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Background for this project 
This report is the result of  a project done by Linda Hansson and Adrian Gustafson in the 
course ”Verksamhetsförlagt projekt”, given by the University of  Gothenburg in autumn 2013. 
It is a compilation of  already existing knowledge from subjects such as plant geography, 
pollination biology and statistics. The data used for the analysis have been collected for several 
years.  

The project is divided into two parts. Part 1 (Statistics for pollen analysis), addresses 
differences among the existing pollen traps and discuss statistics related to aerobiology. For this 
part Adrian has been responsible. Part 2 (Division of  regions in southern Sweden), deals with 
physical geography in southern Sweden, where a division into regions different from each 
other with respect to vegetation, climate, geology, land-use and topography have been made, 
for which Linda has been responsible. The introduction and concluding discussion has been 
written by both authors together.  

Hopefully we contributed slightly to the field and have been able to compile a brief  and 
simply understood text for the current situation in southern Sweden. 

!
Linda Hansson and Adrian Gustafson 

Göteborg the 18/1 2014 !
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Introduction 
Allergy and pollinosis (pollen allergy) are 
major health problems in Europe and 
airborne, allergenic pollen is one of  the most 
common triggers of  allergic diseases 
(Kiotseridis et al. 2013a). The main cause to 
allergic reactions are pollen grains that carry 
allergenic proteins and are dispersed in great 
masses, such as pollen from many species 
pollinated by the wind. In Sweden, more 
than 25 % of  the population suffer from 
allergic reactions from eyes and nose, and 
almost 10 % of  the Swedish people suffer 
from asthma (Sahlgrenska university 
hospital, 2012). Several studies focus on the 
effects of  allergy and pollinosis, and many 
of  their results show that symptoms from 
pollinosis are not just physical but affect the 
daily life of  allergics through learning 
problems, and sleep-related complaints, and 
cause emotional problems. (Kiotseridis et al. 
2013a, b; Ferguson BJ, 2004). Most of  
Sweden’s citizens live in cities where the air 
is often polluted and many studies suggest 
that this pollution can cause inflammation in 
the airways, which can amplify allergic 
reactions to pollen. According to a study in 
South Sweden, pollution exceeding a certain 
level adds to the prescription and sales of  
allergy drugs when combined with a high 
pollen concentration, which strengthens this 
theory(Dahl et al., 2014).  

To deal with the problems connected to 
pollinosis and allergic reactions, and to make 
every day life easier for people suffering 
from pollinosis, a wish list have been 
compiled in collaboration between health-
care professionals and aerobiologists, 
requesting: 

!
· Detailed timing of  pollen season in 

different regions (patients live in a 
certain area and the more local the 
pollen-related information is the 
better it is for the patient). 

· Estimated duration of  individual 
pollen (trees, grasses, weeds) seasons. 

· Estimated strength of  the season and 
expected pollen counts. 

·  Timely warnings about major 
changes in pollen counts. 

· Easy access to global pollen 
information with the native language 
of  the patient. 

This is crucial to allergic people when 
planning their activity and traveling (Sofiev 
et al., 2013).  

This is one of  the main reasons why the 
study of  aerobiology is so important and the 
first wish constitutes the basis for part 2 of  
this project. In addition to helping those 
who suffer from allergy, it is also important 
to study aerobiology for the sake of  dispersal 
mechanisms and gene flow, and aerobiology 
is in its simplest sense the study of  airborne 
microorganisms (Comtois, 2000). These are 
also called aeroplankton since they are 
passively transported through the air. 
Aeroplankton includes diaspores (pollen) as 
well as fungal spores and seeds. A common 
issue is modelling of  dispersion. This has 
implications for studies of  establishment of  
invasive species and gene flow (Comtois, 
1997; Dahl et al., 1999), which is important 
for instance when studying risk assessment 
of  GMO(Genetically Modified Organisms) 
or forest plant breeding. Dispersal modelling 
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is also important for the making of  pollen 
forecasts, as well as the possibility to use 
aeroplankton as a bioindicator for studying 
the movement of  air masses (Comtois, 
1997).  

General pollen-dispersal 
Plants that spread their pollen through the 
wind are called anemophilous plants and 
usually produce high masses of  pollen to 
assure pollination and thus reproduction 
(Faegri & van der Pilj, 1979). These kinds of  
populations are known as pollen sources, 
which refers to the origin of  the pollen and 
the potential problems these causes people 
suffering from pollinosis. 

Pollen is produced in the anthers of  the 
plant and released into the wind when the 
anthers dry out. The dispersal in time 
follows the same pattern. Firstly, there are 
increasing amounts of  pollen in the air 
during the start of  the pollen season when 
the anthers emit pollen. After a short period 
the pollen concentration will peak. How 

long the period and how intense the peak is, 
is species specific. After the peak, 
concentrations will decrease as the pollen is 
deposited. This pattern is called the 
aerobiological pathway. In space the pollen 
dispersal will follow a leptokurtic curve 
where a large amount of  pollen is deposited 
close to the source whilst a small fraction will 
remain in the air (Sofiev et al, 2013). This 
remaining fraction can be dispersed at 
different scales. The dispersed pollen have 
been partitioned into the local component 
(pollen dispersed some kilometres away from 
the pollen-source) and the regional component 
(pollen dispersed up to 100 kilometres from 
the pollen-source) (Faegri & Iversen, 1989; 
Sofiev et al., 2013). Pollen can also be spread 
more than 500 kilometres from the pollen-
source, which is called long-distance transport. 
Turbulent and gusty winds or temporary 
updrafts have a tendency to lift the pollen 
higher from the source (Kuparinen, 2006). 
The higher the pollen is lifted, the further it 
is able to disperse. The height from which 
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Fig. 1: Leptokurtic curve of  deposition in respect to distance fro the pollen source. Figure taken from 
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the pollen is released is also of  great 
importance. As will be discussed later, pollen 
from grasses generally spreads shorter than 
from trees since trees disperse their pollen 
higher above ground (Dahl & Grundström, 
2013). This is important to be aware of  
when making pollen forecasts or placing 
pollen stations. It is also important to bear in 
mind that a small population close to the 
station might lead to an overrepresentation 
of  the taxa in the dataset.  

The processes of  long distance dispersals are 
also important to study when assessing risks 
of  invasive species, gene flows, 
metapopulation dynamics and plant diseases 
caused by spores. 

Phenology and the factors controlling 
it 
Phenology is the study of  the periodic events 
in nature, for example bud burst, onset, peak 
and end of  flowering or when trees shed 
their leaves. The study involves actual 
observations of  plants in the field but may 
also be studied indirectly through 
aerobiology. As will be dealt with later, the 
aerobiological datasets include lots of  
confounding factors for studying phenology 
(i.e. long distance transport, resuspension, 
weather, etc.) but phenological studies are 
important for the analysis of  the 
aerobiological pollen curves, and also clearly 
shows the impacts of  a changing climate on 
plants, since plants phenology follows 
climatologic factors. 

As a general rule, anemophilous trees flower 
in spring, before bud burst. This is an 
adaptation to optimise the pollen dispersal 
since leaves would hinder the pollen 
movement in the landscape. Large spruce 
forests may therefore in fact act as barriers 

to some of  the pollen. (Faegri & Iversen, 
1989) Grasses and weeds will flower in 
summer until autumn, as it needs to build 
height and resources during spring, contrary 
to lignoid plants. Most trees develop their 
anthers the previous season. 

Temperatures effect on phenology and 
pollen-release  
The flowering of  a species is mainly 
controlled by temperature above a threshold 
level as accumulated heat during a period. 
The threshold usually is around +5°C and 
the hours with temperatures above this 
threshold is called Growing Degree Hours 
(GDH). The amount of  accumulated GDH 
needed for growing and flowering is species 
specific. With increased temperatures, the 
rate of  flower development increases, but 
only to a certain point where development 
then instead decreases with increasing 
temperatures (Dahl et al. 2013a). In cool-
temperate herbs, the flowering is also 
dependent on vernalisation, i.e., exposure to 
and accumulation of  chilling temperatures, 
before initiating flowers (Dahl et al. 2013a; 
Nomoto 2013a). As in the case of  GDH the 
chilling requirements are also species 
specific.  

If  the temperature steadily increases, 
inflorescence will develop and pollen-
dispersion will start. The pollen dispersal 
usually starts when the anthers dries out due 
to high temperature, vapour pressure deficit 
(VPD), solar radiation and moderate wind 
(Sofiev et al., 2013).  

The growing season for plants differ 
somewhat between species, but the general 
definition is the amount of  days when the 
daily temperature exceeds +5 °C and GDH 
is accumulated, which is the lower limit for 
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grass growth (Dahl et al. 2013b). 
Temperature is thus one of  the main drivers 
for pollen-dispersal, since it has a great 
impact on the development of  the flower 
and growing season 

There are many reasons to believe that the 
increased temperatures registered during the 
last decades (IPCC, 5th assessment report), 
generate an earlier onset of  the pollen-
season in the northern hemisphere and a 
longer duration of  the pollen-season (Dahl 
et al. chapter 3; Skjoth et al. 2013). Many 
scientists have studied the timing of  
phenological events due to increased 
temperatures (Chmielewski & Rötzer, 2001; 
Ibanez et al. 2010; Nomoto 2013a) and 
according to the study performed by 
Chmielewski & Rötzer, the beginning of  the 
growing season in the Baltic region, which 
includes half  of  Sweden, Norway and 
Finland, has advanced 4.3 days per decade 
and the length of  the growing season has 
been prolonged with 4.5 days per decade, as 
a result of  increasing temperatures in early 
spring. The study from Nomoto (2013a) 
shows similar results, where the main pollen 
season has been delayed with more than three 
weeks from the year 1979 to year 2012. 
Temperature is thus highly important for 
flowering and pollen-dispersal. 

Climates effect on phenology and pollen-
release 
Climate has several effects on phenology 
and pollen-release where air humidity, wind 
velocity and direction, precipitation and, as 
mentioned before, temperature are the most 
important ones. A recent study of  Dahl et al 
(2014) in Malmö and Gothenburg showed 
that winds with easterly components 
contribute significantly more to the highest 

amounts of  pollen than other wind-
directions. This is explained by the easterly 
winds tendency to be drier, hotter and 
steadier than winds with western 
components that are more humid, cool and 
gusty. The humidity of  the air, measured as 
vapour pressure deficit (VPD) or lack of  
water vapour in the air, is important for 
pollen-dispersal. Dry air will dry out the 
anthers and cause pollen release, and pollen 
grains generally cannot be transported in 
high humidity (Dahl et al., 2013a). Heavy 
precipitation therefore lowers the amount of  
pollen grains in the air, and occasional 
rainfall is therefore positive to people 
suffering from pollinosis. Based on this, 
winds with easterly components are 
suggested to transport pollen grains better 
than winds with westerly components, and 
areas more arid and with higher 
temperatures than areas with high 
precipitation and cooler temperatures 
generally have higher pollen-dispersal. 

Previous pollen analyses have shown that the 
vicinity of  the sea has an impact on 
circulating pollen that generated biased 
pollen forecasts. The mechanisms 
controlling this are not fully understood, but 
the sea tends to lower the amount of  pollen 
in the air, probably because of  the humidity 
in the air (Pers. Comm. Dr. Å. Dahl). Pollen 
stations that are positioned close to water 
might only be relevant to the nearest 
surroundings but not regions further away. 

