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Abstract

Different tree species react differently to variation in climate. This relationship can be found
by measuring how annual ring width correlates to different climate variables. This
information may be important as a basis for understanding how future forests may be altered
by climate change. This study aims to investigate how radial growth of Norway spruce and
Scots pine in Kronoberg and Kalmar county responds to precipitation and temperature by
dendrochronological methods. The chosen stands had similar fertility and was stratified
based on three age categories, >30, >50 and >80 years. Tree ring chronologies were
detrended with a spline function and correlation analysis against monthly precipitation and
monthly mean temperature was performed. The results showed significant positive
correlation between radial growth in Norway spruce and monthly precipitation in May to
July and a negative correlation with mean monthly temperature in May to August. A
significant positive correlation between radial growth in Scots pine and monthly mean
temperature in October to December previous year was found. Concerning the current trend
of “sprucification” in Southern Sweden and the predicted increase of drought events in the
future, these results can rise further concerns regarding the suitability of Norway spruce in
this area. Hopefully, this study can shed further light on what challenges awaits Norway

spruce and Scots pine forests of Southern Sweden in a changing climate.
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Introduction

Because of human induced climate change, growing conditions for our forests have changed
and are expected to continue to change (Pachauri et al., 2014). Swedish forests have in
recent time experienced an increased growth, probably due to several different factors such
as improved forest management, improved plant material, an extended growth period,
increased atmospheric CO> and the fertilizing effect of nitrogen deposition (Spiecker,
Mielikainen, Kohl, & Skovsgaard, 2012). However, there are also potential negative effects
of a changing climate. The risk for extreme weather such as storms, droughts or heavy
precipitation will likely increase (Lagergren & Jonsson, 2017). This will not only affect
forest growth but also presumably increase the stress on forests and trees, making them
susceptible to damage from secondary agents such as pests and pathogens (Lagergren &
Jonsson, 2017). Therefore, the need for resilient forestry are likely to increase in the future.
In this context, the understanding of how different tree species may react to a changing

climate is crucial for taking elaborated forest management decisions in the future.

The Intergovernmental Panel on Climate Change (IPCC) has developed four scenarios on
how the greenhouse gas effect will increase in the future, the Representative Concentration
Pathways (RCP), which can be used for climate modeling. The RCP scenarios are referred to
as the level of radiative forcing achieved in 2100 relative to pre-industrial levels; 2.6, 4.5,
6.0 or 8.5 W / m? (Pachauri et al., 2014). RCP8.5 represents a continued increase of
greenhouse gas emission up till year 2100, RCP6.0-, 4.5 and 2.6 represents continued
increase of emissions up till year 2060, 2040 and 2020 respectively. From these global
scenarios, RCP4.5 and RCP8.5 have been recalculated with a higher resolution for northern
Europe by the Swedish Meteorological and Hydrological Institute (SMHI). Both scenarios
show an increase in the annual average temperature in the whole of Sweden, with the most
profound increase occurring with RCP8.5, showing an increase of 4 °C in the south of
Sweden and 6 °C in the north. RCP4.5 showing an increase of 2 °C in the south and 4 °C in
the north (Claesson et al., 2015). Most of the temperature increase will occur during the

winter.

The annual precipitation is also expected to increase, RCP4.5 shows 10-30 % increase and
RCP8.5 15-40 % increase. The increase is greatest in northern Sweden during the winter and

spring months and less during the summer and autumn, especially in southern Sweden. The



risk for dry soils during the summer months will increase in southern Sweden, particularly in
the southeastern parts. These climate changes will have a great impact on forest growth in
Sweden. By using the Heureka Regwise model, a forest impact assessment was conducted
by Claesson et al, (2015) which concluded that, compared to no climate change effect,
RCP8.5 would increase forest growth with 56,8 % after 100 years. This increase is 18,9 %
due to an increased forest stock and the remaining 37,9 % is due to a changed climate.
However, this assessment has insecurities regarding the potential damage a changed climate
might inflict on the forest in form of windthrow, fires, severe drought, flooding or outbreaks
of insects and other pests which are all likely to increase. By using a 3PG-Heureka hybrid
model, the cumulative effect of these risk factors could be better parameterized
(Subramanian, 2016). If Swedish forestry is to take advantage of the potential increased
forest growth, it requires that the negative effects of a changed climate can be managed

simultaneously.

