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Abstract This study examines variations in the start

date, end date, duration, date of peak, peak value and

Seasonal Pollen Index (SPI) of airborne pollen seasons

recorded in Parma, Northern Italy, in relation to

meteorological data (1994–2011). Pollen data were

collected in the city of Parma by volumetric spore trap.

The following taxa were analysed: Alnus, Ambrosia,

Artemisia, Betula, Amaranthaceae, Corylus, Cupres-

saceae, Plantago, Platanus, Poaceae and Urticaceae.

Spearman’s rank correlation tests were used to establish

whether significant relationships existed between the

different characteristics of the pollen seasons. Simple

linear regression analysis was also carried out in order

to investigate trends over time. Only 12 % of the 66

characteristics examined showed significant changes

over the study period. Temperatures increased sig-

nificantly during the spring, but this did not appear to

have a corresponding impact on seasonal characteristics

related to the timing of pollen seasons (i.e. start date,

peak date and end date). All of the observed changes

were associated with characteristics that can be related

to exposure (i.e. duration, peak value and SPI). For

arboreal taxa, the SPI of Betula decreased significantly,

and Platanus pollen seasons became significantly

shorter. For herbaceous species, the SPI and peak

values of Artemisia became significantly lower, where-

as the SPI and peak values of Ambrosia became

significantly higher. The SPI of Poaceae and Urticaceae

also decreased significantly. The results of correlation

analysis showed that various characteristics of pollen

seasons are significantly related. This study provides an

essential baseline for determining exposure of the

allergic population to allergenic pollen and aids under-

standing of the incidence of pollinosis in Parma. Gaps

still exist in current knowledge; not least, the need to

quantify the degree of influence exerted by some of the

principal factors driving environmental change, climate

and land use.
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1 Introduction

Pollen grains, due to their allergens, play an important

role in the etiopathogenesis of respiratory allergies,

which are increasing in prevalence and severity

(D’Amato et al. 1998, 2007; Bousquet et al. 2011).

Several factors are involved in this increase (Rosen-

zweig et al. 2007, 2008). These include climate change

that may alter the timing (Emberlin 1994; Huynen

et al. 2003; Beggs 2004; Beggs and Bambrick 2005)

and intensity (Ariano et al. 2010; Myszkowska et al.

2011; Ziello et al. 2012) of pollen seasons or increase

pollen allergenicity (Pasqualini et al. 2011), which

could modify the incidence of clinical symptoms in

patients affected by pollinosis (D’Amato et al. 2013).

Pollen count data are considered to be a proxy for

aeroallergen exposure (Buters et al. 2012), although

the presence of allergens does not always correlate

with the presence of pollen (Schappi et al. 1997;

Buters et al. 2012; Galán et al. 2013). A number of

studies have examined the effects of climate change on

characteristics of pollen seasons (e.g. Ziska et al.

(2011); Grewling et al. (2012), and Bogawski et al.

(2014)) as well as the subsequent impact on pollinosis

(e.g. Ridolo et al. (2007) and Negrini et al. (2011)).

Short time series of pollen data have been studied (e.g.

Ceter et al. (2012)), but longer data sets allow the

variability in seasonal characteristics to be investigat-

ed and provide an opportunity for examining trends

over time. In Italy, Ariano et al. (2010) analysed long-

term variations in airborne pollen seasons. Other

studies focused on a limited number of pollen families

(Voltolini et al. 2000; Frenguelli et al. 2002), whilst

studies examining pollen data in the Po Valley geo-

climatic area in Northern Italy have been over limited

time periods (Ciancianaini et al. 2000; Albertini et al.

2001; Ridolo et al. 2007). This study examines

temporal variations in various characteristics of

airborne pollen seasons recorded over an 18-year

period (1994–2011) in Parma, Northern Italy, in

relation to meteorological data.

2 Materials and methods

2.1 Location of the study

The study was performed in the city of Parma (Fig. 1),

which has 180,000 inhabitants and lies in the Po

Valley, close to the southern bank of the Po River,

Fig. 1 Location of the pollen-monitoring site used in this study
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100 km from the Tyrrhenian coast and 200 km from

the Adriatic coast, 52 m above sea level.

