while leaving unconstrained the
model physics.

For the microphysics, the WRF Single Moment-5 class scheme is used allowing for
mixed phase processes and super cooled water (Hong et al., 2004). The radiation5

scheme is RRTMG scheme with the MCICA method of random cloud overlap (Mlawer
et al., 1997). The surface layer is based on the Monin–Obukhov scheme with Carslon–
Boland viscous sub-layer. The surface physics is calculated using the Noah Land Sur-
face Model scheme with four soil temperature and moisture layers (Chen and Dudhia,
2001). The planetary boundary layer physics is processed using the Yonsei Univer-10

sity scheme (Hong et al., 2006) and the cumulus parameterization uses the ensemble
scheme of Grell and Devenyi (2002). This model configuration is the same as that of
Vautard et al. (2013).

The meteorological variables used in this study are extracted from the grid cell cor-
responding to the station location at a temporal frequency of tqhree hours. These vari-15

ables are listed in Table 2.

3 Statistics between ragweed pollen concentrations and meteorological vari-
ables at daily time scale

3.1 The statistical calculations

In order to calculate the correlation between the meteorological datasets, the param-20

eterized emissions and the observed surface concentrations, the Pearson’s product
moment correlation coefficient, r , is calculated as:

r =

∑n
i=1

(
xi −x

)(
yi − y

)√∑n
i=1

(
xi −x

)2
√∑n

i=1

(
yi − y

)2
(1)
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This Pearson correlation coefficient is the ratio of the covariance between two data sets
x and y and the product of their two standard deviations. A value of 1 is a complete
positive correlation. Similarly, a value of −1 represents a complete negative correlation.
An important additional information is the significance of this correlation. It is estimated
following the Student’law probability psl. The closer psl is to zero, the more significant5

the correlation.

3.2 Results

Following the previous studies, some meteorological variables are of particular impor-
tance for pollen emissions. For birch pollen, Helbig et al. (2004) showed that the most
important parameter to take into account is the friction velocity. The surface tempera-10

ture and relative humidity, as well as the wind speed, act as resistances to this emis-
sion flux. Sofiev et al. (2013) used the temperature heat-sum function to estimate the
starting season, and the flux is moderated by meteorological factors such as the wind
speed, the relative humidity, and the precipitation rate.

In this study, the correlation between ragweed pollen concentrations and meteorol-15

ogy is estimated variable by variable. Since the ragweed emission process is different
from that of birch, we increase the number of potentially correlated parameters. In order
to take into account the specific plant phenology, its height above the ground, its sensi-
tivity to temperature and humidity, the examined meteorological variables are listed in
Table 2. For each parameter, the temporal averaging is also reported.20

Note that the ragweed plant being close to the ground, the 10 m wind speed is not
taken account, the near-surface dynamical processes being better represented by the
friction velocity, u∗.

The results of correlations between ragweed pollen concentrations and meteorolog-
ical variables are presented in Table 3 for some sites and for the year 2010 as an25

example. The correlation r is given, as well as the corresponding significance psl in
parentheses. The largest two correlations are boldfaced. The results are dispersed
and there is no meteorological parameter with a systematically high correlation value.
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However, the highest correlations are for the 2 m temperature, with values ranging
between 0.3 and 0.66. While experimental studies have shown that ragweed pollen
emissions are more intense during the morning and thus depend on the morning tem-
perature gradient, this does not clearly appear in our results. Recent studies have
also shown that SWd is an important factor for ragweed pollen emissions: it clearly5

appears in our correlations, with values ranging between 0.12 and 0.38 for the daily
mean (dmean) or the daily maximum (dmax). Furthermore fair correlation values are
found for w∗. This shows that the emissions are sensitive to the near-surface turbulent
heat fluxes. For the four sites, the correlations range from 0.04 to 0.43, with mostly
significant values.10

Surprisingly, the correlations between concentrations and Pr and q2m are not sys-
tematically negative. For example, for ROUSSILLON and HUDEBR, the correlation is
positive for q2m, whereas humidity is known to inhibit pollen emissions. Finally, the high-
est correlations are found for thermal and radiative parameters, T2m and SWd, rather
than dynamical parameters. The choice of a “time window” (e.g. daily mean or daily15

max) is not significant, except the morning for which the correlations are very low and
not significant.

4 Modeling ragweed pollen emission

The previous section focused on the correlations between ragweed pollen concentra-
tions and meteorological variables. We found that the highest correlations are found for20

2 m temperature T2m, vertical turbulent velocity w∗ and downward shortwave radiation
flux, SWd. But these correlations were estimated variable by variable and therefore they
do not account for the possible interactions between these meteorological variables.

We propose in this section a new formulation for ragweed pollen emissions. Rag-
weed pollen emissions are not measured, therefore the emission model results are25

calibrated directly with ragweed pollen concentrations. Thus, the first hypothesis is to
consider than the ragweed surface concentration measurements may be considered
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here as a proxy for the emissions to estimate. This is possible only if the measure-
ment station is very close to the sources: that is why the stations retained in this study
correspond to this “proximity” criterion.

The emission flux E (x,y ,t) is expressed in grains m−2 s−1 as:

E (x,y ,t) = D(x,y)× P (x,y ,t)×φ(x,y ,t)×R(x,y ,t) (2)5

where:

– D(x,y) is the ragweed density distribution in number of individual plants per
square meter.

– P (x,y ,t) is the annual production in grains per individual plant.10

– φ(x,y ,t) is the phenology factor in s−1, considering its yearly integrated value is
unity. This factor represents the knowledge of the start and end date of the pollen
season as well as the shape of these potential emissions.

– R(x,y ,t) is the daily or sub-daily weather-dependent release of pollen grains in
the atmosphere which depends on the hourly (or daily) meteorological variables.15

R(x,y ,t) is unitless.

These different terms correspond to two different temporal scales:

– D(x,y), P (x,y ,t) and φ(x,y ,t) represent “annual” information.

– R(x,y ,t) represents the “short-term” information for which we want to evaluate
correlation with the meteorological variables.20

In this work, we focus on the calculation of R(x,y ,t) to study the daily correlations
between meteorology and pollen emissions (via the pollen concentrations). Thus, in
order to compare emissions and concentrations, we have to make specific hypotheses
for the “annual” terms, D(x,y), P (x,y ,t) and φ(x,y ,t).
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4.1 Annual pollen production

The term D(x,y)× P (x,y ,t) corresponds to the annual production of grains for one
plant multiplied by the number of plants per square meter. Here we consider this term
as equal to the sum of daily counts measured during one year at a given measurement
station. Hence we assume a linear relationship between emissions and concentrations,5

which could be satisfied under the following conditions: (i) the measurements are close
to the emission sources; (ii) the emitted grains are homogeneously vertically mixed; (iii)
all the grains produced by the plants during the pollen season are eventually emitted
during the season.

