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A b s t r a c t

The aim of the present study was to compare the dy-
namics of grass pollen seasons and to assess whether the me-
thod of grouping pollen seasons and years with similar weather 
conditions would apply to the same groups. On the basis of 
Spearman’s correlation test between pollen counts and weather 
parameters during the pollen season, the strongest positive cor-
relation was found with temperature and air humidity. The pol-
len seasons greatly varied in terms of air humidity, rainfall, and 
cloud cover, whereas temperature variations were small. The 
seasons in 2004 (very cold) and in 2010 (very warm) are excep-
tions. As a result of cluster analysis, three groups of seasons 
were distinguished. The grouping of seasons by using various 
criteria produced different groups of pollen seasons. No strong 
direct relationship was found between the mean values of the 
seasonal meteorological factors analysed and groups of seasons. 
PCA analysis can be used for quick and easy interpretation of 
weather characteristics of a particular season and to compare it 
with other seasons.

Key words: pollen monitoring, meteorological factors, PCA, 
cluster analysis

INTRODUCTION

Grass pollen allergens are the most fre-
quent cause of pollen allergy incidence in Poland 
(O b t u ł o w i c z  et al., 1990; R a p i e j k o  and 
W e r y s z k o - C h m i e l e w s k a , 1998). Therefore, 
research on grass pollen monitoring is of very great im-
portance. People with pollen allergy symptoms show 
individual varying sensitivity to grass pollen. According 
to different authors, the threshold value for grass pollen, 
i.e. the minimum number of pollen grains that induces 
allergy symptoms in all allergic people, is 50 P × m-3

(D a v i e s  and S m i t h , 1973; R a p i e j k o  and 
W e r y s z k o - C h m i e l e w s k a , 1998; Rapiejko et 
al. 2004). The presence of airborne pollen is related to 
the timing of flowering of plants. The atmospheric pol-
len season lasts long due to the occurrence of various 
grass species with different flowering times (K a s p r -
z y k  and W a l a n u s , 2010). The patterns of daily 
airborne pollen concentrations and the main season pa-
rameters are characterized by high variability. 

The characteristics of the main parameters of 
grass pollen seasons (start, end, duration, peak value, 
peak date, seasonal pollen index (SPI)) and predictive 
models for the season parameters have been present-
ed earlier (P i o t r o w s k a , 2012). The present study 
analysed the dynamics of pollen seasons in relation to 
meteorological factors. The similarity between pollen 
seasons was also determined using cluster analysis. An 
attempt was made, using clustering methods, to deter-
mine whether any dominant types of pollen seasons 
occur in Lublin. The grouping of pollen seasons has 
also been used by other authors (S m i t h  et al. 2009; 
D ą b r o w s k a - Z a p a r t , 2010; M a l k i e w i c z 
and K l a c z a k , 2011). Principal component analysis 
(PCA) was employed to compare weather conditions 
during the pollen seasons (G a r c i a - M o z o  et al. 
2008; G o n z á l e z  P a r r a d o  et al. 2009; L i g h -
t h a r t  et al. 2009; P i o t r o w s k a  and K u b i k -
K o m a r , 2012). During the further part of the study, 
it was checked whether the groups of pollen seasons 
would correspond to the same groups derived on the 
basis of meteorological conditions.

This study analysed whether the groups identi-
fied by k-means clustering were close to each other in 
the scatter plot of mean factor scores in the PC1 and 
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PC2 coordinate system. Such an arrangement would 
suggest the influence of seasonal weather factors on the 
grouping of seasons in terms of pollen concentration. 

MATERIAL AND METHODS

This aeropalynological study was carried out in 
Lublin in the period 2001–2010. Average daily pol-
len concentrations were measured with a Hirst-type 
trap (Lanzoni VPPS 2000). The pollen sampler was 
located on the roof of a building of the University of 
Life Sciences at an altitude of 197 m and at a height of
18 m above ground level. The standard methods re-
commended by the International Association for Ae-
robiology were used for analysis (M a n d r i o l i  et al. 
1998). The 98% method was applied to determine the 
atmospheric pollen season (E m b e r l i n  et al. 1994; 
S p i e k s m a  and N i k k e l s , 1998). According to 
this method, the pollen season is defined to be from the 
day in which 1% of total pollen is registered to the day 
in which 99% of total pollen is noted. Daily average 
grass pollen counts are expressed as pollen grains/m3 
(P × m-3). The study identified periods of high pollen 
concentration of more than 50 P/m3.

