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ABSTRACT

In order to assess the impact of climate variations on Austrian pine forest in the Belgrade area, the radial growth of
artificially-established Austrian pine trees and its dependence on temperature and precipitation was studied using
dendroclimatological methods. The site is classified as Quercetum-frainetto cerris Rudski. Standard and residual
chronologies were established and several common statistics were calculated. A dendroclimatic study was carried out using
the correlation and response function analysis. The Pearson correlation coefficients between the chronology indices and
13 seasonal (3-month period) precipitation and temperature data were calculated for the period from 1959 to 2014. The
applied response function analysis included 24 precipitation and temperature variables from October of the prior year to
September of the current year. The results of the correlation analysis pointed out that there was a strong tendency towards
a positive response to the summer and late summer/early autumn precipitation and a weak significant negative response
to the spring and summer temperatures. Climate-growth relationships were further first studied using the response
functions for the significant seasons that were detected from the correlation analysis and then for individual months from
previous October to current September. These results also highlighted the findings that higher precipitation in the current
summer months has a beneficial effect on the tree-ring width. The conducted correlation between the residual chronology
and the Standardised Precipitation Evapotranspiration Index indicated that a high summer value of this drought index
had a positive impact on the pine growth and reinforced the previously detected relevance of September as an important
month for the Austrian pine growth. These preliminary results point out that some additional climate-Austrian pine growth
studies (application of various tree-ring features, growth data with a much longer time span, more sites/stands, etc.) should
be performed to obtain new and valuable knowledge important for the sustainable management of Austrian pine forests.
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INTRODUCTION

Climate change in Central Europe (temperature rise
and, above all, the increasing drought risk) is forcing forestry
in Central Europe to make forests resilient to future climate
conditions (Walentowski et al. 2017). Similar future climate
projection could be noted for the South-Eastern Europe
region (Angelini et al. 2012), causing climate variations which
could generally affect many aspects of forest ecosystems,
including tree growth and dieback, insect outbreaks, species

distributions, and the seasonality of ecosystem processes
(Seppald et al. 2009).

For this reason, the growth of trees as the main
component of forest ecosystems could be one of the
most useful (bio)indicators, reflecting the general health
and sustainability of forests and providing comprehensive
knowledge of long tree and forest history needed for the
understanding of forest dynamics and past environmental
changes (Fritts 1976, Richter et al. 1991, Spiecker 2002,
Juknys et al. 2002, Leal et al. 2008, Staji¢ et al. 2015). Due to
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a number of its specificities (precision of measurements,
close relationship with climatic and other environmental
factors, ability to collect data for several centuries back,
etc.), research of radial tree growth is of particular
importance in the analysis and definition of the "nature"
of tree and forest responses to changes in the basic growth
conditions, including those related to climate (Staji¢
2014). In that context, radial tree growth chronologies are
high-resolution proxy sources used to reconstruct climatic
variation at longer time scales (Esper and Gartner 2001).
Additionally, in their annual rings, trees preserve an
archive of past growing conditions reflecting competition,
disturbance, soil characteristics or species-specific
growth patterns, as well as human-induced disturbances
(Ostrogovic Sever et al. 2017).

Such investigations of the dependence of radial
growth on the climate and other factors are of particular
importance for Serbia's Austrian pine forests. First, its high
wood quality, wide range of utility values, ability to adapt to
nutritive conditions of unfavourable substrates, resistance
to harmful chemical agents (SO, etc.) and capability to grow
and produce wood in fairly modest site conditions make
Austrian pine capable of fulfilling complex forest functions
starting from the economic over ecological and protective to
aesthetic functions (Vuckovi¢ et al. 2010). Second, Austrian
pine is one of the most significant tree species used for
afforestation on dry sites in South-Eastern Europe (lveti¢,
Skori¢ 2013). Additionaly, the present condition of artificially-
established stands of Austrian pine as the dominant
species for afforestation in Serbia is due to insufficient and
inadequate silvicultural measures particularly unfavourable
in terms of health, vitality and use of production potential.

According to Stojanovic et al. (2014), Austrian pine is one
of the tree species in Serbia which is not under considerable
risk due to climate change. This evaluation was performed
using forest aridity index. However, the impact of climate
change on forests can be more comprehensively assessed
by studying climate-tree radial growth variation in a
multiannual period, i.e. by dendroclimatological research.
Besides oaks, pines are probably the most investigated
tree species from the aspect of dendroclimatology in
Europe (Lebourgeois 2000, Laanelaid and Eckstein 2003,
Leal et al. 2008, Hordo et al. 2009, Popa and Kern 2009,
Poljansek et al. 2013, Mazza et al. 2014, Smiljani¢ et al.
2014, Levani¢ et al. 2015, Bojaxhi and Toromani 2017,
Kalbarczyk et al. 2018). Itis evident that pines show different
growth-climate relationships depending on species, location
and climate conditions (Akkemik 2000, Miina 2000, Nojd
and Hari 2001, Panayotov and Yurukov 2007, Mazza et
al. 2014, Levanic et al. 2015, Staji¢ and Kazimirovi¢ 2018,
etc.).

