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Introduction

The rapid technical advance, constantly changing environmental conditions and fast
scientific progress constitute an integral part of the contemporary social development.
The vast scientific knowledge accrued enables an adequate estimation of the effects of
the processes occurring in nature not only on the quality of natural environment but also
on human activity. The connection between the welfare of the contemporary society and
future changes in the context of climate change is based on the basis of evidence having
a long data sequence.

Regular atmospheric pollen surveys are conducted on the basis of aerobiological
data. Due to the scientific applicability and relevance of the research done, determination
of the regularities of pollen dispersal in the atmosphere is increasingly attracting the
attention of researchers. With joint initiative and efforts of researchers working in the
fields of biomedical and physical sciences, a new interdisciplinary science is being
developed.

The studies on pollen dispersal in the atmosphere are closely linked with the
science of phenology. Based on the data of the long-term phenological observations,
explanation of the chronological course of seasonal events has been started, various
models for the assessment of changes in phenological events are being employed. In the
changing climate conditions, the data of phenological observations are relevant not only
for agriculture but also for the ascertainment of trends of anemophilous plants’ pollen
transport in the atmosphere and main dispersion principles.

One of the most relevant scientific applications of phytophenology is forecasting of
pollen dispersion in the atmosphere. Research into airborne pollen is highly pertinent
since part of the human population is sensitive to specific proteins that cause allergic
reactions in a human body. Pollen allergens not only cause unpleasant sensations, allergy
outbreaks, aggravate pulmonary conditions, but also deteriorate quality of life. As a
result, these are the main aspects on which practical application of aeropalynological
data analysis is validated. Another aspect of applied science about pollen dispersion is
that, based on the pollen dispersion modelling and forecasting results it is possible to
inform the public about the marginal values of different plants’ pollen concentrations

reached and the projected pollen variation trends. Establishment of flowering periods is



not a less relevant part of research for forecasting, since airborne are dependent on plant
flowering period. The long-term phenological observations are important for defining
aeropalynological situation and assessment of climate change effects on plant vegetation.
Changes in pollen dispersion are also weighty indicators of climate change, and complex
analysis of aeropalynological and phytophenological data enables determination of
presumptive changes for the coming century.

Objective of the research work

The study was designed to establish the variations of pollen concentration in the
atmosphere and to estimate the effects of circulating and meteorological factors on
pollen dispersion in the air under the changing climate conditions.

Research tasks

1. To establish the changes in airborne pollen counts in the atmosphere.

2. To compare pollen seasons with plant flowering periods.

3. To estimate atmospheric circulation and long-range air mass transport effects on
pollen concentration.

4. To study the impact of meteorological factors on the variation of pollen
concentration.

5. To estimate the effect of thermal regime on the start of plant flowering and,
based on the long-term plant phenological data, to identify climate change effects on
flowering start in the 21st century.

Propositions to be defended

1. During the vegetation season, bioaerosol pollen present in Lithuania’s air is of
indigenous and advective origin.

2. Air mass transport is one of the factors determining airborne pollen
concentration in Lithuania.

3. Air temperature and relative humidity are major meteorological factors
determining the variation of pollen concentration in the air.

4. Climate warming will advance the start of flowering dates in the 21st century.

Originality of research work

In his work, it is the first time in Lithuania: 1) based on the data from
aeropalynological stations, pollen types, characterised by large counts of atmospheric

pollen, have been discriminated in Lithuania; 2) relationships between the data of



aeropalynological and phytophenological observations have been identified; 3) based on
SILAM and HYSPLIT models, pollen dispersion in the atmosphere and long-range
transport have been assessed in Lithuania; 4) the effects of air temperature, relative air
humidity, amount of precipitation, wind velocity on pollen dispersion in the atmosphere
have been established; 5) based on climate change forecasting data, forecasts have been
made for flowering start dates in the 21st century at three-decade periods (2001-2030;
2031-2060 and 2061-2090).

Relevance and applicability of the research work

Research on pollen dispersion is relevant with respect to various aspects and
provides valuable information, for example: in medicine — about the peculiarities of
natural allergens’ dispersal in the atmosphere; in biology — on the level of genetic
information exchange; in ecology — by preliminary establishing distribution areas of
certain species. The valuable data obtained can be used in the development and
refinement of pollen dispersal models, which are of special relevance for people
suffering from pollen — induced allergies. The regularities established in this work are
important in predicting pollen concentrations in the air and are indispensable for life
quality securing. The studies of pollen dispersal will form a solid basis for
aeropalynological research in Lithuania, which is highly beneficial for pollen allergy
sufferers and will enable evaluation of future changes related to climate change.

Plant flowering stages are significant not only for agricultural research but also for
the rapidly developing aerobiology on the global scale. For a long time phenological
information has been used for the determination of phytoindicators’ development
regularities and for the description of agricultural crops’ phenophases. With the
development of new interdisciplinary research trends, phytophenology has gained a new
application area. Long-term and continuous plant flowering data enable assessment of
the regularities related to climate change aspects and provide a basis for pollen dispersal
modelling in the changing climate conditions.

Structure

The dissertation consists of the following sections - an introduction, literature
review, methods and data, results, conclusions, a list of references including 242

references and annexes. The dissertation presents 14 tables and 80 figures.



Approval of results

The research findings have been presented in 8 international and 1 national
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Methods and data
Direct pollen measurement data (Vilnius, Klaipéda, and Siauliai, 2004-2009),
provided by Siauliai University’s Faculty of Natural Sciences, Department of
Environmental Research were used for the study of aeropalynological situation in

Lithuania. Airborne pollen was collected using Hirst-type volumetric spore traps sited at



a height of 18-20 m above ground. To determine the aeropalynological situation in
Lithuania, prevailing airborne pollen types were discriminated. Daily pollen
concentration data of 37 pollen types were used to establish pollen dispersal. To define
pollen seasons, a criterion of 2.5% was applied. A term of pollen index is used to
describe a total pollen count in period.

The comparison of airborne pollen season and plant flowering start was based on
the data of pollen concentration obtained from the three aerobiological stations and
flowering start data obtained from the Lithuanian Hydrometeorological Service (LHMS),
covering a period of 2004-2009. Pollen types of Corylus L., Betula L. and Tilia L. were
chosen for the conduct of comparative analysis. Average pollen seasons were compared
with the flowering start of Corylus avellana L., Betula pendula Roth, Tilia cordata Mill.
and Tilia platyphyllos Scop.

Backward trajectories illustrating air mass movement were drafted using
HYSPLIT 4 (HYbrid Single-Particle Lagrangian Integrated Trajectory Model) model
developed by The National Oceanic and Atmospheric Administration (NOAA) Air
Resources Laboratory (ARL). To estimate the variation of pollen concentration
(2004-2009) in the aerobiological stations, Europe was divided into 5 regions, taking

into account the principles of backward trajectory representation (Fig. 1).

Fig. 1. Division of Europe into regions with respect to backward air mass transport

trajectories

To analyse long-range transport of pollen in Lithuania were chosen pollen of

Ambrosia and Betula genera. Two different models were employed to describe the



possibilities of long-range transport. HYSPLIT 4 model was used to establish the
long-range transport of pollen of plants belonging to Betula and Ambrosia. The Finnish
Institute of Meteorology’s SILAM model (Euler and Lagrange versions) was used to
determine the long-range transport of pollen of Betula genera plants (2004-2007).

The relationship between pollen dispersal and meteorological conditions was
studied using daily average meteorological data (air temperature, relative air humidity,
amount of precipitation and wind velocity) for the period 2004-2009, provided by the
LHMS. The data of pollen concentration and meteorological parameters were
statistically processed (STATISTICA package). Using the Kolmogorov-Smirnov test
were established the correspondence of pollen season data to the normal distribution.
Correlation coefficients of meteorological parameters and pollen concentrations were
calculated using the Spearman rank correlation method. The effects of meteorological
conditions on the atmospheric pollen counts were estimated using the multiple regression
analysis. In order to apply linear methods, pollen concentration data were standardised.

When examining meteorological parameters and pollen dispersal, air temperature,
relative humidity, amount of rainfall and wind velocity were divided into intervals
considering the values defining the variation of pollen concentrations for each pollen
type. Identification of the similarities between the different pollen types was based on
cluster analysis (dendograms — Euclidean distances, complete linkage method), taking
into account the intervals of specific meteorological parameters expressed in percent.

Long-term phenological data (flowering start), indispensable for the establishment
of plant flowering regularities, were collected from the LHMS archive. A 30-year period
(1970-1999) was chosen for the analysis of climate change impact on the start of plant
flowering. Taking into account data discontinuity and abundance of stations, for the
analysis of flowering regularities were chosen the three plant species observed, whose
data gaps is not bigger than 7 years, namely — C. avellana (the earliest to start
flowering), B. pendula (later) and T. cordata (the latest). The gaps present in plant
flowering data were reconstructed using the information from the adjacent stations,
taking into account the thermal regime. For some plant species their flowering data were
supplemented by the published data.