This annual sum is displayed in Fig. 2. Previous studies mainly used constant values10

for each location and for several years. However, our results show a large interannual
variability of the number of grains produced. The stations of HRZAGR, ROUSSILLON
and HUGYOE exhibit relatively constant and, compared to the other stations, low val-
ues for all years (between 3000 to 8000 grains m−3). For these regions, the use of
a constant value may be an acceptable first guess. But, the stations of HUDEBR or15

SLAVONSKI show a very important year to year variability, from 2000 to 15 000 grains
m−3. This variability can be related to interannual changes in (1) the annual production
of grains by the plants P (x,y ,t); (2) the fraction of grains released during the year; (3)
the number of plants D(x,y) available each year. We conclude that the use of a con-
stant value could impact the calculated emissions in a unrealistic way. Therefore, we20

used the measurements for each year and each station, which was possible since we
focus on specific locations only. For use in a transport model, this hypothesis would
have to be substituted by a deterministic calculations using another model to provide
this information, e.g., a simulation with a hydrology/vegetation model.

10901

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/14/10891/2014/acpd-14-10891-2014-print.pdf
http://www.atmos-chem-phys-discuss.net/14/10891/2014/acpd-14-10891-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
14, 10891–10927, 2014

A new ragweed
pollen release model

L. Menut et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

4.2 Phenology factor

The phenology factor φ(x,y ,t) is calculated as:

φ(x,y ,t) = exp

[
−α

(
j −β(js + je)

je − js

)2
]

(3)

where js and je are the julian days of the start and end of the “pollen season”, α and β5

are arbitrary constant values.
Since we focus on the release factor, the values of js and je are fitted from the

observed ragweed concentrations data. Following Laaidi et al. (2003), among others,
the pollen season start can be diagnosed as the day when the pollen concentration
cumulated from the beginning of the flowering season reaches 5 % of the total pollen10

count over the same year. Following the same idea, the end of the pollen season occurs
when the cumulated pollen concentration reaches 95 % of the total yearly sum. The
results are presented in Table 4 for each station and each year. We can notice a some
variability from year to year and over all stations: the pollen season starting date can
vary up to 8 days, while the pollen season duration ranges from 21 to 49 days. Due to15

this variability, we will use actual observed js and je at each station in the following of
this study.

In Eq. (3), α and β define the width and the peak time of the phenology function,
respectively. These values cannot be estimated by a vegetation/hydrology model de-
pending on an intra-seasonal variability. For this study, we thus have to prescribe these20

values based on a common sense. α and β are set constant for all years and all sta-
tions. In the absence of usable constraint, we will use the most neutral values. The
value of β = 0.5 is selected to have the maximum of pollen concentration in the middle
of the season. For the shape of the pollen season, α = 20 appears to be a right value
to constrain the pollen season within js and je.25
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4.3 The instantaneous release factor

The instantaneous release factor R(x,y ,t) is designed to capture the daily variability
of pollen emissions. Several formulations are currently proposed for pollen emission.
This study presents a new scheme that is compared to the existing parameterizations of
Sofiev et al. (2013) and Efstathiou et al. (2011). It is important to notice that the scheme5

of Sofiev et al. (2013) was not originally developed for ragweed pollen emissions but
for birch pollen emissions. But since the existing parameterizations for ragweed pollen
are scarce, it was used for ragweed by Prank et al. (2012) with SILAM as explained by
Smith et al. (2013). The scheme proposed by Efstathiou et al. (2011) was developed to
estimate birch and ragweed pollen emissions with the same formulation but after some10

adjustments.

4.3.1 Previous studies

The study of Sofiev et al. (2013) (hereafter called S2013) presents a very complete
scheme for the pollen release here noted Rs:

Rs =
(
fwindmax −exp

[−(U10m +w∗)

Usatur

])
× fcond(rh · rhfac, rhlow, rhhigh)15

× fcond(Pr ·Prfac,Prlow,Prhigh) (4)

with fwindmax (m s−1) a maximum value chosen as fwindmax = 1.5, U10m the 10 m wind
speed, w∗ the turbulent vertical velocity scale, rh the relative humidity (%), Pr the pre-
cipitation rate (mm h−1). The fixed parameters are rhfac = 100 %, Usatur = 5 ms−1 and20

the “precipitation rate factor”, Prfac = 1.

10903

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/14/10891/2014/acpd-14-10891-2014-print.pdf
http://www.atmos-chem-phys-discuss.net/14/10891/2014/acpd-14-10891-2014-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
14, 10891–10927, 2014

A new ragweed
pollen release model

L. Menut et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

fcond(x,xmin,xmax) is a conditional function expressed as:

fcond =


0 , if x > xmax,

1 , if x < xmin,
xmax−x

xmax−xmin
, if xmin < x < xmax,

(5)

This function is applied to moderate the influence of the precipitation rate and the
relative humidity on pollen release. The boundary values are chosen as: rhlow = 50 %,5

rhhigh = 80 %, Prlow = 0 mmh−1, Prhigh = 0.5 mmh−1.
The study of Efstathiou et al. (2011) (hereafter called E2011) used the same kind of

scheme for birch and ragweed pollen release. The difference with Sofiev et al. (2013)
is an additional term using the friction velocity u∗ and canopy height, Hc. We consider
for this study Hc = 1 m for ragweed plants. All other parameters are similar. This leads10

to the expression of the release rate Re as:

Re =
u∗
Hc

×
(
fwindmax −exp

[−(U10m +w∗)

Usatur

])
× fcond(rh · rhfac, rhlow, rhhigh)

× fcond(Pr ·Prfac,Prlow,Prhigh) (6)

4.3.2 This study15

Based on the correlation results of Sect. 3, it appears that the main driving factors for
ragweed emissions are neither dynamical variables (wind speed, u∗, boundary layer
height) nor precipitations. The most highly correlated variables are those related to
thermodynamical processes, namely the 2 m temperature, T2m, vertical velocity scale
w∗ and short-wave radiation SWd. The pollen emissions may be moderated by precipi-20

tation rates Pr and 2 m specific humidity q2m.
The differences between birch and ragweed emissions could be explained by the

plant typology itself: birch is a tree, with the pollen source up to 10 m above the ground.
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At this level, the wind may be considered as a dominant process for emission of grains.
Ragweed rarely exceeds 1 to 2 m above the ground, where the wind speed is moderate.
In this case, the dominant factor could be the temperature, considering the grains are
emitted under highest temperature when they are sufficiently dry (Holmes and Bassett,
1963). The precipitation rate is a limiting factor but not the most important one: even5

if it rains during the night, the grains can dry out and can be pulled off the plant in the
morning.

