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Abstract: Many studies have shown that small climate changes can strongly affect the forest trees
growth rate, many times causing changes in species habitats. In general, drought is mentioned as the
main problem, so it is necessary to carry out its identification and quantification to investigate its effects
on forests in Republic of Srpska. This study aims to analyse the relationship between the growth of
European beech (Fagus sylvatica L.) at optimal altitudes in the Republic of Srpska and its climate
characteristics represented by the Forestry Aridity Index (FAI) and Ellenberg’s climate quotient (EQ)
for 1950-2015 timespan. FAI and EQ were calculated using climate data (temperature and precipitation)
extracted from a gridded dataset (E-OBS). Sampling was carried out in two localities near Vlasenica
and Mrkonji¢ Grad at 1050 and 1030 meters above sea level (m a.s.l.), sampling the cores from 15
dominant trees at each locality. Using the Pearson Correlation Analysis, a negative impact on tree rings
width (TRW) with rising index values was identified. This is especially pronounced for the index values
of the year prior to the ring formation. In general, stronger negative correlations between TRW and EQ
are found for the locality near Mrkonji¢ Grad, while FAI index showed a greater negative impact on
TRW for the locality near Vlasenica.
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1. Introduction

The term climate change can be understood as significant changes in temperature, precipitation,
wind, and other climatic elements that are evident in at least 30 years caused either by natural or human
action (Whitlock, 2012). Such changes can have positive effects (prolongation of the vegetation period,
an increase of moisture utilization efficiency, increased CO: assimilation) and negative effects on forest
ecosystems (change of tree species range, decrease of growth and vitality, increased pathogens and
insects infestation, increased number of fires, windbreaks, etc.). However, forests as large producers of
Oz and consumers of CO2 affect the climate, but also climate and climate change affect the growth and
vitality of forests (Allen et al. 2010; Stjepanovic et al. 2015). The stability of forest ecosystems under
changing climatic conditions depends on the adaptation potential of individual tree species
(Scharnweber et al. 2011). How European beech (Fagus sylvatica L.) will respond to climate change is of
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paramount importance for European and local forestry, as it currently covers more than 2/3 of the forest
area of Central Europe (Bohn et al. 2003), and it is one of the most important forest tree species in Bosnia
and Herzegovina, both economically and ecologically (Ballian et al. 2012). Campioli et al. (2012),
founded that there will be a significant reduction in the growth of beech trees if the drought occurs in
the early phase of the vegetation period than if the dry periods occur before the end of the vegetation
period. According to different climate scenarios, the number and duration of droughts are increasing,
so in the future, we can expect the boundaries of the beech stands to move to higher altitudes (Von
Wouehlisch, 2004), i.e. to retreat to the remaining climatically suitable areas for their development. Some
authors considered that European beech will move its area according to northern regions (Jump et al.
2006; Piovesan et al. 2008; Bolte et al. 2010), whereby, according to Hanewinkel et al. (2013) such shifts
of forest trees areas has already been noticed. For these reasons, it is of utmost importance to perform
drought identification and quantification, with the use of a drought index appearing to be the simplest
method for such analysis. The scale in relation to which drought is determined and its intensity should
be presented and linked to the specific consequences that may occur. Given the differences in the
definition of drought, it is very difficult to find a universal index. Also, due to the complexity of the
drought, no index can describe the drought completely (Raji¢ and Zemunac, 2017). Since temperatures
and precipitation are the most commonly used climatic factors that determine such changes at the
global, regional, and local levels (Casalegno et al. 2011), to quantify the impact of climate change on
beech growth, we used climate indices calculated based on these climate factors.

2. Material and methods

Considering that beech populations growing in their optimum altitude levels are not as sensitive
to climate change as populations growing at the boundaries of their ranges (Thuiller et al. 2005) and
since such stands are the best representative of productive capacities of beech stands in Bosnia and
Herzegovina (in the Republic of Srpska, as well), they are selected as an object of our analysis. For this
purpose, two localities were selected, each located within a separate climate zone (province) (Figure 1).
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Figure 1. European beech (Fagus sylvatica L.) relative probability of presence (de Rigo et al. 2016) and
investigated localities.
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For the research, a sample of 15 European beech (Fagus sylvatica L.) trees was taken in pure stands
of mountain beech forests (Fagetum montanum) at 1050 m a.s.l. on locality Vlasenica (Moesian province)
and at 1030 m a.s.l. on locality Mrkonji¢ Grad (Illyrian province). Fritts (1976) was found that the
majority of the sample should be 15 dominant trees in order to satisfy the principle of replication, i.e.
to cross-date to avoid the possibility of a lack of tree ring or the existence of a false tree ring. The
dominant trees were included in the sample, because they provide the most reliable climatic data and
more accurately reflect the growth dynamics of the entire stand (Komin, 1970). With Presler's borer at
chest height (h=1.30 m), each tree was drilled to the center on two crossed sides to obtain bits that
determine the width of the rings. The screws were dried at room temperature, then glued to the
grooved slats, tangentially cut and sanded with sandpaper to make the growth rings as visible as
possible. The samples thus prepared were scanned in high resolution using the ATRICS system
(Levanic, 2007), and then the width of the rings was measured using Coo Recorder v.7.3 software and
C Dendro v.7.3 (Larsson, 2014). Chronologies were crossed and synchronized in PAST-5n
dendrochronological software, using both on-screen visual comparisons and statistical parameters.
Individual year widths were standardized using ARSTAN (Cook and Krusic, 2005) to eliminate age-
related trends and eliminate ecosystem factors from chronology (Alestalo, 1971).