2.2 Aerobiological data

In this study, we have used pollen data collected over

an 18-year period. Airborne pollen was monitored

from 1994 to 2011 by the survey centre PR1 of the

Italian Monitoring Network in Aerobiology

(R.I.M.A.�) in accordance with standard methods of

the Italian Aerobiology Association (AIA) (Travaglini

et al. 2009). Airborne pollen was collected using a

Hirst type 7-day recording volumetric spore trap (Hirst

1952), which is the standard equipment used for

aerobiological sampling worldwide. The device was

placed at 18.2 m above ground level on the meteoro-

logical tower of Parma University in the town centre

near the Ducal Park, latitude 44�480N, longitude

10�160E. We have considered pollen data from 11

taxa that are most frequently recorded in the air of

Parma and include pollen from local and distant

sources. The arboreal pollen types considered were

Alnus spp., Betula spp., Corylus spp., the Cupres-

saceae–Taxaceae families (hereinafter Cupressaceae)

and Platanus sp.. The pollen types from herbaceous

plants considered were Ambrosia spp., Artemisia spp.,

the Amaranthaceae family, Plantago spp., the Poaceae

family and the Urticaceae family (APGIII 2009). The

following characteristics of the season were examined,

according to Jäger et al. (1996): start date, end date,

duration, date of peak, peak value and Seasonal Pollen

Index (SPI).

The concept of the pollen season is well established

in aerobiology. It represents the portion of the year in

which the pollen can be captured in the atmosphere.

For our purposes, it is preferable to use a definition that

identifies the beginning and the end of the pollen

season as the days of the calendar year in which a

certain percentage of the total pollen load is reached.

This approach reduces the impact of pollen recorded

before or after the main pollen season that may be

linked to advection from different areas and does not

necessarily represent the presence of pollen caused by

local flora, and also removes long ‘‘tails’’ to the season

that might influence statistical analysis (Sánchez-

Mesa et al. 2003). In this study, the onset of the pollen

season was defined as the first day when the cumu-

lative pollen count exceeding 1 % of the annual total,

providing this was not followed by more than six

consecutive days with zero values. The end of the

season was defined as the day upon which 95 % of the

annual total was reached (Galán et al. 2001). The

duration of the season is the difference in days

between the start date and the end date of the season.

Temporal variations in pollen seasons (i.e. start

date, end date and date of peak) are displayed as the

number of days from January 1 (DOY). Daily average

pollen concentrations are expressed as the number of

grains/m3, and the SPI is expressed as grains (Comtois

1998).

2.3 Meteorological data

Daily averages of temperature (�C), relative humidity

(%) and total rainfall (mm) transformed into annual or

seasonal averages were taken into consideration. The

meteorological data were obtained from the Meteoro-

logical Station (Physics Department) at the University

of Parma located at the same site that the pollen data

were recorded. Means of annual meteorological data

recorded during the study period were as follows

(minimum and maximum values shown in parenthe-

sis): relative humidity 68.0 % (63.9–72.8 %), rainfall

792.5 mm (569–1,091.1 mm) and temperature

14.9 �C (13.8–15.7 �C) (Fig. 2a, b).

2.4 Statistical analysis

The Kolmogorov–Smirnov and Shapiro–Wilk tests

were used to assess the type of distribution of pollen

parameters. The tests showed that the pollen data were

not normally distributed and so Spearman’s ‘‘q’’

correlation tests were used to establish whether any

significant relationships existed between the different

characteristics of the pollen seasons examined (Zar

1999): (a) start date/end date; (b) start date/duration;

(c) start date/peak value; (d) start date/SPI; (e) start

date/date of peak; (f) end date/duration; (g) end

date/peak value; (h) end date/SPI; (i) end date/date

of peak; (j) duration/SPI; (k) duration/peak value;

(l) duration/date of peak; (m) SPI/date of peak;

(n) SPI/peak value; and (o) peak value/date of peak.

Following the methodology used in a number of

prominent studies that have looked at long-term trends

in pollen seasons and phenology (e.g. Thackeray et al.