For the analysis of past conditions we used the data of flowering start and

temperature data from different meteorological stations, provided by the LHMS.
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Standard deviation for flowering start, mean long-term value, median, mode, mode
frequency were calculated. To assess the shift of the start of plant flowering over the
1970-2009 period, linear trends were established whose significance was estimated
using Student’s criterion (t). To assess the temperature effect on flowering advancement
were distinguished warm and anomalously warm months in Birzai (according climate
norm 1961-1990) over the period 1970-1999.

For the establishment of air temperature effects on phytophenological stages were
used methodologies refer to Bagdonas, Karalevicien¢ (1987), McMaster, Wilhelm
(1997), Snyder et al. (1999) and V. Jato et al. (2004). Calculation of active temperature

was based on the following equations:

Ta = Tmean s lf Tmean 2 Tb [1]
T,=0,if T,,, <7, (2]

where: 7, — active temperature (°C), 7,,,, — mean daily air temperature (°C) and 7,

— biological temperature minimum or threshold temperature (°C).

Based on equations 1 and 2 were calculated period’s active temperature sum (7, ),

which is illustrated as 7,,, = ZTQ,. .
i=1

7,; describes active temperature for i-th case.

Effective temperature (7,) was calculated using the following equations:

Te = Tmean _Th ’ lf Tmean > Th [3]
7,=0,i1f 7,,,, <7, [4]

There were calculated the study period’s effective temperature sum.
One of the calculations indicating active temperature sum (GDD;), is based on

minimal and maximal daily air temperature values (7, i, » 7y )

GDD, = Z([—T"’“"“" ;T"’“‘i“ ]—Tb] [5]

If the calculated part [(7} pu + 7 min)}0.51<T;, , theN (T} pax + T uin )} 0.51=T}, .

Also, using equation 5 it is possible to develop the fourth active temperature
calculation methodology (GDD,), which was used in this work. In this case, other

conditions are met: if 7. =1, and if 7, <7,, then 7,

i,max

<T,, then 7,

i,max

:Tb'

11



When detailing the above-described methods were applied also a single triangle

calculation method, which is composed of three separately calculated equations:

°p=0, when 7,>7,,, [6]
,)D:(Tmax -1, j[ Tax =T} J’ WhCn Tin <Tjp <Thax [7]
2 Tmax _Tmin
T .« +T

Based only on maximal daily air temperature were calculated heat requirement
(HR):

ax =

HR=" (T ~Ty) , When T, >T, [9]

HR=0, wWhen 7, <T, [10]

Air temperature analysis was chosen for the assessment of the effects of future
climate changes on the beginning of plant vegetation. Different active and effective
temperature calculations were used which define the thermal regime necessary for
vegetation. Temperature sums were calculated: in the case of C. avellana at 0°C,
B. pendula at 5°C and T. cordata at 15°C.

For the establishment of climate change impact on flowering stages were used
prognostic air temperature output data from ECHAMS and HadCM3 climate models.
When establishing the flowering period of C. avellana, B. pendula and T. cordata for the
21 century were used several greenhouse gas emission scenarios (A1B, A2 and B1).
Aiming to better reveal climate change effects on the onset of flowering of different
plant species in Lithuania, the 21* century was divided into 30-year periods (2001-2030,
2031-2060, 2061-2090). The difference of the predicted dates of the start of flowering
from the long-term average (1970-1999) first flowering date was calculated.

To illustrate the spatial distribution of average first flowering dates (1970-1999) in
the territory of Lithuania were used an ArcView GIS 9.1 software package. Maps of the
first flowering date difference of the three different periods of C. avellana, B. pendula

and 7. cordata were made.

Analysis of atmospheric pollen dispersion
Based on the pollen counts recorded at the aerobiological stations, several

dominating (2004-2009) pollen types in Lithuania were discriminated. It was found that
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high concentrations of Betula L., Pinaceae Lindl., Urticaceae Juss., Alnus Mill.,
Poaceae R. Br. Bernhart, Artemisia L. pollen are identified in the air. The highest
diversity of pollen types (13 out of 37 observed) according to the abundance of pollen
was noted in Vilnius environs, while as few as 9 pollen types were recorded in Klaipéda.

The length of the average pollen season in Lithuania ranges from 28 to 83 days.
The shortest average pollen season (16 days) was identified in Klaipéda during the
flowering of plants of Secale L., while the longest (97 days) during the flowering of
plants of Cupressaceae Rich. Ex Bartl. In Vilnius, the shortest pollen season (25 days)
was recorded for Betula, the longest (90 days) for Poaceae plants; in Siauliai the shortest
pollen season (25 days) was recorded for Acer L., the longest (91 days) for Plantago L.
The pollen season was found to vary within the same plant genus or family depending on
the locality/site.

In Lithuania, the highest pollen counts in the air are generally recorded during the
period from April to August. Each month, different pollen counts are recorded at the
aerobiological stations. In April, during the 2004-2009 period, the average pollen
concentration in Vilnius was 292 grains/m’, in Klaipéda — 152 grains/m’, and in Siauliai
- 173 grains/m3. The average pollen concentration in May in Vilnius amounted to
502 grains/m’, in Klaipéda — 368 grains/m’, and in Siauliai — 250 grains/m’. In terms of
years and months, the highest pollen concentrations were recorded in May 2006, which
exceeded the annual average pollen concentration of May by 2-3 times in the
aerobiological stations. This sharp change was determined by the pollen of pants of
Betula genus.

Aerobiolgical data suggest that atmospheric pollen counts in April during the
2005-2009 period were formed by the pollen of Betula, Alnus, Populus L., Salix L.,
Fraxinus L. and Corylus. In May, the highest atmospheric pollen counts come from the
plants of Betula, Pinaceae, Quercus L., Salix and in some cases — Acer, Alnus genera
and families. In June, pollen counts rather variable in pollen types were recorded in all
aerobiological stations. In Lithuania, in general rather considerable pollen counts are
recorded for Poaceae and Urticaceae plants. Compared with May — June months, lower
pollen concentrations are recorded in July — August. The atmospheric pollen counts

during this period are determined by late-flowering plants’ pollination. In July—August,
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the highest atmospheric pollen counts come from grass family plants (Urticaceae,
Poaceae, Artemisia, Rumex L., Chenopodiaceae Vent., Solidago L).

The data of aerobiological stations show pollen concentration variations not only
between years but also between stations. Compared with other stations, the highest
pollen counts of Betula genus plants (pollen index 35 804) were recorded in Klaipéda
station in 2006. The data from Vilnius aerobiolgical station indicate that high Betula
pollen concentrations are recorded annually. Vilnius is distinguished by high pollen
concentrations from Pinaceae family plants (pollen index 5 684—11 431). The variations
of atmospheric pollen counts in different localities of Lithuania can be determined by the
distribution of plants and meteorological conditions during pollination period. Compared
with other years, 2006 was characterised by high air temperature (13.1-13.4°C during
pollen season), low rainfall rate (1.2-2.3 mm) and relative air humidity (42.5-57.2%)
which resulted in high Betula pollen counts in the air.

Considering the various pollen types, the highest daily pollen concentrations are
very diverse. The maximal pollen concentrations in Lithuania over the 2004—2009 period
were found to range from 2 grains/m’ (for plants of Humulus L. genus) to 4680 grains/m’
(for plants of Betula genus).

Betula pollen levels that cause conjunctivitis and rhinitis (81-252 grains/m’) are
often exceeded in Lithuania. During the 2005-2009 period, in Vilnius there were 91 days
when the pollen concentrations causing unpleasant sensations (35 grains/m’) were
exceeded. During 2004-2009, in Klaipéda this concentration was exceeded for 88 days,
in Siauliai for 105 days. Different pollen counts of Poaceae family plants can cause hay

fever symptoms. A pollen count of 50 grains/m’

can inflict negative sensations for
allergic people. Based on the data from the aerobiological stations, the highest daily

pollen concentrations often exceed this value by nearly 4-6 times in Lithuania.

Analysis of airborne pollen season and flowering start dates
When estimating atmospheric pollen dispersal it is important to identify the
phenological aspect, i.e. the importance of flowering regularities for the pollen season of
certain plant genera and families. Having compared the flowering of C. avellana and the
length of pollen season of the plants of Corylus genus it was ascertained that the data of

phenological observations cannot represent the pollen season of Corylus genus.
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Flowering start of C. avellana is established earlier than the maximal pollen
concentrations are recorded in the anaerobiological stations. Only C. avellana occurs
spontaneously in Lithuania, consequently, adequate phenological observations of this
species are relevant for the analysis of pollen dispersal of Corylus genus. Comparison of
pollen season and flowering start dates revealed that the LHMS phenological
observations network for 2004—-2009 was insufficient and non-representative.