Norway spruce (Picea abies) and Scots pine (Pinus sylvestris) are the two dominant tree
species in Sweden. Respectively accounting for 41 % and 39 % of the standing volume
(Swedish statistical yearbook of forestry, 2014). Lately, there has been talk about a
“sprucification” of southern Sweden where Norway spruce, who traditionally is planted on
mesic and fertile sites, more frequently also has been planted on drier and less fertile sites
(Claesson et al, 2015). Often this occurs at the expense of Scots pine, which usually is the
chosen plant material for drier and less fertile sites (Lodin, Brukas, & Wallin, 2017). There
may be several reasons why a forest owner may favor Norway spruce when choosing
regeneration material. In comparison with Scots pine, Norway spruce is less susceptible to
browsing damage. This circumstance in combination with high experiential knowledge
regarding the management of spruce forests among forest owners makes Norway spruce an
attractive species for regeneration (Lodin, Brukas & Wallin, 2017). The implications of this
shift have not been thoroughly examined but it is likely to yield poor results due to an
increased risk of drought, windthrow, spruce bark beetle outbreak and root rot (Eriksson et
al, 2015)

It is well known that exogenous factors such as temperature and water availability will affect
a tree’s ability to grow. These climate factors influence the cambial activity within a tree.
Favorable climate and growing conditions is often reflected in a well-developed annual ring

while unfavorable conditions often result in a thinner annual ring. By using



dendrochronology to study the development of annual rings, a lot of information about a
tree’s past growing conditions can be acquired (Speer, 2009). By comparing annual ring
width with climate data, the relationship between different climate variables and annual ring
widths can be measured (Suvanto et al., 2016; Zang, Pretzsch, & Rothe, 2012; Aakala &
Kuuluvainen, 2011). Past research indicates that the growth of the northern boundary of the
boreal forest is limited by temperature while the southern boundary is mostly limited water
availability (Cook & Peters, 1997), but it can be problematic to describe climate-growth
relationship in such general terms. The impact of climate variables on radial growth can vary
greatly between tree species and site conditions (Pichler & Oberhuber, 2007). A study
conducted by Ols et al, (2018) showed a relationship between North Atlantic Ocean
dynamics and growth responses in annual rings of boreal forests in Sweden and Canada.
Although a lot of effort have been put on studying tree-growths relationship with climate
variables, there is still a lack of understanding how this relationship is expressed across

different ecosystems, tree species, age classes and edaphic conditions.

The aim of this study was to assess the influence precipitation and temperature may have on
annual ring width of Norway spruce and Scots pine of different age classes in Kronoberg

and Kalmar county by the means of dendrochronological methods. Under predicted climate
change scenarios, where Sweden is expected to be exposed to more extreme weather events,

this knowledge could be highly valuable.



Material and methods

Study area

This study was performed as part of a Ph.D. study by Oscar Nilsson where the overall goal
is to investigate growth differences between Norway spruce and Scots pine on sites where
regeneration with either species could be feasible. A total of 110 monoculture stands from
production forests of Norway spruce and Scots pine was extracted from land owner
databases of Sveaskog (a state-owned forest company) and Sodra (a private forest owner’s
association). The position of study area and extracted stands can be seen in figure 1 and 2.
The extracted sample was stratified based on age in to three categories, more than 30, 55 and
80 years respectively. In this study however, only 43 stands were included for further ring-
width analysis. These stands were distributed between tree species and age category as seen
in table 1. Hereafter the age categories will be referred to as young stands, middle-aged

stands and old stands.

Table 1:Number of stands with Norway spruce or Scots pine as dominant tree species. Stands
included in this study was distributed over the age categories, 30 ,50 and 80 years as presented in
this table.

Stand age Norway spruce Scots pine
30 7 9
55 6 8
80 6 7

Stands were evaluated based on their site index. By using NFI data, the largest overlap
between Norway spruce and Scots pine was assessed to be between a site index (SI) of 24 to
28. Site index for the Scots pine was converted to the corresponding value for Norway

spruce according to Hagglund & Lundmark, 1981.

The standing volume in each stand had to consist of at least 80 % of either Norway spruce or

Scots pine, according the land owner data base.
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The first inventory was made during the autumn 2016. Four sample plots with a radius of 10
m were randomly distributed in each stand. All trees above 4 cm diameter at breast height

1.3 m (dbh) was calipered. Heights was measured on the two trees with largest diameter and
on one random selected tree within the sample plot.
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Figure 1: The study areas position in South-east Sweden (approximately latitude 57, longitude 16).
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Figure 2: The positions of the selected stands of Norway spruce (green squares) and Scots pine (red
squares) shown in dark red colour.
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Tree-ring width chronologies

A second inventory of the selected stands was performed during the summer and autumn of
2017. An increment borer was used to sample cores at breast height (1.3 m) from three trees
at every sample plot, in total 12 samples per stand. The two trees with the highest diameter
at breast-height (dbh) within the plot was selected and one tree was randomly selected. The
number of stumps within the sample plot and their approximate age was assessed in order to
estimate time since last thinning. The stands were categorized as recently thinned, thinned
within the last 5 years, thinned more than 5 years ago and never thinned.