(2010); Ziello et al. (2012); Smith et al. (2014)),

simple linear regression analysis was carried out in

order to investigate trends in certain characteristics of

Aerobiologia (2015) 31:341–352 343
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Fig. 2 Variations and

trends of selected

meteorological data

recorded in Parma during

the study period: a annual

total rainfall (mm) and

average of relative humidity

(%), b annual average

temperatures, c seasonal

average temperatures
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selected pollen seasons and meteorological data over

time. Although it could be argued that the use of non-

parametric statistics would be more appropriate

(Fernández-Llamazares et al. 2014). The following

statistics are presented: the mean, standard deviation

(SD), R2 value, slope of the regression over time,

standard error of the regression slope (SE), probability

level (p) and number of years in the analysis (N).

Results were considered to be significant when

p\ 0.05. The tests were performed using Microsoft

Excel and IBM SPSS 19 software.

3 Results and discussion

3.1 General characteristics of the pollen seasons

Artificial indicators were used to highlight the salient

features of the pollen season, such as start and end

dates. The analysis of data from 18-years of observa-

tions shows that, on average, the earliest pollen grains

to appear in the air of Parma were those of arboreal

taxa Corylus (DOY 33), Alnus (DOY 39), Cupres-

saceae (DOY 39) and Betula (DOY 72). The pollen

grains that appeared later were those of herbaceous

Plantago (DOY145), Amaranthaceae (DOY 166),

Artemisia (DOY 210) and Ambrosia (DOY 213).

Similarly, the pollen seasons that ended the earliest

were those of Corylus (DOY 80), Alnus (DOY 107),

Platanus (DOY 119) and Betula (DOY 122). The

pollen seasons that ended the latest were those of

Urticaceae (DOY 242), Artemisia (DOY 264),

Amaranthaceae (DOY 264) and Ambrosia (DOY

266). The first and last days of peak concentrations

for individual taxa were for Corylus (DOY 49) and

Ambrosia (DOY 241), respectively (Table 1).

On average, the shortest pollen seasons were those

of Platanus, Corylus and Betula, with average dura-

tions of 26, 47 and 50 days, respectively. The longest

pollen seasons were those of Amaranthaceae

(98 days), Cupressaceae (111 days) and Urticaceae

(131 days). The pollen types with the lowest average

peak value were Plantago (31 grains/m3), Amaran-

thaceae (34 grains/m3), Artemisia (36 grains/m3) and

Ambrosia (44 grains/m3). The pollen types with the

highest average peak value were Cupressaceae

(368 grains/m3), Poaceae (716 grains/m3), Platanus

(854 grains/m3) and Urticaceae (2,377 grains/m3).

The taxa with the lowest (286 grains) and highest

(19,068 grains) average SPIs were Ambrosia and

Urticaceae, respectively (Table 2). It should be noted

that due to the retrospective method used for defining

season start and end dates, low amounts of pollen can

extend the season at sites with low annual sums. This

is unlikely to be the case of Urticaceae, however,

which had the longest pollen season and the highest

SPI of those examined (note that, on average,

Cupressaceae had the second longest season and the

fourth highest SPI).

Our data showed that the average duration of the

pollination period was 60.4 days for arboreal taxa and

86.5 days for herbaceous plants. One reason for this is

that tree pollen seasons are often caused by one or two

dominant species that flower simultaneously, whereas

the pollen seasons of herbaceous plants are often longer

because they represent multiple species that flower at

different times. During the period studied, the lowest

and highest amounts of variability (minimum and

maximum values shown in parenthesis) were for: (1)

start date–Alnus (DOY 19–62) and Amaranthaceae

(DOY 102–253); (2) end date–Amaranthaceae (DOY

253–273) and Cupressaceae (DOY 97–306); (3) dura-

tion–Corylus (18–68 days) and Cupressaceae

(45–277 days); (4) peak date–Platanus (DOY 79–150)

and Urticaceae (DOY 101–259); (5) SPI–Ambrosia

(6–793 grains) and Urticaceae (4,315–35,045 grains);

and (6) peak value–Amaranthaceae (12–93 grains/m3)

and Urticaceae (206–5,885 grains/m3).

