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1. Introduction 
The future of our forests is uncertain, especially 
with regards to disturbances, such as windstorms, 
wildfires and bark beetles increasing due to 
climate change.  If we want to ensure that forests 
continue to provide their valuable ecosystem 
services in challenging times, we need to 
investigate climate change and disturbances 
effects and project how they will impact our 
forests in the future.  

2. Disturbance risks evolution in European 
forests 
Our analysis of disturbance trends showed that 
damages by all forest disturbance drivers (e.g. 
storms, fire, bark beetles) clearly increased from 
1950 to 2019 (Figure 1). We can state this based 
on a comprehensive update of the Database on 
Forest Disturbances in Europe (DFDE) that we 
completed in I-Maestro. This update resulted in 
a unique collection of ground-based, empirical 
observations of forest disturbances in Europe, 
counting more than 170,000 records. The 
disturbance increase greatly impacts European 
forests and the services they provide to society, 
especially on the local scale. The overall largest 

damage – 46% of total damage – was caused by 
wind disturbance, which generally shows large 
variation from year to year, while bark beetles 
and other biotic agents had the fastest increase 
recently. Whereas drought also impacted forests 
in the last decade, it could not be distinguished 
as a separate disturbance cause, as it often acts 
as a predisposing factor triggering another 
disturbance cause such as bark beetles or fire, 
which is then recorded in the statistics.  

2.1 Predicting the risk of drought-induced 
mortality in Poland 
We used the data we collected from Scots 
pine forests in Poland to predict the risk of 
mortality caused by drought. Furthermore, we 
investigated the effects of stand structure and 
site productivity. We found that Scots pine 
mortality was mainly driven by a water deficit 
in the period May-August of the previous year. 
Moreover, we documented that the oldest 
stands growing on the most productive sites 
had the highest susceptibility to increased 
mortality during drought, which could motivate 
forest managers to shorten the rotation period 
(= harvest earlier).  

Figure 1: Total reported damage caused by natural disturbance in Europe between 1950 and 2019
 (Patacca, M. et al. (2022) Significant increase in natural disturbance impacts on European forests since 1950. Global Change 

Biology, DOI: 10.1111/gcb.16531)

https://dfde.efi.int/db/dfde_app.php
https://dfde.efi.int/db/dfde_app.php
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2.2 Forest recovery after disturbances  
Within I-Maestro, we compiled a tree 
regeneration dataset from ground-based 
inventories   to analyse patterns and drivers of 
forest recovery after disturbances that caused 
high tree mortality over large, forested areas. 
The dataset covers 30 disturbance events and 
more than 100 forest sites, both managed and 
unmanaged, over the entire temperate zone 
of Europe (Figure 2). Overall, our analyses 
showed that after large and severe disturbances 
temperate forests tend to recover their structure 
better than their species composition. Their 
recovery was less successful after fire than after 
other disturbances. Furthermore, we found that 
forest regeneration is affected by environmental 
factors, such as elevation and incident light 
radiation, indicating that mountain forests were 
recovering at a slower pace than those at lower 
elevation and a milder climate. Another relevant 
observation is that post-windthrow salvage 
logging had a negative impact on regeneration 
compared to disturbed areas that were left 
unmanaged. Interestingly, planting after logging 
did not show evidence of positive effects on 
post-windthrow regeneration.

3. Role and contribution of forest simulation 
modelling to make our forests more resilient 
Forest simulation models help us to explore our 
decision space for the future. However, scientific 
analyses using models are often too complex 
to directly inform decision making of e.g. forest 
owners. Results of forest simulation studies 
aim to inform advisors who can then translate 
results into practical guidance: What species will 
be suitable under the projected future climate 
conditions? What is the range of impacts 
under low vs high climate change scenarios? 
Where should we focus disturbance prevention 
measures?  
The modelling studies can 1) raise awareness 
about the ongoing changes in climate and 
disturbance regimes; 2) explain how the 
intensified climatic extremes and disturbances 
differ from the past and what impacts we might 
face when continuing with “business as usual”; 
and 3) provide adaptive response options for 
practitioners to enhance the resilience of forests.  
 
3.1 Generating case study data for modelling  
In  I-Maestro we set up three case study landscapes 
in France, Poland and Slovenia to assess forest 
dynamics under different climate change, 

Figure 2: Forest recovery after disturbance was investigated for 30 disturbance events across the temperate zone in Europe
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disturbances and management scenarios. These 
landscapes were used to evaluate the effect 
of complexity on the resilience of forests to 
hazards like windstorms, fires, or insect attacks. 
By complexity, we mean the local organization 
of trees, from homogeneous to heterogeneous 
species and sizes, or the arrangement of stands 
at larger scales. To address this question, we 
needed characteristics of every tree in the 
landscape, covering thousands of hectares. 
We developed a method to derive the tree 
characteristics for very large areas with good 
accuracy, based on Airborne Laser Scanning 
(ALS). ALS provides data for the entire landscape 
and can be combined with National Forest 
Inventories for both the calibration of the ALS 
and the downscaling to the tree level. For the 
three case studies of I-Maestro, we generated 
about 42.4 million trees from 51 different species.
 