Comparative analysis between the atmospheric pollen concentration of Betula
genus and phenological information indicated that for the plants of Betula genus the
average pollen season partly coincides with the flowering start of B. pendula in
Lithuania. However, some cases were established when pollen season started prior to the
start of plant flowering in Lithuania. This is one of the long-range transport examples. In
Lithuania, the length of the pollen season of the plants of Betula genus varied by several
days’ interval between the three aerobiological stations. This means that like for Corylus
genus plants, for Betula it is not possible to choose one phenological station, which
would represent the pollen data of one aerobiological station. Compared with the
phenological network of C. avellana, the network of LHMS phenological stations of
B. pendula is representative and can be used when estimating the pollen dispersal of
Betula genus plants.

In Lithuania, only small pollen concentrations of Tilia genus are recorded since the
pollen of this genus is not adapted to being carried by wind. Irrespective of this, pollen
concentration and phenological data comparative analysis showed that the pollen seasons
of Tilia genus does not coincide with flowering start in Lithuania. One of the reasons
why pollen season and flowering start do not coincide in Lithuania could be limited
application of the 2.5% criterion. Yet, the phenological network of 7. cordata and
T. platyphyllos observed by LHMS, can illustrate, with some exceptions, the variation of

recorded pollen of Tilia genus in Lithuania.

The evaluation of air mass and long-range transport effect on pollen

dispersion

The results (January — September) of backward air mass trajectory modelling

evidence that Lithuania is reached mostly by the air masses (Europe region 1), that most
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frequently form above Iceland and travel over the Atlantic Ocean through Great Britain,
the Norwegian Sea, Denmark, Norway, Sweden and the Baltic Sea (35-45 %) (Fig. 1). A
lower percentage (26—28 %) accounts for the air masses moving through Central Europe
(Europe region 2). The systemised data from 6 years showed that quite a fair cases are
established when backward trajectories illustrate air mass transport over the continent,
1.e. over Europe’s territories in which communities of different plants, potential sources
of pollen, prevail.

The general regularities of pollen dispersal in the air were defined considering the
Europe’s region over which air masses travelled and air transport directions with respect
to the aerobiological station. When linking the highest pollen concentrations with air
masses we can see a very similar picture between the air masses that had arrived and the
air masses that determined higher monthly pollen index values. More than half of the
cases established are linked with transport from Europe region 1 and 2: up to 78%
account for backward air mass trajectories that reached the aerobiological stations and up
to 83% of pollen is recorded when backward air mass trajectories indicate air mass
transport direction from the mentioned regions.

In some cases it occurs that an increase in atmospheric pollen counts depends on
the spread of different air masses and the highest concentration recorded in the case of
non-prevailing air mass. The highest differences were determined in spring when Europe
1 region accounted for 35 % of the total estimated cases and 22 % —Europe 2 region,
whereas the highest pollen counts were recorded when the air masses arrived namely
from Europe region 1 (69 % of the total cases). In March —September months, small
differences (up to 14 %) were observed between atmospheric circulation and backward
air mass trajectory direction which stipulated higher pollen counts in the aerobiological
stations.

The comparison of pollen data from Vilnius aerobiological station with the data of
air mass backward trajectories revealed that taking into account pollen types, different
pollen counts are recorded during the season when air masses reach the station after
travelling over various regions of Europe. Higher pollen counts are recorded on the days
when backward trajectories illustrate air mass movement over Europe regions 2, 3 and 4.

Analysis of the obtained results suggests that Ambrosia and Brassicaceae Burnett

pollen seasons are noted for higher pollen counts when air masses reach the
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aerobiological station by moving over Central Europe (region 2). Pollen seasons of
Ulmus L. and Solidago genera stand out by the fact that the highest pollen concentrations
were recorded when air masses reached Vilnius aerobiological station by travelling over
Europe region 3. The pollen seasons of Betula, Salix and Acer genera in Vilnius
aerobiological station exhibit high concentrations when air masses reach the station by
moving over Europe region 4.

Similar trends were established in Klaipéda aerobiological station, however, in
some cases we can distinguish different specific features that depend on Klaipéda’s
geographical position and distance from the Baltic Sea. In Klaipéda, like in Vilnius,
higher concentrations of Ulmus and Solidago pollen are recorded when air masses arrive
from Southeast Europe, whereas higher pollen counts of Fagus L., Betula and Salix
genera are recorded when air masses reach the aerobiological station from Europe
region 3.

Similar pollen dispersion regularities were established in Siauliai. Betula and Salix
pollen seasons were noted for higher pollen concentrations that were recorded when
backward trajectories illustrated air mass transport from Europe regions 3 and 4. For
Fagus genus plants, the results of pollen count variation and direction illustrated by
backward air mass trajectory concur with those obtained in Klaipéda. Solidago genus
pollen count relationships with backward trajectories evidenced that in Siauliai the
regularities were the same as in the earlier-mentioned stations. Ulmus pollen season was
distinguished by higher pollen concentrations when air masses that reached the
aerobiological station had been travelling over Europe region 4.

Having established pollen dispersion regularities and considering the results of
backward air mass trajectories it is seen that the variation of atmospheric pollen counts
depends on air mass transport from certain regions of Europe. The generally established
prevailing air mass transport (e.g. Europe region 1) partially determines the size of
pollen concentrations that are recorded in the aerobiological stations. This is influenced
by the air mass transport over certain territories with abundant communities of the plants
under observation.

There were selected two pollen types — Ambrosia and Betula, which are suitable for
the illustration of long-distance transport mechanism in Lithuania. The plants of

Ambrosia genus do not naturally occur in Lithuania, they partially can be treated as
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invasive plants. Since 2004, when collection of systematic aerobiological information
was started, it has been noticed that increasingly higher counts of Ambrosia pollen are
annually recorded in Lithuania. The year 2008 stands out by the highest Ambrosia
concentration in Vilnius. Having estimated the period when ragweed pollen was
recorded it was established that on separate days pollen catches were especially high. A
maximal concentration of 61 grains/m’ was recorded on September 7 and it accounted
for 27 % of the pollen count of the whole period. It is likely that pollination of Ambrosia
plants growing in Lithuania could not produce the recorded counts of pollen, therefore
for all ragweed pollen record cases we analysed the chances of long-range pollen
transport.

Analysis of backward trajectories showed that there was no precipitation in the path
of air masses, therefore the pollen carried from Central Europe might be recorded in
Vilnius aerobiological station. Plant pollen long-range transport to Lithuania is possible
with the air masses that move from Europe region 3, covering Romania, Bulgaria,
Macedonia and Serbia. The results of backward air mass trajectories illustrate that air
masses from this region reach Lithuania rarely — hardly 7 % over the study period. Yet,
there is a chance that atmospheric pollen counts of Ambrosia can increase if during plant
flowering period air mass transport from this region persists for a longer time.

Records of Betula genus pollen before the start of flowering of local plants provide
another example of long-range transport. The earliest recorded pollen concentrations are
determined before the earliest phenological start of flowering date; however, the greatest
differences were established in 2004. Long-range transport period that year lasted for 2
weeks. Twenty four cases were selected when it was possible to state that during
2004-2007 Betula genus pollen in Lithuania was recorded due to the long-range
transport. To evaluate the mechanism of the long-range transport in Lithuania were
chosen the most representative days of those years. In 2004, on April 12-13 both
SILAM versions (Euler and Lagrange) showed northwest transport direction when air
masses moved through Sweden and Norway and south Denmark. HYSPLIT results
revealed that Betula pollen concentrations recorded on both days might have arrived
with the air masses from western Latvia, Central Sweden and Norway. On April 12,

southern Sweden might have been the source of pollen. Yet, beginning of April is an
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early period for the flowering start of Betula in the mentioned territories, except for
south Sweden or Denmark.

Other long-range pollen transport episodes were distinguished on April 18-21.
Pollen counts in Klaipéda aerobiological station increased on April 18 (Fig. 2), when
high pollen concentrations originated from central and east Europe. Another episode of
Betula pollen increase was recorded on April 21, when pollen might have arrived from
Denmark, Germany, Poland, Belarus, Ukraine and Moldova.
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Fig. 2. The predicted footprint for Betula pollen and air masses that arrived at Klaipéda
aerobiological station on April 18 of 2004: a) Lagrangian SILAM, ¢) HYSPLIT backward air

mass trajectories

On April 24, high pollen concentrations (> 800 grains/m3) were recorded. The
results of modelling evidenced that the Betula pollen recorded in Klaipéda might have
arrived from west Latvia, and in Siauliai the Betula pollen might have arrived from
southeast Latvia, north Belarus and Russia. Yet, such high pollen counts are more likely
to have been produced by indigenous plants.

In 2005, high Betula pollen counts were recorded on April 26 and April 28-30 in
Vilnius aerobiological station. Based on the results of all models it is most likely that
pollen reached Vilnius aerobiological station from south Finland and west Latvia. The
results indicated the pollen to be of local origin. In 2006, a peak of pollen concentration
in all aerobiological stations was recorded on April 25. SILAM model data suggest that
the most probable source of pollen recorded in Siauliai aerobiological station is related

with south, southeast direction (from the aerobiological station) parts of Poland, Belarus
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and north Ukraine. In 2007, on April 15, the results of both models (SILAM and
HYSPLIT) indicated that pollen source should be in north Europe, however, this is not

plausible since flowering is much later in those regions compared with Lithuania.