Meteorological data obtained from the Mete-
orological Observatory, located at a distance of about
1.5 km from the pollen sampling site, of the Meteoro-
logy and Climatology Department of the Maria Curie-
-Sklodowska University in Lublin were used to deter-
mine the effect of weather on the patterns of grass pol-
len seasons. The following meteorological data were 
used for the analysis: mean, minimum and maximum 
air temperature, relative air humidity, rainfall, cloud 
cover, and wind speed. The results are presented in the 
form of a table of factor loadings showing correlations 
between weather parameters and the obtained factors 
(PC1, PC2) as well as in the form of a scatter plot of 
seasonal mean factor scores in the PC1–PC2 coordina-
te system. The factor loadings were obtained after VA-
RIMAX rotation maximizing the sum of the variances 
of the squared loadings (F e r g u s o n  and T a k a n e , 
1989). The statistical dependence between pollen con-
centration and meteorological factors was determined 
by Spearman’s test.

The similarity between pollen seasons was de-
termined on the basis of the results of cluster analysis. 
Data clustering was performed using hierarchical clu-
ster analysis and the k-means method. Different ways 
of clustering were analysed in the hierarchical clas-
sification method but the results obtained by Ward’s 
method proved to be the closest to the k-means clu-
stering results, since in both these methods a season is 
classified into a particular cluster by minimizing the 
within cluster variance (inside a cluster) and maximi-
zing the between cluster variance (G o z d o w s k i  et 

al. 2008). Different characteristics of the pollen season 
were used for this classification. Pollen seasons were 
grouped in terms of the following parameters: 1) da-
ily pollen concentration patterns, 2) season parameters 
(start, end, duration, peak value, peak date, seasonal 
pollen index – SPI, average seasonal pollen concen-
tration), and 3) rate of increase in pollen concentra-
tion. Where the season parameters were the criterion of 
clustering, the data were standardized before analysis 
in order to avoid the effect of the differences in me-
asurement units between the parameters on the values 
of Euclidean distances. The rate of increase in pollen 
concentration was determined on the basis of the sta-
ges when the cumulative sum of pollen grains attained 
the values of 1%, 2.5%, 5%, 25%, 50%, 75%, 95%, 
97.5%, 99% of the total annual pollen concentration. 

All statistical calculations were performed using 
STATISTICA ver. 8. 

RESULTS

The grass pollen seasons in Lublin during the 
period 2001–2010 were characterized by high varia-
tion. These differences related to both concentration 
levels and timing of occurrence of airborne pollen. 
Meteorological conditions recorded during the grass 
pollen seasons were analysed using principal compo-
nent analysis. Before performing the principal com-
ponent analysis, the data were standardized in order 
to eliminate any differences in the parameters under 
investigation resulting from the differences in meas-
urement units. Furthermore, the variable represent-
ing mean temperature was excluded from the analysis 
due to its high correlation with maximum temperature 
(r=0.97). Two principal components were obtained – 
PC1 and PC2 (Tab. 1). PC1 was most correlated with 
minimum and maximum temperature, while PC2 with 
air humidity, cloud cover, and rainfall. This factor was 
termed as inclement weather. During the grass pollen 
season, thus on average in the period from the middle 
of May to the beginning of September, variable weath-
er conditions were recorded in the years 2001–2010 
(Fig. 1). The mean values of the factor scores in Figure 
1 indicate that the 2010 season was characterized by 
the highest temperature, while the season in 2004 was 
by far the coldest. The mean factor scores for the years 
2007 and 2010 are located in the first quarter of this 
scatter plot, which means that these seasons belonged 
to warm and wet ones, while the location of the 2003, 
2005 and 2008 seasons below the PC1 axis and close 
to the PC2 axis in the scatter plot shows that these sea-
sons were rather sunny with temperature remaining 
at an average level. The high values of PC2 for the 
2001 season suggest that this was a season with a pre-
dominance of cloudy and wet days. The analysis of the
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meteorological data shows that the highest rainfall to-
tal was in 2001 compared to the other study years. 

