
The minor impact of the 2003 summer heat-wave on growth of drought exposed forest 
trees finds its explanation in strong dependency of radial stem growth on precipitation in 
March through June (see Pichler and Oberhuber 2007). 

Short-term climate extremes (e.g., low winter precipitation, late frost, drought) and/or 
the presence of temperature thresholds may have been important factors limiting radial 
growth within the timberline ecotone in recent decades (see Oberhuber et al. 2007).

Results and discussion
Growth-climate relationships revealed that mean July temperature is the major and 
temporal stable driving force of Pinus cembra growth within the timberline ecotone (see 
Oberhuber 2004). However, since mid 1980s radial growth strikingly diverges from 
trend in July temperature (Fig. 1), which is suggested to be an outcome of extreme 
climate events (e.g. low winter precipitation) and/or temperature-induced increase in 
late-summer drought stress coincidently with the recent warming trend. Latter 
assumption is supported by <10 % increase in annual increments in 2003 compared to 
2002, when extraordinary hot conditions prevailed during summer (Fig. 2). 

Fig. 3 Total ring width chronologies for the 
period 1911-2004. Growth in extremely hot 
summers are marked by vertical dotted lines, 
whereby 2003 is emphasized by filled circles 
(Pisy_S and Pisy_N = Pinus sylvestris
chronologies from south- and north-facing 
stand, respectively; Pcab_N = Picea abies
chronologies from north-facing stand; do= 
dominant, cd=co-dominant, su=suppressed).

Fig. 2 Total ring width chronologies 
and sample depth (= number of trees 
included in chronologies) of Pinus
cembra stands selected at timberline 
and tree line. Period of divergent trend 
in radial growth and July temperature 
since the mid 1980s and annual 
increments in 2003 of c. 50 yr old 
stands are emphasized by a hatched 
box and filled circles, respectively.

Fig. 1A Smoothed chronologies and 
mean July temperature for the period 
1866-1999 (TB200) and 1901-1999 
(TB100, TR100), respectively. Curves 
represent z-transformed 11-yr running 
averages with equal weights. 
B Difference series (growth minus 
mean July temperature). 
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Introduction
It is well established that tree growth at high elevations and within dry inner Alpine valleys is mainly limited by climate conditions, i.e. low 
temperatures throughout the growing season (Wieser and Tausz 2007) and precipitation in spring, respectively (Oberhuber and Kofler
2002). Since effects of climate change are supposed to be seen first at these boundaries of tree existence, we examined growth response 
of Stone pine (Pinus cembra L.) and Scots pine (Pinus sylvestris L.), which form widespread forest ecosystems at the timberline of the 
Central Alps and within inner Alpine dry valleys, respectively, to recent climate change.

Methods
The sampled trees are located within the timberline ecotone (2000 m to 2200 m a.s.l.) on Mt. Patscherkofel near Innsbruck and in the 
montane belt (750 m a.s.l.) within the inner Alpine dry valley of the Inn river, respectively. 

Radial growth indices are known to be valuable long-term measures of overall tree vigour. Hence, several ring width chronologies of 
Pinus cembra and Pinus sylvestris stands, covering the last 200 yr were developed and growth responses to climate warming, including the 
summer heat-wave in 2003, were evaluated. 
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Chronology codes: see Fig. 1

Within the dry inner Alpine valley of the Inn river, pronounced drought periods during 
spring were found to be one of the most important factors triggering both sustainably
reduced tree vigour and increased mortality risk of Pinus sylvestris (see Oberhuber and 
Kofler 2002). In contrast, a rather minor impact of the hot summer in 2003 on radial 
growth of drought adapted Pinus sylvestris was detected (Fig. 3). 