The effect of meteorological conditions on pollen dispersion in the atmosphere

When analysing the possible effects of air temperature, relative air humidity,
rainfall amount and wind velocity on the dispersion of pollen of the plants of different
genera and families, first of all were established the relationships between the
meteorological parameters and pollen concentration during the pollen season
(2004-2009). From the obtained results it is evident that pollen concentrations of various
plant genera and families relate differently with air temperature (Fig. 3 a). However
exists a correlation between airborne pollen concentration and air temperature (67% of
all cases, p<0.05) according to the data of all aeropalynological stations. Most of the
calculated correlation coefficients were positive (58%, p<0.05), which suggests that

atmospheric pollen concentrations increase in line with increasing air temperatures.
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Fig. 3. Correlation coefficients (rs) of pollen concentrations of plants of various genera and
families during the pollen season and air temperature (a) and relative air humidity (b) in Vilnius

(2005-2009)

The presented results (Fig. 3 b) revealed that there were obtained statistically
significant negative correlation coefficients between the pollen of nearly all plant genera
and families recorded in Vilnius and relative air humidity during the pollen season. Most
of the calculated correlation coefficients were significant (79% of all cases, p<0.05)

according to the data of all aeropalynological stations. Only a very small part exhibited
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statistically insignificant relationship or statistically insignificant positive correlation
coefficients between the mentioned parameters. The obtained results enable us to
maintain that pollen counts in the air decline with increasing air humidity.

The results of the correlation coefficients of the amount of rainfall and pollen
concentration showed that in about 50% of the studied cases were established significant
(p<0.05) very weak, weak or moderately strong relationship (from -0.12 to -0.49)
between the latter parameters.

Correlation method was used to determine that wind velocity effect on pollen
concentration is inappreciable, i.e. over 31% of the tested cases demonstrated significant
(p<0.05) very weak or weak relationship between pollen concentration and wind
velocity.

Multiple regression analysis was used to measure the effects of meteorological
parameters. General (2004-2009) derived regression equations (p<0.01) describe on
average 1-46% of pollen data variation. The obtained low determination coefficients do
not reduce interpretation of results. Yet, considering the fact that the equations were
made observing the principle that the significance level not only of the equation itself but
also of the variables would meet the condition that p<0.05, the obtained results may be a
proof of meteorological parameters’ effect on pollen dispersion. It is difficult to derive a
linear relationship between pollen and meteorological parameters (which is also
suggested by the low correlation coefficients established), however the obtained results
indicate that meteorological conditions determine the variation of pollen count.

The findings evidenced that pollen concentration variation is mostly related to
relative air humidity (24 cases of 57, p<0.01); however, we can discern the effects of
other meteorological parameters, i.e. air temperature (6 cases, p<0.05) or the complex of
meteorological parameters (27 cases, p<0.05). For example, air temperature, wind
velocity, and relative air humidity (7 cases), air temperature and relative air humidity
(7 cases), wind velocity and relative air humidity (5 cases) or air temperature and wind
velocity (3 cases). Considering the results of correlation coefficients of wind velocity
and pollen concentration, the multiple regression analysis done revealed that wind
velocity is not the most important factor determining pollen dispersion, however, in

combination with other meteorological factors, it does affect the pollen catch in the trap.
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The results of multiple regression analysis displayed pollen concentration
regularities related to the major meteorological conditions. Made equations are not
designed for making future predictions, but they are the way allowing presentation of
analysis of meteorological parameters’ effect on pollen distribution in the air.

The statistical methods employed revealed the importance of meteorological
parameters for pollen dispersion, however, they did not indicate which specific
meteorological conditions determined pollen catch in traps. The highest Alnus pollen
concentrations are recorded when the air temperature varies within the 10-15°C range
and relative air humidity is low (30—40%). High concentrations of Befula pollen are
recorded when the air temperature ranges within 15-20°C and the relative air humidity is
low (30—40%), whereas for Pinaceae at 20-25°C, and relative air humidity 40 60% and
80—100%. The highest pollen counts of Quercus, Salix, Acer genera and Cupressaceae
family are recorded at low relative air humidity (30—40%). Higher pollen concentrations
of Humulus, Secale and Solidago genera plants were established at a relative air
humidity of 80—100%. Since during the pollen season the pollen concentrations of these
plants are very high we cannot maintain that pollen dispersion is the best at high air
humidity.

Analysis of precipitation amount and recorded pollen concentrations indicated that
pollen is being recorded even when it is raining. Long-lasting rain cleans the air and
precipitates pollen, while short rain does not exert any marked effect on the daily pollen
counts recorded.

The highest pollen counts are recorded at a wind velocity range of 0-5 m/s,
however some cases occur when high pollen concentrations are recorded even at

relatively high wind.

The analysis of variation of plant flowering start dates and thermal regime

In order to estimate the changes in pollen season length in the context of climate
change, it is necessary to establish the variations in flowering time in Lithuania and
temperature effects on the fluctuation of plant flowering start dates.

C. avellana is a phenoindicator of spring, its flowering start moves in a regular

pattern from Lithuania’s southwest towards north. Having compared C. avellana
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flowering variations during 1970-1999, it was found that plant flowering start average
varies inappreciably — about 10 days from the earliest to the latest date. Analysis of the
regularities of B. pendula flowering start (according to the averages of flowering dates),
revealed a more even flowering start distribution compared with C. avellana flowering,
however spatial differences between observation dates remained similar — about 8 days.
According long term data B. pendula started flowering the earliest in the southern part of
the territory. 7. cordata flowering start is linked with midsummer, as a result, it is
obvious that the development of this plant is less dependent on temperature variations.
This is especially evident having estimated long-term 7. cordata flowering start data.
During the 1970-1999 period, flowering start of the 7. cordata was rather even, i.e. only
5 days from the earliest to latest average date. Spatial data of 7. cordata flowering start
showed that regional differences do exist. Its flowering start occurs the earliest in the
central part of Lithuania, while the latest in the north of the country and the littoral
territory.

Based on regression equations, were calculated C. avellana flowering advancement
in days. In all agrometeorological stations and divisions where flowering start of
C. avellana was observed, negative trends were established. The results of trends
obtained suggest that the flowering advancement of C. avellana in Lithuania is 20-25
days (p<0.05), while the data from some stations indicate that the linear trend of
C. avellana flowering start dates shows the advancement of flowering to be ranging
within the 25-30 days’ range (p<0.05). Only the data of two agrometeorological stations
exhibited the smallest flowering start advancement of C. avellana, which amounts to
16—-18 days. Such statistically significant trends reveal that long-term data unanimously
show flowering advancement, which can be related to climate change effects.

The flowering start of C. avellana in the 9" decade was recorded as early as
February (6-15%). The cases of C. avellana advanced flowering have doubled over the
last decade of the 20™ century. Having assessed flowering start of C. avellana in Birzai
and having calculated the correspondence of January —February to the climate norm, it
was found that over a 30-year period (1990-1999) the greatest number of warm and
anomalously warm January and February were occurred. Thus, the flowering start of
temperature-sensitive C. avellana plants depends on the air temperatures of January and

February.

23



For the analysis of whole Lithuania, linear trends were established according to the
data of those sites where consistent phenological observations of B. pendula were carried
out. The negative trends were obtained which showed advancement of B. pendula
flowering start. In the case of B. pendula, advancement of flowering is not as marked as
that of early flowering plants and totals 10-15 days (p<0.05). Statistically insignificant
results suggest that for several stations the drop of flowering start linear trend is related
to the 0—10 days’ flowering advancement. Comparison of ten-day periods clearly shows
the flowering start regularities. The obtained results indicate that during the period
1990-1999 in Birzai B. pendula started flowering in the second and third ten-day period
of April (70-80%). Such differences might have been determined by the air temperature
variation. To identify the probable air temperature effect, were calculated the mean
temperature of March and April for Birzai (1970-1999) and discriminated warm and
anomalously warm months. The obtained results evidenced that compared with January
and February, the mean air temperature in March and April differed little from the
long-term climate norm. However, during the 30 year period, January—March months
were the warmest namely during the 1989-1998 period, which suggests that
advancement of flowering start revealed by the phenological data is determined by the
variation of these months’ air temperature.

The obtained evidence indicates that the advancement of flowering established for
T. cordata is not as considerable as that established for C. avellana or B. pendula. A
small part of the changes indicated by the trends are statistically insignificant (p>0.05),
however part of the changes are significant and cover 5-15 days (p<0.05). Considering
the air temperature variations it is noteworthy that did not establish high temperature
variations in May — June. However the influence of averaged monthly temperature for

earlier start of T. cordata flowering was evident.