Modern dendroclimatological procedures have not been
often applied to study climate data recorded for Austrian
pine radial growth in Serbia. The only research of this type
in Serbia was carried out by Staji¢ and Kazimirovi¢ (2018).
The results showed that Austrian pine in the area of Rudnik
Mountain was very sensitive to precipitation in summer
months in the given conditions, in the way that higher
amounts of summer precipitation resulted in significantly
higher radial increment values. In this sense, the objective
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of this research was to assess the radial growth of Austrian
pine and its dependence on temperature and precipitation
in an artificially-established stand in Belgrade area.

MATERIAL AND METHODS

The trees were cored in a 60-year-old, artificially-
established stand of Austrian pine nearby Belgrade. The
investigated site is located at approximately 300 m a.s.l. and
it is classified as Quercetum-frainetto cerris. The soil depth
on a moderate terrain slope (10°) is 20-40 cm. According
to Vuckovi¢ et al. (2008), the site belongs to yield class II.
Climate data were obtained from the nearest meteorological
station "Belgrade-Vracar", situated at a similar elevation.
The climate is humid continental with an average daytime
temperature of 12.3°C and the average annual precipitation
of 692.4 mm.

Two cores were taken at breast height at opposite sides
of the trunk from each of the 24 selected trees (48 radial
increment series). The sample was cross-dated visually,
using TSAP and R (R Core Team, 2008). The library dpIR
(Bunn et al. 2008) was used to evaluate the measurements
and the overall quality of the sampled radial increment
series. The radial growth series were standardized with
a cubic smoothing spline having a 50% cut-off of 32 years
(Cook and Peters 1981). Radial increment indices were
computed by dividing each radial growth value by the value
of the fitted curve of that year. The detrended series were
averaged to obtain the standard (STD) master chronology
by applying a biweight robust estimation of the mean value
function (Cook et al. 1990). In order to construct residual site
chronology (RES), the detrended series were prewhitened
with autoregressive models whose order was determined
according to Akaike Information Criterion (AIC). The quality
of the chronologies was evaluated by Mean Sensitivity (MS)
(Fritts 1976), Expressed Population Signal (EPS) (Fritts 1976,
Wigley et al. 1984), Signal-to-Noise Ratio (SNR) (Wigley et al.
1984) and the first Principal Component (PC1) (Fritts 1976).
Temporal stability of EPS was investigated by the annual
moving of 30-year long timeframes across chronologies.

In order to detect the pattern of Austrian pine growth-
climate relationships in the study area, correlation and
response functions between radial increment indices and
climate data were conducted by using Treeclim library (Zang
and Biondi 2015). The correlation analysis was primarily
applied to seasonal 3-month data, where the response
function was calculated for the significant seasons from
the correlation analysis, and then to monthly data, for
a sequence of 24 months starting from October of the
previous year to September of the current growing season.
The stability of the obtained coefficients through time
for 21 monthly calibrations of the response function was
determined by using a 30-year moving window. Finally, we
calculated the Standardized Precipitation-Evaporation Index
(SPEI) (Begueria and Vicente-Serrano 2014) and correlated it
with radial increment indices for the same months as in the
response function. To quantify drought through SPEI index,
the potential evapotranspiration was computed according
to the Hargreaves equations.
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RESULTS

Quality Indicators of Radial Increment Chronologies

The most important characteristics of radial increment
series (row data) are as follows: the average level of
correlation coefficient (r ) and t-test value (tbp) of each
normalized series with the master chronology (Baillie and
Pilcher 1973), the average values of mean sensitivity (MS)
and the first order autocorrelation coefficients (AC1) are
0.75, 4.75, 0.30 and 0.80, respectively.

In order to quantify the common and different features
of both chronology versions in the representation of the
climatic potential of growth data, statistical characteristics
of STD and RES master chronologies were calculated for the
common period of all series, from 1959 to 2014 (Table 1).
The obtained chronologies are 56 and 55 years long site STD
and RES chronologies with the average time span of a series
amounting to 51 years. The percentage of the variance
explained by PC1 for both types of chronology is similar
(49.78% and 52.96%). According to the values of EPS from
the moving window, both versions of the chronologies have
sufficiently strong common signal in their entire lengths.
However, the values of the applied statistics are more
favourable for RES than STD. Therefore, RES chronology
was selected to evaluate the effects of climate variations on
Austrian pine radial growth in this study.