Spearman’s test was employed to determine 
the degree of dependence between pollen concentra-
tion and meteorological conditions and the data from 
the entire 10-year study were analysed. The correlation 
coefficients for the atmospheric pollen season were sta-
tistically significant in the case of all the meteorological 
factors in question (Table 2). Nevertheless, they had a 
low value and therefore correlations in different periods 
of occurrence of airborne pollen were also examined. 
The following periods were taken into consideration – 
the period of high pollen concentrations (> 50 P/m3), 
and the pre-peak period. The highest degree of correla-
tion was obtained for the pre-peak period in the case 
of temperature. The analysis of Spearman’s correlation 
coefficients shows that the grass pollen concentration 
was most affected by mean and maximum air tempera-
ture (positive correlation) and air humidity (negative 
correlation). A negative correlation, but at a lower lev-
el, was found for cloud cover and rainfall. The lowest 
correlation coefficient was recorded for wind speed.

The agglomeration method was applied to clus-
ter pollen seasons on the basis of daily pollen con-
centrations; the results of this analysis are shown in 
graphic form (dendrogram) in Figure 2. Three clusters 
of pollen seasons that are characterized by a similar 
pattern can be distinguished in this diagram. 

Three types of pollen seasons were distinguished 
on the basis of the above results derived using k-means 
clustering (Fig. 3). The clusters obtained by the ag-
glomeration and k-means methods covered the same 
years. 4 years were included in type A: 2005, 2008, 
2009, and 2010. They were characterized by high sea-
sonal pollen indexes (SPI). Besides, a long period in 
which very high pollen concentrations were recorded 
was noted in phase II of the season. This period lasted 
about two weeks and this was a time when similar pol-
len concentrations occurred, rarely with a short-term 
decline. Type B included the years 2002, 2003, and 
2007. During these seasons, high pollen concentra-
tions, exceeding 50 P/m3, were recorded from the sec-
ond half of May, while the maximum values occurred 
at the turn of June and July. The curves representing 
the pattern of type B pollen seasons had several peak 
values, with no single clear peak; their characteristic 
feature was a sudden decrease in pollen concentration 
after a short period of high concentration. For this rea-
son, the image of the curve has several peaks separated 
by low values. High grass pollen concentrations (>50 
P/m3) ended earliest in the case of type B seasons, since 
this occurred between 9 and 11 July. Type C comprises 
grass pollen seasons from the years 2001, 2004, and 
2006. Contrary to the previous type, in type C one 
clear peak can be distinguished which was recorded on 

8 or 9 July. A very high airborne pollen concentration 
remained for several days and subsequently it declined 
quite quickly; much lower pollen concentrations were 
recorded on the next days. 

The pollen seasons of type A and B are more 
similar to each other (a smaller Euclidean distance) 
than cluster C (Table 3). Clusters B and C are the most 
distant. Similar results can be observed in the dendro-
gram (Fig. 2) where the Euclidean distances can be 
seen in the cluster distance axis. A single clear peak 
occurring at a similar time in the seasons from cluster 
C was most probably a feature that differed the most 
these groups.

The data presented in Figure 3 show that two 
periods (phases) with a high pollen concentration (>50 
P/m3), which were separated from each other by sev-
eral days of low concentration, mostly occurred in the 
grass pollen season in Lublin. On average, the first 
period started at the end of May and ended on differ-
ent days of June, whereas the second period started on 
average on 19 June and ended on 18 July (Table 4). 
The highest variation was observed in the start dates of 
the first period of high pollen concentration, while the 
lowest variation was noted for the end of the second 
period (Table 4). The first phase of the pollen season 
was characterized by much lower pollen concentra-
tions than the second phase. The maximum pollen con-
centrations during the first phase of the season were in 
the range of 94–219 P × m-3 and they occurred between 
28 May and 22 June. During this time, the highest con-
centrations exceeded 2–4 times the threshold value at 
which all allergic people have allergy symptoms. The 
maximum pollen concentrations during the second 
phase were much higher, on average 3 times higher 
than during the first phase. The seasonal maximum av-
eraged 459 P × m3 (from 276 P × m-3 to 643 P × m-3). The 
curves of the grass pollen seasons were right-skewed. 
The coefficient of skewness was in the range from 1.85 
(2007) to 3.92 (2003). On average, the pre-peak period 
lasted 46 days, while the post-peak period 56 days. 