The cores collected during the inventory were analyzed at dendrochronology lab at Southern
Swedish Forest Research Centre, Alnarp. After the cores had dried they were glued with a
water soluble white glue onto a prefabricated wooden core mount to facilitate further
process of the cores. To avoid distortion and missing rings when measuring annual ring
widths, the cores were glued in a cross-sectional view facing up (Speer, 2013). An electric

sander with a 120-grit sandpaper was then used to polish the cores.

All cores were scanned to high resolution images using a flat-bed scanner. The pictures were
then imported into software CooRecorder for tree-ring width measurement

(http://www.cybis.se). The cores were measured starting at the outermost part, closest to the

bark, making it easy to determine the year of each tree-ring. Coorecorder offers an
automated tree ring identifier, although close attention was necessary to make sure the
annual rings were accurately measured and that no rings were missed (Figure 3). The rings
were measured perpendicular to each ring boundary. In order to keep the measurement

perpendicular, the angle of measurement had to be adjusted when approaching the pith.

When approaching the pith of the core, the curvature of the rings increased and the angle of
measurement had to be adjusted to keep it perpendicular. If the core did not include the pith,
Coorecorder offers a tool to estimate the number of rings and the distance to the pith based
on the curvature on the last rings (Figure 4).

After measuring all cores, a total number of 345 tree-ring width series was imported into

Rstudio, a software environment for statistical computing (R core team 2015).
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Approximately 150 cores had to be excluded from further analysis due to different forms of
damage, leading them to impractical to date the year each annual ring had originated or
leading to unreliable measurement of their annual ring widths. Such damages would usually
be, loss of the outermost part of the core or the core being in too many pieces. The annual
ring of 2017 could not be measured on those cores that were collected during the summer of
2017 as it was not yet fully developed. Therefore, the year 2017 was excluded from the tree-

ring analysis.

Further on, in order to keep the sample size high and thereby increase the reliability of the
observed growth trends, the years included in the analysis was limited to 1980-2016 (Figure
5). The core sample size increased in more present years because it included all age
categories. By using a bigger sample size, potential effects from non-representative trees

was minimized.
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Figure 5: Sample size (grey-shaded area) in each year for both Norway spruce and Scots pine. RWI
=1.0 indicates the predicted annual ring growth for that year and the grey trend line corresponds to
the annual growth in ring width index, indicating higher or lower than predicted.
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The dpIR library package was used to process the raw tree-ring series within R in
accordance with Bunn, 2008. The dplIR package contains functions for carrying out some
standard tree-ring analyses such as detrending, chronology building and cross dating
(Suvanto et al., 2017). Detrending was performed in order to remove growth trends related
to age, size and non-climatic disturbances. By including many stands in the analysis, the
potential effect from thinning operations on radial growth should be smoothened out and

was therefore not considered as a confounding factor.

After visually reviewing the results from different detrending alternatives (Bunn, 2008), a
linear regression spline was chosen and species specific ring-width indices (RWI) was
constructed, representing the annual fluctuations of the ring-widths with the age related
trends taken out, where RWI=1.0 is the predicted growth, RWI>1.0 indicates higher and
RWI<1.0 indicates lower growth than predicted.

RWI was constructed for Norway spruce and Scots pine respectively. In addition, the
species samples were further divided between young, middle-aged and old stands in order to

detect anomalies related to stand age.

The treeclim library package was used for the numerical calibration of proxy-climate
relationships in accordance with Zang & Biondi, 2015. The package offered
bootstrapcorrelation functions for seasonal correlations. The primary climatic variable, in
this case monthly precipitation sum, was computed as the simple (Pearson) correlation
coefficient and the secondary climatic variable, in this case monthly mean temperature, was
computed with the influence of the primary variable on tree-growth removed. The functions
evaluate both single month, average three month and average six month correlations with
annual RWI in a moving window starting from September the year before and ending in

August the current year.

Climate data

Climate data for the study area and the selected years was obtained from SMHI using a
global climate model, JRA 55 (Harad et al., 2016). The Japanese meteorological agency
conducted the second Japanese global atmospheric reanalysis, named the Japanese 55-year

Reanalysis or JRA-55. It offers comprehensive climate data in a gridded format with high

15



spatial resolution, from year 1958 and onwards by reanalysing weather observations from
multiple sources such as weather stations, satellites and radiosondes. Climate data used in

this study included monthly precipitation sum and monthly mean temperature.

Age classes and Dominate/Random trees

When the ring-width indices for Norway spruce and Scots pine were divided based on age
category, the same trends could be observed between the age categories for both species
(Figure 6).
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Figure 6: Ring-width indices for Norway spruce and Scots pine divided based on age category from
1980 to 2016. RWI of young stands showed in dark-red, middle-aged stands in red and old stands in
orange. Scots pine to the left and Norway spruce to the right.