Climate change effects on flowering start in Lithuania in the 21st century

Firstly, considering the different methodologies employed, were identified the most

optimal methodology for the evaluation of plant thermal regime effects, allowing the

best disclosure of plant response to temperature variations.
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Figure 4 presents the standard deviations distributed over the 80—100- day range
(days from the start of the year), which show the dependence of the average flowering
dates of C. avellana on the of different temperature sums. The 120-140- day average
flowering dates illustrate B. pendula flowering regularities depending on temperature
sums, while 180-200 days — show the regularities for 7. cordata. Consequently, the
higher the standard deviation, the higher the summed air temperature variation is. Since
climate change study for plant vegetation start is based on prognostic temperature
estimation in terms of a specific species, the least standard deviation indicates the least
probable temperature change until flowering. Taking into account the variation of the
standard deviation, the obtained results suggest that effective temperature sum (T.) in the
case of C. avellana, B. pendula and T. cordata is the most suitable method using which
we can reveal climate change effects on the variations in plant vegetation over another
90 years.

According to the air temperature results of the two climate models (ECHAMS and
HadCM3) and three greenhouse gas emissions scenarios (A1B, B1 and A2), flowering
start was modelled for C. avellana, B. pendula and T. cordata. The calculated flowering
start differences from the long-term observations data (1970-1999) illustrate the shifts of

flowering start dates for a period of 90 years (2001-2090, to take into consideration of
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30 years partition). The obtained results indicate that the modelled flowering start of
C. avellana in Lithuania according to the greenhouse gas emission scenario Bl is
advancing the least. Having compared the results exhibiting the least (B1) and the
biggest (A2) flowering start change were seen that the averaged difference is from 8 to
50 days depending on the period. Having estimated the fact that the greatest changes will
occur in winter temperature, the predicted changes are probable. The data of
phenological observations for the 1970-2009 period show a 20-30-day advancement in
C. avellana flowering start, therefore the projected changes are likely. Thus, depending
on which greenhouse gas emissions scenario the development of the world economy will
follow, the advancement of flowering start of C. avellana at the end of the 21st century
may reach from 20 to 80 days (averaged for Lithuania).

The temperature of late spring will not change so dramatically, therefore B. pendula
flowering start which is determined by the spring positive temperatures will change not

as markedly as that of C. avellana (Fig. 5).
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The optimistic greenhouse gas emissions scenario (B1) indicates flowering start
advancement of not greater than 8 days for B. pendula, irrespective of HadCM3 or
ECHAMS model’s air temperature output data. In the first half of this century big
changes are predicted which, according to the pessimistic greenhouse gas emissions
scenario (A2) will increase at the end of the 21st century, and the flowering start of
B. pendula will advance by up to 25 days. The greatest differences remain between
flowering start modelled by B1 and A2 scenarios and depending on the period amounts
to 8-20 days for whole Lithuania for the 2001-2090 period.

For the periods 2001-2030 and 2031-2060, did not establish very dramatic
differences between T. cordata flowering start in Lithuania which was determined based
on the temperature changes indicated by the different scenarios of climate models and
greenhouse gas emissions. HadCM3 B1 output data suggest that for the period
2001-2030, the difference in T. cordata flowering start will be 1-11 days and for the
2031-2060 period — 15-21 days, 2061-2090 period — 17-24 days. Similar data (a little
smaller difference) were produced by ECHAMS BIl. According A2 scenario the
differences are more drastically (35-43 days). Modelling data show a trend towards
advancement of T. cordata flowering start.

With the pollinating season becoming earlier in Lithuania, advancement of pollen
season of the plants of Corylus, Betula, and Tilia genera is also unavoidable. Such big
changes are related to prognostic air temperature situation in Lithuania. Since pollinating
period (flowering) and pollen season are closely interrelated and plant pollinating period
in Lithuania determines the start of pollen season (not considering the long-range pollen
transport), the predicted changes will affect pollen dispersion in the atmosphere. Not
only the magnitude of the predicted changes, but also the possible variation trends are
important. Since the changes predicted for the 90 years’ period will not be sharp, but will
follow a slow course, it becomes obvious that after the plants have adapted to the
changes in the territory’s thermal regime the variation of phenological phases will
increase. Pollen dispersion aspects revealed the main trend that with the changes in the
vegetation season in Lithuania, alterations of different magnitude will occur in the pollen
seasons of specific pollen types. As a result, pollen dispersion regularities will have to be

adequately estimated according to the variation conditions that have formed.
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Conclusions

1. In Lithuania, during the pollen season, the highest daily pollen concentrations
were noted for the plants of Betula genus (4 680 grains/m3) and Pinaceae family
(3515 grains/m3).

2. In Lithuania, the highest atmospheric pollen counts during the pollinating
season were recorded for the plants of Betula genus (26-32 %), Pinaceae family
(14-28 %), Urticaceae family (12-22 %), Alnus genus (6-8 %), Poaceae family (5-8 %)
and Artemisia genus (4-8 %). The average pollen season lasts from 28 days (for Betula)
to 83 days (for Poaceae plants).

3. The dominant pollen in Lithuania’s bioaerosol in April is that of the plants of
Betula and Alnus genus (it accounts for 77.4 % of the total monthly pollen count), in
May — of Pinaceae and Betula (88.2 %), in June — of Pinaceae, Poaceae and Urticaceae
(88.2 %), in July — of Urticaceae and Poaceae (82.9 %) and in August — of Urticaceae
and Artemisia (90 %).

4. Compared with Klaipéda and Siauliai, Vilnius was characterised by higher
pollen concentrations of Betula genus (33-49 % of the total pollen count in the
aerobiological stations) and Pinaceae (41-73 %), Urticaceae (35-50 %) families.
Klaipéda was distinguished for the lowest Artemisia pollen concentrations recorded (on
average 23 % from the total annual count).

5. Comparative analysis of pollen dispersion in the air and plant flowering start
showed that flowering of indigenous plants does not always coincide with the pollen
season, consequently, phenological observations alone do not sufficiently accurately
describe the country’s allergenic situation. Aaeropalinological studies provide a more
accurate description.

6. Analysis of backward air trajectories revealed that part of the pollen is of
advective origin. In Lithuania, during the plant pollinating period (2004-2009) air mass
transport of north and northwest direction dominated (35—45 % of the total cases). Under
these conditions there was recorded on average 32 % of the annual pollen count.

7. The air masses arriving from central and southern Europe at the end of summer
are potential sources of Ambrosia genus pollen. The highest counts of ragweed pollen
(10-61 grains/m3) were recorded at the end of August and beginning of September in

Vilnius aerobiological station.
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8. It has been established that when high pressure area forms over Russia and
deeply low pressure area forms over Iceland and Scotland and southern direction winds
become stronger Betula genus pollen can be transported to Lithuania from southern
Sweden, Denmark, Germany, Poland, Belarus, Ukraine, and Moldova.

9. Having estimated the effects of meteorological parameters, a statistically
significant (p < 0.05) relationship was established between pollen counts in the air and
relative air humidity, air temperature, amount of rainfall and wind velocity. Thus
regularity is specific to 79 %, 67 %, 50 % and 31 % of pollen types, respectively.

10. The multiple regression analysis revealed (p < 0.05) that in 40 % of the cases
analysed pollen concentration in the air is determined by relative air humidity, 12 % by
air temperature and humidity, 12 % by air temperature and wind velocity and 9 % by air
temperature. Various complexes of air temperature, humidity, rainfall amount, and wind
velocity account for the rest 27 % of the cases.

11.Chronological analysis of phenological observations data (1970-1999 and
2003-2009) indicates (p < 0.05) that during this period the flowering of C. avellana
advanced by on average 20-30 days, B. pendula on average 10-15 days, and that of
T. cordata by 5-15 days.

12. Analysis of climate warming effects on the start of flowering of C. avellana,
B. pendula and T. cordata revealed that compared with the 20" century, the greatest
changes are likely to occur in the start of flowering of the plants that begin flowering
early in spring.

13.1f the climate change follows the B1 scenario, the most marked changes of
flowering start of C. avellana (advancement) in the 21% century is expected to occur in
the littoral territory (more than 29 days) and the least in Northeast, Southeast Lithuania
(8-13 days). According to A2 scenario — more than 53 and 46 days, respectively.

14. According to B1 scenario, flowering start of B. pendula in the 21* century is
expected to advance by 5 to 8 days in Lithuania. According to A2 scenario is expected
the most marked changes in the littoral territory and South Lithuania (more than 33 days)
and the least in West Lithuania (approximately 23 days).

