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Introduction
One of the most vital tasks for current forest research is to assess the adaptive potential of
economically important tree species to changing environmental conditions. Knowledge on climate
sensitivity and its modification by local site conditions is, however still limited (Beck 2007). One of
the most important tree species for the German forestry sector is Norway spruce (Picea abies [L.]
Karst). At the same time this species is regarded to be one of the most vulnerable to projected
climatic changes in the country (Kölling et al. 2009).
The aim of the study is to investigate the influence of weather conditions on the growth course of
Norway spruce in Germany's federal state Brandenburg. In this region climate sensitivity of Norway
spruce can be studied exemplary, as the growing conditions are assumed to be extremely adverse
for this species. The results may be of value for regions in Germany where spruce now is the main
tree species and climate projections suggest a warmer and drier climate in the future.
Brandenburg is one of the driest regions in Germany, with a mean precipitation of 600 mm/year
(Lischeid 2010). Dry, sandy soils, characterized by poor water holding capacity, and mean
temperatures between 7,8°C-9,5°C (Gerstengarbe et al. 2003) further contribute to unfavorable
conditions. Consequently Norway spruce occupies only about 3% of the forested area in
Brandenburg.

Material and Methods
Old growth stands of Norway spruce in Brandenburg with a minimum age of 80 years were
selected for sampling. In each stand cores from 20 trees were extracted using a standard
increment corer. Relative density measurements in intervals of 10µm were carried out via highfrequency densitometry as described in Schinker et al. (2003), using the measuring system
“LignoStation” (RinnTech)1. Ring width measurements were verified using a “LINTAB” measuring
table (RinnTech). Tree ring parameters used for analyzing were ring, early wood and late wood
width as well as maximum density. After cross-dating and chronology building, the analysis
includes the description of growth course, the assessment of sensitivity and first-order
autocorrelation (AR (1)), single year and pointer year analysis and the description of the climategrowth system. Development of ring width chronologies were carried out using the method
described in Beck (2008).

Results and discussion
In the following, preliminary results of 15 plots, analyzed with regards to growth course, mean
sensitivity and AR (1), are presented.
In general the sampled trees show a similar pattern of comparatively high sensitivity values and
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low AR (1) values (Figs. 1 and 2). Comparing the mean sensitivity values with those Beck (2010)
found for spruce in different regions of Germany (Fig. 3) it can be assumed that Brandenburgs low
altitude, and associated site conditions, is one of the main reasons for the comparatively high
values. Noticeable are the increasing mean AR (1) values since the early 1990s for the
overwhelming majority of the plots (Fig. 2). A simultaneous decrease of mean sensitivity values is
observable in some of the stands (Fig. 1).

Figure 1: Autocorrelation of 15 Norway spruce plots in Brandenburg.

Figure 2: Mean sensitivity values of 15 Norway spruce plots in Brandenburg.
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Figure 3: Comparison of mean sensitivity of Norway spruce in Brandenburg and Germany

This is accompanied by a change in growth dynamic patterns. Up to the 1990s the majority of
sampled trees show declining ring widths, resulting in a degressive trend in diameter at breast
height (DBH). Therefore basal area increment (BAI) rates stay relatively constant. As spruce is
considered to be a semi-shade tolerant species these growth dynamics can be interpreted as a
sign of low vitality. Under favorable conditions semi-shade and shade tolerant species are
expected to show a relatively constant trend in ring-width development, resulting in a linear DBH
development and increasing BAI rates. Interestingly, this growth course pattern was observed at
almost all investigated plots (Fig. 4) at the beginning of the 1990s.

Figure 4: Basal area increment development of 15 spruce plots in Brandenburg

In conclusion it can be stated that the combined investigation of mean sensitivity, AR (1) and BAI
development can give a more holistic understanding of the growth course of trees and possible
relationships between these parameters. Interpreting mean sensitivity as a measure of
environmental stress experienced by trees and AR (1) as the buffering ability of trees (Beck 2009),
one could argue that the predisposition to be damaged was reduced between 1990 and 2005 and
furthermore that the observed growth increases are a result of increased vitality.
Due to the fact that all of the plots show the growth trend changes in the 1990s, local release
events, like thinning were ruled out as the main factor. Rather reduced emissions after the German
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reunification are considered to have had a major impact. After this political event several major
industries in eastern Germany were shut down or modernized respectively. As a result, emissions
stemming from industrial production have been declining steadily since 1989 until the year of 2000.
Besides, it could be speculated that climatic conditions in Brandenburg are not as unfavorable for
Norway spruce as expected and also adaptation processes should be considered. However it also
needs to be pointed out that despite an increase after 1990, AR (1) values are comparatively low
and mean sensitivity values high (e.g. Neumann & Röhle 2001, Grundmann 2009).
The results of single and pointer year analysis, description of the climate-growth system (according
to Fritts 1976), and of density measurements are expected to contribute to a more complete
understanding of the growth responses of Norway spruce in Brandenburg.
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