One aspect of  climate are the degree of  
continentality. The maritime climate is more 
even through out the year because of  the 
seas mitigating effect. The difference in 
temperature and precipitation between 
summer and winter is less evident, with mild 
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winters and warm summers. The 
continental climate has instead more evident 
differences between summer and winter, 
with cold winters and hot summers (SMHI). 
Southern Sweden is surrounded by the sea, 
and is therefore considered to have a 
submaritime climate. However, there are 
differences between regions and provinces in 
southern Sweden so the regions can have 
more or less continental climate in specific 
places. 

Topography’s effect on pollen-release 
With higher altitude, the temperature tends 
to decrease, and with increasing altitude the 
precipitation tends to be higher. This is 
known as orographic precipitation, which 
occurs when humid air masses from the 
oceans comes in over land and gets pushed 
up to higher altitudes, cools down and 
produces rain (SNA, sveriges geografi). In 
southern Sweden, this is most evident along 
the west coast where the plains of  Halland 
meet the slopes of  the highlands of  southern 
Sweden (SNA, sveriges geografi; climate 
diagrams from this study. Mountains and 
hills may also act as barriers or dispersal 
corridors for pollen in the absence of  
thermal lift.(Garzia-Mozo, et al., 2004). It 
has been observed that a heterogenous 
landscape aids dispersal to the regional and 
long distance scales due to thermal uplift 
(Helbig et al., 2004).  The temperature fall 
with altitude will also affect the phenology 
of  the plants and may delay the onset of  
flowering with several day (Jochner et al., 
2012). 

Species of  interest  
As mentioned previously, species that 
typically causes allergic reactions are those 
that are anemophilous, have fairly small 

pollen grains that spread well in the wind, 
and are allergen carriers (Dahl, et al., 
2013a). Coniferous trees are anemophilous, 
but pollen grains of  Scandinavian pines and 
spruce does not carry allergens and are 
therefore not known to cause pollinosis. 
They can, however, cause physical reactions 
in eyes and nose when occurring in higher 
masses (Pers. comm., Dr. Åslög Dahl). The 
most contributing species to pollinosis in 
Europe is without doubt species from the 
Poaceae family, and in northern Europe the 
most contributing ones are species from the 
family Betulaceae (Betula, Corylus, Alnus) 
(D’Amato et al 1998). The study recently 
performed by Dahl et al (2014) showed that 
the species in Sweden contributing the most 
to prescription of  medicine for pollinosis are 
species from the family Poaceae and species 
from the order Fagales, which amongst 
others are Betula, Corylus, Alnus and Fagus. 
The order Fagales are known to be 
allergenic since they have a degree of  cross-
reactivity (D’ Amato et al, 1998). Artemisia 
vulgaris is also an important species for 
pollinosis and 15 % of  Swedish citizens are 
affected by allergic reactions caused by 
Artemisia (Dahl et al. 2014). However, the 
map of  allergenic species in Europe is 
changing due to cultural factors such as 
greater trade with plants and greater 
international travel, which, for example, has 
resulted in the expansion of  ragweed 
(Ambrosia artemisiifolia) throughout Europe 
(D’Amato et al. 1998). 

For this study we have chosen seven taxa of  
special interest. The species were chosen for 
their ability to cause allergic symptoms and 
their importance in the vegetation. 
Generally it is difficult to determine a pollen 
grain to a certain species, which is why only 
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the genus and family names are given in 
pollen-analyses, and so in this study (Pers. 
comm., Dr. Å. Dahl). 

Alnus - In Sweden there are two species of  
Alnus, A. glutinosa and A. incana. A. glutinosa 
thrive in moist habitats and grow close to 
water. A.incana is less tolerant to stagnant 
water, and also occurs as a coloniser in over-
growing pastures. Alnus is part of  the 
Betulaceae family together with Betula and 
Corylus, is an early flowering genus and the 
start of  flowering can be as early as 
February. It can have fairly high pollen 
production and is of  importance for people 
with pollinosis.  

Artemisia - Artemisia vulgaris is a weed that 
mostly grows in ruderal and urban areas. It 
is of  importance for people with pollinosis in 
cities. It has fairly heavy pollen grains, which 
thus have a limited dispersal range (Sofiev 
book chapter). According to our data the 
pollen counts are low and the pollen season 
is irregular with a uniform number of  pollen 
grains present in the air per day, i.e. it does 
not peak. Since the pollen grains are quite 
large and heavy, the pollen grains counted 
from the pollen stations might give a biased 
picture of  the pollen distribution in the 
ambient air. Artemisia pollen grains are 
most likely more concentrated at ground 
level than in the higher air masses, which are 
analysed at the pollen station. This may 
result in skewed pollen data (Sofiev et al. 
2013). 

Betula - The genus Betula has three species 
in Sweden but only two are of  importance 
for people with pollinosis in South Sweden, 
B. pubescens and B. pendula. Birches are fast 
growing pioneer species, and B. pubescens is 
more common in moist habitats (Dahl & 

Strandhede, 1996). The birches produce 
huge amounts of  light pollen. Therefore, 
they have a large dispersal range and are of  
big importance for people with pollinosis. It 
flowers in spring with start in late March for 
years with early pollen seasons and peaks 
usually in April or early May. 

Corylus - In Sweden the common hazel, 
Corylus avellana, is the only naturally 
occurring species of  Corylus. It flowers 
during winter, where the start might be as 
early as December, but usually peaks in 
March. This makes the complete pollen 
index expensive to measure and the sum of  
pollen grains per year strongly dependent of  
the weather during winter and spring. 

Fagus - Fagus sylvatica only occurs 
spontaneously in southern Sweden, with 
focus in Skåne and on scattered spots along 
the coast of  Blekinge and Halland. It flowers 
during a short time (8 to 42 days in Malmö) 
in spring with peaks usually in the first part 
of  May. F. sylvatica has fairly large pollen 
grains, which therefore are not spread very 
far. 

Poaceae - The grasses are difficult to 
distinguish by their pollen grains, and are 
thus clumped together in pollen analyses. 
Most species in South Scandinavia belong to 
the subfamily Poideae, and cross-reactivity is 
high. The species, however, have different 
phenology and therefore the grass season is 
long with several small peaks. It starts in 
May and lasts all summer and through the 
autumn, if  it is not too rainy or cold 
(Nomoto, 2013b). 

Quercus - Quercus belongs to the Fagaceae 
family and is also known to cause allergic 
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reactions. Like Fagus the oaks have a short 
flowering season with peaks in May.  

!
!

Part 1 – Statistics for pollen 
analyses 
The statistics are important in all science. 
My task has been to find statistical methods 
to answer the questions where the origin of  
the pollen; how do different sites differ in 
respect to phenology and intensity of  the 
pollen season? I have also chosen to discuss 
modelling of  pollen dispersals, which will be 
dealt with last in this part. 

The measurements were conducted with the 
Burkard Seven-Day Recording Volumetric 
Spore Trap. A continuous stream of  air of  
10 litres per minute is sucked into the trap 
and the particles get trapped on a tape, that 
is rotated 2 mm per hour. The 10 litres per 
minute is supposed to correspond to the 
amount of  air consumed by a person in rest. 
About 70% of  the particles in the air sucked 
in are caught on the tape. In this study no 
corrections for this has been made. 

How to define start and ending of  the 
atmospheric pollen season? 
Jato et al. has reviewed the different terms 
and definitions occurring in the 
aerobiological literature (Jato et. al. 2006). 
The term pollen season was found to refer to 
the period when any kind of  pollen were 
present in the air and the main pollen season 
when the most pollen of  a certain pollen 
type was present - excluding more or less 
erratic occurrences at the beginning and the 
end. These terms were separated from the 
terms Pollination Period, Pollination Season, Main 
Pollination Season and Principal Pollination Period 
which all refer to the fertilisation process.  

Since there is a time lag between pollen 
release and pollen counts recorded, Jato has 
proposed the term atmospheric pollen season 
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(APS) for the period when the pollen is 
measured and main atmospheric pollen season 
(MAPS) for the time with the most pollen 
measured. This period may differ from the 
flowering period of  local populations since 
there are other factors affecting the pollen 
station, e.g. long distance transport, 
resuspension, weather conditions, etc. 
Hence, the actual start and end dates for 
populations of  allergenic taxa surrounding 
the pollen station need to be determined by 
phenological observations (Fornaciari et al., 
2000; Jato et al., 2002; Jato et al., 2006; 
Hidalgo et al., 2003). 

In the literature, there is a wide range of  
ways to define the start and end of  the 
atmospheric pollen season (Jato et al., 2006). 
Most frequently occurring are the statistical 
definitions where the start and end are 
defined by a proportion of  the annual pollen 
sum, e.g. the start date is defined as the day 
when 5% of  the annual sum has been 
recorded, and similarly for the end. These 
definitions conveniently cuts the tails of  the 
pollen curve but may be of  little biological 
significance. There are also definitions with 
exact values i.e. the start and end dates are 
defined as the first and last day when the 
pollen count is ≥ 30 p/m3, an amount 
assumed to be enough to provoke allergy in 
grass pollen. (Sánchez Mesa et al., 2003). 
For this study the start of  the main atmospheric 
pollen (MAPS) season was defined as the first 
day when four out of  five days had a pollen 
count of  > 0. The end was similarly defined 
as the last day when there were no more 
days with four out of  five days with a pollen 
count of  > 0. This definition was seen to 
have more biologic relevance than other 
definitions.(Personal communication, Dahl, 
Å.) 

The definition used has a great influence on 
the results, the estimation of  length of  the 
pollen season and the pollen curve (Jato et 
al., 2006). Jato et al. found that the 
difference in length of  the pollen season 
between two definitions could be as large as 
27 days. The shape of  the pollen curve was 
also affected and for some years two seasons 
could be recognised during the same year 
for some definitions whilst not for others. 
The start dates may also be affected by 
pollen transported from a long distance and 
thus generating a peak in the start of  the 
pollen curve. Likewise, resuspension of  
pollen by turbulence or pollen kept in the air 
after flowering has ended will influence the 
end of  the MAPS. Some authors have tried 
to exclude this pollen (Dahl och Strandhede, 
1996; Porsbjerg, 2003) 

This raises the question whether a common 
criterion for all species and all places should 
be pursued or if  criteria could be chosen for 
each study? Jato et al. (2006) argues for the 
latter since there is so much variation 
between taxa and between sites. This fact 
brings a quite large amount of  subjectivity 
to the start and end of  a pollen season, and 
the researcher should be clear on how and 
why the definition used is relevant and 
contributes to the aim of  the study. If  the 
contribution of  local populations to the 
atmospheric pollen counts is studied, the 
study should be complemented with 
phenological observations since airborne 
pollen and flowering do not always occur at 
the same time. Such studies have been done 
to some extent (Estrella et al., 2006; Jato et 
al., 2002; Nomoto, 2013a).  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The dataset and variables 
The aerobiological datasets are in many 
ways an extraordinary collection of  data. It 
consists of  concentrations of  aeroplankton 
in the ambient air of  the pollen trap, 
sampled for 24 hours from March till 
September. This gives a huge amount of  
data to analyse in a great number of  ways. 
Since there is everyday sampling there is a 
built in time sequence in the dataset. This 
time sequence, or pollen curve, is in it self  
interesting to analyze and is valuable when 
forecasting pollen amounts(Comtois & 
Sherknies, 1991). 

From the datasets it is also possible to derive 
different variables that describe the pollen 
season or phenological events such as start, 
end and length of  the pollen season or peak 
values and when they occur. These variables 
can also be correlated against other variables 
such as meteorological or climatic variables. 