15. According to B1 scenario, 7. cordata will flower earlier in the littoral territory

(24 days difference) and later in central part of Lithuania (17 days). According to A2
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scenario 1s expected the most marked changes in West Lithuania (43 days) and least in

the littoral territory and South Lithuania (35-36 days).
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ZIEDADULKIU KONCENTRACIJA ORE: CIRKULIACINIAI IR
FENOLOGINIAI ASPEKTAI
Ivadas

Greitas techninis progresas, nuolat kintancios aplinkos salygos ir sparti mokslo
paZzanga neatsiejama Siandieninés visuomenés vystymosi dalis. Sukaupta nemazai
mokslo Ziniy leidZia tinkamai jvertinti gamtoje vykstancCiy procesy poveik] ne tik
gamtinés aplinkos kokybei, bet ir Zmogaus veiklai. Aerobiologiniy duomeny pagrindu
vyksta nuolatiné Ziedadulkiy sklaidos atmosferoje stebésena. Dél mokslinio pritaikymo
ir vykdomy tyrimy aktualumo Ziedadulkiy sklaidos atmosferoje désningumy nustatymai
sulaukia vis didesnio mokslininky susidoméjimo. Sujungus biomedicinos ir fiziniy
moksly srityse dirbanCiy mokslininky iniciatyvg, vystomas naujas tarpdisciplininis
mokslas.

Darbo objektas

Lietuvos bioaerozol} sudaranciy ziedadulkiy sklaida ir jg lemiantys veiksniai bei dél
klimato kaitos vykstantys augaly Zydéjimo poky¢ciai.

Darbo tikslas

Nustatyti ziedadulkiy koncentracijos pokyc¢ius atmosferoje ir jvertinti juos
lemianciy cirkuliaciniy ir meteorologiniy veiksniy poveikj Ziedadulkiy sklaidai ore
kintanc¢io klimato sglygomis.

Darbo uZdaviniai:

1. Nustatyti oru perneSamy Ziedadulkiy kiekio atmosferoje pokycius.

2. Palyginti Ziedadulkiy koncentracijos ore sezonus su augaly prazydimo periodais.

3. Jvertinti atmosferos cirkuliacijos ir tolimosios oro masiy pernasos jtaka

Ziedadulkiy koncentracijai.
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4. Istirti meteorologiniy veiksniy jtaka ziedadulkiy koncentracijos kitimui.

5. Ivertinti terminio reZimo poveikj augaly prazydimui ir, remiantis daugiameciais
augaly fenologiniais duomenimis, nustatyti klimato pokyc¢iy jtakg augaly prazydimui
XXT a.

Ginamieji teiginiai:

1. Vegetacijos metu Lietuvos oro erdveéje bioaerozolio Ziedadulkés yra vietin€s ir
advekcinés kilmés.

2. Oro masiy pernaSa yra vienas veiksniy, lemianciy oru sklindanciy Ziedadulkiy
koncentracija Lietuvoje.

3. Oro temperatira ir santykinis drégnumas yra svarbiausi meteorologiniai
veiksniai, salygojantys Ziedadulkiy koncentracijos kitimg ore.

4. XXI a. Lietuvoje augaly Zydejimo pradzia del klimato Silt€¢jimo paankstes.

Mokslinis darbo naujumas ir jo reikSmeé

Siame darbe pirma karta Lietuvoje: 1) remiantis aeropalinologiniy stoteliy
duomenimis, i$skirti dideliais zZiedadulkiy kiekiais atmosferoje pasiZymintys Ziedadulkiy
morfotipai Lietuvoje; 2) atliktos sasajos tarp aeropalinologiniy ir fitofenologiniy
steb¢jimo duomeny; 3) remiantis SILAM ir HYSPLIT modeliais, jvertinta Ziedadulkiy
sklaida atmosferoje ir tolimoji Ziedadulkiy pernasa Lietuvoje; 4) nustatytas oro
temperatiiros, santykinio oro drégnumo, krituliy kiekio, véjo grei¢io poveikis
Ziedadulkiy sklaidai atmosferoje; 5) remiantis klimato kaitos prognoziy duomenimis,
sudarytos prognozés, nusakancios augaly Zydéjimo pradzig XXla. trijy deSimciy
laikotarpiais (2001-2030 m.; 2031-2060 m. ir 2061-2090 m.).

Darbo aktualumas ir pritaikomumas

Ziedadulkiy sklaidos tyrimai yra svarbiis jvairiais aspektais ir suteikia vertingos
informacijos, pavyzdZiui: medicinoje — apie nattraliy alergeny sklaidos atmosferoje
ypatumus, biologijoje — genetinés informacijos mainy lygmenyje, ekologijoje —
preliminariai nustatant tam tikry rtsiy paplitimo arealus. Gaunami vertingi duomenys
Ziedadulkiy sklaidos modeliams kurti ir tobulinti, kurie svarbis Zmonéms, turintiems
alerginiy problemy, susijusiy su Ziedadulkémis. Siame darbe nustatyti désningumai yra
svarbiis prognozuoti Ziedadulkiy koncentracijas ore, kurie yra butini norint uZtikrinti
visuomenés gyvenimo kokybe. Atlikti Ziedadulkiy sklaidos tyrimai suformuos

aeropalinologiniy tyrimy pagrindg Lietuvoje, kuris naudingas Zmonéms, turintiems
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problemy dél Ziedadulkiy, taip pat leis jvertinti ateities pokycius, susijusius su klimato
kaita.

Augaly zyd¢jimo tarpsniai svarbiis ne tik Zemeés ukio mokslams, bet ir naujai
sparCiai pasaulyje besivystanciai aerobiologijai. 1lgg laikg fenologiné informacija buvo
naudojama nustatant fitoindikatoriy vystymosi désningumus ir aprasant Zemes ukio
kultiry fenofazes. Besivystant naujoms tarpsritinems mokslo kryptims, fitofenologija
jgavo nauja pritaikymo galimybe. Ilgalaikiai ir nenutrokstami augaly Zydéjimo
duomenys leidzia jvertinti désningumus, susijusius su klimato kaitos aspektais bei
suteikia pagrindg Ziedadulkiy sklaidos modeliavimui kintancio klimato sglygomis.

Darbo rezultatai

Remiantis aerobiologinése stotelése fiksuoty Zziedadulkiy kiekiu, buvo iSskirti
dominuojantys (2004-2009 m.) Ziedadulkiy morfotipai Lietuvoje. Nustatyta, kad ore
identifikuojamos didelés berzo, puSiniy, dilgéliniy, alksnio, migliniy, kie€io Ziedadulkiy
koncentracijos. DidZiausia Ziedadulkiy morfotipy jvairove pasizymi Vilniaus apylinkés
(13 ziedadulkiy morfotipy 1S 37 stebimy). Klaipédoje skirtingy Ziedadulkiy uzfiksuojama
maziausiai — tik 9 Ziedadulkiy morfotipai.

Lietuvoje daugiausiai Ziedadulkiy ore biina nuo balandZio iki rugpjucio. Kiekvieng
ménes] aerobiologinése stotelése fiksuojamas skirtingas ziedadulkiy kiekis. AtsiZzvelgiant
1 aerobiologiniy stoteliy duomenis, iSsiskiria ne tik tarpmetiniai Ziedadulkiy
koncentracijy, bet ir tarp paciy stoteliy, skirtumai. Daugiausia berZo genties augaly
ziedadulkiy (Ziedadulkiy indeksas 35 804), lyginant su kitomis stotelémis, uZfiksuota
Klaipedoje 2006 m. Vilniaus aerobiolginés stotelés duomenimis, didelés berzo
Ziedadulkiy koncentracijos fiksuojamos kasmet. Vilnius iSsiskiria ir didelémis puSiniy
Seimos Ziedadulkiy koncentracijomis (5 684—11 431). Ziedadulkiy kiekio ore skirtingose
Lietuvos vietovése netolygumg gali lemti ir augaly paplitimas, ir meteorologinés
salygos, esancios dulkéjimo metu.

Didziausios paros Ziedadulkiy koncentracijos, atsizvelgiant j jvairius Ziedadulkiy
morfotipus, labai skirtingos. 2004-2009 m. maksimalios paros Ziedadulkiy
koncentracijos Lietuvoje nustatytos nuo 2 Ziedad./m’ (apynio genties augaly) iki
4 680 ziedad./m’ (berzo genties augaly).

Palyginus paprastojo lazdyno Zydeéjimg ir lazdyno genties augaly Ziedadulkiy

sezono trukme, paaiSkéjo, kad fenologiniy steb¢jimy duomenys negali reprezentuoti
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lazdyno Ziedadulkiy sezono. Paprastojo lazdyno prazydimas nustatomas anksciau nei
aerobiologinése stotelése nustatomos didelés Ziedadulkiy koncentracijos.

Lyginamoji analize tarp berZo genties Ziedadulkiy koncentracijos ore ir fenologinés
informacijos atskleide, kad berZo genties augaly vidutinis Ziedadulkiy sezonas i§ dalies
sutampa su karpotojo berzo prazydimu Lietuvoje. Taiau nustatyta atvejy, kada
Ziedadulkiy sezonas prasid¢jo anksciau nei augaly prazydimas Lietuvoje. Tai vienas iS$
tolimosios pernasos pavyzdZziy.

Lietuvoje nustatomos nedidelés liepos genties Ziedadulkiy koncentracijos, kadangi
Sios genties augaly Ziedadulkés néra prisitaikiusios biiti perneSamos ve¢jo. Nepaisant to,
Ziedadulkiy koncentracijos ir fenologiniy duomeny lyginamoji analizé rodo, kad liepos
genties Ziedadulkiy sezonai nesutampa su prazydimu Lietuvoje.

