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Abstract

Air pollution determined threats for trees growing in cities will change due to warming climate and increasing air
pollution after the end of Ignalina nuclear power plant exploitation. The aim of this research was to evaluate the pace
of radial increment possible changes of Scots pine (Pinus sylvestris L.) in future scenarios of warming climate and increasing
SO, and NO, concentration in city atmosphere. Wood samples were collected from 80-90 year old sample pines, growing
in parks and forest parks in Vilnius and Kaunas cities, for the analysis of annual radial increment reaction to environmental
changes. Multiple regression models (describing 53-66 % of variability of actual dendroscales with probability of 95 %)
for predicting pine radial increment were created. If recent cautious climate warming prognosis will be true, the pace of
pine radial increment possible changes in cities will be rather slow in the coming 30 years: from +0.001 to +0.004 mm
per year. The pace of pine radial increment possible changes in future scenario of increasing SO, and NO, concentration
in city atmosphere will be slow: from -0.002 till -0.006 mm per year and pine radial increment in 2020 will decrease (by
0.03-0.05 mm) in major part of sample plots despite the positive impact of warming climate.
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Introduction

Tree growth and productivity are basic forest
ecosystem indicators reflecting general forest state and
stability, which are dependent on the quality of the
surrounding environment (Juknys et al. 2002). City
green areas receive local and background air pollution
impact, thus city trees are more vulnerable, degrade
and fall faster than trees in natural ecosystems (Stravin-
skiené 2002). The condition of trees in Lithuania is
influenced mostly by high concentration of acidifying
pollutants (SO, and NO,) in the atmosphere (Augus-
taitis 2003).

The width of annual tree rings (radial increment)
depend on climate and anthropogenic factors, thus
this indicator reflects the impact of total present and
past ecological factors and is convenient for assess-
ment of environmental state (Bitvinskas 1989, Lovelius
1997, Stravinskiené 2002). Reduction of the radial in-
crement was characteristic of trees in northern latitude
forests since 1950, later increase (since 1981) (Linder-
holm et al. 2002, Todaro et al. 2007). It is considered,
that this phenomenon was mostly influenced by warm-
ing climate, increasing amount of available nitrogen in
soils and increasing carbon dioxide concentration in
the atmosphere (Nojd and Hari 2001), also air pollu-
tion reduction (Ozolin¢ius 1998, Juknys et al. 2002).

In future air pollution determined threats for for-
est condition will change due to warming climate and

increasing air pollution after the end of Ignalina nu-
clear power plant exploitation (Bukantis et al. 2003,
Denafas et al. 2004, Paoletti et al. 2007). Considerable
climate warming will determine the increase of vege-
tation period, but at the same time warmer winters will
increase appearance of new tree diseases and pests
(Rimkus 2007). Thus evaluation of plant reaction to-
wards multiple interacting factors limiting growth and
future prognosis is a relevant research topic. The aim
of this research was to evaluate the pace of pine radi-
al increment possible changes in future scenarios of
warming climate and increasing sulphur and nitrogen
dioxide concentration in city atmosphere.

Materials and methods

Research object, sample plots, analysis methods

80-90 year old Scots pine (Pinus sylvestris L.)
sample trees, growing in parks and forest parks in
Vilnius and Kaunas cities, were chosen as the objects
of investigation. This tree species was chosen because
it is the most widespread tree species in parks and
forest parks; also it is sensitive to environmental
changes. 9 sample plots (Table 1) were selected on sites
of normal humidity sandy loam (Nb habitat) and clay
loam (Nc habitat) soils.

Wood samples were selected for the analysis of
pine annual radial increment reaction to environmen-
tal changes. According to methodological recommen-
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Table 1. Forest dendrometric characteristics of sample plots
(P — pine, S — spruce, L — lime, M — maple, O — oak, A —
aspen, B — birch)

Number

Sample plot Pine age, Va rie(j:l.l Stocking Voleume Site of
years composition level m°/ha type sample
trees
In Kaunas city parks and forest parks
Kleboniskis 80 6P4S 0.6 150 Nb 24
Lampeédziai 920 10P 0.6 220 Nc 24
Palemonas 90 10P 0.7 220 Nb 24
Romainiai 80 10P+A 0.6 140 Nb 24
In Vilnius city parks and forest parks
Aukstagiris 85 8P2B 0.8 340 Nb 24
Lazdyn éliai 80 10P+O 0.8 340 Nc 24
Plytiné 80 10P 0.8 300 Nc 24
Santariskes 90 10P+M 0.7 240 Nb 24
Turnikes 85 10P+B 0.8 320 Nc 24

dations (Stravinskiené 1994), wood samples were tak-
en from each sample tree by Pressler‘s borer at 1.3 m
(breast) from root collar in east—west direction. Dry
wood samples were soaked for 2—4 hours before meas-
urements. The radial increment was measured by tree-
ring measuring system LINTAB and computer program
WinTSAP 0.30. The accuracy of measurements was
=0.01 mm.