After having compared ring-width indices for dominate and randomly sampled trees, no
clear difference could be seen (Figure 7). Based on this fact, dominate and randomly

sampled trees was merged together and no distinction was made in the correlation analysis.

16



1980 1930 2000 2010
| | | | | |

Norway spruce Scots pine

Dominant trees
13 {LRandomtrees ------ ]

1980 1990 2000 2010
year

Figure 7: Ring-width indices for dominant (solid line) and random trees of all age categories (dotted
line) for Norway spruce and Scots pine.

Comparison of RWI and indexed climate

Based on the results from the correlation analysis, the climate variables that showed high
correlation was selected for visual interpretations of the tree growth response. The annual
fluctuations of the climate variables were rescaled to indices where the mean between 1980-
2016 had the value 1 and years below mean had lower index while years above mean had

values above.
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Results

Ring width indices for spruce and pine

After visually examining RWI for Norway spruce and Scots pine, several years with either
spikes or drops in radial growth was identified for both tree species. The selection of
Norway spruce stands, showed poor growth in year 1992-1996, 2006, and 2011, while the
stands peaked in radial growth 1981, 1988, 2004, 2009 and 2015 (Figure 8).

After the growth decline in 1992 the four years following also showed modest growth and
did not fully recover until 1997. Scots pine also showed a drop in radial growth in 1992 with
the four following years showing a modest growth. Other drops in growth could be seen
2001, 2010 and 2011. Substantial peaks in growth could be seen in 1990, 2007 and 2008
(Figure 9). Both species indicated decreased growth in 1992 and the four years to follow,
also 2010 and 2011 represented decreased growth for both species. However, the peaks in
growth did not coincide in the same manner. While Norway spruce experience a peak in
1988, Scots pine instead showed an ample growth in 1990, 2007 and 2008 (Figure 10).
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Figure 8: Ring-width index of Norway spruce (green curve) from 1980 to 2016. Years with favorable
growth are marked with dark-green dotted lines while years with unfavorable years are marked with
brown dotted lines.
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Correlation analysis for radial growth to precipitation and temperature

For all Norway spruce stands, significant positive correlation for precipitation in May to
July was found and significant negative correlation for mean temperature in May to August
(Figure 11). Young stands showed significant positive correlation for precipitation in May to
July for the 3-months interval, and February to July for the 6 months interval. A significant
negative correlation could be seen for mean temperature in May to July in the 3-month
interval (Figure 11). Middle-aged stands also showed a significant positive correlation for
precipitation in May to July for the 3-months interval. In the 6-months interval there was an
addition of positive correlation in precipitation also for February to August, including last
year’s precipitation in March to August. However, no significant correlation to mean
temperature could be seen for this age category (Figure 11). Old stands of Norway spruce
showed no significant correlation for either precipitation or mean temperature (Figure 11).

For all Scots pine stands, significant positive correlation for mean temperature in October to
December was found in the 3-months interval (Figure 12). Young stands of Scots pine
showed a significant positive correlation for precipitation in January to March in the 3-
months interval and significant positive correlation for mean temperature in October to
January, while the 6-months interval showed significant positive correlation for mean
temperature in previous years August to same years April (Figure 12). Middle-aged stands
showed significant positive correlation for mean temperature in October to April in the 6-
months interval (Figure 12). Old stands showed no significant correlation for either

precipitation or mean temperature (Figure 12).
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Figure 12: Radial growth correlation for Scots pine (young stands upper left, middle-aged stands
upper right, older stands bottom left and all age categories bottom right) to precipitation, as the
primary variable in the upper panel, and monthly mean temperature, as the secondary variable in
the lower panel. Ending month represents an average for the either 3 or 6 previous months.
Significant correlations are shown in dark-grey colour.

RWI and weather variables as indices

The summer precipitation sum of May-August was calculated for each year and rescaled to a
summer precipitation index (SPI) where the value 1=67,39 mm value 0.8~40 mm and value
1.2~95 mm. The coinciding trendlines of RWI1 and SPI over the time period 1980-2016
correspond to the findings from the correlation analysis. However, the dramatic drop in SPI
and RWI1 1992 is then followed by four years of low RWI for Norway spruce (Figure 13). It
also seems as the growth of Norway spruce corresponds slightly better with precipitation
during the growing season than the growth of Scots pine does, which was also verified by
the correlation analysis (Figure 14).
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Figure 13:Ring width index of Norway spruce (green) and Summer precipitation index (blue).
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Figure 14: Ring width index of Scots pine (red) and Summer precipitation index (blue).
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The mean temperature sum of May-August was calculated for each year and rescaled to a
summer temperature index (STI) where the value 1=13,34 °C, value 0.8~11,70 °C and value
1.2~15 °C. The diverging trendlines of RWI for Norway spruce and STI over the time

period 1980-2016 corresponded to the findings from the correlation analysis (Figure 15). For
Scots pine, it was harder to see either a correspondence or divergence between RWI and

STI. (Figure 16). This was also in agreement with the correlation analysis.
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Figur 15: Ring width index of Norway spruce (green) and Summer temperature index (pink).