The further results of cluster analysis are pre-
sented only in the form of dendrograms. The similar-
ity of seasons was analysed in terms of pollen season 
parameters and rate of increase in airborne pollen con-
centration. The results of this analysis show that three 
main groups were identified that include different sea-
sons depending on the criterion used (Figs 4, 5). In 
terms of pollen season parameters, three clusters were 
distinguished: 2008 and 2010 (A); 2003, 2004, 2006, 
and 2009 (B); as well as 2001, 2002, 2005, and 2007 
(C) (Fig. 4). In order to determine which of the season 
parameters had the greatest effect on identifying the 
clusters included in Fig. 4, mean values for these pa-
rameters were calculated in the clusters (Tab.5). It can 
be clearly seen that group A definitely differs from the 
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other groups in terms of mean values of the following 
parameters: SPI, average pollen concentration in sea-
son, seasonal maximum, and season duration. There-
fore, these differences confirm the large cluster distance 
in Figure 4 between group A and the other groups. 

In terms of the rate of increase in concentration, 
the years 2002 and 2007, 2005 and 2006 as well as 

2008 and 2009 were the most similar (Fig. 5). If the 
rate of increase in pollen concentration was used as 
the criterion, the years 2008 and 2009 as well as 2002 
and 2007 were in the same groups as in the case when
k-means clustering was applied (Fig. 5). Only two pol-
len seasons (2002 and 2007) were similar irrespective 
of the criterion used. 

Fig. 1. Comparison of the weather conditions during the pollen seasons in Lublin in 2001–2010.

 Ward's method
Euklidean distance

2010 2008 2009 2005 2003 2007 2002 2004 2006 2001
400

600

800

1000

1200

1400

1600

Li
nk

ag
e 

di
st

an
ce

 Ward's methodWard's method
Euklidean distanceEuklidean distance

2010 2008 2009 2005 2003 2007 2002 2004 2006 20012010 2008 2009 2005 2003 2007 2002 2004 2006 2001
400400

600600

800800

10001000

12001200

14001400

16001600

Li
nk

ag
e 

di
st

an
ce

Li
nk

ag
e 

di
st

an
ce

Fig. 2. Comparison of the dynamics of grass pollen seasons in Lublin in 2001–2010.
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Fig. 3. Types of pollen seasons identified by k-means clustering.
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Fig. 4. Groups of pollen seasons identified on the basis of the season parameters in Lublin in 2001–2010.
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Fig. 5. Comparison of the rate of increase in airborne grass pollen concentration in Lublin in 2001–2010.

Table 1
Factor loadings after VARIMAX rotation

Weather parameters PC1 PC2

Minimum temperature
Maximum temperature

Rainfall
Humidity

Cloudiness
Wind speed

0.904*
0.927*
0.116
-0.170
-0.307
-0.351

0.217
-0.227
0.669*
0.851*
0.767*
0.155

* correlations value > 0.65
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Table 2
Spearman’s correlation coefficients between meteorological factors and pollen concentration

in different periods of pollen season in years 2001–2010

Meteorological
factors

Atmospheric pollen season 
(98%)

Period of high pollen concentrations
(> 50 P/m3)

Pre-peak
period

Average temperature

Minimum temperature

Maximum temperature

Rainfall

Humidity

Cloud cover

Wind speed

0.209**

0.089**

0.182**

-0.075*

-0.290**

-0.138**

0.084**

0.494**

0.329**

0.496**

-0.275**

-0.426**

-0.362**

-0.034

0.614**

0.525**

0.593**

-0.213**

-0.328**

-0.342**

-0.083

Level of significance * 0.05, ** 0.01

Table 3
Euclidean distances between clusters (above diagonal).