Independently of  the definition for start and 
end of  the pollen season, there will be days 
with no pollen in the air for all taxa. This is 
particularly true in the beginning and 
towards the end of  the pollen season and 
less commonly for the main pollen season. 
These zeroes are not missing values and 
need to be accounted for when making 
statistic tests or even descriptive statistics and 
should always be counted in means, etc. 

To be able analyse days in a statistical test, 
dates need to be converted to ordinal days or 
”day of  the year”. Day one will hence be on 
the 1st of  January, day two on the 2nd of  
January and so on, till day 365.  

The fact that variables are derived from a 
dataset that takes one year at a time to 
sample makes aerobiological sampling a 

slow process. One year will yield one 
replicate and thus many years of  sampling is 
required to make any statistical test, for 
example spatial analyses.  

Three frameworks for statistical 
analysis 
In the literature, there are three frameworks 
for statistical analysis that are frequently 
used, it is of  great help to be familiar with 
these when reading articles or conducting 
own tests. The following is a short draft from 
the book ”A Primer of  Ecological 
statistics”(Gotelli & Ellison, 2004), for more 
extensive presentations of  the three 
frameworks, see the book. 

Parametric Analysis 
The parametric analyses is probably the 
most frequently used framework in biology 
and ecology. It includes among others the t-
tests and Analysis of  Variance(ANOVA). 
The parametric analyses assume that data is 
drafted from a population with a certain 
distribution, most frequently used is the 
normal, or Gaussian, distribution. The null 
hypothesis will be that the data were 
sampled from the same distribution (the null 
distribution), with a mean(μ) and a 
variance(σ2). The alternative hypothesis 
would be that your data were sampled from 
two (or more) populations with different 
means, but the same variance. There are 
three steps of  the parametric analysis: 

1. Specify the test statistic 

2. Specify the null distribution 

3. Calculate the tail probability, the area 
under a specific portion of  the curve, to 
the left or to the right if  the mean and 
towards infinity. 
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Monte Carlo Analysis 
There are a number of  methods in the 
Monte Carlo-framework, all that include 
some kind of  randomisation process. In 
short, the data you have collected is 
randomly reassigned to your statistical 
populations (i.e. treatments, sites, etc.) a 
large number of  times to create a null 
distribution. The observed data are then 
inferred with the random distribution to see 
how many times the outcome will 
correspond to the observed data. The tail 
probabilities, or the probability of  sampling 
the observed data, can then be calculated. 
The steps of  the Monte Carlo analysis is: 

1. Specify the test statistic or index to 
describe the pattern in your data. 

2. Create a distribution of  the test statistic 
that would be expected under the null 
hypothesis 

3. Decide on a one- or two-tailed test 

4. Compare the observed test statistic to a 
distribution of  simulated values and 
estimate the appropriate P-value as a tail 
probability. 

There are other ways to randomise the data, 
for instance with bootstrapping or jack-
knifing. Bootstrapping includes subsampling 
the data, where you repeatedly draw a 
random number from your dataset, and 
leave it in the dataset to the next draw, whilst 
when jack-knifing the number drawn is 
deleted. 

Bayesian Analysis 
The Bayesian framework is the one that is 
most separated both philosophically and 
methodologically from the other two 
frameworks. For a full and good introduction 

I strongly recommend reading the book 
from where this information has been 
drafted (see above). 

While frequentist statisticians (the ones 
conducting parametric tests), consider their 
statistical population (n) a subpopulation 
(sample) of  the true population (N) and their 
mean (x) an estimate of  the true mean (μ), 
Bayesian statisticians do not necessarily 
accept the existence of  a true mean. 
Frequentists assume their estimate of  the 
true mean to be more refined with repeated 
tests and measurements. But what if  there is 
not a true mean, or if  it changes over time? 
It would be probable that the length of  the 
anthers would change over very large time 
scales when subject to a selection pressure. 
Or, for aerobiological studies, the mean 
pollen index could change as a consequence 
of  ongoing climate change. For the time 
series sampled during a long time, the mean 
length of  the pollen season has changed 
(Nomoto, 2013a). Bayesian statisticians 
therefore consider the parameters of  the 
probability distribution (for example mean 
and variance) random variables with their 
own distribution and associated parameters 
(e.g. μ,σ2). 

Another difference in philosophy is that it is 
not always needed to test everything by 
yourself. If  someone wrote an article about 
the difference between two pollen traps, why 
go about and test that difference again? 
Would it not be better to specify this 
difference and use our data to extend the 
earlier results with other investigators? 
Bayesian statistics allows this, as well as 
quantifying the probability of  the observed 
differences. 

!
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How are data distributed? 
It is important to know how your data is 
distributed before conducting any kind of  
statistical test since they all assume some 
kind of  probability distribution to test your 
data against. To choose a test you therefore 
will need to know the distribution of  your 
data. Following are a few thoughts on the 
aerobiological datasets. 

First of  all we need to separate data that are 
kept in its time sequence from the data that 
has been randomized or sorted in some kind 
of  way. In a study made by Paul Comtois all 
time series for 13 taxa and 11 years of  
measurements were centered on their peak 
values, thus eliminating phenological events 
specific for taxa or between years.(Comtois, 
2000) The curves where then considered 
independent replicates and summed up. The 
resulting curve was normally distributed 
with time on the x-axis with the peak as its 
mean value (µ) and the length of  the pollen 
season as its variance (σ2). Comtois then 
proposes this as a way of  modelling pollen 

seasons, admitting that the end is harder to 
forecast than the beginning. However, the 
autocorrelation of  this dataset would  not 
allow any parametric test (e.g. Analysis of  
Variance) for comparing sites. Nor does it 
allow any analysis of  phenological variables 
since these has been taken out of  account. 

Auto-correlation is the correlation of  a 
variable with itself, i.e. if  it is possible to 
make a prediction about the value of  a 
variable at some points in space or time 
from known values of  previous sampling. 
Auto-correlated variables are also said to be 
regionalised. The temporal or spatial auto-
correlation can be described by a 
mathematical structure function. Examples 
of  these functions are autocorrelograms for 
spatial analysis or semi-variograms 
(Legendre & Fortin, 1989). It is important to 
know whether there is an auto-correlation in 
the dataset or not since it is known to distort 
statistical tests, for example analysis of  
variance (ANOVA), which assumes that data 
are random and normally distributed. The 
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Fig. 2 a) Time-dependent probability. Data are collected from Bräkne-Hoby between the 
years 1992-2013 for the species Alnus, Artemisia, Betula, Corylus, Fagus, Poaceae and Quercus. A 
total of  114 pollen curves were centred on their peak value and summed, yielding a normal 
distribution. b)The data, taken out of  its time dependence and sorted in increasing value, 
yielding a Poisson distribution. Note that the x-axis is logarithmic.

a) 



presence of  auto-correlation is not 
necessarily bad for the study but might in 
fact be interesting to study in itself. Known 
auto-correlations in aerobiological datasets 
are the built in time-dependency of  the 
pollen curve mentioned above, but also the 
inter-annual auto-correlation that derives 
from the phenomena of  masting years. (For 
a good explanation of  masting years, see 
Gurewitch et al., 2006, for a more thorough 
presentation of  masting in Betula, see Dahl & 
Strandhede, 1996) 

Even though data is sampled in a time-
sequence, it is also possible to understand 
each day as a separate replicate of  what is in 
the air at a determined moment, and thus 
eliminate time as a variable (Comtois, 2000). 
The frequency distribution of  the 
concentrations, normally visualised as a 
histogram with categories of  increasing 
concentration on the x-axis, would not be 
normally distributed. The frequency 
distribution, also called the probability 
density function or PDF, will not be time 
dependent but rather site-specific. The PDF 
will have a few properties that are typical for 
aerobiological datasets. First of  all it will 
only have positive numbers. Secondly, the 
most probable value will be lower than the 
mean value, i.e. lower values will be more 
frequently occurring than higher values. The 
mean value for this PDF will no longer be 
the peak value (as was the case in the time-
dependent distribution) but the mean 
concentration over the season. Comtois 
argues that the best aerobiological PDF is 
the gamma distribution. This distribution is 
defined by its shape (α) and scale (β) 
parameters, where α would be the number 
of  independent events occurring at a rate β. 

However, other literature suggests the 
Poisson distribution to be the best for 
discrete scale data (Gotelli & Ellison, 2004), 
which is the case with pollen count data. 
This distribution is defined by !, that would 

be the rate at which rare events occur in 
space or time. The Poisson-distribution is 
used in aerobiological studies (Dr. Å. Dahl). 
The gamma and the Poisson distributions 
are similar in their appearance with a higher 
probability for low values and a long tail. 
However, the gamma distribution is more 
flexible than the Poisson distribution and 
can thus be better fitted to the data. In the 
end, the nail in the chest for the gamma 
distribution is the zero-values in the dataset, 
since the gamma distribution only can take 
on positive values (values > 0) and 
aerobiological datasets contain zeros the 
distribution will not be possible.  

On the other hand, Comtois argues that the 
gamma distribution often is related to a 
Successive Random Dilution, SRD, process, 
which is typical for pollen dispersal and 
aerobiology. The SRD process is divided 
into three steps where 1) the source (i.e. the 
pollen) is released into a carrier medium (i.e. 
the wind). 2) It becomes diluted by the 
moving wind in the absence of  new source 
releases and 3) is completely mixed by the 
turbulence. A gamma distribution may also 
be approximated to a normal distribution 
for a very large amounts of  samples, or if  
the scale parameter, β, is equal to 1.
(Comtois, 2000) 

There are a number of  different other 
distributions possible to investigate. They 
will not be dealt with in this report since 
they are complicated. The Poisson 
distribution would be sufficiently accurate to 
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use for most tests. Another common 
distribution used in the literature is the log-
normal (Comtois, 2000).  

The important thing to bear in mind is only 
that data are not normally distributed once 
taken out of  its time sequence and thus rule 
out any parametric test on that data for 
spatial analysis. Parametric tests all assume a 
normal distribution (Gotelli & Ellison, 2004). 
What kind of  distribution used is crucial to 
the power of  the test since it is the 
underlying cause to estimate the error of  the 
test  and the risk of  committing type I and II 
errors. 

Modelling dispersals 
How far from the source is pollen 
transported? This question is important 
when modelling dispersals. As mentioned 
above, the dispersal curve will be leptokurtic 
with a large proportion of  the pollen ending 
up close to the source, or the local 
component. How large proportion of  the 
pollen that is transported to the regional and 
long distance components is decided by the 
thickness of  the tail of  the curve (Hardy, 
2009). The fatter the tail, the more pollen 
will be dispersed over a larger distance.  

In a study by Kuparinen (2006) different 
ways model dispersals have been assembled. 
She identifies four different ways of  
modelling. In order of  complexity, they are: 

1. Simple dispersal models that are used as 
submodels for larger ecological processes 
like metapopulations and recruitment 
patterns(Nathan & Casagrandi, 2004). 

2. Empirical models that have been used to 
model observed dispersal patterns. The 
parameters are shape parameters for 
probability density functions. For instance, 

they can describe the thickness of  the tail.
(Kuparinen et al. 2006; Hardy, 2009) 

3. Quasi-mechanistic models that have 
descriptive parameters, estimated from 
dispersal data  

4. Fully mechanistic models include the 
physical factors affecting the dispersal of  
the particle as well as the environmental 
factors which affect the dispersal process. 