Based on the findings in the correlation analysis for Scots pine, the mean temperature sum of
October-December was calculated for each year and rescaled to an Autumn temperature
index (STI) where the value 1=2,52 °C, value 0.8~-0,25 °C and value 1.2=5,5 °C. Although,
the overall correspondence is not strong it is possible to see a steep decline in growth
coinciding with well below average Autumn temperature in 2010, but no substantial increase

in growth can be seen in 2000 despite well above average Autumn temperature (Figure 17).
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Figure 16: Ring width index of Scots pine (red) and Summer temperature index (pink).
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Figure 17: Ring width index of Scots pine (red) and previous Autumn temperature as an index
(black).
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Discussion

By running correlation analysis on detrended ring-width chronologies from young, middle-
aged and old stands of Norway spruce and Scots pine from Kronoberg and Kalmar county
on monthly precipitation and monthly mean temperature, several significant correlations

could be identified.

The results from the correlation analysis showed that precipitation in May to July had a
positive correlation to radial growth in Norway spruce, while mean temperature in May to
August had a negative correlation. This indicates that the Norway spruce stands may be
susceptible to drought stress which corresponds well with previous studies concerning
drought stress and its effect on radial growth in Norway spruce (Zang, Pretzsch, & Rothe,
2012; Aakala & Kuuluvainen, 2011;Pichler & Oberhuber, 2007). Water deficit during the
growing season causes physiological stress and reduces photosynthetic production
(Theodore T. Kozlowski and Stephen G. Pallardy, 1997). By influencing the soil moisture
availability and increasing evapotranspiration, high temperature during the growing season
can induce drought stress (Barber, Juday, & Finney, 2000; Aakala & Kuuluvainen, 2011).
This study further substantiates the thesis that growth of Norway spruce in the southern
boundary of the boreal zone is more limited by precipitation than by temperature by showing
positive correlation for precipitation and negative correlation to mean temperature (Cook &
Peters, 1997)

Regarding the age categories of Norway spruce, the result showed significant correlation to
precipitation and mean temperature for the young and middle age stands but not for the
older, indicating that radial growth in younger trees are more sensitive to precipitation and
temperature than older trees. This also corresponds well with some previous studies
investigating the relationship between tree age and climate sensitivity of radial growth
(Zhang et al,, 2018). A possible explanation for this could be that older trees have a more
well developed root system which allows them to extract water from the soil more
efficiently (Rozas, DeSoto, & Olano, 2009). Also, the competition between trees for water
and other resources may be greater in younger stands (Primicia et al., 2015). It should be
noted that there have been some contradicting findings regarding the responsiveness of
different age classes of Norway spruce to drought. Ding et al, (2017) found that young

spruce trees were more resistant than older spruce trees to drought years and Zang et al.,
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(2012) found that larger Norway spruce trees are more limited by hot and dry summers than

smaller spruce trees.

For Scots pine, the correlation analysis for all stands showed significant positive correlation
only for mean temperature in October to December previous year. This result proved harder
to explain. It’s possible that a warm winter prevents winter embolism by preventing the
roots from freezing (Lintunen et al., 2014). The most logical explanation to growth
correlation to winter temperature would be its influence on snow cover which is known to
influence fine root mortality by protecting them from freezing (Hardy et al., 2001).
However, in areas with inconsistent snowpack, an increased winter temperature may mean

less damage to fine roots, leading to better radial growth (Pederson et al., 2004).

When observing the fluctuations of ring-width index for Scots pine, it becomes clear that the
radial growth does respond to something although it does not seem to be precipitation or
mean temperature to the same extent as Norway spruce. Several previous studies comparing
growth to climate response between Norway spruce and Scots pine, have found that Norway
spruce is the most responsive to climate of the two species (Levesque et al., 2013; Zang et
al., 2012).