3.2 Trends and correlations between pollen season

parameters

Temporal variations in the characteristics of airborne

pollen seasons recorded in Parma (1994–2011) were

investigated. This study is novel, it is not only the first

time that trends in airborne pollen have been examined

in Parma for almost a decade (Ridolo et al. 2007), but

selected meteorological data recorded over the same

time period were also examined in order to put this

analysis into context (Fig. 2). There was a general

decrease in annual values of total rainfall and average

relative humidity (Fig. 2a), and a concurrent increase

in annual temperatures (Fig. 2b). However, the only

significant trend was towards warmer spring tem-

peratures (p = 0.02) (min 16.2 �C–max 19.0 �C)

(Fig. 2c). With this in mind, it is interesting to note

that only 12 % (N = 8) of the 66 trends examined

were significant. There were no significant trends in
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season characteristics related to the timing of pollen

seasons (i.e. start date, peak date and end date)

(Table 1), but there were a number of significant

trends in pollen season characteristics related to

exposure (i.e. duration, peak value and SPI) (Table 2).

There were also a large number of significant Spear-

man’s rank correlations between different pollen

season characteristics (Table 3), and examples are

presented with particular focus on pollen types with

significant trends.

3.2.1 Characteristics related to the timing of pollen

seasons

Plants that flower early in spring are the most affected

by warming (Ahas et al. 2002; Fitter and Fitter 2002),

and changes in spring phenophases are more pro-

nounced than those that occur in summer and autumn

(Fitter and Fitter 2002; Walther et al. 2002; Aasa et al.

2004; Solomon et al. 2007; Bertin 2008). One would

therefore expect that the significant increases in spring

temperatures seen in this study would have a corre-

sponding affect on early-flowering plants, such as

those belonging to the Betulaceae and Cupressaceae

families. For instance, advances in the timing of pollen

seasons have been seen for spring flowering trees such

as Corylus (Jäger et al. 1996) Alnus (Smith et al. 2007)

and Betula (Emberlin et al. 2002) in Central and

Northern Europe. One possible explanation for the

lack of significant trends at Parma is that advances in

spring flowering might be approaching a limit, as

suggested for Betula pollen seasons in the UK

(Newnham et al. 2013). In addition, the flowering

phenology of herbaceous weed species that release

their pollen later in the year, such as Ambrosia

artemisiifolia, often relies on day length (Allard

1945).

Nevertheless, it is important to establish the begin-

ning and the end of the period of pollination for the

various taxa (Jäger et al. 1996) and to determine

whether this is changing over time, particularly in

relation to specific immunotherapy (Calderon et al.

2007; Horak et al. 2009; Gokmen et al. 2012).

Immunotherapy is the only treatment for allergic

respiratory disease with the long-term effect, but

current treatment protocols require an initiation phase

before the onset of the pollen season. Data from one of

the studies with grass pollen tablet immunotherapy

suggested that the duration of the pre-seasonal T
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b
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treatment period might influence the magnitude of the

clinical effect. The rationale for initiating treatment

before the expected start of the season is to allow time

for the activation of suppressor T cells, regulate the

Th1/Th2 cytokine balance and shift it towards the Th1

cells, which relieves hypersensitivity to the target al-

lergen. Indeed, studies for immunotherapy products

for the treatment of grass pollen-induced allergic

rhinitis have found that treatment must begin

4 months before the pollen season for maximal effect

and at least 8 weeks before the season to provide any

evidence of efficacy. The results of this study will

therefore provide invaluable information for planning

treatment (Emberlin et al. 1999).

3.2.2 Characteristics related to exposure

There was a significant decrease in the SPI of Betula

(slope -68.68, p = 0.02) during the study period.

Temperature has been shown to influence the intensity

of airborne Betula pollen seasons. This is related to

pollen production as the influence often manifests

itself as a positive correlation between the amount of

pollen recorded in a season and temperatures recorded

the year before pollination (Rasmussen 2002; Stach

et al. 2008). On the other hand, rainfall during the

season affects the release and subsequent dispersal of

pollen as it effectively removes bioaerosols from the

air (Cox and Wathes 1995). However, analysis

suggests that the observed decreases cannot be related

to meteorology because temperatures have generally

been increasing, particularly in the spring, and there

has been no significant change in the amount of

rainfall during spring when pollen grains are released

into the atmosphere (Fig. 2). The magnitude of

airborne pollen concentrations is also influenced by a

number of other factors, such as land use and farming

practices (Emberlin et al. 1993; Ziello et al. 2012),

which could be responsible for the observed decrease

in the SPI of pollen types like Betula in Parma.