In order to reach the aim of the research, multiple
regression models for predicting pine radial increment
were created. Climate parameters in multiple regression
models were mean month’s temperature (°C) and
amount of precipitation (mm) data (1892-2006) from
Kaunas and Vilnius meteorological stations archives.
The component of harmonic variation was included in
models because cyclic variation of nature processes
(repeated solar activity cycles, droughts, very cold,
dry or humid periods) increase the equivalence of
model radial increment sequences (dendroscales) to
actual dendroscales. According to methodological rec-
ommendations of other studies (Juknys and Venclovi-
ené 1998, Juknys 2004), regression functions includ-
ed from one to three 8-23 year period cyclic constit-
uents. Models included multiplier — negative exponen-
tial function, which parameters were calculated by least
square method, in order to reflect radial increment re-
duction trend due to the impact of tree age (Fritts 1976,
Juknys 2004).

Climate dynamics and future prognosis

1961-1990 period in Lithuania was 0.1-0.3°C warm-
er than 3 previous decades, except the southern part,
where temperature dropped by 0.1°C (Bukantis and Rim-
kuté 1996). Mean annual amount of precipitation inc-
reaced by 20.53 mm in western part of Lithuania and
decreased by 20.57 mm in the remaining part of the ter-
ritory in comparison with 1931-1960 period (Bukantis
and Rimkuté 1997). Climate simulation models, using
different emission scenarios, predict global temperature
rise of 1.4-5.8°C in 1990-2100 (Rimkus 2007).

In order to evaluate the pace of pine radial incre-
ment changes in case of warming climate in future,
prognosis were calculated by two scenarios: S1 — when
climate parameters in 3 coming 11 year solar cycles
were the same as in the last 22 year solar cycle, S2 —
when S1 climate parameters were increased (decreased
in case of September precipitation amount). It was
assumed that in coming three 11 year solar activity
cycles after 2007, the pace of climatic parameters chang-
es per year in S2 will be: 7, = +0.10 (°C), T, = +0.07
(°O), Pp,,=+0.25 (mm), Py, =-0.15 (mm), P, - =-0.15
(mm).

NO, and SO, concentration dynamics and future
prognosis

Emission of acidifying gasses was reduced sig-
nificantly in many member states of European Union:
emission of these gasses was reduced by 43 % in old
member states and 58 % in new member states in 1990—
2002 (Anon. 2005). Air pollution by sulphur (SO,) and
nitrogen (NO,) dioxides is 30-50 % greater in cities
than in relatively clean Lithuanian districts (Perkaus-
kas et al. 1997). NO, and SO, concentration dynamics
in 1990-2006 in Kaunas and Vilnius cities is present-
ed in Figure 1 (Lietuvos aplinkos... 2000, Oro koky-
bé... 2006, Kauno miesto... 2005).
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Figure 1. The dynamics of sulphur and nitrogen dioxide con-
centration (ug/m?) in the atmosphere of Vilnius and Kaunas
cities

When exploitation of Ignalina nuclear power plant
(INPP) second block will be finished, SO, emission from
other Lithuanian power plants will increase from 30 to
52.3 kilo tons (kt) per year and will reach 83.3 kt in
2020, NO_ -~ from 3.8 till 6.7-10.0 kt (Denafas et al.
2004).

In order to evaluate the pace of pine radial incre-
ment changes in case of increasing SO, and NO, con-
centration in cities, prognosis were calculated by two
scenarios: S3 — when the exploitation of the second
block of INPP will be extended till 2020 and concen-
tration of pollutants will be stable (as in 2006-2007
level), S4 — when the exploitation of second block of
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Ignalina nuclear power plant (INPP) will be completed
in the end of 2009 and concentration of pollutants will
start slowly increasing. It was assumed that in S4
scenario SO2 concentration should increase 2—3 times
in cities in 2010-2020 (from 2.5 ug/m? in Kaunas and
2.0 ug/m? in Vilnius to 5.0 ug/m? and 5.6 ug/m? respec-
tively) and NO2 concentration should slightly increase
up to 1.2 times (from 24 pug/m?* in Kaunas and 30 ug/
m? in Vilnius till 30 ug/m? and 35 ug/m? respectively).
Climate parameters in S3 and S4 were not changed (as
in S1).