The base for mechanistic models are the 
ballistic equation in where the dispersal 
distance, xd, is dependent on the height, h, of   
the particle release, the horizontal wind 
velocity, u, under which the particle is 
released and the terminal velocity, vt, of  the 
particle in the following way: 

xd = hu/vt 

This is however not sufficient to accurately 
predict the dispersal patterns, since there are 
a lot of  stochastic factors (e.g. turbulence, 
gusts variation in wind speeds, etc) affecting 
the particle. It is an accepted fact that 
gravity, mean horizontal wind speed and 
turbulence are the main factors affecting the 
particle(Kuparinen, 2006). There are two 
major ways of  modelling mechanistic 
dispersal: the Eulerian and the Lagrangian. 

The Eulerian approach focuses more on the 
source of  the particle and the stochastic and 
environmental phenomena that affect its 
movements, thus targeting on the dispersal 
patterns. The Lagrangian approach, on the 
other hand, focus more on the trajectory of  
the particle. The Eulerian models include 
variables like gravity, deposition and the 
spatial and temporal variation in the particle 
movement (Kuparinen, 2006). These 
variables are hard to measure, and thus this 
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approach has been difficult. The trajectory 
simulations are easier to conduct. The time 
scale is approximated into discrete intervals 
and the wind conditions for each interval is 
considered. The wind data could be 
measured empirically or be simulated. The 
latter would be t prefer, since wind data are 
often autocorrelated and empirical 
measurements may not completely cover 
this fact. The trajectory models have been 
used to map the movement of  air masses, 
using seeds or pollen grains as bioindicators 
(Comtois, 1997). 

Methods 
How do we then conduct tests to investigate 
differences between sites? I will here give 
some suggestions to tests that are easy to 
conduct, and others that would require 
more data or resources. The first test I have 
conducted from existing data. The second 
test was conducted together with Linda. 
These two tests will be dealt more with in 
the results and discussion parts. 

Parametric analysis of  phenological 
variables 
Even though the site-specific dataset 
collected during one year will be Poisson 
distributed, the separate phenological 
variables (i.e start, peak and end of  the main 
atmospheric pollen season) yielded from the 
sampling can be assumed to have a normal 
distribution. For example the peak values 
from a time series of  10 years will have a 
central value, a mean, and a spread 
parameter, i.e variance. However, a test of  
normality and homogeneity of  variances 
should always be conducted. This will make 
an analysis of  variance (one-way ANOVA) 
possible. The site will be set as the 
treatment. Note that this test is not possible 

for variables of  intensity (i.e. sum and peak) 
since these are auto-correlated and the 
masting years will create a skewness in the 
data distribution. 

For this study Göteborg, Malmö and 
Bräkne-Hoby were selected since they have 
the longest series of  measurements, 15 years 
were randomly from each site. The variables 
analysed were day of  start, peak and end 
plus the length of  the main atmospheric pollen 
season (MAPS). The taxa analysed were Alnus, 
Artemisia, Betula, Poaceae and Quercus, chosen 
for their allergenicity and representativeness 
for all three sites. The variables were 
analysed with a one-way ANOVA, for all 
taxa, n=15 for all sites. However, for the 
early flowering species Alnus the 
measurements for some years started after 
the onset of  flowering. These missing values 
have been adjusted by decreasing the 
number of  replicates, n=13 for Malmö and 
Göteborg and n=7 for Bräkne-Hoby. The 
sampling was done between the years 1992 
and 2013. Additional test on the data were 
Shapiro-Wilks test of  normality and a test of  
homogeneity of  variances. A test was 
considered significant if  P < 0,05. A post-
hoc test was conducted for significant results. 

Non-parametric test of  wind direction for 
pollen release 
There are indications that the pollen release 
is larger in wind directions with an easterly 
component, i.e. NE, E and SE. (Dahl & 
Grundström, 2013). This phenomenon has 
been attributed to the easterly winds 
tendency to be drier and warmer. To test 
this hypothesis, pollen counts were 
categorised into four categories, i.e. low; 
medium; high; very high. The categories 
were set after the regular allergy sufferers 
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reaction to the pollen concentration and are 
the categories used in pollen forecasts. 
Likewise, the wind direction of  360˚ were 
categorised into 8 discrete categories, each 
covering 44.9˚. The categories were tested 
against each other with Fischers exact test in 
a Monte Carlo framework. Data were 
randomised to create a null distribution 
1,000,000 times. The test was done for Alnus 
and Betula with data collected between the 
years 2006 to 2013. 

Results 

Parametric test of  phenological variables 
The data were found to be normally 
distributed, however in some cases the 
variance was found to be too heterogenous. 
In these cases, the test result had to be 
disregarded. The test showed a significant 
difference for the start of  the MAPS for 
Artemisia(p=0,00) and Poaceae(p=0,045) and 
a near significance for Betula(p=0,09) and 
Quercus(p=0,09) No significance was detected 
for Alnus in any of  the tests. Differences in 
peak date were not significant for any 
species. The end of  the MAPS was 
significant for Quercus(p=0,02), Artemisia had 
to be disregarded since its variance was too 
heterogenous. For the length of  the MAPS 
there was no significant difference for any of  
the three sites. For Artemisia the post hoc 
showed all three sites to differ from each 
other in respect to the start of  the MAPS. 
For Poaceae Malmö and Göteborg could not 
be separated in respect to start of  the 
MAPS, as was the case with Göteborg and 
Bräkne-Hoby.(see table 1) 

The data showed that the mean start for 
Artemisia MAPS was on the 25 July (day 
206±4,8 days) in Bräkne-Hoby, on 22 July 
(day 203±5,0 days) for Göteborg and on the 

14 July (day 195±9,1 days) for Malmö. The 
data for Poaceae revealed  that the MAPS 
mean start was on the 19 May (day 
139±10,2 days) for Bräkne-Hoby, on the 14 
May (day 134±5,0) for Göteborg and on the 
6 May (day 126, ±9,1 days) for Malmö. The 
post hoc test revealed all three sites to be 
significantly separated with respect to 
flowering start. Even though most species in 
Poaceae flower earlier than Artemisia, 
flowering in both groups are earliest in 
Malmö. This pattern could not be observed 
in the data for the woody plants. For Quercus 
the end of  the MAPS was significantly 
different for the sites where the mean end 
was on the 15 June (day 166±8,0 days) on 
the 4 June (day 155±15,4 days) for Göteborg 
and on the 6 June(day 157±7,3 days) for 
Malmö. The post hoc test showed that 
Göteborg could not be statistically separated 
from any of  the two other sites. This is 
probably due to the much higher variance in 
the data for Göteborg. 

Non-parametric test of  wind direction for 
pollen release 
The wind direction was normally distributed 
with the prevailing winds coming from the 
South to South-East. The intensity 
categories were Poisson distributed. Fischers 
exact test revealed a significance for Alnus 
(p=0,046) but not for Betula (p=0,67). As can 
be seen in fig. 3b) there is an unexpected 
amount of  large numbers in the categories 1 
and 2 (corresponding to 0°-89,9°) which 
would be the northern to the easterly winds. 
There are also high values in the categories 
4 and 5. However this would be expected 
since these are the prevailing winds.  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Fig 3 a) The wind categories were found to be normally distributed with a mode of  4 (135-179,9°). b) 
The pollen counts plotted in each wind category. The high values were unexpectedly frequent in  
 1 and 2.

Species Day of  start Day of  peak Day of  end Length

Alnus 0,11 0,24 0,5 0,45

Artemisia 0,00 0,17 Disregarded Disregarded

Betula 0,09 0,52 Disregarded Disregarded

Poaceae 0,045 0,16 0,97 0,48

Quercus 0,09 0,16 0,02 0,76

Post hoc

Day of  start

Species Group 1 Group 2 Group 3

Artemisa Bräkne-Hoby

Malmö

Göteborg

Poaceae Bräkne-Hoby

Göteborg Göteborg

Malmö

Day of  end

Quercus Bräkne-Hoby

Göteborg Göteborg

Malmö

Table 1. Significances of  the ANOVA 
with post hoc test for the significant 
results. Variables with too heterogenous 
variances had to be disregarded. 
Significant results was revealed for 
Artemisia and Poaceae with respect to the 
start of  the Mean Atmospheric Pollen Season 
(MAPS) and Quercus with respect to the 
end of  the MAPS. A near significance 
was detected for Betula and Quercus with 
respect to the start of  the MAPS.

a) b)
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Discussion 
The non-significance for Alnus in the 
parametric test was probably an effect of  the 
difference in sample size. If  there had been 
more reliable replicates for Bräkne-Hoby the 
result would most likely have been different. 
It was interesting to notice the common 
significant difference for the weedy plants 
Artemisia and Poaceae in respect to the start 
of  the MAPS. The more southern sites of  
Malmö and Bräkne-Hoby were of  course 
expected to have an earlier start than 
Göteborg. However, the distance between 
the sites are not very large and the more 
maritime climate of  Göteborg may 
influence the start of  the seasons. There 
were no significant difference in length of  
the pollen season, which could mean that 
the seasons are just dislocated, with respect 
to each other. The high and heterogenous 
variance in the data made many of  the 
results unreliable. To increase the reliability 
data could have been transformed. On the 
contrary, the variance in itself  is interesting. 
Some of  the variance in the dataset would 
arise from the long time of  sampling and 
ongoing climate change. A trend towards 
earlier flowering has been observed by 
Nomoto (2013a). The more stable maritime 
climate of  Malmö and Göteborg could 
affect the phenology differently from the 
more variable inland climate of  Bräkne-
Hoby. Nomoto also observed a significant 
increase in pollen production, as a 
consequence of  higher temperatures. 

To investigate the intensity of  the pollen 
seasons further the masting years need to be 
more understood on both a spatial and a 
temporal scale. The sum and peak values 

strongly depend on the rare events of  
masting years and creates the skewed and 
probably Poisson-distributed data. To model 
this it is vital to know the autocorrelated rate 
at which these events occur. The spatial 
autocorrelation is also important since a 
mast year will yield a higher probability of  
transport at a larger range and thus affecting 
other areas.  

This parametric test only gives a very 
simplified picture of  the phenology of  the 
species in question. Future studies should 
also focus more on the physiological aspects 
of  the plants. This has to some extent been 
done (see for example Dahl & Strandhede, 
1996; Jato et al., 2013) but could be done for 
more species. If, for instance, the effects of  
temperature accumulation and precipitation 
could be modeled, the spatial boundaries of  
the autocorrelation could be estimated 
through easily surveyed abiotic factors. It 
may also be a way to assess and predict the 
impact of  climate change. 

One factor that could be interesting is the 
diurnal temperature range (DTR). The 
accumulated Growing Degree Hours (GDD) is 
as mentioned above vital to the plants 
physiological processes, as well as some 
plants need of  chilling temperatures. The 
DTR covers both of  these and should 
therefore be surveyed. The DTR could be 
expected to be smaller in coastal areas with 
a more stable, maritime climate, than in 
inland areas. 

However, modelling dispersal patterns and 
trajectories are important for the 
understanding of  the full range of  the 
processes that affect the pollen. There is a 
wide range of  ecological variance and both 
biotic and abiotic factors need to be 
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investigated and understood to see the 
complete picture of  pollen dispersals.  