Atgaliniy oro masiy trajektorijy modeliavimo rezultatai (sausio—rugsejo) parode,
kad daugiausia Lietuva pasiekia oro masés (1 Europos regionas), kurios daZniausia
susiformuoja ties Islandija ir slenka vir§ Atlanto vandenyno per DidZigja Britanija,
Norvegijos jiira, Danija, Norvegija, Svedija bei Baltijos jira (35-45 %). MaZesnis
procentas (26-28 %) tenka oro maséms, slenkanc¢ioms per Centring Europa (2 Europos
regionas). Susisteminti 6 m. duomenys parodé, kad nustatoma nemazai atvejy, kai
atgalinés trajektorijos iliustruoja oro masiy slinktj vir§ kontinento, t. y. vir§ Europos
teritorijy, kuriose paplite skirtingy augaly sgzalynai, potencialus Ziedadulkiy Saltiniai.
Bendra nustatyta vyraujanti oro masiy pernasa (pvz., 1 Europos regionas), i§ dalies
susiejama su Ziedadulkiy koncentracijos kaita aerobiologinése stotelése Ziedadulkiy
sezono metu.

Atrinkti du Ziedadulkiy morfotipai, ambrozijos ir berzo, tinkantys iliustruoti
tolimosios pernasos mechanizmg Lietuvoje. Ambrozijos genties augalai Lietuvoje
natiiraliai néra paplite, jie gali biiti traktuojami kaip invaziniai. [vertinus laikotarpj, kada
buvo fiksuotos ambrozijos Ziedadulkes, nustatyta, kad atskiromis dienomis buvo sugauta
ypa¢ dideli Ziedadulkiy kiekiai(iki 61 Ziedad./m’). Atlikta atgaliniy trajektorijy analizé
parode, kad oro masiy kelyje nebuvo krituliy, todel atneStos Ziedadulkes 1§ Centrinés
Europos galéjo biiti uzfiksuotos Vilniaus aerobiologin¢je stoteleje. Augaly ziedadulkiy
tolimoji pernasa j Lietuvg galima ir su oro masémis, kurios slenka i§ 3 Europos regiono,
apimanc¢io Rumunija, Bulgarija, Makedonija, Serbijg. Atgaliniy oro masiy trajektorijy

rezultatai iliustruoja, kad i Lietuva oro masés i$ Sio regiono pasiekia retai — vos 7 % per
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tiriamajj laikotarpj. Vis délto yra tikimybé, kad atmosferoje gali pagauséti ambrozijos
ziedadulkiy, jei per augaly Zydé¢jimo laikotarpj ilgesnj laikg iSsilaiko oro masiy pernaSa
1§ §i0 regiono.

BerzZo genties augaly Ziedadulkiy fiksavimas prie§ vietiniy augaly Zydéjimg — kitas
tolimosios pernasos pavyzdys. 2004 m. tolimosios pernaSos laikotarpis truko 2 savaites.
SILAM Eulerio ir Lagranzo versijos bei HYSPLIT modelio rezultatai parodé, kad berzo
7iedadulkiy tolimoji pernaSa galima i§ Svedijos, Norvegijos, Danijos, Latvijos,
Vokietijos, Lenkijos, Baltarusijos, Ukrainos, Rusijos ir Moldavijos. Atsizvelgiant
augaly dulkéjimo laikotarpius ne visi modeliy nurodomi Ziedadulkiy Saltiniai yra tikétini.

Analizuojant oro temperattros, krituliy kiekio, santykinio oro drégnumo bei ve¢jo
grei¢io galimg poveikj skirtingy genciy ir Seimy augaly Ziedadulkiy sklaidai, pirmiausiai
buvo nustatyti rySiai tarp meteorologiniy parametry ir Ziedadulkiy koncentracijos
Ziedadulkiy sezono metu (2004-2009 m.). Nustatyta, kad egzistuoja priklausomybe tarp
Ziedadulkiy kiekio ore ir oro temperatiros (67 % atvejy kai p<0,05). DidZioji dalis
apskaiciuoty koreliacijos koeficienty gauti teigiami (58% atvejy kai p < 0,05). Vadinasi,
Ziedadulkiy kiekis atmosferoje didéja kylant oro temperatiirai.

Buvo gauti statistiSkai patikimi neigiami koreliacijos koeficientai (nuo -0,16 iki
-0,72, 79% atvejy, kai p<0,05) tarp beveik visy aerobiologinése stotelése nustatyty
genciy ir Seimy augaly Ziedadulkiy ir santykinio oro drégnumo Ziedadulkiy sezono metu.
Gauti rezultatai leidZia teigti, kad Ziedadulkiy kiekis ore maZzéja didéjant oro drégnumui.

Krituliy kiekio ir Ziedadulkiy koncentracijos koreliacijos koeficienty rezultatai
parode, kad apie 50% tirty atvejy (p<0,05) nustatytas patikimas labai silpnas, silpnas
arba vidutinio stiprumo rySys (nuo -0,12 iki -0,49) tarp pastaryjy parametry. Koreliacijos
metodu nustatyta, kad véjo greicio jtaka Ziedadulkiy koncentracijai nezymi, t. y virS 31%
i§ visy tirty atvejy (p<0,05) parodé patikimg labai silpng arba silpng rysj tarp Ziedadulkiy
koncentracijos ir véjo greicio.

Meteorologiniy parametry poveikiui jvertinti buvo atlikta daugialypé regresine
analizeé. Rezultatai parode, kad Ziedadulkiy koncentracijos kaita daugiausia susijusi su
santykiniu oro drégnumu (24 atvejai 1§ 57, kai p<0,01), tacCiau iSrySkéja ir kity
meteorologiniy parametry jtaka, t.y. oro temperatiiros (6 atvejai, kai p<0,05) arba
meteorologiniy parametry komplekso poveikis Ziedadulkiy koncentracijos Kkaitai

(27 atvejai, p<0,05). PavyzdZiui, oro temperatiiros, véjo greiio ir santykinio drégnumo
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(7 atvejai), oro temperaturos ir santykinio drégnumo (7), véjo greiio ir santykinio
drégnumo (5) arba oro temperatiiros ir véjo greicio (3).

Norint jvertinti Ziedadulkiy sezono trukmés pokycius klimato kaitos kontekste,
biitina nustatyti zZydé¢jimo laikotarpiy kaita Lietuvoje ir temperatiros poveikj augaly
zyde¢jimo pradzios fluktuacijai. Remiantis regresijos lygtimi buvo apskaiCiuotas
paprastojo lazdyno augaly Zydéjimo anstyvejimas dienomis. Visose agrometeorologinése
stotyse ir postuose, kur buvo stebimas paprastojo lazdyno prazydimas, nustatyti neigiami
trendai. Paprastojo lazdyno ankstyvéjimas Lietuvoje siekia 20-25 dienas (p < 0,05).
Dalis gauty rezultaty atskleidé 25-30 dieny intervale (p <0,05) esantj Zydéjimo
ankstyvejimg. Tik dviejy agrometeorologiniy sto€iy duomenimis, nustatytas maziausias
paprastojo lazdyno prazydimo ankstyvejimas, kuris siekia 16—18 dieny. Tokie statistiSkai
patikimi trendai atskleidZia, kad ilgalaikiai duomenys vienareikSmiskai rodo augaly
Zydéjimo ankstyvejima, kurj galima susieti su klimato kaitos poveikiu.

Visos Lietuvos analizei atlikti buvo nustatyti tiesiniai trendai pagal ty vietoviy
duomenis, kur vykdyti nuosekliis karpotojo berzo fenologiniai steb¢jimai. Gauti neigiami
trendai, kurie parodé karpotojo berzo prazydimo ankstyvéjimg. Karpotojo berzo atveju
nustatomas Zyde¢jimo ankstyvejimas ne toks didelis kaip anksti praZystanciy augaly ir
siekia 10-15 dieny (p<0,05).

Mazalapés liepos nustatytas zydéjimo ankstyvéjimas ne toks didelis, kaip
paprastojo lazdyno ar karpotojo berzo. Dalis nurodomy pokyCiy yra statistiS8kai
nepatikimi (p > 0,05), taCiau dalis yra patikimi ir apima nuo 5 iki 15 dieny (p < 0,05).