The instantaneous release factor Rts (with TS for “this study”) is thus estimated as:

Rts =

T2m

T2m,0
×

w∗
w∗,0

×
SWd

SWd ,0

rq2m
+ rPr

(7)
10

where the values of T2m, w∗ and SWd correspond to the mean daily value. These
values are normalized in order to keep the release term nondimensional. The normal-
ization factors are T2m,0 = 10 ◦C, w∗,0 = 1 ms−1 and SWd ,0 = 200 Wm−2.

In order to moderate these fluxes when meteorological conditions are not favourable,
resistances terms are added. These resistances are mainly due to the 2 m specific15

humidity q2m and the precipitation rate Pr. Each resistance is expressed as a sigmoid
function ranging between 0 and 1, depending on minimal and maximal value of the x
parameter. The resistance has to reflect the fact that these parameters inhibit ragweed
pollen emissions.

rx = 1+exp
[−bf (imax − imin)

2

(
x

xmax −xmin
−1

)]
(8)20

with bf being a constant chosen here as bf = 10, that determines the curve of
the sigmoid function. imin and imax represent the range of the sigmoid and are here
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chosen as imin = 0 and imax = 1 in order to use a normalized function for each re-
sistance. The critical issue here is to choose the minimum and maximum value for
each x meteorological parameter. These boundaries have to reflect the best possi-
ble range of variations of meteorological variables, for all locations over Europe and
for the whole year. The maximum values must be moderate enough in order to pro-5

vide a realistic resistance: a too low maximum value would give a resistance of 1 too
often, while a too high maximum value would give too low resistances. Based on all
meteorological values used in this study, the boundaries for the 2 m specific humid-
ity are q2m(min) = 0 and q2m(max) = 5×10−3 gg−1 and for the precipitation rate are
Pr(min)= 0 and Pr(max)= 1.5 mmh−1.10

An example of resistances is given for years 2007 and 2011 for the station ROUSSIL-
LON, in Fig. 3. The resistance values vary from 0 to 1. For r = 0, there is no limitation
to the process. For higher values of r , the emission is attenuated if the two resistances
act at the same time. For the two years, the resistance due to the specific humidity
exhibits large variations between 0.1 and 0.8. This corresponds to periods of several15

days of successive dry and wet synoptic meteorological conditions. The resistance
for the precipitation rate is also between 0 and 1, but mainly with zero values and
with sporadic peaks corresponding to precipitation events. Sensitivity tests were done
to evaluate the impact of the precipitation resistance, and more precisely, the choice
of the Pr(max) value. This parameter is very sensitive and, logically, must be low to20

inhibit emissions during rainy periods. Finally, we retained a relatively high value of
Pr(max)= 1.5 mmh−1: (i) to adjust this resistance because it was shown that precipita-
tion is not a terminal inhibitor for ragweed pollen, in contrast to birch pollen, (ii) because
the simulated precipitation rate is a highly uncertain meteorological diagnostic. Giving
a too strong weight to the precipitation rate in the emission calculations would lead to25

less realistic emission fluxes for the wrong reasons.
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5 Comparisons between observations and model

The observed ragweed pollen concentrations are compared to emission fluxes. First,
correlations between concentrations and emissions are calculated for all stations and
years for which observational data are available. Second, time series are presented
for several stations for 2010. Finally, a focus is put on several stations, including an5

analysis of the meteorological conditions, to better understand when emissions are
correctly estimated or not.

5.1 Correlations

Correlations between modelled emissions and observed ragweed concentrations are
presented in Tables 5 and 6. One correlation value is calculated for each year (i.e10

each pollen season) and each site. For each correlation value, the significance is also
calculated and presented in parenthesis.

The correlations are very variable but for a major part, the results are significant
(with psl = 0). It is the case for the stations of BJELOVAR, HRZAGR, ROUSSILLON,
SAMOBOR, SLAVONSKI and VELIKA for the three parameterizations. For HUDEBR,15

only our parameterization provides significant results.
The new scheme (based on surface layer thermal properties) gives comparable or

better results than the parameterizations E2011 and S2013 based on dynamical pro-
cesses. For the 46 studied cases, the new scheme provides better results for 36 case
studies, i.e. in 73 % of cases. For comparison, E2011 and S2013 provide the best20

results in 9 % and 18 % of all cases, respectively.

5.2 Time series of ragweed emissions and concentrations

In order to better understand the daily variability of ragweed pollen emissions, Fig. 4
compares the observed ragweed pollen concentrations to the emission fluxes calcu-
lated using the three schemes. Results are presented for the stations ROUSSILLON,25
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HUDEBR, HRZAGR and VELIKA, and for the years 2009, 2010 and 2011. Note that
these pollen observations and meteorological variables time series are normalized by
their maximum value (over the whole season), in order to plot all the data on the same
figure.

As per Eq. (2), the modelled emissions can depend on the yearly mass of pollen,5

the phenology factor and the daily release. In this study, the annual mass and the
phenology factor remain the same for the three emission calculations: only the daily
release term is different and will be discussed here.

For the ROUSSILLON station, Fig. 4 (top), the correlations are good for the three
schemes: the new scheme has a better correlation but the values are always greater10

than 0.45 for all schemes. The case of 2009 will be precisely discussed in the next sec-
tion. In 2010, the three schemes fail to estimate the sudden decrease of concentrations
for the julian days between 230 and 250. In 2011, the three schemes give good results
and are similar to each other: they are all able to diagnose the first half of the season
with high emissions (for days 235 to 250) and the decay of pollen production for days15

250 to 270 over the end of the season.
For the HUDEBR station, Fig. 4 (middle), correlations are lower than for ROUSSIL-

LON, ranging between 0.15 (for E2011 in 2011) to 0.67 (for TS in 2009). In contrast
to ROUSSILLLON, the concentration seasonal cycle does not exhibit a bell shape: ob-
served values are dispersed from one day to another. During the year 2010, it is note-20

worthy that pollen concentrations exhibit a sudden drop in the middle of the season.
In this case, only the TS scheme is able to model these low values, therefore a better
correlation. But for the rest of the season, none of the schemes is able to reproduce
the observed variability.

For the HRZAGR station, Fig. 4 (middle), and for 2009, the three schemes totally25

miss the season by simulating the highest values in the early days, while the maxima
are observed at the end of the season. In 2010, the TS scheme gives better scores
mainly for not simulating the peak in the middle of the season, around the day 245.
In 2011, the best correlation is obtained with the S2013 scheme, mainly because it is
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able to reproduce higher values at the beginning of the season (around day 232) and
moderate values in the middle of the season.

For the VELIKA station, Fig. 4 (bottom), and in 2009, results are better for the TS
scheme because E2011 and S2013 produce spurious peaks during days 234 and 242.
The 2010 case is a good example of low score with the TS scheme and is discussed5

in more details in the next section. For 2011, the three schemes give low correlations
(from 0.34 to 0.44): none of them is able to simulate the large peak early in the season
and the low values at the end of the season.