Part 2 – Division of  regions 
in southern Sweden 
During the last years, there have been 
studies trying to divide different areas into 
regions with the purpose of  finding pollen 
sources as well as to see what areas 
important pollen sources affect (Puppi 
Branzi & Zanotti, 1992; Skjøth et al., 2009). 
The study from Nomoto (2013a) showed 
that the phenology of  several grass species, 
as far as 12 km away from a pollen station, 
conforms to the amount of  registered pollen 
in the pollen station. This means that what is 
registered in pollen stations some distance 
away is representative for a homogenous 
area influenced by the same kind of  weather 
and climate.  

   With current advancing climatic changes 
in mind, there are reasons to believe that 
these changes will affect different areas in 
different ways, and therefore, we cannot 
expect to see the same vegetative responses 
in different regions (Menzel et al., 2006; 
Gordo & Sanz, 2009; Primack et al., 2009). 
This study will therefore make a basis for the 
identification of  areas that differ from one 
another. It is important to keep evaluating 
and analysing the vegetation, so that pollen 
forecasts will have as high quality, and be as 
helpful for allergy sufferers, as possible.  

Aim 
The aim with this study is to divide southern 
Sweden into homogenous regions with 
respect to land-use, vegetation, climate, 
geology and topography that could be 
represented by monitoring stations, and on 
this basis detect the impact from important 
pollen sources upon these areas. The 
ultimate goal is to provide people with 
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pollinosis with better pollen-forecasts that 
are relevant to their home-region.  

Methods 
The division of  the regions of  the landscape 
is based on land-use, vegetation, climate, 
geology and topography. The vegetation has 
been analysed with regard to the most 
allergenic species, which are Alnus, Betula, 
Corylus, Fagus, Poaceae and Quercus. Artemisia 
vulgaris is a highly allergenic species, but does 
not build larger populations, does not spread 
their pollen very far, and is most distributed 
towards cities, ruderal areas and agricultural 
lands. Artemisia vulgaris is therefore 
considered to have an impact on the pollen 
concentration in the air in every city and 
every agricultural land, and will therefore be 
taken under consideration regarding cities 
and agricultural lands, but will not make a 

basis on which the regions are divided. The 
regions will also be divided with respect to 
their distribution of  Pinus and Picea, even 
though these species are not particularly 
important for allergies. 

   To be able to make the division based on 
these criteria, Floras for the different 
provinces, which are Bohuslän, 
Västergötland, Dalsland, Halland, Småland 
and Blekinge, have been used, and also 
books from the series Swedish National 
Atlas, where Sveriges geografi, Skogen, Sveriges 
klimat and Västergötland have been the most 
helpful. The book Det levande landskapet i 
Sverige by Sten Selander (1987) has also been 
used in the identification of  the regions.  

   This study focuses entirely on the local and 
regional component of  pollen-dispersal and 
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Fig. 4: Map over southern Sweden with locations of  climate diagrams. Original map from 
Wastenson et al., 1996 (SNA).



will take no regard to long distance 
transport. Since the regional component is 
said to include varying distances of  up to 
100 kilometres, this project is based on the 
rule of  thumb that most pollen spreads 
around 50 kilometres from the pollen source.  

For those areas where data from analysed 
pollen-traps could be gathered, a synthesis 
of  the distribution of  the different species 
were made to decide what species was the 
most abundant in the pollen analysis. This 
synthesis was made for Växjö in region nr 
10 and Bräkne-Hoby in region nr 11. The 
pollen data was gathered from the 
compilation of  data made by Adrian from 
the pollen-analyses made for Växjö during 
the years 1995, 2000 and 2001, and for 
Bräkne-Hoby during the years 1992 – 2008. 
The results from this are presented in the 
discussion.  

Climate 
In order to discern climatic differences 
between cities and regions, climate diagrams 
were drawn for those cities and regions 
where climate data were available (Appenix 
1, Fig. 1-17). The data were received from 
climate stations of  SMHI, Swedish 
Metrological and Hydrological Institute, 
during the years 1961 until 1990. Means of  
the precipitation and temperature for each 
month on each location have been 
calculated by SMHI and made available on 
their website, from where the data were then 
gathered and used in the making of  climate 
diagrams. The locations for climate 
diagrams are presented on a map below 
(Figure 1). The climate diagrams have been 
made according to the definition from 
Walter and Leith (1967) with scale according 
to Gaussen (1954).  

   Since recent studies suggest that the winds 
with easterly components are more 
important for pollen-dispersal than winds 
with westerly components (Dahl et al. 
2013b), this study has been performed on 
the basis that all places directly to the west 
of  an important pollen source is potentially 
important to the decision of  where to place 
the pollen stations. 

The pollen stations active today are 
positioned on tall buildings, often at a height 
of  15-30 m, and assured maintenance every 
day. The elevated position is necessary to 
prevent an overrepresentation of  pollen 
from populations in the nearest 
surroundings, and the results of  the pollen 
analysis will thus more reliable for a fairly 
large area. In order to continue with pollen 
analyses, the new positions for pollen 
stations must have the same sort of  placing, 
where the pollen station also can be 
maintained every day. 

!
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Result 

1 – Dalsland’s coniferous forests with 
Dalslandgruppen and Kroppefjäll 
Dalsland is a province with a generally more 
continental than maritime climate. However, 
there is a climatic gradient in a north-south 
direction because of  the position near the 
continental climate of  Värmland in the 
North and the maritime climate of  
Bohuslän in the South. Overall, Dalsland is 
rich in mixed coniferous forest with small 
amounts of  deciduous forest. Pinus, Picea and 
Betula are most common, where Pinus is 20 – 
40% of  the total amount of  trees, Picea is 40 
– 60% and both species are equally 
distributed in the whole region. Betula make 
up 10 – 20% of  the total amount of  trees, 
and there are also occasional findings of  
Alnus. The southern part of  what is here 

defined as “the Dalsland region”, includes a 
more alpine-like part of  Bohuslän called 
Kynnefjäll (1b), where the vegetation is 
more like the vegetation in Dalsland than to 
other parts of  Bohuslän, which is why it is 
here part of  the Dalsland region. The yearly 
mean precipitation in Blomskog, in the 
middle of  the region, is 675 mm and the 
mean temperature in January and July is 
-4.6°C and 15 °C, respectively (Appendix 1, 
Fig. 2: Blomskog). This situation is very 
similar to the more continental climate of  
Arvika in Värmland a bit further up from 
Åmål, which has a yearly mean precipitation 
of  594 mm and a mean temperature in 
January and July of  -6°C and 15.8 °C, 
respectively (Appendix 1, Fig. 1: Arvika). In 
the Dalsland region there is currently a 
pollen station in Bäckefors on Kroppefjäll, 
close to Mellerud. The length of  the 

"22

Fig. 5: Regions of  the landscape. Original map from Wastenson et al., 1996 (SNA).



growing season in Dalsland is 180 – 190 
days (Appendix 2, Fig. 3). 

1a – Dalslandsgruppen and 
Kroppefjäll 
Kroppefjäll is a horst in the landscape, 
which has been lifted tectonically and is 
defined by pronounced faults. Kroppefjäll is 
part of  the Dalsland-group, which is also 
known as knattarna. These are mountainsides 
of  quartzite and dark volcanic rock. The 
quartzite alternates with softer and more 
nutritious shale. This results in a landscape 
with more difficultly eroded hilltops, and 
more lush valleys with deciduous forests of  
Corylus, Betula and Alnus. 

1b – Kynnefjäll 
The alpine region consists of  bedrock of  not 
easily eroded gneiss and a soil texture 
nutrient-poor moraine, which results in 
vegetation characterized by marshes, 
coniferous forests and mosses. The 
vegetation in the marshes and mosses are 
mostly grasses from the family Poaceae, 
reeds and rushes with streams of  Betula, 
Pinus and Picea.  

2 – Bohuslän, northern, midst and 
archipelago.  
Bohuslän is the most westerly Swedish 
province and is characterized by a rift valley 
landscape. The rifts were formed from 
movement in the crust and were, after the 
formation, more exposed to erosion than 
was the bedrock, which made the erosion 
spread faster vertically through the crusts 
than horizontally. This resulted in today’s 
landscape with lush valleys and harder 
hilltops. The deep rifts allow the maritime 
climate from the coast to penetrate deeper in 
to the inner parts of  the province, which 
makes Bohuslän our most maritime 

province. The rifts also allow the local 
climate to vary between tops and valleys, 
and plains are only found scattered 
throughout the landscape.  

Bohuslän can be divided into a western and 
an eastern part, as well as into a northern 
and southern part. The northern part is 
similar to Dalsland in its climate and 
vegetation, and the southern part is more 
like the northern parts of  Halland in its 
climate and vegetation. The division in west-
east direction is most apparent with regard 
to precipitation, which is higher in the 
inlands than in the archipelago and the 
outer coast, due to orographic precipitation. 
In the archipelago, the yearly average 
precipitation is around 550 mm, and in the 
inlands, it is between 800 – 1000 mm 
(Appendix 2, Fig. 1). The division is also 
apparent with regard to the vegetation, since 
the archipelago and the most westerly parts 
of  Bohuslän have more deciduous forest 
than the inlands, because of  the mild and 
nutritious conditions in the rift valleys, and 
the inlands have more coniferous forest 
because of  the more acidic moraine.  

Northern and eastern part 
The northern part of  Bohuslän is east to the 
southern part of  Norway, and lies in a rain-
shadow from Norway and the Norwegian 
Westland. Thus, the climate is more 
continental with less precipitation and colder 
winters than in the southern part, and is 
more similar to Dalsland with its coniferous 
forests and occasional spots of  deciduous 
forests. The mean temperature in July is 16 
– 18 °C and the mean yearly precipitation is 
900 – 1000 mm (Appendix 2, Fig. 1). On the 
coast, at Nordkoster, the yearly mean 
precipitation is 627 mm and the mean 
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temperature in January and July is -2.1 and 
16.3 °C, respectively (Appendix 1, Fig. 3: 
Nordkoster). The length of  the growing 
season is 190 – 200 days (Appendix 2, Fig. 
3). 

The west and the archipelago in the south 
The southern part of  Bohuslän is more 
similar to the northern parts of  Halland in 
its climate and vegetation, and has a higher 
abundance of  deciduous forest than the 
inlands and the North part of  Bohuslän. 
The inner midst of  Bohuslän rests on a 
ground of  clay and silt which makes these 
grounds more nutrient-rich than those in the 
North and those further out in the 
archipelago. This area houses Corylus, Betula, 
Fagus, Quercus, and Alnus on the more moist 
parts. The abundance of  Quercus is among 
the highest, in Sweden, together with 
Halland, Skåne, Öland and Blekinge, and 
represents 10 – 20% of  the total amount of  
trees. Betula is 20 – 30% and Corylus together 
with Alnus makes up about 10 – 30 % of  the 
total amount of  trees. Fagus occurs on 
scattered spots and is planted in this part of  
Götaland. The yearly mean precipitation is 
1000 – 1100 mm and the mean temperature 
in July is 16 – 18 °C, respectively (Appendix 
2, Fig. 1 and 2).  

Further out on the coast and in the 
archipelago, the ground is made of  bare 
rock mostly with Poaceae and herbs, such as 
Artemisia vulgaris, and here, the climate is 
drier than in the rest of  the region. The 
length of  the growing season is 200 – 210 
days (Appendix 2, Fig. 3). At Måseskär, the 
yearly mean precipitation is 579 mm and the 
mean temperature in January and July is 
-0.4°C and 16.3 °C, respectively (Appendix 
1, Fig. 16: Måseskär)  

3 – Västgöta Plain, Dalbo Plain and 
the table mountains.  
The Västgöta Plain is a large part of  
Västergötland, and is located to the west 
from a line in south – northeast direction 
between Alingsås and Mariestad.  