Mean monthly climate data were taken from the E-OBS climate database (Cornes et al. 2018) for
the analyzed localities. According to the equation (1), Forest Aridity Index (FAI) represents the ratio of
the average temperature in July and August and the sum of precipitation from May to July and the sum
of precipitation in July and August (Fiihrer et al., 2011).

FAl = —VI=VIL__ 5100 (1)

Py_virt+Pyii-vii

Ellenberg's climate quotient (EQ) is defined by a simple equation (2), in which mean temperature
of the warmest month (°C) is divided by the annual sum precipitation (mm) and multiplied by 1000.

EQ = (Trax/Pannuar) X 100 (2)
The relationship between tree rings width (TRW) and climate indices (FAI and EQ) in the 1951-
2015 timespan was analyzed using Pearson's correlation from “stats” package in R statistical
environment (R Development Core Team, 2020).

3. Results and discussion

In general, we found stronger correlations between TRW with FAI and EQ values a year prior to
the ring formation, compared to the FAI and EQ values during the year of the ring formation (Table 1).

Table 1. Pearson's correlation between tree rings width (TRW) and climate indices: Ellenberg's climate
quotient (EQ) and Forest Aridity Index (FAI).

Investigated EQ FAI
local?t Year prior the Year of the Year prior the Year of the
y ring formation  ring formation  ring formation  ring formation
=z Vlasenica -0.38** -0.30* -0.47*** -0.29*
&
= Mrkonji¢ Grad -0.36** -0.26* -0.24 -0.14

Significance level: * p<0.05; ** p<0.01; *** p<0.001.

This case has been also observed in Serbia for European beech, Scots pine, Austrian oak,
Pedunculate oak (Stojanovic et al. 2018), and Black pine (Staji¢ and Kazimirovi¢, 2018), as the highest
correlation are found between TRW and cumulative precipitation for approximately a year prior to the
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ring formation. Previous autumn and winter precipitation are known to boost tree-ring formation in
several Mediterranean species, for example, Quercus ilex L. and in Quercus cerris L. (e.g. Campelo et al.
2010; Di Filippo et al. 2010). Based on the results of several studies, Vannoppen (2018) concluded that
the negative effect of the previous year drought (in our case expressed by FAI and EQ indices) on radial
growth (TRW) can be explained by the dependency of the current year growth on the carbohydrate
reserve. The only exceptions to this are the results obtained for the Mrkonji¢ Grad locality, as
statistically significant correlations between the TRW and the FAI values a year prior or during the year
of the ring formation are not found in this case. On the contrary, this is not the case with EQ, as
statistically significant correlations are obtained for both cases. As the great difference between FAI and
EQ indices lies in the time-defined type of the precipitation taken into account for its calculations, this
case particularly can be explained by a study conducted by Stjepanovié¢ (2018) for the named locality.
The mentioned author found significant negative correlations with precipitation during the winter
period (January and February) in the year of the ring formation. Similar research in the Czech Republic
also shown that TRW is negatively correlated with winter (January) precipitation in the year of the ring
formation (Remes et al. 2015). This is very important as autumn and winter precipitation are not taken
into account when calculating the FAI index. The lack of statistically significant impact of FAI index on
TRW can be explained by different climate characteristics of the climate zones (provinces) in which the
investigated forests are located. According to Stefanovic et al. (1983) western Illyrian province is more
humid in relation to Moesian. According to data obtained from the E-OBS climate database (Cornes et
al. 2018), the largest difference between these two localities lies in the distribution of precipitation
during the year. At the locality Mrkonji¢ Grad, higher amounts of precipitation were found during
autumn and winter (November 122 mm and December 106 mm), while at the locality Vlasenica most
precipitation falls during the vegetation period (May 86 mm, June 94 mm). The minimum amount of
precipitation at the Vlasenica locality was determined in January and February (56 mm), while at the
Mrkonji¢ Grad locality it was determined in July (58 mm). The warmest months at both sites were July
and August. At the Mrkonji¢ Grad locality, the average air temperature in the warmest months was
18.2°C, and at the Vlasenica locality 17.3°C. As different populations of European beech are not adapted
to the same climatic conditions (Horvath and Matyas, 2016), we can assume that beech stands in these
two localities belong to different populations.

4. Conclusions

Based on the obtained results, it can be concluded that the greatest impact on TRW have the
climatic characteristics of the year prior to the ring formation. It is important to emphasize that beech
stands in both localities showed specific responses to climate change, which is especially pronounced
in the Mrkonji¢ Grad locality. Unlike the Vlasenica locality, no statistically significant relationship was
found between the FAI and the tree rings width for this locality. Nevertheless, the actual existence of
differences between the analyzed beech stands at both localities needs to be confirmed by provenance
tests in some subsequent research.
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