5.3 Focus on two specific events

Figure 5 focusses on two specific sites and periods in order to better understand the re-10

lationship between meteorological variables and observed concentrations. These time
series present daily values. All time series are normalized by the maxima over the
whole period, in order to have only variations between 0 and 1.

For the ROUSSILLON station in 2009, correlations are 0.54, 0.62 and 0.74 for the
schemes E2011, S2013 and TS, respectively. For this year and this station, all schemes15

are thus able to simulate quite well the ragweed pollen emissions. The concentration
peaks on day 230, which corresponds to the maximum temperature for this period. In
addition, the humidity is moderate, and no precipitation is simulated. During the middle
of the pollen season, the concentration becomes very low (between days 236 and 238)
which coincides with the precipitation peak and the decrease of SWd and w∗.20

For the VELIKA site in 2010, the observed concentrations show an atypical seasonal
cycle with two major peaks and very low concentrations in the middle of the season.
The correlation are 0.45, 0.5 and 0.30 for the schemes E2011, S2013 and TS, respec-
tively. In this case, the new scheme TS gives the worst score. This is mainly due to
these two peaks: for the first concentration peak on day 236, the temperature reaches25

its maximum, but w∗ and SWd are close to their minima, leading to a low release rate,
contrary to the observations. For the second peak, the modelled temperature is very
low, leading to low modelled emissions, while observations exhibit a maximum.
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6 Conclusions

This study was dedicated to the identification of daily meteorological conditions
favourable to ragweed pollen emissions. To estimate this dependency, meteorological
fields, modelled with WRF, were compared to measured concentrations over several
sites in Europe for the period from 2005 to 2011.5

The first step was to compare daily meteorological variables to surface ragweed
pollen concentrations. Our statistical analysis clearly shows that the highest concen-
trations recorded during a season are more sensitive to thermal parameters (2 m tem-
perature) than dynamical variables (wind speed, friction velocity). Over the course of
a given day, the measured ragweed pollen emissions were found to occur mainly in the10

morning. Investigation was performed to estimate if modelled emissions were rather
sensitive to the daily mean value, the daily max or the mean morning value: no sig-
nificant result was found. This means that, while hourly measurements showed the
highest ragweed pollen emissions to occur in the morning, the meteorological model is
not able to simulate well enough this hourly variability.15

In order to better understand the ragweed pollen emissions sensitivity to meteorol-
ogy, a new emission scheme is proposed. Existing schemes Efstathiou et al. (2011)
and Sofiev et al. (2013) were developed for birch and ragweed pollen emissions; both
of them are based on the thermal and dynamical processes in the atmospheric surface
layer. Our new scheme takes stock of the outcome of the correlation analysis in the first20

part of the study and therefore relies on thermal, turbulent, and radiative processes
using the 2 m temperature, T2m, the convective velocity scale w∗ and the downward
shortwave radiative flux SWd. The focus is on the daily pollen release process, assum-
ing that the beginning and the end of the flowering season, and the total amount of
the released pollen, are known. For this study, we derived these quantities from the25

measurements. For nine stations in Europe and six years of daily measurements, cor-
relations were calculated between daily release rate and surface concentration mea-
surements. It was shown that our new scheme is able to give better correlations in 73 %
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of the cases. A next step for ragweed pollen emission modelling would be to include
this new scheme in a transport model as planned for the regional chemistry-transport
model CHIMERE (Menut et al., 2013a), forced by pollen phenology and production
prescribed with the hydrology and vegetation model ORCHIDEE (Krinner et al., 2005).
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Table 1. List of all Ambrosia measurements stations used in this study. The stations of Debre-
cen, Gyoyer and Zagreb are operated by EAN network, the stations of Velika, Samobor, Ivanic,
Slavonski and Bjelovar are operated by the HRTEAM network and the station of Roussillon by
the RNSA network. For each year, the percentage of available data is given.

Station City/country Longitude (◦ W) 2005 2006 2007 2008 2009 2010 2011
Latitude (◦ N) % % % % % % %

HUDEBR Debrecen/Hungary 21.58/47.53 90 92 84 92 92 100 98
HUGYOE Gyoyer/Hungary 17.60/47.67 90 92 92 92 100 100 100
HRZAGR Zagreb/Croatia 16.00/45.80 83 76 100 81 70 96 88
VELIKA Velika-Gorica/Croatia 16.38/45.78 0 0 0 100 100 83 100
SAMOBOR Samobor/Croatia 15.71/45.80 0 0 0 100 100 100 82
IVANIC Ivanic-Grad/Croatia 16.07/45.70 0 0 0 100 82 100 100
SLAVONSKI Slavonski/Croatia 18.02/45.15 0 0 0 100 100 100 100
BJELOVAR Bjelovar/Croatia 16.84/45.89 100 100 100 100 100 100 0
ROUSSILLON Lyon/France 4.81/45.37 77 75 83 71 82 71 89
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Table 2. Meteorological variables used for the correlation calculations to the ragweed pollen
concentrations. For the “morning” values, the average and the difference are calculated using
the hourly data between 03:00 UTC and 12:00 UTC.

Variable Symbol Unit

2 m temperature T2m K
2 m specific humidity q2m g g−1

Friction velocity u∗ m s−1

Convective velocity scale w∗ m s−1

Precipitation rate Pr mm h−1

Boundary layer height BLH m
Surface sensible heat flux Q0 W m−2

Downward shortwave radiation flux SWd W m−2

Mean daily value dmean
Maximum daily value dmax
Mean morning value dmorn
Morning temporal gradient ∆morn
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Table 3. Correlation, r , and significance, psl, between ragweed concentrations and meteorolog-
ical variables for four stations: ROUSSILLON, HUDEBR, HRZAGR and VELIKA and the year
2010.

Station dmean dmax dmorn ∆morn

ROUSSILLON
r(psl) r(psl) r(psl) r(psl)

T2m 0.66 (0.00) 0.63 (0.00) 0.65 (0.00) 0.18 (0.18)
q2m 0.40 (0.00) 0.40 (0.00) 0.32 (0.01) −0.11 (0.41)
u∗ 0.11 (0.42) 0.11 (0.39) 0.10 (0.47) −0.14 (0.29)
w∗ 0.17 (0.22) 0.37 (0.00) 0.22 (0.09) 0.00 (1.00)
Pr −0.05 (0.72) 0.00 (0.99) −0.10 (0.47) −0.08 (0.54)
BLH 0.33 (0.01) 0.51 (0.00) 0.37 (0.00) 0.45 (0.00)
Q0 −0.03 (0.82) 0.11 (0.43) 0.05 (0.72) 0.18 (0.19)
SWd 0.12 (0.36) 0.18 (0.17) 0.18 (0.18) 0.17 (0.20)

HUDEBR
r(psl) r(psl) r(psl) r(psl)

T2m 0.41 (0.00) 0.42 (0.00) 0.44 (0.00) −0.13 (0.27)
q2m 0.32 (0.01) 0.37 (0.00) 0.33 (0.00) 0.24 (0.04)
u∗ −0.26 (0.02) −0.16 (0.18) −0.18 (0.12) −0.06 (0.59)
w∗ 0.04 (0.74) 0.15 (0.20) 0.15 (0.19) 0.00 (1.00)
Pr 0.13 (0.25) 0.21 (0.07) 0.24 (0.04) 0.38 (0.00)
BLH −0.03 (0.79) 0.20 (0.09) 0.23 (0.05) 0.24 (0.04)
Q0 −0.01 (0.93) 0.02 (0.85) 0.05 (0.69) −0.20 (0.09)
SWd 0.37 (0.00) 0.38 (0.00) 0.37 (0.00) −0.07 (0.55)
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Table 3. Continued.