Västergötland is characterized by a 
maritime climate in the West and a 
continental climate in the East. The 
Västgöta Plain is a vast grassland with 
extensive agriculture. The region also 
includes the Dalbo Plain in Dalsland, in the 
northwest of  Västgöta Plain, and the table 
mountains, which are Billingen (3a), 
Kinnekulle (3b) and Halle- & Hunneberg 
(3c). The plain is part if  the subcambrian 
peneplane, which is an eroded bedrock. The 
length of  the growing season in this region is 
190 – 200 days (Appendix 2, Fig. 3). 

The table mountains 
The table mountains are mountains where 
diabase during early ages of  Perm intruded 
and created a layer of  volcanic rock, 
protecting the mountain from eroding under 
the latest ages. This means that the 
mountains today have bedrock following 
(from the ground to the top) primary rock, 
sandstone, alum shale, limestone, shale and 
diabase. This sequence creates grounds 
where plants favoured by different kinds of  
bedrock grow, and the limestone contributes 
to a higher pH in the soil, which affects the 
solubility of  other elements that can be 
detrimental so plants. This creates a 
landscape that favours the growth of  many 
kinds of  plants. Thus, the vegetation of  the 
table mountains is different from the 
Västgöta Plain. Since the diabase is low in 
nutrition, the vegetation on the top of  the 
table mountains consists mostly of  planted 
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Picea forest, bogs and old growth forests. 
Both Billingen and Kinnekulle reach up to 
more than 300 m above sea level, and Halle- 
& Hunnebergen reach approximately to 150 
m. 

There is currently a monitoring pollen 
station in the city of  Skövde, which is 
situated on the North mountainside of  
Billingen.  

The Västgöta- and Dalbo Plains 
Crops from the Poaceae family dominate the 
agricultural plains. The slopes of  the table 
mountains are covered by a great amount of  
deciduous forest, with smaller areas of  
wetlands. Betula represents 10 - 20% of  the 
total amount of  trees in the greater part of  
the region. But for the area in the South, 
which is in fact part of  region 5a, and a bit 
further up near Billingen, Betula represents 
as much as 30 – 50% of  the total amount of  
trees. The western parts of  the region have 
larger coverage of  coniferous forest that 
overlap with the Gothenburg-region number 
4, but is still counted as part of  region 
number 3 due to its climate, as well as the 
section of  coniferous forest to the west of  
Billingen. The area around Vänersborg 
receives a yearly mean precipitation of  709 
mm and the mean temperature in January 
and July is -2.6°C and 15.8 °C, respectively 
(Appendix 1, Fig. 4: Vänersborg). 

The Västgöta Plain with centre in Skara has 
a warm and dry continental climate, the 
average yearly precipitation is 563 mm and 
the average temperature in January and July 
is -3.3°C and 15.7 °C (Appendix 1, Fig. 5: 
Skara).  

!
!

4 – The Gothenburg region 
This region is relatively consistent in 
vegetation and climate, with slightly more 
precipitation in the inlands than on the 
coast. The region has a high concentration 
of  Betula, especially around Gothenburg, 
where it makes up 30 – 50% of  the total 
amount of  trees. The further away from 
Gothenburg, the lower is the amount of  
Betula with a concentration of  10 – 20% at 
the borders of  the region. Within the region, 
there is a fair mix of  coniferous and 
deciduous forest. Pinus is the most abundant 
coniferous species with a concentration of  
20 - 40%, and the deciduous species are 
mostly Quercus, Corylus and Alnus, which 
together account for 10 – 20% of  the total 
amount of  trees. The region also holds 
marshes, which are mostly located around 
Alingsås, northeast from Gothenburg, and 
there are grasslands containing pastures with 
Poaceae and most probably Artemisia, 
southwest from Kinna in the southern most 
parts of  the region. The grasslands then 
continue down to the mixed forests of  
Halland (region 8).  

The region receives a yearly mean 
precipitation of  759 mm and the mean 
temperature in January and July is -1.1 and 
17 °C (Appendix 1, Fig. 15: Gothenburg). 
The length of  the growing season in this 
region is 200 – 210 days (Appendix 2, Fig. 
3). 

There is currently a pollen monitoring 
station in the city of  Gothenburg, which has 
been running since 1975.  

5 – The highland of  southern Sweden 
Even though this region has similarities with 
region 7 with respect to the bogs and 
marshes, this area will still be considered as 
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a region of  its own since the topography 
makes it different from other regions. The 
highland of  southern Sweden reaches up to 
377 m above sea level in Nässjö kommun. 
The vegetation mainly consists of  coniferous 
forest, with 20 – 30% Pinus and 40 – 60% 
Picea of  the total amount of  trees. Betula has 
an abundance of  only 10 – 20% and is more 
or less the only deciduous tree in the 
vegetation. Within the region there is 
scattered bogs and marshes in the areas 
where the precipitation is higher, i.e. in the 
westerly parts of  the highlands. The yearly 
precipitation is 900 – 1000 mm in the 
western-southwestern part of  the region, 
and 700 – 800 mm in the east-northeast part 
of  the region (Appendix 2, Fig. 1). This 
region receives a yearly mean precipitation 
of  787 mm and the mean temperature in 
January and July is -3.7 and 14.8 °C 
(Appendix 1, Fig. 7: Jönköping). Even 
though the highland is situated in the 
southernmost Sweden, the topography 
creates a climate quite similar to that of  
Dalsland and Värmland, (Appendix 1, 
compare the climate diagrams Fig 1: Arvika 
and 2: Blomskog). The length of  the 
growing season on the highlands of  
southern Sweden is 180 – 190 days 
(Appendix 2, Fig. 3). 

There is currently a pollen station in 
Jönköping, which has been running since 
1988, and also a pollen station in Nässjö. 

5a – Deciduous forests of  Borås 
In the area north-east of  Borås, stretching to 
the table mountain of  Billingen, there is a 
higher concentration of  deciduous forest 
than the otherwise coniferous-forest 
dominated area. The dominating deciduous 
species is Betula, with a concentration of  20 

– 30% of  the total amount of  trees, but 
there is also Quercus, Alnus, Salix and most 
probably Corylus. The climate-diagram 
made for Borås shows that the region 
receives a yearly mean precipitation of  978 
mm, and the mean temperature in January 
and July is -2.8°C and 15.6 °C, respectively 
(Appendix 1, Fig. 6: Borås).  The region 
overlaps the region Västgöta Plain (region 
3) and ends near the centre of  the 
municipality of  Herrljunga. 

6 – North-eastern Småland 
The coastlands of  north-eastern Småland 
has richer soil than the rest of  Småland 
since they where submerged during the Ice 
Age, and sediments deposited on the 
otherwise more acidic granite when the ice 
melted after the last Ice Age. Thus, 
deciduous forest with Quercus and Corylus is 
more abundant along the coast than other 
parts of  Småland. From Oskarshamn up to 
Västervik and Gamleby the concentration 
of  Quercus is 5 – 10% of  the total amount of  
trees. The rest of  the province in the region 
is dominated by Pinus since there is a lot of  
bare rock and nutrition poor ground. Pinus 
occurs here in a concentration of  40 - 60% 
compared to 20 - 40% in the rest of  
Småland, and only 5 – 10% of  the total 
amount of  trees is Betula. The region has a 
continental climate and receives a yearly 
mean precipitation of  570 mm and the 
mean temperature in January and July is 
-3.2°C and 15.9 °C, respectively (Appendix 
1, Fig. 8: Målilla). The length of  the growing 
season in the region is 190 – 200 days 
(Appendix 2, Fig. 3) 

!
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7 – Western Småland with bogs and 
marshes 
This area is influenced of  the maritime 
climate from the west where the 
precipitation increases with elevation along 
the slopes of  the highlands of  southern 
Sweden, and the amount of  radiation hours 
are higher towards Halland and fewer when 
reaching the highlands. Along an imaginary 
line parallel with the coast from Borås to 
Ljungby, the amount of  precipitation is the 
highest in southern Sweden. In Borås e.g., 
the yearly mean precipitation is 975 mm, in 
Ljungby 769 mm and in Torup, near 
Hyltebruk northwest of  Ljungby, it is 1061 
mm. In Torup, the precipitation is the 
highest of  all places with available climate-
diagrams for this study. This climate creates 
an abundance of  bogs, marshes and peats, 
especially in region 7a. The region is 
otherwise similar to region 5 with regard to 
vegetation, where 40 – 60% of  the total 
amount of  trees is Picea, and 20 – 40% is 
Pinus. 10 – 20% of  the total amount of  trees 
is Betula. The length of  the growing season is 
here 190 – 200 days (Appendix 2, Fig. 3). 

 Torup has a mean temperature in January 
and July of  -2.6°C and 15.2 °C, respectively, 
and Ljungby a mean temperature of  -2.6°C 
and 15.6 °C, respectively (Appendix 1, Fig 
17: Torup, and Fig. 11: Ljungby). 

7a – Bogs and marshes 
In this area grasses, rushes, reeds and Picea 
dominate the vegetation. Betula is 
represented only by 5 – 10% of  the total 
amount of  trees, as compared to 10 – 20% 
in the rest of  Småland (apart from region 6). 
Picea has a concentration of  40 – 60% of  the 
total amount of  trees. The area reaches to 
the highland of  southern Sweden (region 5) 

around Ulricehamn, Jönköping, Gislaved 
and Värnamo.  

8 – Mixed forests of  Halland 
The vegetation in this region is a mix of  
deciduous and coniferous forest with more 
Corylus, Quercus and Betula in the North and 
more Fagus in the South. The concentration 
of  Quercus is 10 – 20%, which together with 
the coast of  Bohuslän, Blekinge, the middle 
of  Öland and the middle of  Skåne is the 
highest in Sweden. Betula has a 
concentration of  20 – 30% and Fagus 1 – 
5%. This area is also one of  the few places 
in southern Sweden where the distribution 
of  Pinus and Picea is equal, 20 – 40% of  the 
total amount of  trees each. In the northern 
part, the rift valley landscape of  Bohuslän 
continues. The vegetation between the 
hilltops and the valleys, and the populations 
of  deciduous forests are mostly found in the 
more rich soil of  the latter, similarly to what 
we see in Bohuslän. The region also contains 
plains and agricultural land, which are as 
common as the forests, and these areas have 
important populations of  Poaceae and most 
likely Artemisia. The length of  the growing 
season here is 200 – 210 days (Appendix 2, 
Fig. 2). 

9 – The plains of  Halland 
The coastal area of  Halland is made up of  
vast plains and agricultural land. The areas 
between the rivers Ätran and Nissan are 
intensively used in agriculture, as is the area 
between Varberg and Falkenberg. Here, the 
soil is made out of  clay and sand, which is 
sediment that was deposited over the 
otherwise nutrition-poor gneiss, when the 
area was below waterline after the latest Ice 
age. This makes the soil nutritious and 
favours the agriculture. The vegetation of  
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the plains of  Halland are mainly dominated 
by the Poaceae family, but much of  the 
agricultural land is abandoned so there is a 
good reason to believe that also Artemisia 
makes a good deal of  the vegetation, at least 
in the early ages of  succession. The 
southernmost part of  Halland is 
characterized by limestone ground, which 
was blended into Hallandsåsens moraine 
during the last Ice age. This has made 
Hallandsåsen home for species favoured by 
limestone. Below Halmstad there is an area 
dominated by deciduous forest (region 9a) 
with Quercus, Fagus, Betula, Alnus and Corylus. 
Quercus represents 5 – 10% of  the total 
amount of  trees, Fagus is 10 – 20%, Betula is 
20 – 30% and Alnus, Corylus and other 
deciduous trees are 5 – 10% of  the total 
amount of  trees.   