Squared distances – below diagonal

A B C

A

B

C

x

4762.011

5130.157

69.007

x

7570.920

71.625

87.011

x

Table 4
Dates of occurrence high grass pollen concentration (>50 P/m3)

in Lublin, 2001–2010

Statistics
I phase II phase

Start End Start End

Average

Minimum

Maximum

SD

V (%)

29.05

15.05 (2001)

15.06 (2006)

9.3

6.2

13.06

2.06 (2007)

22.06 (2006)

6.5

4.0

19.06

4.06 (2007)

27.06 (2009)

7.5

4.4

18.07

9.07 (2003, 2007)

30.07 (2004)

7.3

3.7

Table 5
Mean value of pollen season parameters in the particular clusters

Season parameters A B C

Season start (date)

Season end (date)

Duration (days number)

Seasonal maximum (P/m3)

Seasonal maximum date

SPI (pollen sum)

Mean pollen concentration (P/m3)

21.05

25.08

98

614.4

5.07

8089.8

83.3

19.05

8.09

113

441.4

5.07

5713.0

50.6

14.05

2.09

112

398.7

28.06

6739.1

60.4
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DISCUSSION AND CONCLUSIONS

Many authors stress the need to carry out ongo-
ing pollen monitoring in different monitoring centres 
due to high variability in the timing and severity of 
pollen seasons (S m i t h  et al. 2009; M y s z k o w s -
k a , 2010; S a b a r i e g o  et al. 2011). The research 
conducted at 13 European sites has found the geo-
graphic location, mainly the latitude, to be the most 
important factor affecting the start date of the grass 
pollen season in different regions (S m i t h  et al. 
2009). This is primarily associated with the accumu-
lation of temperatures from the start of the growing 
season, since plants require a definite dose of thermal 
energy. The grass pollen season is usually determined 
by the 98% method (E m b e r l i n  et al. 1994; G a -
l a n  et al. 1995; S p i e k s m a  and N i k k e l s , 1998; 
Puc, 2011). Clot (1998) proposes that the start of the 
grass pollen season should be defined on the basis of 
cumulative temperature. According to the method of 
the above-mentioned author, the second rainless day 
when the cumulative mean daily temperature from 1 
March reaches 500oC should be defined as the start of 
the grass pollen season. In comparing the start dates of 
the grass pollen season determined by the 98% meth-
od and by C l o t ’ s  method (1998), P i o t r o w s k a 
(2006) obtained similar results. The research con-
ducted in Lublin shows that grass pollen reaches very 
high airborne concentrations. In the years 2001–2010, 
high grass pollen concentrations (>50 P × m-3) were re-
corded in the period from 15 May to 30 July. Weather 
conditions are included among the main factors influ-
encing the pollen season patterns (M y s z k o w s k a , 
2010; P u c , 2011; S a b a r i e g o  et al. 2011). In Lub-
lin mean and maximum temperature as well as air hu-
midity belonged to the most important meteorological 
parameters affecting airborne grass pollen concentra-
tions. A high positive correlation was found between 
grass pollen concentration and mean and maximum air 
temperature as well as a negative correlation with air 
humidity. Similar results were obtained by K a s p r -
z y k  and W a l a n u s  (2010) who found that on days 
when maximum and mean temperature rises, the pol-
len concentration also increases, whereas the pollen 
concentration decreases when there is an increase in 
humidity. Thanks to meteorological observations, it is 
possible to forecast the most important features of the 
pollen season (E m b e r l i n  and A d a m s - G r o o m , 
2004; S t a c h  et al. 2008; P i o t r o w s k a , 2012). 
Earlier research has found that the mean minimum 
temperature of March and cloud cover in the first ten-
day period of May were the best meteorological fac-
tors to predict the start of the grass pollen season in 
Lublin. Rainfall in May was the most important factor 
to determine season duration (P i o t r o w s k a , 2012).