3.2 Using empirical disturbance data to set 
up disturbance scenarios.  
Based on the disturbance data collected in the 
Database on Forest Disturbances in Europe 
we developed a new approach to create 
disturbance scenarios. By using the expanded 
records of empirical observations of wind and 
fire disturbances, it was possible to generate 
disturbance scenarios which represent a realistic 
year to year variability of regional disturbance 
risks. We then applied these scenarios in forest 
simulation models to explore forest dynamics 
under disturbances. We did this because we 
consider disturbances even more important for 
assessing the future of our forests than gradual 
changes in temperature and precipitation 
(rainfall and snow). Our analysis in I-Maestro 
stressed that it is very important to validate 
the projected disturbance damages by using 
regional disturbance data (e.g. provided by 
forest inventories).  

3.3 Trade-off between diversity at different 
spatial scales  
We analysed the effect of diversity at the local 
scale (diversity of trees in a stand), as well as 
at the landscape scale (diversity of stands in 
the landscape). We found that there are trade-

offs and synergies between these two levels of 
diversity, depending on the case studies:

The mountainous landscape in the Bauges 
(France) is an example of a trade-off between 
stand and landscape scale diversity. It contains 
mostly uneven-aged stands with high local 
diversity, but these stands are almost all 
identical: the stand level diversity is high, but 
the landscape diversity is quite low. Increasing 
landscape diversity by adding even-aged stands 
reduces the stand scale diversity. Conversely, 
in plain forests such as the Milicz case study, 
landscape and stand level diversity interact 
synergistically: adding uneven-aged stands 
in this landscape mostly composed of even-
aged stands increases landscape diversity and 
simultaneously also enhances the local diversity.

Bauges region in France, © Michel MEURET, INRAE
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Our study based on the disturbance database reveals an increasing trend 
for all disturbance agents, with different regional trends. Windstorms 
caused the highest damages, but bark beetles and other biotic 
disturbances reported the strongest increase. This database represents 
an invaluable resource for assessing disturbance dynamics and impacts 
on a European scale and will be very useful to forest modellers and 
other scientists for developing past and future disturbance scenarios.

Our simulation studies in France, Poland and Slovenia show that 
management at the forest landscape scale can have significant impacts 
on the provision of ecosystem services. This demonstrates that it is 
valuable to plan forest management at landscape scale rather than at a 
more local forest scale. If we intensify the management, we will harvest 
more wood and hence reduce the wood damaged by storms. On the 
other hand, if we reduce the intensity of management (extensification), 
we increase carbon stocks and the number of old trees favorable to 
biodiversity, but the disturbance risk increases as well.

Based on our simulation results, we found that trying to increase the 
complexity of the forest (diversities of species, sizes, stand structure) 
does not always reduce the risk of storm damage. It seems to depend 
on the characteristics of the landscape features, especially the dominant 
silvicultural system at work. Moreover, the effect of complexity is 
weak compared to the effect of the intensity of the management on 
ecosystem services.

Similar results from the different models in I-MAESTRO provide 
confidence that simulated trends are robust and findings reliable (e.g. 
effects of management scenarios on disturbed volume).

Key Messages
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Decision making in forest policy and practice requires a solid evidence 
base, which can be provided by forest modelling, considering climate 
change, disturbances, and management options. It is crucial to understand 
the processes driving forest mortality for projecting the effects of 
changing climate conditions on forest ecosystem dynamics, particularly 
carbon sequestration and other ecosystem services. To advance this 
understanding research should investigate spatial patterns of mortality 
and underlying factors, including site, stand and tree characteristics. 

We need to improve data collection on small disturbance impacts. Our 
analysis of country data revealed that more consistent data gathering 
on disturbance events is required, particularly regarding the reporting of 
smaller, dispersed damages. If we want to create relevant future disturbance 
risk scenarios and improve our management decisions accordingly, we 
need country support in collecting more consistent disturbance data 
from all over Europe. 

Biotic disturbances showed the strongest positive trend, but they are 
not sufficiently covered in current reporting and modelling efforts. 
Therefore, we should prioritize monitoring pests and diseases in future 
developments and improve their representation in forest modelling 
efforts. 

Higher resolution monitoring of disturbances is crucial to forecast and 
prevent exacerbated forest mortality. To this end, field data collection 
systems supported by remote sensing technologies, in particular ALS 
data and aerial and satellite imagery, have shown great value.

I-Maestro research underlined that generally European forests remain 
resilient and have large potential to recover from large scale disturbances. 
Climate change adaptation needs to support diversity at different levels. 
Strategies based on extensification may result in increased damage by 
disturbances, thus alternative strategies need to be chosen depending 
on the context and local circumstances. 
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Policy implications/recommendations  