   Climate-diagrams made for Varberg and 
Halmstad shows that there is no particular 
difference between these two cities, although 
Halmstad receives slightly more 
precipitation than Varberg. Varberg receives 
a yearly mean precipitation of  740 mm and 
Halmstad a yearly mean precipitation of  
796 mm. The mean temperatures in January 
and July are for Varberg -1.3°C and 16.2, 
and for Halmstad -1.5°C and 16.2 °C 
(Appendix 1, Fig 9: Varberg and Fig. 10: 
Halmstad). The length of  the growing 
season on the coast is 210 – 220 days, which 
is the longest growing season, together with 
the West coast in Skåne, in Sweden 
(Appendix 2, Fig. 3). 

10 – South-eastern Småland 
The region is similar to the rest of  Småland 
but contains more Picea than region 6, the 
altitude is lower than in region 5 and the 
precipitation is lower than in region 7. Thus, 

it is identified as a separate region. Along the 
coastline, the soil is richer than the rest of  
Småland (in accordance with the coastline in 
region 6) since the area was submerged 
during the latest Ice age, and sediments 
deposited on the granite. The precipitation 
is lowest in the East around Kalmar, and 
highest in the West around Växjö. Växjö 
receives a yearly mean precipitation of  653 
mm and the mean temperature in January 
and July are -2.7°C and 15.8 °C, 
respectively (Appendix 1, Fig. 12: Växjö). 
Picea accounts for 60 – 80% of  the total 
amount of  trees towards the West and 40 – 
60% towards the East. Pinus is in the South 
only 5 – 20% of  the total amount of  trees, 
in the North 20 – 40% and to the borders of  
region 6, 40 – 60% of  the total amount of  
trees. Betula accounts for 10 – 20% of  the 
trees in more or less the whole region. The 
length of  the growing season in the inlands 
is 190 – 200 days, and on the coast, as well 
as on Öland, 200 – 210 days (Appendix 2, 
Fig. 3). 

10a – The Kalmar region 
Around Kalmar there is a vast plain of  
agricultural land. Not only is the area home 
to many Poaceae species, but there is also a 
higher concentration of  deciduous forest in 
this area than in the rest of  the south-
eastern Småland region. The concentration 
of  Quercus is here 5 – 10% of  the total 
amount of  trees compared to 1 – 5% in the 
rest of  Småland. Other species of  broad-
leaved deciduous trees occur in a 
concentration of  1 – 5% compared to 0 - 
1% in the rest of  Småland. Although 
Kalmar is situated on the coast, the climate 
is more continental with a mean yearly 
precipitation of  487 mm, the lowest of  all 
places for which climate-diagrams have been 
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available in this study. The mean 
temperature for January and July are -1.9 
and 16.4 °C, respectively (Appendix 1, Fig. 
13: Kalmar). 

10b – Öland birch 
In Öland, on the same latitude as Kalmar, 
the concentration of  Betula is high, i.e. 30 – 
50%. This may cause problems for allergy 
sufferers in the regions nearby, as well as for 
those living on Öland, which is why I choose 
to make this area part of  South-eastern 
Småland. 

11 – Blekinge and Listerlandet  
Blekinge is one of  the most Quercus-rich 
provinces in Sweden with a concentration of  
10-20% of  the total amount of  tree species 
in the region. Only in the coastal areas of  
Halland and Bohuslän, and parts of  Skåne, 
the concentration of  Quercus is as high. The 
landscape rises continuously from south to 
north and the northern parts of  Blekinge are 
more like Småland, why they here are 
regarded as part of  region nr 10. There is a 
slight gradient in west-east direction in the 
province, with higher precipitation in the 
west, where there are more Fagus forests. 
However, Quercus is somewhat more 
common to the East. Towards the coast, 
there are occasional findings of  plains with 
Poaceae. The town of  Ronneby receives a 
yearly mean precipitation of  635 mm and 
the mean temperatures for January and 
February are -1.7 and 16 °C (Appendix 1, 
Fig. 14: Ronneby). There is currently a 
pollen station in Bräkne-Hoby, which is a 
village close to Ronneby. The length of  the 
growing season in the region is 200 – 210 
days (Appendix 2, Fig. 3) 

!!

11a – Listerlandet 
Listerlandet is different from the rest of  
Blekinge since there is a calcareous 
limestone bedrock instead of  acidic granite 
and gneiss as the rest of  the province. It also 
has “Ryssberget”, which receives as much 
rain as the northern parts of  Blekinge and is 
also place for abundant Fagus, with a 
concentration of  20 – 30% of  the total 
amount of  trees. 

Discussion 

1 – Dalsland coniferous forests with 
Dalslandgruppen and Kroppefjäll 
There is currently a pollen station in 
Bäckefors near the Dalbo Plain, which has a 
good location in the province since it catches 
pollen from the lush valleys of  the Dalsland-
group with deciduous forest, as well as 
Poaceae-pollen from the Dalbo Plain. This 
pollen station should be maintained. 

2 – Bohuslän  
The most important parts in Bohuslän 
regarding pollen dispersal, is the middle 
region and the archipelago, since these areas 
have great amounts of  deciduous forests 
with Betula, Quercus, Alnus and Corylus, and 
both Poaceae and Artemisia. With respect to 
the winds with easterly components being 
the most important, positioning of  a pollen 
station would be most appropriate on the 
coast in the middle of  the province, 
preferably on Orust. Ellös is well located on 
Orust, but is a small community. In case a 
town is better for positioning of  the pollen 
station, Lysekil is also well located. However, 
both Lysekil and Ellös are situated close to 
the sea, which might bias the outcome of  
the pollen analysis.  

!
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3 – Västgöta Plain, Dalbo Plain and 
The table mountains 
The Västgöta and Dalbo Plain are both 
important pollen sources for Poaceae and 
Artemisia, which is why it would be 
convenient to have a pollen station in the 
middle of  the plain, since neither of  these 
species spread their pollen as far as trees do. 
The position of  the pollen station would 
preferably be in Herrljunga or Skara. 
However, to cover the whole region and 
gather pollen from deciduous trees as well 
there might also be good to place a pollen 
station in Trollhättan, since this is a bigger 
town with more inhabitants than Herrljunga 
and Skara, and therefore have more people 
who rely on the pollen forecasts. If  there is a 

tight budget Trollhättan is a better place for 
a pollen-trap, but it is then important to take 
into account that the count of  Poaceae 
pollen most definitely is higher in Skara than 
what the forecast from Trollhättan says, 
since the precipitation in Trollhättan also 
probably is higher in Trollhättan than in 
Skara (Compare climate diagrams 4 and 5, 
appendix 1). Inhabitants on Dalbo Plain can 
rely on both the forecast from Trollhättan 
(Or Skara/Herrljunga) and Bäckefors. 
Pollen registered in the pollen station in 
Skövde represent the vegetation on Billingen 
well and this should therefore be 
maintained. 

!
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4 – The Gothenburg region 
Gothenburg is a large city and the pollen 
station in Gothenburg gathers pollen from 
important pollen sources of  Betula around 
the Gothenburg area, so this pollen station 
should be maintained.  

5 – The highlands of  southern Sweden 
The current pollen stations in Nässjö and 
Jönköping cover the region of  the highland 
quite well, and these should therefore be 
kept maintained. Since region 5a has a 
higher concentration of  deciduous forest as 
well as higher precipitation than its 
surroundings, it would be appropriate to also 
position a pollen station in Borås. The 
precipitations effects in the pollen dispersal 
in these areas are uncertain, and a pollen 
station in Borås would therefore be 
convenient for evaluation. This reasoning 
also concerns region 7.  

6 – North-eastern Småland 
The region is dominated by Pinus, which is a 
species not known to cause allergic 
reactions. However, pollen grains from Pinus 
can cause physical reactions when occurring 
in high densities. Since the coast-side 
contains parts of  deciduous forests and 
grasslands with Corylus and Poaceae, the 
area is seen as important to cover with a 
pollen station. An appropriate place for the 
pollen station would be Hultsfred, which is 
in the middle of  the region to the west of  
the coastal area, and these species would 
therefore be covered.  

7 – Western Småland with bogs and 
marshes 
According to previous reasoning of  position 
of  a pollen station in Borås, the effects of  
climatic (as separated from occasional 
rainfall) high precipitation are uncertain, 

and since this area have the highest 
precipitation in southern Sweden it is 
important to survey the effects of  this on the 
pollen dispersal. The region is similar to 
Borås, with regards to precipitation, but 
differs in vegetation, why a pollen station 
also in this region would be appropriate for 
evaluation. Position of  the pollen station 
would preferably be in Ljungby, which is a 
town situated in the south-east of  the region. 
Gislaved would also be an appropriate 
position for the pollen station, but this is a 
smaller town than Ljungby, why Ljungby 
might be better. 

8 – Mixed forests of  Halland 
See below (region 9). 

9 – The plains of  Halland 
To cover the pollen dispersal from the 
Poaceae family on the agricultural plains of  
Halland, the pollen station would get a good 
representation of  the region if  placed in 
Falkenberg. At this location, the pollen 
station would also be in appropriate distance 
from the deciduous Quercus, Corylus, and 
Betula rich forests of  Halland (region 8). 
Falkenberg is situated in the middle of  the 
region, and is also approximately 50 km 
away from the Fagus forest (region 9a) south 
of  Halmstad, from where it would be able to 
detect pollen. However, even here, the 
vicinity of  the sea might bias the pollen 
forecast.  

10 – South eastern Småland 
According to an analysis of  pollen counts 
from Växjö, the most frequent pollen comes 
from Betula and makes up 50% of  the total 
amount of  counted pollen grains. Pollen 
grains from Pinus are the second most 
common, with 30% of  the total amount of  
counted pollen grains. Växjö is in a region 
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where the concentration of  Pinus is 20 – 
40%, so the representation of  pollen grains 
from Pinus seems reasonable. But the 
concentration of  Betula near Växjö is only 
10 – 20% of  the total amount of  trees. 
There is therefore reason to believe that the 
Betula pollen registered in the pollen station 
originates from the Betula population on 
Öland, which has a concentration of  30 – 
50% of  the total amount of  trees. Previous 
studies have shown that Betula can spread 
their pollen very long distances (Skjøth et al., 
2009; Skjøth et al., 2013; Sofiev et al., 2006), 
so it would be a possibility that these 
registered pollen comes from the source on 
Öland, or perhaps even further away. This 
also strengthens the theory that the winds 
with easterly components have a high 
impact on pollen dispersal (Dahl & 
Grundström, 2013), since the Betula 
population on Öland is located to the east of  
Växjö. It would therefore be appropriate to 
place a pollen station in Växjö again, since 
the recent pollen station has been closed 
since the beginning of  2000.  

   Another important pollen source in the 
region are the plains surrounding Kalmar, 
since the amount of  Poaceae most probably 
is high and the climate is dry and warm, 
which favours pollen dispersal. A pollen 
station in Kalmar would say something 
about the concentration of  pollen in the air 
even for the regions around Kalmar, such as 
Nybro and Emmaboda. A pollen station in 
Kalmar would also register pollen from 
Ölands Betula forest and pollen forecasts 
from Kalmar would therefore be 
representative even for the inhabitants on 
Öland.  