Radial Growth-Climate Relationships
The obtained Pearson’s correlation coefficients between
RES chronology indices and the seasonal (3-month) and

monthly climate parameters are shown in Figure 1la and
Figure 1b, respectively. Starting from the current November
as the expected end of the growing period to October of the
previous year, 13 different seasons of the same length (3
months) were first analyzed. The most pronounced growth-
climate relationships were detected for the precipitation
in the period between June and August (r=0.603) of the
current growing season, while the temperature had a less
expressed but significantly negative correlation over the
periods of April-June (r=-0.335) and June-August (r=-0.293).
At a monthly scale, Austrian pine growth was positively
correlated with current June, July and August precipitation,
while significant negative relationships were recorded
between radial growth indices and temperature during April
and August.

To determine the combined effect of precipitation and
temperature, the response function was calculated for the
three most expressed 3-month seasons obtained by the
conducted correlation analysis (April-June, May-July and
June-August). This procedure revealed only the existence
of a significant positive correlation between radial growth
indices and precipitation in the current June-August, while
the other seasons were insignificantly related (Figure 2a).
Besides, the calculation of the response function over
the sequence of 24 months pointed to a positive relation
with June and July precipitation of the current year (Figure
2b). The applied procedure did not detect any significant
negative effects of temperature, but the positive impact on
radial increment indices was recognized for September of
the current year.

Table 1. Statistical characteristics of standard (STD) and residual (RES) site chronologies for the longest common period of all

series (1969-2014).

Chronology Fio fo Gy SD EPS SNR MS AC1 PC1
STD 0.476 0.678 0.472 0.214 0.969 30.851 0.220 0.112 49.78
RES 0.501 0.649 0.497 0.207 0.973 36.172 0.234 -0.079 52.96
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Figure 1. The correlation between the seasonal (a) and monthly (b) climate parameters and growth indices of residual site
(RES) chronology. The darker bars indicate coefficients which are significant at a 0.05 a-level (two-tailed test).
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Figure 2. The bootstrapped values of the response function coefficients for the precipitation and temperature 3-month
seasons (a) and monthly data (b), starting from October of the previous year to September of the current year. Uppercase and
lowercase denotes the month of the current growing seasons and the month in the previous year, respectively (b).

In addition, the coefficients of the determined climate-
growth relationships were tested for stability through the
investigated time sequence (Figure 3). The 30-year long
moving windows revealed the existence of divergent response
to prevailing climate conditions. Seven of the first nine moving
windows indicate that higher temperatures in September could
positively affect radial growth due to the prolonged growing
season. Afterwards, the significant influence of this parameter
disappears. This occurrence coincides with the warming trends
observed for September temperatures. Since 1997, the mean
temperature during September increased by exactly 2 degrees
in comparison to the previous period. Besides, the last 20
positions of the moving windows confirmed the importance
of precipitation during the summer (Figure 3, bottom part).
However, apart from the quite significant and consistent
influence of July rainfalls, it seems that June precipitation is
not that important as it seems from the monthly correlation
and response analysis data. Instead, it has been determined
that the amount of August precipitation has a substantial role
in radial growth of Austrian pine on this site.

Furthermore, RES chronology indices were correlated
with SPEI for the same months as in the response function.
The determined coefficients pointed to significant relations for
July (r=0.297) and August (r=0.228) of the current year (Figure
4b). Following the previously observed seasonal influences,
it was detected that a significant correlation between SPEI
and radial increment indices existed only for the June-August
period (Figure 4a).

DISCUSSION

Assessment of the Radial Increment Chronologies

The evaluation of the analyzed samples was tested
by using a variety of dendrochronological and statistical
parameters. The high inter-series correlation (0.75) pointed
to quite similar reactions of the analyzed trees to the factors
influencing Austrian pine growth. The extremely high
average value of the first order autocorrelation coefficient -

4 SEEFOR 11(2): early view

AC1 (0.80) indicated a high level of influence of the previous
year’s growth factors on the radial increment values of the
current year. This value is larger than AC1 value of 0.77
recorded for Austrian pine trees in south-western Romania
(Levanic¢ et al. 2013), same as the results of Levani¢ and
Toromani (2010) for Austrian pine in north-eastern Albania
(0.80), and smaller than the average AC1 value (0.85) for
Austrian pine row radial increment series in south-western
Bulgaria (Shishkova and Panayotov 2013a).

For RES chronology, the values of MS (0.23), EPS
(0.98) and SNR (36.2) are high, especially EPS and SNR.
The implemented procedures (standardization, averaging
the obtained indices and performing the autoregressive
modelling) removed the low-frequency trend and
autocorrelation from the raw tree-ring data. According
to the obtained results, it is obvious that RES chronology
contains the desired common signal which represents the
common variability present in all series of radial increment
indices, so this version of chronology could be useful for
further analysis of growth-climate relationships.

