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Geomorphic processes continuously shape mountain regions, with rockfall being
one of the most widespread and frequent events. Its unpredictable and sudden
occurrence poses major threats to settlements, human infrastructure and can even
lead to the loss of life (Porter and Orombelli 1981; Bunce et al. 1997; Guzzetti
2000). In recent years, anthropogenic activities increasingly expanded into marginal
regions. This development results in the construction of new infrastructure and
settlements in exposed areas, leading to increased risk of casualties. In order to
avoid future accidents, an accurate hazard assessment and risk analysis become
more and more inevitable. Besides a comprehensive understanding of the process,
risk evaluation requires the knowledge of past rockfall activity in space and time.
Areas where rockfall occurs have to be identified, and the frequency and magnitude
of events determined. As a result, rockfall has become one of the most intensely
studied geomorphic processes in the alpine environment.

However, the unpredictability of rockfall events poses major difficulties for a
realistic assessment of the process. In the absence of a detailed, eyewitness history,
dendrogeomorphology is the only method allowing for an adequate reconstruction
of past rockfall parameters, such as rebound heights of rocks and boulders, or
frequency, magnitude, and seasonality of events. Following mechanical impact,
different tree species, e.g. European larch (Larix decidua), Norway spruce (Picea
abies), silver fir (Abies alba) respond with the formation of specific growth features
such as tangential rows of traumatic resin ducts, reaction wood, callus tissue, or
abrupt changes in growth (Braam et al. 1987; Schweingruber 1996, 2001;
Schneuwly et al. 2009). These growth features can be dated with intra-annual preci-
sion, allowing for the reconstruction of past rockfall frequencies with seasonal
accuracy (Stoffel and Perret 2006). Determination of the main rockfall season and
past activity patterns permits the identification of local triggers.
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Fig. 1 Reconstructed rockfall frequency for the last 50 years with the sample depth (ED =
exposed diameter). There exists an ordinary background activity during normal years with excep-
tional activity in event years. In 1960, a magnitude 5.3 earthquake occurred in proximity, in 1995,
a heavy precipitation event triggered the outstanding activity. No long term trend (gray line)
is detectable

A total of 191 severely injured conifer trees were sampled at a case-study slope
in Saas-Balen (Valais, Switzerland). The analysis of 50 years of rockfall history
unravelled an ordinary background activity during most years and severe activity
during exceptional event years (Fig. 1). The intra-annual distribution of rockfall
events shows a peak in activity during the dormant period (early October — late May),
and lowest activity during summer. Freeze-thaw processes are identified as the
main ordinary rockfall trigger. On the slope, reconstructed rockfall frequency aver-
ages 1.02 events m™! year!. In addition, two major rockfall event years could be
determined. In 1960, the rockfall rate attained 3.9 events m™' and culminated in 6.6
events m™' in the following year (1961). The second peak in rockfall activity is
noted for 1995, when 5.1 events m~' were reconstructed. Both events could be
correlated with exceptional triggers. In 1960, a magnitude 5.3 earthquake (Mercalli
intensity VIII) occurred 18 km away from the study site. In 1995, unusually heavy
precipitation was recorded at the study site. In contrast, no long-term trend in rock-
fall activity could be detected. Spatial analysis of rockfall frequency revealed highest
values (>4 events m~! year™!) at the lateral boundary that is oriented towards the
main rockfall source area (Fig. 1b). Values at the boundaries are higher and rapidly
decrease inside the stand. Investigations on injury heights reveal a mean value of
0.85 m. The maximum rebound height attains 4.5 m, but two thirds of all impacts
did not surpass 1 m. Spatial analyses on rebound height indicate highest values at
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Fig. 2 Spatial analysis of the rockfall activity and the bounce heights at the study site. (a) Highest
rockfall frequency can be found at the lateral boundary that is oriented towards the main rockfall
source area. (b) Highest rebound heights occur at both lateral boundaries. Rapidly decreasing
values inside the forest are witnessing the protection effect of the forest against rockfall. Notice
the shielding effect of a big boulder in lateral top position (black arrow)

the lateral boundaries of the study site (Fig. 2b). Rebound heights immediately
decrease inside the forest, illustrating again the deceleration effect of the trees and
the dampening effect of the changed surface conditions within the stand (Schneuwly
and Stoffel 2008a, b). Spatial data on rockfall frequency and rebound heights
clearly demonstrate the protection effect of forest against rockfall.

Dendrogeomorphology has proven its high potential in rockfall research.
Reconstructed data on rebound heights and seasonality can improve the general
understanding of the process. Long-term data on frequency, magnitude as well as
trigger identification substantially improves local risk assessment and allows more
precise predictions on future rockfall pattern.
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