!

11 – Blekinge and Listerlandet 
Since the vegetation in Blekinge is more or 
less consistent through out the region, apart 
from the Fagus forest on Listerlandet (region 
11a), the pollen station in Bräkne-Hoby has 
a good position in the middle of  the region, 
from where the pollen forecasts would be 
representative for the whole region. An 
analysis of  pollen-counts from the pollen 
station currently placed in Bräkne-Hoby 
shows that 32% of  the total amount of  
pollen comes from Betula, 25% from Pinus, 
21% from Quercus and 11% from Poaceae. 
Bräkne-Hoby is right on a border between 5 
– 10% Betula to the West and 10 – 20% 
Betula in the East, so the representation of  
Betula pollen from the analysis might even at 
this location come from the population on 
Öland. However, in the province there is an 
undoubtedly higher amount of  Picea than 
Pinus (40 – 60% against 5 – 20%), but the 
pollen analysis shows that Picea only 
accounts for 2% of  the total amount of  
pollen. This is a pattern registered before in 
pollen analyses, and is attributed to Picea’s 
low ability to spread their pollen grains 
(which are large), as well as to their irregular 
flowering. The amount of  Quercus pollen in 
the station matches the concentration of  
Quercus in the area, which is 10 – 20% of  the 
total amount of  trees. 

The Fagus forest on Listerlandet is however 
an important pollen source, and it is thus 
important to make sure that a pollen station 
is on a close distance from the source. In the 
report “Utvärdering av pollenmätstationer i 
Skåne” (Dahl & Grundström, 2013) the 
authors suggest that a pollen station should 
be positioned in Kristianstad, which is 
approximately 30 km from Listerlandet, and 
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this pollen station could then cover the 
pollen source from that Fagus forest.  

Still, the most pollen will deposit closer to 
the pollen source, and the person standing 
on Listerlandet will experience higher 
amounts of  Fagus pollen than the forecast 
from Kristianstad suggests.  

Conclusions and evaluation  
It is highly important to bear in mind that 
the pollen concentration in a certain region 
is affected by the local- and regional 
component as well as the long distance 
transport. The position of  the pollen stations 
is primarily based on the regional 
component, and it is therefore of  highest 
importance that the local component will be 
taken into account when making pollen 
forecasts and when studying the profile of  
the pollen trap. For example, due to the local 
component and the aerobiological pathway, 
there will be much more Poaceae pollen in 
the air on Västgöta Plain than in 
Trollhättan, and the problems with allergic 
reactions for the person living in Skara will 
probably be higher than the pollen forecast 
from Trollhättan suggests. This is also the 
case for the Fagus forest on Listerlandet 
(region 11a) and the south of  Halmstad 
(region 9a), since the Fagus pollen in the air 
in these areas most probably are higher than 
what the nearest pollen forecast suggests, 
due to the fact that Fagus pollen doesn’t 
spread their pollen very far. If  possible, the 
best way to ensure people who suffer from 
pollinosis good help and reliable forecasts is 
to place pollen stations in every important 
pollen source.  

In this study, the decisions of  how to divide 
the regions have been taken with the help of  
vegetation maps from SNA. These maps 

were published in the year 1990, and even 
though these decisions were strengthen with 
information from Floras of  the provinces, 
many things might have changed in the 
landscape since 1990, with respect to 
logging and overgrowing of  pastures due to 
land-use change. For example, these 
circumstances favour Betula since this is a 
pioneer species, so the distribution of  Betula 
might be larger than shown in this study. 
However, further investigations and 
inventories of  the landscape are needed to 
conclude the possible expansion of  Betula 
and other species favoured by land-use 
change. 

To support the outcome from pollen 
analyses and thus evaluate the position of  
monitoring pollen stations in the landscape, 
it is important to continue with phenological 
studies, as the one performed by Nomoto 
(2013a), to see if  the area selected is 
representative for the pollen forecast in the 
area. In this way, continuous data can be 
conducted to help investigate the dispersal 
of  pollen and the effects of  the regional- and 
local components, as well as how different 
areas respond to climatic factors. This is 
especially important with regard to expected 
climatic changes. These studies are, however, 
dependent on available measured data from 
pollen stations, so, if, after this study, new 
monitoring stations are placed in those 
positions suggested, it is possible to continue 
research and evaluation of  the effects of  
dispersal, climate and phenology and thus 
increase the amount of  knowledge on the 
area and supply people suffering from 
pollinosis with high quality forecasts. 
However, due to economical constraints it 
may be impossible to maintain pollen 
stations in all positions suggested in this 
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study. If  so, there might be reasons to 
maintain pollen stations in the bigger cites at 
first, since there are more citizens in cities 
and thus more people with allergy in cities 
than in villages. Also, According to the study 
by Dahl et al. (2014), pollution interacts with 
allergy and pollinosis, which might make 
allergy more extensive in cities. Even 
though, it is important to take into account 
that people suffering from allergy live in 
different regions and are not centered in 
cities. Thus, the best way to make sure 
everyone who suffers from pollinosis 
acquires good information and qualitative 
forecasts is to place pollen stations on 
reasonable distances from each other 
throughout the landscape, no matter cities, 
town or municipalities.  

!

Conclusive discussion 
We want to stress the fact that phenological 
surveys are important to determine the 
pollen source for a certain area, since the 
pollen counts registered in data from the 
pollen station does not show the trajectory 
of  the pollen. There is also a time lag 
between the flowering of  local populations 
and the time of  measurement in the pollen-
analysis (Jato et al., 2006). The relatively 
new phenological network, a citizen science 
based research programme in Sweden 
(www.naturenskalender.se), has thus an 
important role to fill in future modelling and 
forecasting as the data produced has a high 
spatial resolution. It seems as though most 
articles discuss dispersal from pollen sources, 
rather than the capture of  pollen in traps. 
Also, pollen counts from traps include many 
confounding factors. If  the dispersal pattern 
and influence of  larger pollen sources could 
be modelled and mapped on a spatial scale, 
it would probably simplify forecasts. Another 
way is of  course to construct larger 
trajectory analyses for each pollen station. In 
both cases, pollen measurements for 
forecasts are crucial. 

It is also important to continue with these 
evaluations and suggestions for different 
regions, since Sweden is likely to be affected 
by evolving climate-change (Chmielewski & 
Rötzer, 2001). This change, together with 
the vegetational responses to it, will vary 
amongst sites, which means that change in 
phenology in one site may not indicate the 
same change in another site (Menzel et al. 
2006: Gordo & Sanz 2009; Primack et al. 
2009). These studies mostly focuses on 
differences between areas of  the world, but 
since there is limited knowledge and high 
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uncertainty of  the effects of  climate change, 
it is important to identify and survey regions 
that differ from each other so that the pollen 
forecasts will be reliable now and in the 
future. Another aspect of  climate change 
and global warming is the potential 
establishment of  new allergenic species, for 
example Ambrosia artemisiifolia (Dahl & 
Strandhede, 1999). This, again, stresses the 
importance of  continuing evaluations and 
surveys of  different regions and pollen 
sources. 

To see whether winds with easterly 
components have the highest impact on 
pollen dispersal, as is suggested by Dahl et 
al. (2014), frequency tests were made 
(Gustafson & Hansson op. cit.) for Alnus and 
Betula pollen in Gothenburg, where the 
outcome turned out to be significant (p-
value 0.046) for the test performed on Alnus. 
The test shows that the winds ranging from 
north to northeast (N-NE) contribute to 
higher pollen counts than what is expected 
since the dominating wind directions are 
those ranging from south-east to south-west 
(SE-SW)(see fig. 3a and b).This result thus 
strengthens the hypothesis by Dahl et al. 
(2014).  

The outcome for Betula was however not 
significant (p-value 0.67), which might be 
explained by that the extra frequency 
category “very high” might have distorted 
the test. The days with “very high” pollen 
counts are few since the test was performed 
on few years of  pollen data. Thus, to reveal 
significance in this test, more years had been 
needed. The vicinity of  the sea might also 
bias the test, since previous results has shown 
that the sea distort the capture of  pollen in 
the pollen station (Pers. Comm. Dr. Å. 

Dahl). Also, since Gothenburg is situated on 
the coast there are no pollen sources to the 
west of  the city, why the winds ranging from 
north to south are bound to have higher 
pollen counts than westerly winds. The test 
thus provides a low reliability to any general 
conclusion.  

If  this test were to be improved, it would 
preferably be done with larger sets of  data, 
and the data would preferably be collected 
from pollen stations not located on the coast. 
Another location would perhaps minimise 
the impact of  the sea on pollen circulation, 
and a location with pollen sources in every 
direction would strengthen the design of  the 
study. However, the results show the same 
pattern as have been observed by Dahl et al. 
in other areas. In a more extensive study, 
inland stations should also be included. 

An ambitious vision for future pollen 
forecasts is to integrate mechanistic dispersal 
modelling, climate data and Geographic 
Information Systems (GIS). Since the 
temperature accumulation decides the onset 
of  flowering it is possible to survey large 
pollen sources cumulative temperature, and 
predict when anthesis will start. 
Phenological surveys will also have a crucial 
part here, perhaps through citizen science. If  
the pollen sources dispersal patterns could 
be modelled their impact on their 
environment could be predicted with a good 
weather forecast and mapped through a 
GIS-software. Already, some attempts to 
model the pollen flows through the 
landscape have been made (e.g. Puppi 
Branzi & Zanotti, 1992). 

Also, the project in part 2 might be 
improved with the help of  GIS and a 
process called “overlay”. In this process, the 
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user has the ability to define certain classes 
according to rules decided by the user, and 
with the help of  those find areas that fulfil 
those rules. In this way the user can identify 
a homogenous area according to rules such 
as vegetation, topography, geology, land-use 
and climate. The use of  GIS, however, relies 
on data collected from people who know 
how to handle the tool, and that the data 
collected is updated and reliable. 

There are many things that influence the 
health and life quality of  people who suffer 
from pollinosis. In all aspects, survey and 
modelling are needed in the future among 
other tools to help improve the life for a 
large part of  the human population. 

Thanks! 
We sincerely want to thank our supervisor 
Dr. Åslög Dahl for always being around with 
patience, good advice and inspiration. 
Without her, this project would not have 
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Appendix 1 – Climate diagrams 
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Figur 1 Climatediagram Arvika 1961-1990 Figur 2 Climatediagram Blomskog 1961-1990

Figur 3 Climatediagram Nordkoster 1961-1990 Figur 4 Climatediagram Vänersborg 1961-1990
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Figur 5 Climatediagram Skara 1961-1990 Figur 6 Climatediagram Borås 1961-1990

Figur 7 Climatediagram Jönköping 1961-1990 Figur 8 Climatediagram Målilla 1961-1990

Figur 9 Climatediagram Varberg 1961-1990 Figur 10 Climatediagram Halmstad 1961-1990
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Figur 11 Climatediagram Ljungby 1961-1990 Figur 12 Climatediagram Växjö 1961-1990

Figur 13 Climatediagram Kalmar 1961-1990 Figur 14 Climatediagram Ronneby 1961-1990

Figur 15 Climatediagram Göteborg 1961-1990 Figur 16 Climatediagram Måseskär 1961-1990
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Figur 17 Climatediagram Torup 1961-1990



Appendix 2 – Maps from Swedish National Atlas 
!
 

!

"44

Figur 1 Yearly mean precipitation Figur 2 Length of growing season