Pagal dviejy klimato modeliy (ECHAMS ir HadCM3) ir trijy Siltnamio dujy emisijy
scenarijy (A1B, B1 ir A2) oro temperatiiros rezultatus sumodeliuotas paprastojo lazdyno
prazydimas. Rezultaty analiz¢je pateiktas skirtumas dienomis, tarp daugiameciy
steb¢jimo duomeny (1970-1999 m.) ir paprastojo lazdyno prazydimo 2001-2030 m.,
2031-2060 m., 2061-2090 m. Gauti rezultatai atskleidé, kad sumodeliuotas paprastojo
lazdyno prazydimas Lietuvoje pagal Siltnamio dujy emisijy scenarijaus B1 iSvesties
duomenis, maZziausiai ankstyvejantis. Palyginus gautus rezultatus tarp maziausig (B1) ir
didziausig (A2) prazydimo pokytj rodanciy rezultaty pastebéta, kad skirtumas siekia nuo
8 d. iki 50 d. priklausomai nuo laikotarpio. DidZiausi paprastojo lazdyno pokyciai,
lyginant su daugiameciais duomenimis, yra numatomi 2061-2090 m. ir siekia

vidutiniSkai nuo 20 iki 80 dieny.
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Pirmoje Sio Simtmecio puséje numatomi nedideli poky¢iai, kurie pagal pesimistinj
Siltnamio dujy emisijy scenarijy (A2) padidés XXI a. pabaigoje, o karpotojo berZzo
prazydimas Lietuvoje vidutiniSkai paankstés iki 25 dieny. Optimistinis Silthamio dujy
emisijy scenarijus (B1) rodo ne didesnj nei 8 dieny karpotojo berzo Zydéjimo
ankstyvejimg, nepriklausomai nuo HadCM3 ar ECHAMS modeliy oro temperattiros
iSvesties duomeny. DidZiausi skirtumai iSlieka tarp B1 ir A2 scenarijy sumodeliuoty
prazydimo skirtumy ir bendrai Lietuvoje 2001-2090 m., priklausomai nuo laikotarpio,
siekia 8-20 d.

HadCM3 iSvesties duomenimis, 2001-2030 m. maZalapés liepos prazydimo
skirtumas Lietuvoje sieks 1-11 dieny, 2031-2060 m. — 15-21 dieng, 2061-2090 m. —
17-24 dienas. PanaSiai kaip ir ECHAMS duomenimis (maZesni pokyc¢iai). Modeliavimo
duomenys rodo tendencingg mazalapés liepos prazydimo ankstyvejimg.

Paankstyvejus augaly dulkéjimo laikotarpiui Lietuvoje, lazdyno, berZo liepos
genties augaly Ziedadulkiy sezono ankstyveéjimas, taip pat neiSvengiamas. Tokie dideli
pokyciai susije su prognostine oro temperattiros situacija Lietuvoje. Kadangi dulkéjimo
laikotarpis ir Ziedadulkiy sezonas yra labai susij¢ tarpusavyje, o augaly dulkéjimo
periodas Lietuvoje lemia Ziedadulkiy sezono pradzig, todé¢l numatomi pokyciai yra

galimi.

ISvados

1. Lietuvoje ziedadulkiy sezono metu didZiausiomis paros Ziedadulkiy
koncentracijomis pasiZzymi berZzo genties (4 680 Ziedad./m’) ir pusSiniy Seimos
(3 515 ziedad./m’) augalai.

2. Lietuvos atmosferoje augaly dulkéjimo metu daugiausia aptinkama berZo
genties (26-32%), puSiniy Seimos (14-28%), dilgéliniy Seimos (12-22%), alksnio
genties (6—8%), migliniy Seimos (5-8%) ir kieCio genties (4-8%) augaly Ziedadulkiy.
Vidutinis Ziedadulkiy sezonas tgsiasi nuo 28 (berzy) iki 83 dieny (migliniy augaly).

3. Lietuvos bioaerozolyje balandZio ménesj vyrauja berzo ir alksnio genties augaly
ziedadulkeés (77,4% nuo bendro ziedadulkiy kiekio per ménesj), geguzés — pusiniy ir
berzo (88,2%), birzelio — puSiniy, migliniy ir dilgéliniy (88,2%), liepos — dilgéliniy ir
migliniy (82,9%) ir rugpjucio —dilgéliniy ir kiecio (90%).
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4. Vilniuje, lyginant su Klaipéda ir Siauliais, fiksuojamos didesnés berZo genties
(33-49% bendro ziedadulkiy kiekio aerobiologinése stotelése) ir puSiniy (41-73%),
dilgéeliniy (35-50%) Seimy augaly Ziedadulkiy koncentracijos. Klaipédoje kieCio genties
augaly Ziedadulkiy fiksuojama maziausiai (vidutiniSkai 23% nuo bendro per metus).

5. Ziedadulkiy sklaidos ore ir augaly prazydimo lyginamoji analizé parodé, kad
vietiniy augaly Zydéjimas ne visada sutampa su Ziedadulkiy sezonu, todé¢l vien tik
fenologiniai stebéjimai nepakankamai tiksliai charakterizuoja Salies alergening situacija.
Tiksliau jg apibiidina aeropalinologiniai tyrimai.

6. Atgaliniy oro masiy trajektorijy analizé atskleide, kad dalis Ziedadulkiy yra
advekcinés kilmeés. 2004-2009 m., augaly dulkéjimo laikotarpiu, Lietuvoje vyravo
vakary ir $aurés vakary krypties oro masiy slinktis (35-45% visy atvejy). Siomis
salygomis buvo uZzfiksuota vidutiniSkai 32% metinio Ziedadulkiy kiekio.

7. 18 Centrings ir Pietinés Europos atslenkancios oro masés vasaros pabaigoje yra
potencialis ambrozijos Ziedadulkiy Saltiniai. Daugiausiai ambrozijos Ziedadulkiy
uzfiksuota rugpjicio pabaigoje ir rugséjo pradZioje Vilniaus aerobiologin¢je stotel¢je
(10-61 ziedad./m’).

8. Nustatyta, kad, vir§ Rusijos susidarius aukSto slégio sriiai, o ties Islandija ir
Skotija — giliai Zemo slégio sridiai ir sustipréjus piety krypties véjams, berzy Ziedadulkés
i Lietuva gali bati atneSamos i§ Pietinés Svedijos, Danijos, Vokietijos, Lenkijos,
Baltarusijos, Ukrainos, Moldavijos.

9. Ivertinus meteorologiniy parametry poveikj, nustatytas statistiSkai patikimas
(p<0,05) rysys tarp Ziedadulkiy kiekio ore ir santykinés oro drégmeés, oro temperaturos,
krituliy kiekio ir véjo greic¢io. Toks désningumas biidingas atitinkamai 79%, 67%, 50% ir
31% ziedadulkiy morfotipy.

10. Daugialypés regresijos analizé atskleidé (p<0,05), kad 40% analizuoty atvejy
Ziedadulkiy koncentracija ore lemia santykine oro drégme, 12% — oro temperatura ir
dréegmeé, 12% — oro temperatiira ir v¢jo greitis ir 9% — oro temperatiira. Likusius 27%
atvejy sudaro jvairiis oro temperatiros, drégnumo, krituliy kiekio ir véjo greicio
kompleksai.

11.Fenologiniy stebéjimy (1970-1999 m. ir 2003-2009 m.) duomeny chronologiné

analizé rodo (p<0,05), kad paprastojo lazdyno Zydé¢jimas per laikotarpj vidutiniSkai
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paankstejo 20-30 dieny, karpotojo berzo — 10-15 dieny, o mazalapes liepos — 5-15
dieny.

12. Analizuojant klimato S$ilt¢jimo jtaka paprastojo lazdyno, karpotojo berzo ir
mazalapés liepos prazydimui nustatyta, kad, lyginant su XX a., labiausiai turéty keisis
anksti pavasarj Zydin¢iy augaly praZzydimas.

13.Jei klimato kaita vyks pagal Bl scenarijy, didZiausi paprastojo lazdyno
prazydimo pokyciai (ankstyvejimas) XXI a. numatomi pajiryje (daugiau kaip 29
dienos), maziausi — Siaurés ryty, Pietry&iy Lietuvoje (8—13 dieny). Jei pagal A2 —
daugiau kaip 53 dienos ir 46 dienos atitinkamai.

14. XXTI a. pagal B1 scenarijy numatomas 5-8 dieny karpotojo berzo prazydimo
ankstyvéjimas visoje Lietuvoje. Pagal A2 scenarijy numatomi didZiausi pokyciai
pajiryje ir Piety Lietuvoje (daugiau kaip 33 dienos), maZiausi — Vakary Lietuvoje (apie
23 dienas).

15.Pagal B1 scenarijy maZalap¢ liepa anksCiausiai prazys pajiryje (24 dieny
skirtumas), veliausiai centrin¢je Lietuvos dalyje (17 dieny). Pagal A2 scenarijy
numatomi didZiausi pokyciai Vakary Lietuvoje (43 dienos) ir maZiausi pajiryje ir Piety

Lietuvoje (35-36 dienos).
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geografijos moksly magistro laipsnis. Tais paciais metais Laura Veriankaité jstojo i
Vilniaus universiteto geografijos krypties doktoranttros studijas. Per studijy laika
disertacinio darbo tema paskelbtos 5 publikacijos.

Studijuodama doktorantiiroje Laura Veriankaité dirbo Siauliy universiteto Gamtos
moksly fakulteto Aplinkotyros katedroje ir aktyviai vykdé pedagogine ir projekting
veikla.
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