When observing the ring-width indices, it is interesting to see that after the hot and dry
summers of 1992 and 1994, the radial growth of both Norway spruce and Scots pine trees
does not fully recover until 1997. This indicates that the trees may have suffered substantial
damage which affected their growth capacity for the succeeding years. One possible
explanation is the potential loss of fine feeder roots caused by dry soils for an extended
amount of time, which thereby puts the root system out of balance with the amount of
foliage found above ground. Prolonged growth reduction can also be caused by needle and
branch dieback and xylem cavitation (Orwig & Abrams, 1997). Drought stressed trees show
an increased risk of being attacked by secondary agents such as pests and pathogens which
may inhibit growth further (Netherer et al., 2015). After a drought, trees may prioritize
below ground growth in order to regain root function (Hagedorn et al., 2016). Meaning, less
important tree growth processes such as stem growth are reduced. Something that may
further complicate the relationship between radial growth and climate is the tendency of
trees to allocate resources for reproduction following warm and dry summers (Selas,

Piovesan, Adams, & Bernabei, 2002). This allocation of already scarce resources due to
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suboptimal growing conditions can reduce radial growth additionally (Pukkala, 1987;
Mencuccini & Piussi, 1995). For further investigations, historical data of masting years,
could reduce noise in response to climate or detect interactions between resource allocation

and climate response.

The fact that it may take several years for a tree to recover after a drought event should also
influence the possibility to find growth-climate correlations due to the trees inability to fully
utilize potentially favorable growing conditions the years immediately after a drought. In
this study, monthly average temperature was used for the correlation analysis which means
that influential weather events such as frost may be present but are hidden in the monthly
averages. To only use precipitation as measurement of drought, as was done in this study,
may be quite uncomprehensive. In further studies estimations of e.g. available soil water, as

the difference between precipitation and evapotranspiration in the stands could be used.

In contrast to ring-width data from the NFI, the data gathered and used in this study offered
a large number of samples from each stand, tree species and from a specific area in Sweden.
This fact should decrease the potential for noise in the climate response.

In the backdrop of the record-breaking heat and drought event that hit Sweden in the
summer of 2018, the demand for knowledge concerning the relationship between tree
growth and climate has gotten even more immediate. Coping with an uncertain future
climate, where extreme weather and prolonged drought events are expected to increase is
something that has to become carefully considered when it comes to forest management
decisions. The results from this study suggests that Scots pine is more adapted for the
potential increase of drought events in the future. Considering the current trend of a
“sprucification” of southern Sweden, where Norway spruce increasingly has been the
favored regeneration species over Scots pine, and the predicted increase of drought events in

the future, concerns can be raised regarding the implications of this shift.

Conclusion
This study investigated the species-specific tree-ring width response to monthly
precipitation and monthly mean temperature between Norway spruce (Picea abies) and

Scots pine (Pinus sylvestris) growing on sites with similar fertility in Kronoberg and Kalmar
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county for the time period of 1980 to 2016 by the means of dendrochronological methods.
Precipitation in July showed a positive correlation to radial growth in Norway spruce, while
mean temperature in July and August showed a negative correlation. Radial growth in Scots
pine showed a positive correlation for mean temperature in December. Both tree species
showed a prolonged growth reduction following the drought of 1992 and 1994. Hopefully,
this study will contribute to and substantiate previous findings regarding the climate-growth

relationship in Norway spruce and Scots pine.

Regarding future forest dynamics in the area, an important question is whether or not the
expected increase in temperature will be compensated by a sufficient amount of precipitation
in the future. The relationship between climate and radial growth is complex and further
research with more refined climatic variables is necessary to draw more comprehensive

conclusions.

Acknowledgement

This master thesis would not have been possible without the encouraging and eager
assistance from my supervisor, Emma Holmstrom. | would also like to thank Igor
Drobyshev for his guidance regarding the processing of the cores and measurement of ring
widths. Finally, I would like the thank Oscar Nilsson for his patients in me during the field
inventory, and for always offering his words of wisdom in time of need. Funding for this
project was provided by Partnerskap Alnarp.

29



References

Aakala, T., & Kuuluvainen, T. (2011). Summer droughts depress radial growth of Picea
abies in pristine taiga of the Arkhangelsk province, northwestern Russia.
Dendrochronologia, 29(2), 67—75. https://doi.org/10.1016/j.dendro.2010.07.001

Barber, V. A., Juday, G. P., & Finney, B. P. (2000). Reduced growth of Alaskan white
spruce in the twentieth century from temperature-induced drought stress. Nature,
405(6787), 668—673. https://doi.org/10.1038/35015049

Brooks, J. R., Flanagan, L. B., & Ehleringer, J. R. (1998). Responses of boreal conifers to
climate fluctuations: indications from tree-ring widths and carbon isotope analyses, 28,
10.

Bunn, A. G. (2008). A dendrochronology program library in R (dpIR). Dendrochronologia,
26(2), 115-124. https://doi.org/10.1016/j.dendro.2008.01.002

Claesson, S., Duvemo, K., Lundstrém, A., Wikberg, P.-E., 2015. Skogliga
konsekvensanalyser 2015 - SKA 15 (Impact assessments within forestry 2015 — SKA 15).
Rapport 10-2015. Swedish Forest Agency, Jonkdping.