Results

Results showed that multiple regression models
were appropriate (determination coefficient R*>>0.5 and
p<0.05) for predicting pine radial increment in major
part of sample plots in future warming climate and
increasing pollution scenarios despite rather short data
sequences of pollutants concentration (1990-2006).

However, multiple regression models were not suita-
ble (determination coefficient R?<0.3 and p>0.05) for
pine radial increment prognosis in Kleboniskis, Pale-
monas and Santari§kés sample plots in future scenar-
io of increasing SO, and NO, concentration. As com-
parison of the pace of pine radial increment possible
changes in S2 and S4 scenarios was important in this
research, thus Kleboniskis, Palemonas and SantariSkés
sample plots were not included in further discussion
of results and conclusions were based on appropriate
models. Actual (Sample plot) and model
(Sample plot M) pine dendroscales, calculated prog-
nosis according scenarios S1 (Sample plot S1) and S2
(Sample plot S2) are presented in Figures 2 and 3.

Multiple regression models, used for predicting
pine radial increment in case of warming climate (Ta-
ble 2), included 2-4 climate parameters, 1-3 cyclic
components and multiplier — age trend exponential
function. Models described 53—61 % of variability of
actual dendroscales with probability of 95 %.
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Table 2. Multiple regression

Model

Multiple regression equation; determination coefficient R” (p<0.05)

models used for pine radial in- dendroscale

crement prognosis S1 and S2

AukS$tagiris_M

¥ =(055+3.73¢ “%)(1.10 + 0.02T,,, ~0.001 P, .+ 0.08sin %—0.05 sin 22i1’+
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0.06

y=(097+3.92¢"")(0.96 +0.01T,,, + 0.03T,,, +0.002 Py, —0.001P

pssSep

7T Tt .
~0.09sin 22 ~0.05cos 22—1’), RP=053

Romainiai_ M

y=(0.79+4.59 “"")(1.00+0.01T,,, +0.02T,,, —0.001 Py, + 0.08sin %f

Sep
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2
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Results showed that the pace of radial increment mm — in Plytiné, +0.07 mm — in Romainiai, +0.08 mm —

changes in case of warming climate (S2 in comparison  in Turni$kés, +0.10 — in Lampédziai and +0.13 — in
with S1) would be rather slow (from +0.001 to +0.004  Lazdynéliai.
mm per one year). In future three 11 year solar cycles Actual (Sample plot) and model (Sample plot
(till 2040) pine radial increment in case of warming M) pine dendroscales, calculated prognosis according
climate would increase in all sample plots: it would to scenarios S3 (Sample plot S3) and S4 (Sample
increase by +0.03 mm in Aukstagiris sample plot, +0.04  plot S4) are presented in Figures 4 and 5.

Figure 4. Actual and model (M) radial
increment dynamics and prognosis ac-
cording to scenarios S3 and S4 in
Lampédziai, Lazdynéliai and Aukstagiris
sample plots (AS4-S3= -0.002 — -0.004
mm/per year)

Figure 5. Actual and model (M) radial
increment dynamics and prognosis ac-
cordingto scenarios S3 and S4 in Romain-
iai, Plytiné and Turniskés sample plots
(AS4-S3= -0.005 — -0.006 mm/per year)
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Multiple regression models used for predicting
pine radial increment dynamics according to S3 and
S4 are described in Table 3. These models included 1
climate parameter, 2 cyclic components, SO, or NO,
concentration component and multiplier — age trend
exponential function. These models described 56—
66 % of variability of actual dendroscales with prob-
ability of 95 %. Slightly higher model determination co-
efficients than the ones used in case of changing cli-
mate were determined by smaller length of data se-
quences (longer SO, and NO, concentration data se-
quences were not available). When both SO, and NO,
concentration components were included in models,
determination coefficient became statistically insignif-
icant p>0.05, probably due to inter-correlation and
short length of data sequences of these components.

Discussion

Prognoses of recent climate change models are
cautious: the pace of air temperature increase will be
no more than 0.05 — 0.10°C in a decade (Rimkus 1999).
Forecast for a hundred years predicts greatest changes
in winter (depending on the development scenario, air
temperature will rise 4-8°C) and smallest — in summer
(1.5-3.5°C) (Rimkus et al. 2007). Amount of precipita-
tion will increase in winter (depending on the devel-
opment scenario, precipitation will increase 5-60 mm
in a hundred years) and spring (5-38 mm), meanwhile
amount of precipitation will decrease in summer (till -
0.31 mm per year) and autumn (Rimkus et al. 2007).