Station dmean dmax dmorn ∆morn

HRZAGR
r(psl) r(psl) r(psl) r(psl)

T2m 0.22 (0.13) 0.35 (0.01) 0.29 (0.05) 0.19 (0.19)
q2m −0.08 (0.58) −0.05 (0.71) −0.06 (0.68) −0.22 (0.14)
u∗ −0.23 (0.12) −0.18 (0.21) −0.10 (0.50) 0.01 (0.95)
w∗ 0.24 (0.09) 0.27 (0.06) 0.31 (0.03) 0.00 (1.00)
Pr −0.07 (0.65) −0.08 (0.60) −0.09 (0.55) −0.09 (0.53)
BLH −0.09 (0.53) 0.11 (0.45) 0.11 (0.44) 0.07 (0.64)
Q0 0.44 (0.00) 0.42 (0.00) 0.40 (0.01) 0.20 (0.16)
SWd 0.28 (0.05) 0.30 (0.04) 0.29 (0.05) 0.11 (0.46)

VELIKA
r(psl) r(psl) r(psl) r(psl)

T2m 0.35 (0.01) 0.32 (0.02) 0.33 (0.02) −0.02 (0.92)
q2m 0.32 (0.02) 0.35 (0.01) 0.23 (0.10) −0.16 (0.28)
u∗ −0.06 (0.68) −0.04 (0.78) 0.06 (0.68) −0.12 (0.39)
w∗ 0.34 (0.01) 0.38 (0.01) 0.43 (0.00) 0.00 (1.00)
Pr −0.06 (0.70) 0.04 (0.78) −0.03 (0.81) 0.40 (0.00)
BLH 0.15 (0.31) 0.27 (0.06) 0.35 (0.01) 0.18 (0.22)
Q0 0.44 (0.00) 0.43 (0.00) 0.44 (0.00) 0.23 (0.10)
SWd 0.34 (0.02) 0.34 (0.02) 0.36 (0.01) 0.11 (0.45)
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Table 4. Julian day for the start of the pollen season (day when 5 % of the annual pollen sum
is reached) and number of days of the season (between the 5 % and 95 % of the annual pollen
sum). The empty lines are for station and year with no data, as explained in Table 1.

Station 2005 2006 2007 2008 2009 2010 2011

BJELOVAR 229+29 230+29 226+33 225+29 223+33 227+30 –
HRZAGR 230+26 229+29 222+37 232+21 224+27 224+39 229+27
HUDEBR 219+43 228+45 218+49 223+34 226+31 227+30 224+42
HUGYOE 223+36 231+45 226+41 224+33 223+39 227+41 230+30
IVANIC – – – 224+30 222+31 231+25 230+38
ROUSSILLON 227+33 230+25 224+35 229+26 224+34 230+31 222+35
SAMOBOR – – – 228+30 225+29 232+41 230+39
SLAVONSKI – – – 223+33 224+39 230+29 228+32
VELIKA – – – 224+30 222+32 230+26 230+27
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Table 5. Correlations between observations and the three formulations of the emission release
module. E2011 and S2013 stand for Efstathiou et al. (2011) and Sofiev et al. (2013), respec-
tively. Results are presented for stations BJELOVAR, HRZAGR, HUDEBR and HUGYOE. For
each station and each year, the best correlation is highlighted in bold.

Year E2011 S2013 This study

BJELOVAR
r(psl) r(psl) r(psl)

2005 0.64 (0.00) 0.77 (0.00) 0.77 (0.00)
2006 0.75 (0.00) 0.79 (0.00) 0.77 (0.00)
2007 0.54 (0.00) 0.63 (0.00) 0.78 (0.00)
2008 0.76 (0.00) 0.78 (0.00) 0.82 (0.00)
2009 0.39 (0.00) 0.57 (0.00) 0.75 (0.00)
2010 0.32 (0.02) 0.50 (0.00) 0.53 (0.00)

HRZAGR
r(psl) r(psl) r(psl)

2005 0.79 (0.00) 0.77 (0.00) 0.72 (0.00)
2006 0.50 (0.00) 0.62 (0.00) 0.63 (0.00)
2007 0.62 (0.00) 0.66 (0.00) 0.56 (0.00)
2008 0.83 (0.00) 0.84 (0.00) 0.79 (0.00)
2009 0.38 (0.01) 0.43 (0.00) 0.47 (0.00)
2010 0.44 (0.00) 0.59 (0.00) 0.66 (0.00)
2011 0.42 (0.00) 0.50 (0.00) 0.41 (0.00)
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Table 5. Continued.

Year E2011 S2013 This study

HUDEBR
r(psl) r(psl) r(psl)

2005 0.12 (0.35) 0.13 (0.32) 0.65 (0.00)
2006 0.22 (0.07) 0.11 (0.37) 0.57 (0.00)
2007 0.02 (0.86) 0.06 (0.64) 0.52 (0.00)
2008 0.23 (0.09) 0.29 (0.02) 0.61 (0.00)
2009 0.42 (0.00) 0.45 (0.00) 0.67 (0.00)
2010 0.35 (0.00) 0.31 (0.01) 0.46 (0.00)
2011 0.15 (0.20) 0.20 (0.09) 0.41 (0.00)

HUGYOE
r(psl) r(psl) r(psl)

2005 0.64 (0.00) 0.70 (0.00) 0.72 (0.00)
2006 0.55 (0.00) 0.58 (0.00) 0.53 (0.00)
2007 0.36 (0.00) 0.41 (0.00) 0.47 (0.00)
2008 0.76 (0.00) 0.71 (0.00) 0.67 (0.00)
2009 0.25 (0.04) 0.43 (0.00) 0.58 (0.00)
2010 0.16 (0.18) 0.17 (0.16) 0.20 (0.10)
2011 0.04 (0.74) −0.01 (0.95) 0.21 (0.10)
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Table 6. Correlations between observations and the three formulations of the emission release
module. E2011 and S2013 stand for Efstathiou et al. (2011) and Sofiev et al. (2013), respec-
tively. Results are presented for stations ROUSSILLON, SAMOBOR, SLAVONSKI and VELIKA.
For each station and each year, the best correlation is highlighted in bold.

