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Forest trees 
are long living…

…and don’t have legs 
to escape adverse climates
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Friedlingstein et al., 2022, ESSDFriedlingstein et al., 2014

CMIP5 GCP 2021

The uncertain trajectory of the terrestrial C sink
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Decline in photosynthesis related to weakening CO2 fertilization effects?

Hubau et al. 2020 Nature

Long term decline of the C sink in 
amazon linked to increase in tree 
mortality

What is driving the saturation of the land sink?

Or increasing in disturbance/mortality/respiration?

Or both?



4 Courtesy Clémentine OLS

Emerging signals from National Forest Inventories
France and Austria: Negative impact of winter and spring warming on the tree growth rate



5

Emerging signals from National Forest Inventories

Courtesy Antti Asikainen, LUKE 

Finland: Recent observed decline in annual increment from NFI, in parallel to recent increase in total 
removals (as derived from statistics).
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780,000 ring width measurements 
5800 trees
324 sampling sites

1955–1985 1986–2016

European forest beech forests: growth rate in basal area Relative change in growth rate

Tree ring networks

declining trend of beech growth rate in 
the last decades 

1986–20161955–1985
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Observation-driven modelling of forest vulnerability
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biomass loss

Random forest regression
Vulnerability functionsForest fires 

EFFIS 
(~15000)

Insect outbreaks 
IDS-USDA 
(~42000)

Windthrows
FORWIND 
(~80000)

Disturbance databases

Biomass dynamics

Climate indicators

Forest and landscape  indicators
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Trends in climate risks for EU forests

HAZARD: the 
occurrence of the 
agent affecting the 
forest ecosystems

EXPOSURE: the 
distribution of forest 
ecosystem services 
potentially prone to a 
hazard

VULNERABILITY: the 
degree to which a forest 
ecosystem is affected when 
exposed to a given 
disturbance

Fires

Windthrows

Insect outbreaks

Forzieri et al. (in review)
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Global signals of a decline in forest resilience

Forzieri et al. 2022 Nature

Declining trends of forest resilience 
indicators from EO

Trends are climate driven since they 
occur also in intact ecosystems
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Increasing trend in EU forest canopy mortality

Sharp increasing trend in canopy mortality from 1985 to 2018 in Europe

• Senf et. al. 2021 One Earth
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Thonfeld F. et al. 2021 Remote sensing

Bark beetle outbreaks in central EU
Tree cover loss of 501,000 ha for Germany since 2018
@check % of forest area of Germany

conifers deciduous
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Salvage logging

import/export wood price
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The way forward

• Advanced the monitoring of forest disturbances

• Improve the representation of disturbance and mortality in vegetation models

• Develop tools to support forest adaptation policies

EU observatory on deforestation and forest 
degradation

foster model-data fusion for policy support

enhance cooperation across communities
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…on the basis of improved Copernicus products, other remote-
sensing data and ground-based monitoring, strengthen the 
existing monitoring of climate effects and other natural or 
human-induced disturbances on forests…
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Assessment of natural hazards on EU forests

• European Forest Fire 
Information System (EFFIS)

• Collection of spatial data on natural 
disturbances (WindFor, DEFID2)

• `
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Example for Picea abies – Norway spruce

By the end of the century, the climatic niche of the great majority of the 
Euroepan tree species will significantly change, therefore during the 
lifespan of the trees that we are planting now

RCP 8.5, 
projection 2100

As trees have a long lifespan and low dispersal ability, we need to consider which tree species and where 
may thrive decades from now if we want to prevent/reduce the future loss of forest services

Climate 
envelope
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Predicting forest tree species distribution in a future climate

• EU-Trees4F 
Analysis of tree species distribution in the current and future climate

• Distribution of 80 EU forest tree species
• 2 climate scenarios (RCP 4.5 and RCP 8.5)
• Distribution from present time to 2100

• Assessment of diversity losses and impacts on ecosystem services

Functional Diversity & Taxonomic Diversity 
Diversity metrics

Mauri et al. Scientific data (2022)

Quercus petrea
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