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Vulnerability of European forests to climate risks
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Forest disturbances are large pulses of tree mortality that originate from abiotic and biotic agents. They represent
a serious threat to the maintenance of healthy and productive forests. In the last decade, about 3.1% of Europe’s
forests were damaged by disturbances largely attributed to climate change. Examples from other countries, like
Canada, show that disturbances driven by the rapidly changing climate may substantially alter the state of forests
to the point that they become carbon sources instead of carbon sinks. Understanding forest risks is of particular
concern for forest management because the long life-span of trees limits the possibility of a rapid adaptation
to environmental changes. However, the substantial knowledge and methodological gaps of the physical processes
and the uncertainties associated with existing disturbance databases have hampered so far a quantitative assessment
of the vulnerability of forest ecosystems to natural disturbances.

We developed a novel data-driven modelling approach to estimate a set of vulnerability functions of tree species to
climate-related hazards. Vulnerability is expressed in terms of biomass loss and retrieved as a function of satellite-
based vegetation data, climate features and landscape metrics. The method is applied on multiple spatially-explicit
datasets of forest disturbances and implemented in a machine learning model. We focus on European forests and
the three major natural disturbances for this region, namely fires, insect outbreaks and windthrows.

Preliminary results show substantial spatial differences in tree species vulnerability amongst the different agents.
Overall, forest structural parameters appear to play a key role in affecting vulnerability and their effects are of
comparable magnitude to those of climate drivers. This highlights the importance of identifying suitable forest
management measures to increase the resilience of forest ecosystems to climate-related risks.