Year E2011 S2013 This study

ROUSSILLON
r(psl) r(psl) r(psl)

2005 0.63 (0.00) 0.67 (0.00) 0.73 (0.00)
2006 0.72 (0.00) 0.77 (0.00) 0.79 (0.00)
2007 0.46 (0.00) 0.59 (0.00) 0.70 (0.00)
2008 0.78 (0.00) 0.79 (0.00) 0.79 (0.00)
2009 0.54 (0.00) 0.62 (0.00) 0.74 (0.00)
2010 0.55 (0.00) 0.60 (0.00) 0.67 (0.00)
2011 0.63 (0.00) 0.64 (0.00) 0.68 (0.00)

SAMOBOR
r(psl) r(psl) r(psl)

2008 0.51 (0.00) 0.63 (0.00) 0.69 (0.00)
2009 0.60 (0.00) 0.68 (0.00) 0.82 (0.00)
2010 0.41 (0.00) 0.53 (0.00) 0.52 (0.00)
2011 0.37 (0.01) 0.43 (0.00) 0.48 (0.00)

SLAVONSKI
r(psl) r(psl) r(psl)

2008 0.74 (0.00) 0.73 (0.00) 0.79 (0.00)
2009 0.58 (0.00) 0.58 (0.00) 0.60 (0.00)
2010 0.78 (0.00) 0.78 (0.00) 0.67 (0.00)
2011 0.60 (0.00) 0.55 (0.00) 0.57 (0.00)

VELIKA
r(psl) r(psl) r(psl)

2008 0.79 (0.00) 0.85 (0.00) 0.90 (0.00)
2009 0.50 (0.00) 0.63 (0.00) 0.81 (0.00)
2010 0.45 (0.00) 0.50 (0.00) 0.39 (0.00)
2011 0.34 (0.02) 0.34 (0.01) 0.44 (0.00)
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2 L.Menut et al.: A new ragweed pollen release model

sible relationship between ragweed pollen and meteorology70

for the period of 1997 to 2001 and in the city of Szeged (Hun-
gary). They used 11 meteorological variables and proposed a
complex relation to fit their data. A similar approach is pre-
sented in Kasprzyk (2008) over Rzeszow (Poland), quanti-
fying the impact of temperature and wind speed on ragweed75

emissions. Finally, these studies correspond to the ”local”
approach in Figure 1: the strength of such studies is that they
are close to the processes and are able to evaluate emissions
taking into account the spatial representativeness of the mea-
sured concentrations. On the other hand, these studies are80

mainly useful for analysis of past or present conditions, (ii)
the pollen transport is not taken into account. Our aim here is
to identify main emission drivers at the scale of the European
continent.

Fig. 1. Flowchart of pollen modelling at local or regional scale with
strengths and weaknesses of each approach.

Regional modelling (Figure 1) was initiated to better un-85

derstand, quantify and predict the individual processes driv-
ing concentrations variability (emission fluxes, long range
transport, deposition). It has motivated the development of
pollen emission parameterizations. Over the recent years, a
few schemes were proposed to estimate the pollen emissions90

fluxes. Helbig et al. (2004) proposed a scheme for pollen
emission and re-suspension with the KAMM/DRAIS model.
In their model pollen emissions are computed using a ’char-
acteristic’ concentration (the sum of grains measured over
one season), the Leaf Area Index of the corresponding model95

grid cell and the friction velocity u∗ acting as a limiting fac-
tor. Pollen emissions are considered as a threshold process,
similar to the saltation of mineral dust over arid areas. That
is why resistances based on relative humidity and wind speed
are included . Zink et al. (2012) used the COSMO-ART100

model to analyze a pollen episode observed over northern
Germany in September 2006. They compared the local con-
tribution and the import from Hungary (one of the European
countries most exposed to ragweed spread) and found that at
least 20% of the pollen counts could be attributed to trans-105

boundary inflow. Sofiev et al. (2006) presented the first birch

pollen forecast model, integrated in the SILAM model and
applied over the whole western Europe. The emissions were
statistically prescribed. A few years later, Sofiev et al. (2013)
presented a deterministic emission module, with the flower-110

ing season driven by the heat sum and including a proba-
bilistic term. The module was limited to birch pollen emis-
sions. Efstathiou et al. (2011) recently implemented a mod-
ified Helbig et al. (2004) scheme in CMAQ and modelled
the pollen period of 2002 over Newark (United States, NJ).115

More recently, Zink et al. (2013) presented a tunable scheme
for different kind of pollen (birch, ragweed). This scheme
corresponds to the best fit between modelled emissions and
recorded concentrations over several sites in Europe. How-
ever, correlations between observations and simulations were120

found to be insignificant. Finally, Prank et al. (2013) pro-
posed a scheme for ragweed emissions, dedicated to pollen
forecasts. But in this formulation, the daily release is fixed
and not depending on meteorology.

In this paper, several meteorological variables are com-125

pared to local observations to identify possible correlations.
Since collocated pollen-weather observations, including a
consistent set of weather variables, are generally not avail-
able, and to use the same weather model as the one driv-
ing pollen count prediction, we use here outputs from a130

mesoscale meteorological model. This choice also follows
the ”mesoscale” way as described in Figure 1. For represen-
tativeness and accuracy reasons, the low-resolution meteo-
rological model can deviate from the actual meteorological
context of the observation site. However it remains the best135

available method to assess the capability of such regional
models to calculate pollen concentrations over large areas,
for past, present, and future studies (such as climate sce-
nario studies). The observations from 2005 to 2011 and the
model used are described in section 2. Correlations between140

measured concentrations and several modelled meteorologi-
cal variables are presented in section 3. The main rationale
for the pollen emissions models is presented in section 4.
Among all processes for ragweed emissions, we focus on
the daily release. Therefore, we implemented the emission145

schemes of Efstathiou et al. (2011) and Sofiev et al. (2013)
to benchmark the capability of various existing approaches
to estimate the daily variability of emitted pollens. In addi-
tion, a new scheme based on temperature, specific humidity
and precipitation rate is proposed. The comparison between150

these three schemes is performed by investigating the corre-
lation between the release term and ragweed pollen concen-
trations measurements in section 5. Finally, conclusions and
perspectives are proposed in section 6.

2 Observations and model155

This section presents pollen observations datasets used in this
study, as well as the meteorological variables. Pollen counts
are recorded at in-situ stations which are representative of

Fig. 1. Flowchart of pollen modelling at local or regional scale with strengths and weaknesses
of each approach.
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6 L.Menut et al.: A new ragweed pollen release model

Fig. 2. Annual sum of measured ambrosia concentrations
(grains/m3) for selected sites and from 2004 to 2011.

the measurements for each year and each station, which was
possible since we focus on specific locations only. For use
in a transport model, this hypothesis would have to be sub-365

stituted by a deterministic calculations using another model
to provide this information, e.g., a simulation with a hydrol-
ogy/vegetation model.