Results of this research suggest that warming
climate will have weak positive influence on pine

Table 3. Multiple regression
models used for pine radial in-

Model
dendroscale

Muttiple regression model; determination coefficient R (p<0.05)

crement prognosis S3 and S4
Aukstagiris M
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R"=0.50
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y=(1.82+0.63¢
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Results showed that the pace of radial increment
changes in case of increasing acidifying pollutants (SO,
and NO,) concentration (S4 in comparison with S3) would
be slow (from -0.002 till -0.006 mm per one year) but
slightly faster than in the case of warming climate. In case
of increasing SO, and NO, concentration till 2020 pine
radial increment would decrease in all sample plots: it
would decrease by -0.02 — in Lazdynéliai sample plot, -
0.04 — in Lampédziai and Aukstagiris, -0.06 mm — in Ro-
mainiai and Turniskés, -0.07 mm — in Plytiné.

Table 4 illustrates the comparison of the pace of
possible radial increment changes determined by warm-
ing climate and increasing SO, and NO, concentration
in cities.

Results of radial increment changes, predicted by
multiple regression models, showed that after the end
of Ignalina nuclear power plant exploitation, with the
increasing SO, and NO, concentration in city atmos-
phere, the pine radial increment in 2020 would decrease
(by 0.03—0.05 mm) in major part of sample plots de-
spite the positive impact of warming climate.

growth and increasing concentration of acidifying
pollutants — weak negative influence in Lithuanian
cities, which does not contradict the findings of many
other studies (Nojd and Hari 2001, Linderholm et al.
2002, Todaro et al. 2007, Juknys et al. 2002). However,
there are some contradictory findings. Results of a
study of mature (up to 160 years) pine trees response

Table 4. Predicted pine radial increment changes in 2020,
determined by warming climate (A=S2-S1) and increasing
acidifying pollutants concentration (A=S4-S3)

Sample Change A Change A
plot (S2-S1), (S4-S3), Total change A
mm mm
Aukstagiris +0.01 -0.04 -0.03
Plytiné +0.02 -0.07 -0.05
Turniskes +0.03 -0.06 -0.03
Lazdynéliai +0.05 -0.02 +0.03
Lampeédziai +0.04 -0.04 0.00
Romainiai +0.03 -0.06 -0.03
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towards CO, enrichment and temperature elevation (3—
5°C above ambient) in experimental ecosystem in Nor-
way showed that these factors did not significantly
influence the tree radial increment and these findings
contradicted many short-term studies, done with seed-
lings or young plants (Rasmussen et al. 2002).

There is a probability of inaccuracy in predicted
pine radial increment possible changes. Results of this
research are based mostly on mathematical modelling,
which can not include all factors influencing pine
growth in studied sample plots. Future prognosis of
various factors used in models for different scenarios
were based on findings and suggestions of other re-
searchers, which also creates a probability of errors
in models used for predicting pine growth. However,
the pace of pine growth possible changes due to warm-
ing climate and increasing air pollution was calculat-
ed using the same method and results of this research
may be relevant for evaluating possible environmen-
tal conditions in cities in future.

Global emission scenarios predict, that the con-
centration of greenhouse gasses in the atmosphere will
increase, even if all measures for emission reduction
will be undertaken (Intergovernmental Panel... 2001,
Jacobson 1999, Ramanathan 1998). Carbon dioxide (3—
4 % per year) and monoxide (0.5 % per year), methane
(1-2 % per year), nitrogen oxides (0.3 % per year)
emission will increase due to better technologies in
industry and fuel consumption. Energy consumption
will be 20-40 % greater in 2020 in comparison with
2000, but still 20-40 % less than in 1990 (Nacionaliné
energetikos... 2002). In a few coming decades global
emission of sulphates will increase, but from 2030 re-
duction will start and changes in nitrogen oxides con-
centration will be insignificant (Bukantis 2007).

Future SO, and NO, concentration dynamics prog-
nosis after 2020 are vague. If Ignalina nuclear power
plant is closed in 2009, probably the increase of acid-
ifying pollutants concentration should slow down in
coming 20-30 years and stabilize (Denafas et al. 2004).
Greater changes in SO, and NO, concentration in Kau-
nas and Vilnius cities due to changes in European
region are unlikely, as future predictions forecast the
reduction of global sulphate emission from 2030 and
no significant changes in nitrogen oxides emission.
Probably at some point (around 2030) the pace of pine
radial increment possible changes determined by cli-
mate warming and acidifying pollutants concentration
(SO, and NO,) will unify and it is likely that later cli-
mate warming will have major impact.

Conclusions

1. Multiple regression models, which described
53-66% of variability of actual dendroscales with prob-

ability of 95%, were suitable for pine radial increment
prognosis according future scenarios (S1-S4) of warm-
ing climate and increasing sulphur and nitrogen diox-
ide concentration in major part of sample plots.