Further investigation showed that, for Betula, there

was a significant negative correlation between the start

date and duration of pollen seasons (q = -0.932), and a

significant positive correlation between SPI and peak

values (q = 0.740) (Table 3). This shows that the various

characteristics of the Betula pollen season are correlated,

for instance, later start dates are related to shorter Betula

pollen seasons, and a higher SPI is related to higher peak

values. The latter is unsurprising as higher peak values

can be expected during high magnitude pollen seasons.

This has been witnessed in other studies focusing on

Betula (Piotrowska and Kubik-Komar 2012) and was

also seen for other pollen types examined in this study, i.e.

Ambrosia (q = 0.926), Amaranthaceae (q = 0.789),

Corylus (q = 0.911), Cupressaceae (q = 0.852), Plan-

tago (q = 0.815), Platanus (q = 0.858), Poaceae

(q = 0.692) and Urticaceae (q = 0.488).

Continuing with arboreal taxa, Platanus pollen

seasons became significantly shorter (slope -2.12,

p = 0.02) over the study period. For Platanus, there

were significant positive correlations between start

dates and end dates (q = 0.765) as well as between

start dates (q = 0.675) and end dates (q = 0.798) and

the date of peak value, which means that the whole

season can effectively shift in response to environ-

mental conditions.

The response of arboreal and herbaceous taxa to a

changing climate can vary. For example, Frei and

Leuschner (2000) showed that the airborne pollen

concentrations from trees like Corylus and Betula in

Switzerland increased, whilst the amount of pollen

recorded from herbaceous plants like Artemisia did

not change. In this study, the SPI of Artemisia (slope

-35.29, p = 0.01), Poaceae (slope -434.83,

p = 0.00) and Urticaceae (slope -816.65, p = 0.04)

decreased significantly over the study period, which

was similar to the decrease seen in Betula. This

general decrease in the total pollen count and concen-

tration peaks of grass pollen in Parma has previously

been related to the decreasing trend of rhinoconjunc-

tivitis in the region (Ridolo et al. 2007). A recent study

into geographic and temporal variations in pollen

exposure across Europe also showed that the intensity

of Poaceae pollen seasons was changing at some sites,

but this change was not consistent, and there was

actually a significant increase in the amount of

Poaceae pollen recorded in the Province of Milan in

Northern Italy (Smith et al. 2014), which suggests that

it is a regional phenomena.

For Artemisia, there was also a corresponding

decrease in the peak values (slope -2.92, p = 0.02).

Moreover, a significant negative correlation between

start dates and SPI of Artemisia pollen seasons

showed that later start dates are related to less intense

seasons (q = -0.551). The SPI (q = -0.735) and

peak values (q = -0.685) of Artemisia were also

significantly lower when the season ended later. In

addition, later end dates are related to longer
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Artemisia pollen seasons (q = 0.592). Poaceae and

Urticaceae pollen seasons exhibited similar significant

negative relationships between peak values and end

dates (Poaceae q = -0.615; Urticaceae q = -0.706)

and significant positive relationships between end

dates and duration (Poaceae q = 0.908; Urticaceae

q = 0.581) (Table 3).

The significant negative correlation between the

end dates of the pollen season and SPI was also seen in

Ambrosia (q = -0.659), which like Artemisia is also

a member of the Asteraceae family. Interestingly,

there was also a significant negative correlation

between the duration and SPI of Ambrosia (q =

-0.539), which suggests that high magnitude Am-

brosia pollen seasons are shorter and end earlier

(Table 3). In contrast to other herbaceous taxa, peak

values (slope 4.91, p = 0.00) and SPI (slope 39.56,

p = 0.00) of Ambrosia became significantly higher

over the study period. Ambrosia artemisiifolia L. is a

noxious invasive alien species that is a source of

highly allergenic pollen (Smith et al. 2013). Observa-

tions conducted in the early 1990s showed that

Ambrosia spp. pollen appeared sporadically in the

air of Parma, but since 1996, there has been a

significant increase in Ambrosia spp. pollen as well

as a corresponding growth in the number of patients

with positive skin prick tests (SPT) to Ambrosia pollen

allergens, and among these, a significant increase of

asthma (Albertini et al. 2012). These results corre-

spond to the well-documented expansion of this

invasive alien species in Northern Italy (D’Amato

et al. 2007; Albertini et al. 2012; Smith et al. 2013).