Cook, E. R., & Peters, K. (1997). Calculating unbiased tree-ring indices for the study of
climatic and environmental change. The Holocene, 7(3), 361-370.
https://doi.org/10.1177/095968369700700314

Cybis.se: Technical writing, software development, dendrochronology. (n.d.). Retrieved 19
September 2018, from http://www.cybis.se/

Ding, H., Pretzsch, H., Schitze, G., & Rotzer, T. (2017). Size-dependence of tree growth
response to drought for Norway spruce and European beech individuals in monospecific
and mixed-species stands. Plant Biology, 19(5), 709-7109.
https://doi.org/10.1111/plb.12596

Eriksson, H., Fahlvik, N., Freeman, M., Fries, C., Jonsson, A-M., Lundstrom, A., Nilsson,
U., Wikberg, P-E., 2015 Effekter av ett forandrat klimat - SKA 15. Rapport 12-2015.
Swedish Forest Agency, Jonkoping.

Hagedorn, F., Joseph, J., Peter, M., Luster, J., Pritsch, K., Geppert, U., ... Arend, M. (2016).
Recovery of trees from drought depends on belowground sink control. Nature Plants, 2,
16111. https://doi.org/10.1038/nplants.2016.111

Harada, Y., H. Kamahori, C. Kobayashi, H. Endo, S. Kobayashi, Y. Ota, H. Onoda, K.
Onogi, K. Miyaoka, and K. Takahashi, 2016: The JRA-55 Reanalysis: Representation of
atmospheric circulation and climate variability. J. Meteor. Soc. Japan, 94, 269-302.

Hardy, J. P., Groffman, P. M., Fitzhugh, R. D., Henry, K. S., Welman, A. T., Demers, J. D.,
... Nolan, S. (2001). Snow depth manipulation and its influence on soil frost and water
dynamics in a northern hardwood forest. Biogeochemistry, 56(2), 151-174.

https://doi.org/10.1023/A:1013036803050

30



Hégglund, B. & Lundmark, J.-E. 1981. Handledning i bonitering med Skogshdgskolans
boniteringssystem, Del 1-3. Skogsstyrelsen, Jonkoping. ISBN 91-85748-11-0, -13-7, -14-
5.

Lagergren, F., & Jonsson, A. M. (2017). Ecosystem model analysis of multi-use forestry in a
changing climate. Ecosystem Services, 26, 209-224.
https://doi.org/10.1016/j.ecoser.2017.06.007

Levesque, M., Saurer, M., Siegwolf, R., Eilmann, B., Brang, P., Bugmann, H., & Rigling, A.
(2013). Drought response of five conifer species under contrasting water availability
suggests high vulnerability of Norway spruce and European larch. Global Change
Biology, 19(10), 3184-3199. https://doi.org/10.1111/gcbh.12268

Lintunen, A., Lindfors, L., Kolari, P., Juurola, E., Nikinmaa, E., & Holtt4, T. (2014). Bursts
of CO2 released during freezing offer a new perspective on avoidance of winter
embolism in trees. Annals of Botany, 114(8), 1711-1718.
https://doi.org/10.1093/aob/mcul90

Lodin, I., Brukas, V., & Wallin, 1. (2017). Spruce or not? Contextual and attitudinal drivers
behind the choice of tree species in southern Sweden. Forest Policy and Economics, 83,
191-198. https://doi.org/10.1016/j.forpol.2016.11.010

Mencuccini, M., & Piussi, P. (1995). Production of Seeds and Cones and Consequences for
Wood Radial Increment in Norway Spruce (Picea Abies (L.) Karst.). Giornale Botanico
Italiano, 129(3), 797-812. https://doi.org/10.1080/11263509509436170

Netherer, S., Matthews, B., Katzensteiner, K., Blackwell, E., Henschke, P., Hietz, P, ...
Schopf, A. (2015). Do water-limiting conditions predispose Norway spruce to bark beetle
attack? New Phytologist, 205(3), 1128-1141. https://doi.org/10.1111/nph.13166

Ols, C., Trouet, V., Girardin, M. P., Hofgaard, A., Bergeron, Y., & Drobyshev, I. (2018).
Post-1980 shifts in the sensitivity of boreal tree growth to North Atlantic Ocean dynamics
and seasonal climate. Global and Planetary Change, 165, 1-12.
https://doi.org/10.1016/j.gloplacha.2018.03.006

Orwig, D. A., & Abrams, M. D. (1997). Variation in radial growth responses to drought
among species, site, and canopy strata. Trees, 11(8), 474-484.
https://doi.org/10.1007/s004680050110

Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., ... van
Ypserle, J.-P. (2014). Climate Change 2014: Synthesis Report. Contribution of Working
Groups I, 11 and 111 to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. (R. K. Pachauri & L. Meyer, Eds.). Geneva, Switzerland: IPCC.
Retrieved from https://epic.awi.de/37530/