4.2 Phenology factor

The phenology factor φ(x,y,t) is calculated as:370

φ(x,y,t) = exp

[
−α
(
j−β(js +je)

je−js

)2
]

(3)

where js and je are the julian days of the start and end of
the ’pollen season’, α and β are arbitrary constant values.

Since we focus on the release factor, the values of js and
je are fitted from the observed ragweed concentrations data.375

Following Laaidi et al. (2003), among others, the pollen sea-
son start can be diagnosed as the day when the pollen concen-
tration cumulated from the beginning of the flowering season
reaches 5 % of the total pollen count over the same year. Fol-
lowing the same idea, the end of the pollen season occurs380

when the cumulated pollen concentration reaches 95 % of
the total yearly sum. The results are presented in Table 4 for
each station and each year. We can notice a some variabil-
ity from year to year and over all stations: the pollen season
starting date can vary up to 8 days, while the pollen season385

duration ranges from 21 to 49 days. Due to this variability,
we will use actual observed js and je at each station in the
following of this study.

In equation 3, α and β define the width and the peak time
of the phenology function, respectively. These values cannot390

be estimated by a vegetation/hydrology model depending on
an intra-seasonal variability. For this study, we thus have to
prescribe these values based on a common sense. α and β are

set constant for all years and all stations. In the absence of
usable constraint, we will use the most neutral values. The395

value of β=0.5 is selected to have the maximum of pollen
concentration in the middle of the season. For the shape of
the pollen season, α=20 appears to be a right value to con-
strain the pollen season within js and je.

4.3 The instantaneous release factor400

The instantaneous release factorR(x,y,t) is designed to cap-
ture the daily variability of pollen emissions. Several for-
mulations are currently proposed for pollen emission. This
study presents a new scheme that is compared to the existing
parameterizations of Sofiev et al. (2013) and Efstathiou et al.405

(2011). It is important to notice that the scheme of Sofiev
et al. (2013) was not originally developed for ragweed pollen
emissions but for birch pollen emissions. But since the exist-
ing parameterizations for ragweed pollen are scarce, it was
used for ragweed by Prank et al. (2012) with SILAM as ex-410

plained by Smith et al. (2013). The scheme proposed by Ef-
stathiou et al. (2011) was developed to estimate birch and
ragweed pollen emissions with the same formulation but af-
ter some adjustments.

4.3.1 Previous studies415

The study of Sofiev et al. (2013) (hereafter called S2013)
presents a very complete scheme for the pollen release here
noted Rs:

Rs =
(
fwindmax−exp

[
−(U10m +w∗)

Usatur

])
×fcond(rh∗rhfac,rhlow,rhhigh)420

×fcond(Pr∗Prfac,P rlow,P rhigh) (4)

with fwindmax (m s−1) a maximum value chosen as
fwindmax=1.5, U10m the 10 m wind speed, w∗ the turbu-
lent vertical velocity scale, rh the relative humidity (%), Pr
the precipitation rate (mm h−1). The fixed parameters are425

rhfac=100%,Usatur=5 m s−1 and the ’precipitation rate fac-
tor’, Prfac=1.
fcond(x,xmin,xmax) is a conditional function expressed

as:
if x>xmax, fcond = 0
if x<xmin, fcond = 1

if xmin<x<xmax, fcond =
xmax−x

xmax−xmin

(5)430

This function is applied to moderate the influence of the
precipitation rate and the relative humidity on pollen release.
The boundary values are chosen as: rhlow=50 %, rhhigh=80
%, Prlow=0 mm h−1, Prhigh=0.5 mm h−1.

The study of Efstathiou et al. (2011) (hereafter called435

E2011) used the same kind of scheme for birch and ragweed
pollen release. The difference with Sofiev et al. (2013) is

Fig. 2. Annual sum of measured ambrosia concentrations (grains m−3) for selected sites and
from 2004 to 2011.
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8 L.Menut et al.: A new ragweed pollen release model

Fig. 3. Values of resistances for the ROUSSILLON site and the years
2007 (top) and 2011 (bottom).

values and with sporadic peaks corresponding to precipita-
tion events. Sensitivity tests were done to evaluate the im-510

pact of the precipitation resistance, and more precisely, the
choice of the Pr(max) value. This parameter is very sensi-
tive and, logically, must be low to inhibit emissions during
rainy periods. Finally, we retained a relatively high value of
Pr(max)=1.5 mm h−1: (i) to adjust this resistance because515

it was shown that precipitation is not a terminal inhibitor for
ragweed pollen, in contrast to birch pollen, (ii) because the
simulated precipitation rate is a highly uncertain meteoro-
logical diagnostic. Giving a too strong weight to the precip-
itation rate in the emission calculations would lead to less520

realistic emission fluxes for the wrong reasons.

5 Comparisons between observations and model

The observed ragweed pollen concentrations are compared to
emission fluxes. First, correlations between concentrations
and emissions are calculated for all stations and years for525

which observational data are available. Second, time series
are presented for several stations for 2010. Finally, a focus is
put on several stations, including an analysis of the meteoro-
logical conditions, to better understand when emissions are
correctly estimated or not.530

5.1 Correlations

Correlations between modelled emissions and observed rag-
weed concentrations are presented in Table 5 and Table 6.

Year E2011 S2013 This study
BJELOVAR

r(psl) r(psl) r(psl)
2005 0.64 (0.00) 0.77 (0.00) 0.77 (0.00)
2006 0.75 (0.00) 0.79 (0.00) 0.77 (0.00)
2007 0.54 (0.00) 0.63 (0.00) 0.78 (0.00)
2008 0.76 (0.00) 0.78 (0.00) 0.82 (0.00)
2009 0.39 (0.00) 0.57 (0.00) 0.75 (0.00)
2010 0.32 (0.02) 0.50 (0.00) 0.53 (0.00)
HRZAGR

r(psl) r(psl) r(psl)
2005 0.79 (0.00) 0.77 (0.00) 0.72 (0.00)
2006 0.50 (0.00) 0.62 (0.00) 0.63 (0.00)
2007 0.62 (0.00) 0.66 (0.00) 0.56 (0.00)
2008 0.83 (0.00) 0.84 (0.00) 0.79 (0.00)
2009 0.38 (0.01) 0.43 (0.00) 0.47 (0.00)
2010 0.44 (0.00) 0.59 (0.00) 0.66 (0.00)
2011 0.42 (0.00) 0.50 (0.00) 0.41 (0.00)

Table 5. Correlations between observations and the three formula-
tions of the emission release module. E2011 and S2013 stand for
Efstathiou et al. (2011) and Sofiev et al. (2013), respectively. Re-
sults are presented for stations BJELOVAR, HRZAGR, HUDEBR
and HUGYOE. For each station and each year, the best correlation
is highlighted in bold.