4 Conclusions

The aim of this aerobiological study was to quantify

the regional pollen spectrum observed over an 18-year

period. Only 12 % of the characteristics examined

showed significant changes over the study period.

Temperatures increased significantly during the

spring, but this did not appear to have a corresponding

impact on the timing of pollen seasons. All of the

observed changes were associated with characteristics

that can be related to exposure (i.e. duration, peak

value and SPI). These included important aeroaller-

gens among the arboreal (i.e. Betula and Platanus) and

herbaceous (i.e. Ambrosia, Artemisia, Poaceae and

Urticaceae) taxa. The results presented here therefore

provide an essential baseline for determining exposure

of the allergic population to allergenic pollen and aid

understanding of the incidence of pollinosis in Parma.

Unlike other studies concerned with changes to

airborne pollen counts across Europe, we did not find

evidence of a clear tendency towards an increase in

atmospheric pollen (Ziello et al. 2012). In fact, many

of the trends were towards lower airborne pollen

concentrations of some important aeroallergens (i.e.

Betula, Artemisia, Poaceae and Urticaceae). These

decreases could not be explained by meteorology. This

highlights gaps in current knowledge, not least the

need to quantify the degree of influence exerted by

some of the principal factors driving environmental

change, climate and land use.

Acknowledgments The authors would like to thank Paolo

Fantini (Physics Department of the University of Parma) for

providing meteorological data. The authors are also grateful to

the ITALIAN AEROBIOLOGY ASSOCIATION (AIA), which

funded a Postdoctoral Fellowship in Aerobiology research and

CATALANO FOUNDATION for its contributions.

References

Aasa, A., Jaagus, J., Ahas, R., & Sepp, M. (2004). The influence

of atmospheric circulation on plant phenological phases in

central and eastern Europe. International Journal of Cli-

matology, 24, 1551–1564.

Ahas, R., Aasa, A., Menzel, A., Fedotova, V. G., & Scheifinger,

H. (2002). Changes in European spring phenology. Inter-

national Journal of Climatology, 22, 1727–1738.

Albertini, R., Ciancianaini, P., Pinelli, S., Ridolo, E., & Dal-

l’Aglio, P. (2001). Pollens in Parma 1995 to 2000. Allergy,

56(12), 1232–1233.

Albertini, R., Ugolotti, M., Peveri, S., Valenti, M., Usberti, I.,

Ridolo, E., & Dall’Aglio, P. (2012). Evolution of ragweed

pollen concentrations, sensitization and related allergic

clinical symptoms in Parma (northern Italy). Aerobiologia,

28(3), 347–354.

Allard, H. A. (1945). Flowering behaviour and natural distri-

bution of the eastern ragweeds (Ambrosia) as affected by

length of day. Ecology, 26(4), 387–394.

APGIII. (2009). An update of the Angiosperm phylogeny group

classification for the orders and families of flowering

plants: APG III. Botanical Journal of the Linnean Society,

161, 105–121.

Ariano, R., Canonica, G. W., & Passalacqua, G. (2010). Possible

role of climate changes in variations in pollen seasons and

allergic sensitizations during 27 years. Annals of Allergy,

Asthma and Immunology, 104(3), 215–222.

Beggs, P. J. (2004). Impacts of climate change on aeroallergens:

past and future. Clinical and Experimental Allergy, 34(10),

1507–1513.

350 Aerobiologia (2015) 31:341–352

123



Beggs, P. J., & Bambrick, H. J. (2005). Is the global rise of

asthma an early impact of anthropogenic climate change?

Environmental Health Perspectives, 113(8), 915–919.

Bertin, R. I. (2008). Plant phenology and distribution in relation

to recent climate change. The Journal of the Torrey Bota-

nical Society, 135(1), 126–146.