Meteorological factors in relation to pollen co-
unts are analysed using different statistical methods. 
G o n z á l e z  P a r r a d o  et al. (2009) propose prin-
cipal component analysis (PCA) as an alternative sta-
tistical method for interpreting airborne pollen counts. 
The above-mentioned authors think that the use of this 
type of analysis, in combination with other methods, 
is necessary to obtain exact recording of differences in 
pollen concentration. On the basis of PCA, they found 
periods of high pollen concentration to be characteri-
zed by high maximum temperature and low rainfall 
levels (G o n z á l e z  P a r r a d o  et al. 2009). During 
the study carried out in Lublin, an attempt was also 
made to use a similar method, but the inclusion of the 
meteorological and pollen data combined did not give 
a satisfactory result. Hence, in the present paper PCA 
is used to classify pollen seasons in terms of weather. 
The inclusion of the data from all seasons in one plot 
gives a possibility to create weather characteristics of 
a given pollen season that are quick and easy to inter-
pret and to compare such a season with the other ones. 
The PCA analysis for Lublin shows that the greatest 
variation in the period 2001–2010 related to inclement 
weather. In the case of temperature, most seasons con-
centrated around the mean value. The PCA classifica-
tion results were compared with the groups of pollen 
seasons that were identified by using cluster analysis. 
In terms of temperature, the years 2004 (very cold) and 
2010 (very warm) clearly stood out; in spite of the fact 
that in cluster analysis these years were classified into 
particular groups, but in all the dendrograms they were 
clustered to these groups at the very end (large cluster 
distance), which indicates that they differed more than 
the other pollen seasons. In the other cases, no direct 
relationship was found between the groups distingu-
ished on the basis of PCA and cluster analysis. Taking 
into consideration meteorological data from pollen se-
ason as well as additionally including data before the 
season into the analysis, did not bring expected results. 
According to S m i t h  et al. (2009), apart from local 
meteorological conditions, the pollen season is also 
affected by large-scale patterns of climate variability, 
like for example the NAO (North Atlantic Oscillation). 
Moreover, the grass pollen concentration, and what 
follows the pattern of pollen seasons, can also be influ-
enced by human activity, e.g. the timing of hay cutting 
(K a s p r z y k  and W a l a n u s , 2010). 

Two phases of high pollen concentration were 
distinguished in the grass pollen season pattern in Lu-
blin. The similar dynamics of grass pollen seasons has 
been observed in Rzeszów where the reason for the 
characteristic pattern of grass pollen seasons was pro-
bably the timing of flowering of various grass species 
and dates of hay cutting (K a s p r z y k  and W a l a -
n u s , 2010). No dominant pollen season types were 
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found based on the cluster analysis performed for Lu-
blin. A relatively short data series can be one of the 
reasons. However, on the basis of an 8-year study 
and using k-means clustering, M a l k i e w i c z  and 
K l a c z a k  (2011) identified 3 types of seasons out 
of which one included 4 years and may prove to be the 
dominant one. All the pollen seasons in Lublin were 
right-skewed, but the difference between the length of 
the pre-peak period and post-peak period was not as 
large as in other cities in Poland. In Kraków the ave-
rage number of days in the pre-peak period was twice 
smaller than in the post-peak period (M y s z k o w -
s k a , 2010). The post-peak period was found to be 
much longer than the pre-peak period also in Wrocław 
(M a l k i e w i c z  and K l a c z a k , 2011). 
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Analiza porównawcza
sezonów pyłkowych Poaceae

w Lublinie (Polska) 

S t r e s z c z e n i e

Celem pracy było porównanie dynamiki sezo-
nów pyłkowych traw oraz ocena czy metoda grupowa-
nia sezonów pyłkowych i lat o podobnych warunkach 
pogodowych będzie dotyczyła tych samych grup. Na 
podstawie testu korelacji Spearmana między stężeniem 
pyłku a czynnikami meteorologicznymi podczas sezo-
nu pyłkowego stwierdzono najsilniejszą pozytywną ko-
relację z temperaturą i wilgotnością powietrza. Sezony 
pyłkowe były bardzo zróżnicowane pod względem wil-
gotności, opadów oraz zachmurzenia natomiast zróż-
nicowanie ze względu na temperaturę było niewielkie. 
Wyjątki stanowią sezony 2004 (bardzo zimny) i 2010 
(bardzo ciepły). W wyniku analizy skupień wyodręb-
niono trzy grupy sezonów. Grupowanie sezonów przy 
zastosowaniu różnych kryteriów wyłoniło odmienne 
grupy sezonów pyłkowych. Nie stwierdzono bezpo-
średniego silnego związku pomiędzy średnimi warto-
ściami analizowanych czynników meteorologicznych 
w sezonie a grupami sezonów. Analiza PCA może być 
wykorzystywana do szybkiej i łatwej w interpretacji 
charakterystyki pogodowej danego sezonu pyłkowego 
oraz porównania z pozostałymi sezonami.
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