Year E2011 S2013 This study
HUDEBR

r(psl) r(psl) r(psl)
2005 0.12 (0.35) 0.13 (0.32) 0.65 (0.00)
2006 0.22 (0.07) 0.11 (0.37) 0.57 (0.00)
2007 0.02 (0.86) 0.06 (0.64) 0.52 (0.00)
2008 0.23 (0.09) 0.29 (0.02) 0.61 (0.00)
2009 0.42 (0.00) 0.45 (0.00) 0.67 (0.00)
2010 0.35 (0.00) 0.31 (0.01) 0.46 (0.00)
2011 0.15 (0.20) 0.20 (0.09) 0.41 (0.00)
HUGYOE

r(psl) r(psl) r(psl)
2005 0.64 (0.00) 0.70 (0.00) 0.72 (0.00)
2006 0.55 (0.00) 0.58 (0.00) 0.53 (0.00)
2007 0.36 (0.00) 0.41 (0.00) 0.47 (0.00)
2008 0.76 (0.00) 0.71 (0.00) 0.67 (0.00)
2009 0.25 (0.04) 0.43 (0.00) 0.58 (0.00)
2010 0.16 (0.18) 0.17 (0.16) 0.20 (0.10)
2011 0.04 (0.74) -0.01 (0.95) 0.21 (0.10)

Table 5. Correlations between observations and the three formula-
tions of the emission release module. E2011 and S2013 stand for
Efstathiou et al. (2011) and Sofiev et al. (2013), respectively. Re-
sults are presented for stations BJELOVAR, HRZAGR, HUDEBR
and HUGYOE. For each station and each year, the best correlation
is highlighted in bold.

One correlation value is calculated for each year (i.e each
pollen season) and each site. For each correlation value, the535

significance is also calculated and presented in parenthesis.
The correlations are very variable but for a major part,

Fig. 3. Values of resistances for the ROUSSILLON site and the years 2007 (top) and 2011
(bottom).
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10 L.Menut et al.: A new ragweed pollen release model

2009 ROUSSILLON 2010 ROUSSILLON 2011 ROUSSILLON

2009 HUDEBR 2010 HUDEBR 2011 HUDEBR

2009 HRZAGR 2010 HRZAGR 2011 HRZAGR

2009 VELIKA 2010 VELIKA 2011 VELIKA

Fig. 4. Observed surface concentrations and modelled emissions for the ROUSSILLON, HUDEBR, HRZAGR and VELIKA sites and the
years of 2009, 2010 and 2011.

5.3 Focus on two specific events

Figure 5 focusses on two specific sites and periods in order
to better understand the relationship between meteorologi-
cal variables and observed concentrations. These time series610

present daily values. All time series are normalized by the
maxima over the whole period, in order to have only varia-
tions between 0 and 1.

For the ROUSSILLON station in 2009, correlations are
0.54, 0.62 and 0.74 for the schemes E2011, S2013 and TS,615

respectively. For this year and this station, all schemes are
thus able to simulate quite well the ragweed pollen emis-
sions. The concentration peaks on day 230, which corre-
sponds to the maximum temperature for this period. In ad-

dition, the humidity is moderate, and no precipitation is sim-620

ulated. During the middle of the pollen season, the con-
centration becomes very low (between days 236 and 238)
which coincides with the precipitation peak and the decrease
of SWd and w∗.

For the VELIKA site in 2010, the observed concentrations625

show an atypical seasonal cycle with two major peaks and
very low concentrations in the middle of the season. The
correlation are 0.45, 0.5 and 0.30 for the schemes E2011,
S2013 and TS, respectively. In this case, the new scheme
TS gives the worst score. This is mainly due to these two630

peaks: for the first concentration peak on day 236, the tem-
perature reaches its maximum, but w∗ and SWd are close to
their minima, leading to a low release rate, contrary to the

Fig. 4. Observed surface concentrations and modelled emissions for the ROUSSILLON,
HUDEBR, HRZAGR and VELIKA sites and the years of 2009, 2010 and 2011.
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L.Menut et al.: A new ragweed pollen release model 11

2009 ROUSSILLON 2010 VELIKA

Fig. 5. Observed surface concentrations and corresponding modelled meteorological variables for the ROUSSILLON (2009) and VELIKA
(2010) sites.

observations. For the second peak, the modelled tempera-
ture is very low, leading to low modelled emissions, while635

observations exhibit a maximum.

6 Conclusions

This study was dedicated to the identification of daily meteo-
rological conditions favourable to ragweed pollen emissions.
To estimate this dependency, meteorological fields, modelled640

with WRF, were compared to measured concentrations over
several sites in Europe for the period from 2005 to 2011.

The first step was to compare daily meteorological vari-
ables to surface ragweed pollen concentrations. Our statis-
tical analysis clearly shows that the highest concentrations645

recorded during a season are more sensitive to thermal pa-
rameters (2m temperature) than dynamical variables (wind
speed, friction velocity). Over the course of a given day,
the measured ragweed pollen emissions were found to occur
mainly in the morning. Investigation was performed to esti-650

mate if modelled emissions were rather sensitive to the daily
mean value, the daily max or the mean morning value: no
significant result was found. This means that, while hourly
measurements showed the highest ragweed pollen emissions
to occur in the morning, the meteorological model is not able655

to simulate well enough this hourly variability.
In order to better understand the ragweed pollen emissions

sensitivity to meteorology, a new emission scheme is pro-
posed. Existing schemes Efstathiou et al. (2011) and Sofiev

et al. (2013) were developed for birch and ragweed pollen660

emissions; both of them are based on the thermal and dy-
namical processes in the atmospheric surface layer. Our new
scheme takes stock of the outcome of the correlation analy-
sis in the first part of the study and therefore relies on ther-
mal, turbulent, and radiative processes using the 2 m temper-665

ature, T2m, the convective velocity scale w∗ and the down-
ward shortwave radiative flux SWd. The focus is on the daily
pollen release process, assuming that the beginning and the
end of the flowering season, and the total amount of the re-
leased pollen, are known. For this study, we derived these670

quantities from the measurements. For nine stations in Eu-
rope and six years of daily measurements, correlations were
calculated between daily release rate and surface concentra-
tion measurements. It was shown that our new scheme is able
to give better correlations in 73% of the cases. A next step for675

ragweed pollen emission modelling would be to include this
new scheme in a transport model as planned for the regional
chemistry-transport model CHIMERE (Menut et al., 2013a),
forced by pollen phenology and production prescribed with
the hydrology and vegetation model ORCHIDEE (Krinner680

et al., 2005).
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Fig. 5. Observed surface concentrations and corresponding modelled meteorological variables
for the ROUSSILLON (2009) and VELIKA (2010) sites.
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