Response to Climate Variables

Previous studies of Austrian pine from different parts of
Europe outlined the species as valuable for dendroclimatic
analyses (Strumia 1997, Lebourgeois 2000, Shishkova and
Panayotov 2013). However, the growth-climate relationships
are highly dependent on the nature of the investigated area
(altitude, site, etc.), as well as on the climate type. Austrian
pine trees used in this research originate from a managed
forest and grow in a temperate region in less extreme site
conditions, i.e. with various factors influencing its radial
growth. Therefore, the identification of the proper growth-
climate relationship in such site and stand conditions can
often be a serious problem (Vuckovic¢ et al. 2005). Bearing
this in mind, the influence of climatic factors on the radial
increment of Austrian pine trees in our study was studied
by means of (1) the correlation analysis between radial
increment indices and seasonal and monthly climate/SPEI
data and (2) the response function analysis.
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According to the results of the correlations between
radial increment indices and 3-month climate data, it can
be concluded that high spring and summer precipitation
of the current year result in a larger pine radial increment.
This procedure also points to a reduction in the pine radial
increment with the increase of temperature in the current
spring and summer. The results of the response function
analysis for the most pronounced 3-month periods have
highlighted the prevailing effect of the current summer
precipitation on the values of the radial increment. Apart
from that, the calculation of the response function for the
sequence of 24 months confirmed that higher precipitation
in the current summer months has a beneficial effect on
tree-ring width. The conducted response function analyses
(seasonal and monthly data) did not detect any negative
influence of temperature, although a positive effect on the
radial increment indices was recognized for September of
the current year.

The determined dependence of the Austrian pine
growth on summer precipitation corresponds to some
results of earlier research studies from South-East Europe
(SEE) region. In that context, there are positive correlations
between summer precipitation and the growth of Austrian
pine in Bosnia and Herzegovina (Poljansek et al. 2013) and
in south-western Bulgaria (Shishkova and Panayotov 2013a).
A positive correlation between P. nigra radial growth and
precipitation was also found for the summer months of
the current year in south-western Bulgaria (Shiskova and
Panayotov 2013a) and particularly for July in the south of
Bulgaria (Shishkova and Panayotov 2013b). Levani¢ et al.
(2013) identified July precipitation as the most important
factor influencing P. nigra growth in a natural stand in
Romania. A significant positive pine growth response to July
precipitation was detected in Albania, but it was weaker
than July temperature (Levani¢ et al. 2015). In addition, the
utmost importance of the precipitation from the previous
year for the formation of the radial P. nigra growth of the
current year was not recorded here, although some results
from SEE region (Shishkova and Panayotov 2013b) indicate
that these monthly or seasonal precipitations could have
important positive effects on P. nigra radial growth values.

Our study reveals a less pronounced impact of
temperature on the values of the Austrian pine radial
increment. This less expressed temperature signal is
“stretched” over months from April to September. For this
reason, and having in mind that an application of drought
indices can often provide a better insight into the tree’s
response than temperature/precipitation data alone (Levani¢
etal. 2013, Lévesque 2013), we additionally determined SPEI
drought index and correlated it with P. nigra radial growth
indices. According to Ma et al. (2015), this information can
broaden our knowledge regarding the vulnerability of trees
to climate change and our ability to predict future drought
variations. Namely, the interaction between temperature
and precipitation, which was summarized in SPEI, caused
tree growth (either the width or the anatomical variables) to
show the highest correlations with SPEI (Martin-Benito et al.
2012). The obtained results confirmed the aforementioned
statement that the highest correlation (r = 0.60) between P.
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nigra growth and the applied climate variables was detected
with 3-month August SPEI. According to this result, a high
summer SPEI had a positive impact on an increase of P. nigra
radial increment values. This correlation coefficient of June-
August SPEl is more than twice as important for the increase
of pine radial increment as June-August temperature. In
addition, the determined positive relationship between
3-month September SPEI and RES chronology reinforced
the relevance of September as an important month for
the Austrian pine radial growth, previously detected by
the results of the applied response function for the mean
temperature monthly data (Figure 2). Finally, since the effect
of temperature on radial growth is generally opposite to
that of precipitation, the results of SPEI application partly
pointed to the importance of temperature for P. nigra in the
area of Belgrade.

CONCLUSIONS

Based on the results of this study, we could preliminary
assume that the relationship between Austrian pine radial
increment and climate data shows a tendency towards
a positive response to summer precipitation and a weak
negative response tosummerand early autumntemperature.
In that context, the first obtained results indicate that
summer drought seems to be partially important for the
radial growth of this species. Additionally, these preliminary
results point out that more complex climate-Austrian pine
growth studies (application of various tree-ring features,
growth data with a much longer time span, more sites/
stands, etc.) should be performed to obtain new valuable
knowledge important for the sustainable management of
Austrian pine forests. Such data are of highest concern both
from the perspective of management and science (Bhuyan
etal. 2017).
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