Bogawski, P., Grewling, L., Nowak, M., Smith, M. and Jack-

owiak, B. (2014). Trends in atmospheric concentrations of

weed pollen in the context of recent climate warming in
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Jäger, S., Nilsson, S., Berggren, B., Pessi, A.-M., Helander, M.,

& Ramford, H. (1996). Trends in some airborne tree pollen

in the Nordic countries and Austria, 1980–1993: A

Aerobiologia (2015) 31:341–352 351

123



comparison between Stockholm, Trondheim, Turku and

Vienna. Grana, 35, 171–178.

Myszkowska, D., Jenner, B., Stepalska, D., & Czarnobilska, E.

(2011). The pollen season dynamics and the relationship

among some season parameters (start, end, annual total,

season phases) in Krakow, Poland, 1991–2008. Aerobi-

ologia, 27(3), 229–238. (Bologna).

Negrini, A. C., Negrini, S., Giunta, V., Quaglini, S., & Ciprandi,

G. (2011). Thirty-year survey on airborne pollen concen-

trations in Genoa, Italy: Relationship with sensitizations,

meteorological data, and air pollution. American Journal of

Rhinology & Allergy, 25(6), e232–e241.

Newnham, R. M., Sparks, T. H., Skjoth, C. A., Head, K.,

Adams-Groom, B., & Smith, M. (2013). Pollen season and

climate: Is the timing of birch pollen release in the UK

approaching its limit? International Journal of Biome-

teorology, 57(3), 391–400.

Pasqualini, S., Tedeschini, E., Frenguelli, G., Wopfner, N.,

Ferreira, F., D’Amato, G., & Ederli, L. (2011). Ozone af-

fects pollen viability and NAD(P)H oxidase release from

Ambrosia artemisiifolia pollen. Environmental Pollution,

159(10), 2823–2830.

Piotrowska, K., & Kubik-Komar, A. (2012). The effect of me-

teorological factors on airborne Betula pollen concentra-

tions in Lublin (Poland). Aerobiologia, 28(4), 467–479.

Rasmussen, A. (2002). The effects of climate change on the

birch pollen season in Denmark. Aerobiologia, 18,

253–265.

Ridolo, E., Albertini, R., Giordano, D., Soliani, L., Usberti, I., &

Dall’Aglio, P. P. (2007). Airborne pollen concentrations

and the incidence of allergic asthma and rhinoconjunc-

tivitis in northern Italy from 1992 to 2003. International

Archives of Allergy and Immunology, 142(2), 151–157.

Rosenzweig, C., Casassa, G., Karoly, D. J., Imeson, A., Liu, C.,

Menzel, A., Rawlins, S., Root, T. L., Seguin, B.& Try-

janowski, P., (Eds.) (2007). Assessment of observed

changes and responses in natural and managed systems.

Climate change 2007: Impacts, adaptation and vul-

nerability. contribution of working group ii to the fourth

assessment report of the intergovernmental panel on cli-

mate change. Cambridge, UK, Cambridge University

Press.

Rosenzweig, C., Karoly, D., Vicarelli, M., Neofotis, P., Wu, Q.,

Casassa, G., et al. (2008). Attributing physical and biolo-

gical impacts to anthropogenic climate change. Nature,

453(7193), 353–357.

Sánchez-Mesa, J. A., Smith, M., Emberlin, J., Allitt, U., &

Caulton, E. (2003). Characteristics of grass pollen seasons

in areas of southern Spain and the United Kingdom.

Aerobiologia, 19, 243–250.

Schappi, G. F., Suphioglu, C., Taylor, P. E., & Knox, R. B.

(1997). Concentrations of the major birch tree allergen Bet

v 1 in pollen and respirable fine particles in the atmosphere.

Journal of Allergy and Clinical Immunology, 100(5),

656–661.

Smith, M., Cecchi, L., Skjoth, C. A., Karrer, G., & Sikoparija, B.

(2013). Common ragweed: A threat to environmental

health in Europe. Environment International, 61, 115–126.

Smith, M., Emberlin, J., Stach, A., Czamecka-Operacz, M.,

Jenerowicz, D., & Silny, W. (2007). Regional importance

of Alnus pollen as an aeroallergen: A comparative study of

Alnus pollen counts from Worcester (UK) and Poznat

(Poland). Annals of Agricultural and Environmental

Medicine, 14(1), 123–128.

Smith, M., Jäger, S., Berger, U., Šikoparija, B., Hallsdottir, M.,
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