Pederson, N., Cook, E. R., Jacoby, G. C., Peteet, D. M., & Griffin, K. L. (2004). The
influence of winter temperatures on the annual radial growth of six northern range margin
tree species. Dendrochronologia, 22(1), 7-29.
https://doi.org/10.1016/j.dendro.2004.09.005

31



Pichler, P., & Oberhuber, W. (2007). Radial growth response of coniferous forest trees in an
inner Alpine environment to heat-wave in 2003. Forest Ecology and Management,
242(2-3), 688-699. https://doi.org/10.1016/j.foreco.2007.02.007

Primicia, I., Camarero, J. J., Janda, P., Cada, V., Morrissey, R. C., Trotsiuk, V., ... Svoboda,
M. (2015). Age, competition, disturbance and elevation effects on tree and stand growth
response of primary Picea abies forest to climate. Forest Ecology and Management, 354,
77-86. https://doi.org/10.1016/j.foreco.2015.06.034

Pukkala, T., 1987. Effect of seed production on the annual growth of Picea abies and Pinus
sylvestris (in Finnish with English abstract). Silva Fennica 21 (2), 145-158.

RStudio Team (2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, MA
URL http://www.rstudio.com/.

Rozas, V., DeSoto, L., & Olano, J. M. (2009). Sex-specific, age-dependent sensitivity of
tree-ring growth to climate in the dioecious tree Juniperus thurifera. New Phytologist,
182(3), 687—697. https://doi.org/10.1111/j.1469-8137.2009.02770.x

Selas, V., Piovesan, G., Adams, J. M., & Bernabei, M. (2002). Climatic factors controlling
reproduction and growth of Norway spruce in southern Norway. Canadian Journal of
Forest Research, 32(2), 217-225. https://doi.org/10.1139/x01-192

SFA (Swedish Forest Agency), 2014. Statistical Yearbook of Forestry 2014. Swedish Forest
Agency, Jonkoping.

Speer, J. (2013). Fundamentals of tree-ring research. Tucson, Ariz.: The University of
Arizona Press.

Spiecker, H., Mielikainen, K., Kéhl, M., & Skovsgaard, J. P. (2012). Growth Trends in
European Forests: Studies from 12 Countries. Springer Science & Business Media.

Subramanian, N. (2016). Impacts of Climate Change on Forest Management and
Implications for Swedish Forestry, 81.

Suvanto, S., Henttonen, H. M., N§jd, P., Helama, S., Repo, T., Timonen, M., & Mékinen, H.
(2017). Connecting potential frost damage events identified from meteorological records
to radial growth variation in Norway spruce and Scots pine. Trees, 31(6), 2023—-2034.
https://doi.org/10.1007/s00468-017-1590-y

Suvanto, S., N6jd, P., Henttonen, H. M., Beuker, E., & Makinen, H. (2016). Geographical
patterns in the radial growth response of Norway spruce provenances to climatic
variation. Agricultural and Forest Meteorology, 222, 10-20.
https://doi.org/10.1016/j.agrformet.2016.03.003

Theodore T. Kozlowski and Stephen G. Pallardy. (1997). Growth Control in Woody Plants.
Elsevier. https://doi.org/10.1016/B978-0-12-424210-4.X5000-1

Zang, C., & Biondi, F. (2015). treeclim: an R package for the numerical calibration of

proxy-climate relationships. Ecography, 38(4), 431-436.
https://doi.org/10.1111/ecog.01335

32


http://www.rstudio.com/

Zang, C., Pretzsch, H., & Rothe, A. (2012). Size-dependent responses to summer drought in
Scots pine, Norway spruce and common oak. Trees, 26(2), 557-569.
https://doi.org/10.1007/s00468-011-0617-z

Zhang, L., Jiang, Y., Zhao, S., Jiao, L., & Wen, Y. (2018). Relationships between Tree Age

and Climate Sensitivity of Radial Growth in Different Drought Conditions of Qilian
Mountains, Northwestern China. Forests, 9(3), 135. https://doi.org/10.3390/f9030135

33






	Abstract
	Contents
	List of figures
	Introduction
	Material and methods
	Study area
	Tree-ring width chronologies
	Climate data
	Age classes and Dominate/Random trees
	Comparison of RWI and indexed climate

	Results
	Ring width indices for spruce and pine
	Correlation analysis for radial growth to precipitation and temperature
	RWI and weather variables as indices

	Discussion
	Conclusion

	Acknowledgement
	References
	Tom sida
	Tom sida
	Tom sida
	Tom sida
	Blank Page


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20181029152518
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1076
     375
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         415
         AllDoc
         416
              

       CurrentAVDoc
          

     Uniform
     2.8346
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     20
     36
     35
     36
      

   1
  

 HistoryList_V1
 qi2base