2. If recent cautious climate warming prognosis
will be true, the pace of radial increment possible
changes (S2 scenario in comparison with S1) of pines,
growing in forest parks and parks in Kaunas and Vil-
nius cities, will be rather slow in the coming 30 years:
from +0.001 to +0.004 mm per one year.

3. Comparison of multiple regression model pre-
dictions showed that the pace of pine radial increment
possible changes in future scenario of increasing acid-
ifying pollutants (SO, and NO,) concentration in city
atmosphere after the end of Ignalina nuclear power
plant exploitation (S4 in comparison with S3) will be
slow: from -0.002 to -0.006 mm per one year.

4. Pace of radial increment changes in case of
increasing SO, and NO, concentration would be slight-
ly faster than in future scenario of warming climate,
thus after the end of INPP exploitation in 2009, pine
radial increment in 2020 will decrease (by 0.03—0.05 mm)
in major part of sample plots despite the positive im-
pact of warming climate.
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CKOPOCTbH BO3MOXKHBIX N3BMEHEHUN PAIUAJIBHOTO ITPUPOCTA COCHBI
OBBIKHOBEHHOM (PINUS SYLVESTRIS L.) B TOPOJCKHX JIECAX U ITAPKAX

A. IIMMATOHUTE

Pestome

3arpsi3HeHHE BO3/yXa OIpeeiseT Yrpo3bl JepeBbsIM, PacTyLIUM B TOpOJax, BbI3BIBAIOT U3MEHEHUS U3-3a MOTEILICHUS
KJIMMaTa U yBeJIMYEHHs 3arps3HEHHs BO3TyXa [0CIIe OKOHYAHHMS IKCILUTyaTallud aTOMHO# »Jekrpocraniuy Vrnamunst. [ens
9TOTO HCCIEeAOBAHUSA OblIa OIEHUTH CKOPOCTH BO3MOXHBIX OYZYHIIMX H3MEHEHHH pafAHalbHOTO NPUPOCTA COCHBI
OOBIKHOBEHHOH (Pinus sylvestris L.) n3-3a HOTEIJICHUS KJIMMara U YBEJINYEHHs KOHIICHT palliid MOAKHUCIIAIOMNX 3arps3HUTeIeH
(nmrokcuaa cepsl M azora) B arMocdepe roponos. g aHanM3a peakUMH FOAMYHOTO PAJAMaIbHOIO HPHPOCTA COCHBI HA
9KOJIOTUUECKHE M3MEHEHHs, 00pa3Ibl IpeBeCUHbl ObUIM COOpaHBI U3 YYETHBIX AepeBbeB 80—90-IeTHHX COCEH, PacTyNIUX B
napkax ¥ Jiecomapkax ropomoB Kaynaca u BumbHioca. Beumn co3nanel Matemarndeckue Moxenu (oTpaxkaromue 53—66%
HM3MEHYNBOCTH (PaKTHUECKOTO PagHabHOTO MPUPOCTA C BEPOSITHOCTHIO 95%) I MporHo3a paguaibHOTO IPHPOCTA COCHEL
Ecnu ocTOpOXHBII MPOTrHO3 MOTENMIeHUs KiuMmara OyneT BepHBIH, B TedeHHH 30 JIeT CKOPOCTh BO3MOXHBIX OyIyIIMX
M3MEHEHHUH PaJnualbHOIO IPUPOCTa COCHBI B TOPOJICKUX MapKax OyJaeT AOBOJIBHO MeIeHHOM: exeroqHo ot +0,001 no +0,004
MM. CKOpOCTh BO3MOXKHBIX OyIyIINX U3MEHEHHH paJHalbHOTO NMPUPOCTa COCHBI B OyIyIIeM CIeHapHH YBEIMYEHUs
KOHIIEHT Al TUOKCHUAOB CEPHl U a30Ta B aTrMocdepe ropojoB Oymer memieHHoi: ot -0,002 mo -0,006 MM uepes3 rox u
pamuanbHBId TpupocT cocHH B 2020 roxy ymensmutces (Ha 0,03—0,05 MM) B OONBIIMHCTBE ClydaeB, HECMOTPS Ha
TMOJIOXKUTENBHOE BO3JIEHCTBHE MOTEIUICHH KIIMATa.

KuroueBbie cj10Ba: cocHa OGBIKHOBGHHaH, paZ[PIaJ'IBHLIfI MPpUPOCT, NOTCIVICHUE KJIIMMAaTa, KOHICHT pallsd JUOKCHUIOB CEPbI
" a3oTa
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