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NEXTRES project – backgroud

Climate extreme events (drougths 
and heatwaves) more frequent  and 
affecting not only Mediterranean 
region

Nitrogen deposition has been
significantly reduced over the last
decades, but trends and legacy are
different across the EU continent
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Hotspots for the heatwaves recorded during June and July 2019 (left, source: Copernicus|European State of the 
Climate 2019), and Wet nitrogen deposition (Schmitz et al. 2018 ICP Forests Brief #2)



NEXTRES project – backgroud
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Scientific consensus on the CO2 (Ca) fertilization
effects on the forest carbon sink. However, its
magnitude and the underpinning physiological
mechanisms are still debated.

è Uncertainties on whether and to what extent
the Ca fertilization will persist, when
accounting for nutrient limitations and the
interaction with other global change drivers,
such as climate extremes and Ndep. Li et al., Science 381, 672–677 (2023)



NEXTRES project – backgroud

Ecosystem and tree responses at regional scales
are more often assessed separately (at least at
the EU scale)

• Physiological mechanisms that determine
local to regional variability of ecosystem
fluxes and species vulnerability to global
change factors.

NEXTRES KO meeting Bologna, 9/11/2023

• Mechanisms underpinning forest resilience
to climate extremes for the key species
shaping European forests and ecosystem
services associated to them



NEXTRES project – backgroud

Ecosystem and tree responses at regional scales
are more often assessed separately (at least at
the EU scale)
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25 sites with both flux and tree ring data
(12 in Europe)



NEXTRES project – general goal
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Elucidating how major species in European forests cope
and adapt to more frequent climate extremes and
concomitant changes in atmospheric CO2 (Ca) and
nitrogen deposition (Ndep) by integrating approaches at
the ecosystem and tree scales, and from the intra-annual
to multi-decadal time-scale resolutions



NEXTRES project – specific goals
Obj1. To examine the coupling between tree and ecosystem metrics over the 
recent decades across European forests.

Key questions

(Q1.1) Is the increase in WUE (both at tree and ecosystem scale) consistent across the large
environmental gradient? Which are the physiological mechanisms underpinning changes in
WUE?
(Q1.2) Are tree and ecosystem metrics significantly correlated along a large environmental
gradient? Is the strength of the relationship (slope) affected by global change factors?
(Q1.3) Can we detect changes in N dynamics (retention vs. saturation) at the two levels of
Ndep?
(Q1.4) How do climate extremes and atmospheric Ndep interact and affect the sensitivity of
tree and ecosystem to increasing Ca?
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Key questions

(Q2.1) Can we observe a divergence (among species) and convergence across sites (for a
given species), in the physiological mechanisms underpinning tree responses to climate
extremes?
(Q2.2) Are tree and ecosystem response decoupled during an extreme events?
(Q2.3) How quickly tree species recover from the disturbance and how this is reflected in
carbon and water fluxes at the ecosystem scale?
(Q2.3) Within each species, is there a difference in the recovery capacity along the
gradient?

Obj2. To elucidate physiological strategies adopted by different species in
response to climate extremes along the latitudinal gradient and how they
determine the ecosystem response.

NEXTRES project – specific goals
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Obj3. To evaluate the role of nitrogen deposition in driving tree and ecosystem
responses to climate extremes.

Key questions

Q3.1) Can we detect differences in N dynamics at the contrasting levels of N deposition
(i.e., sites above and below the CL) during an extreme event?
(Q3.2) To what extent is atmospheric deposition mediating sensitivity to drought events
and which are the underpinning mechanisms?

NEXTRES project – specific goals
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NEXTRES project – proposed sites
Forest ecosystems along a large environmental gradient in terms of climate and Ndep
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NEXTRES project – proposed sites
Forest ecosystems along a large environmental gradient in terms of climate and Ndep

è Ecosystem flux data (ICOS/FLUXNET or national network🟣) and Ndep data (active ICP FORESTS🟠 sites)
è Climate and Ndep gradient (below and above the critical loads for Ndep)
è Most representative species of EU forests (contrasting ecophysiological features)
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NEXTRES project – proposed sites
Forest ecosystems along a large environmental gradient in terms of climate and Ndep

è Ecosystem flux data (ICOS/FLUXNET or national network🟣) and Ndep data (active ICP FORESTS🟠 sites)
è Climate and Ndep gradient (below and above the critical loads for Ndep)
è Most representative species of EU forests (contrasting ecophysiological features)
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,Matteo Campioli, Fran Lauriks



👉Deposition data from Flechard et al. (2020). Biogeosciences. 17 (6), 1621–1654.

NEXTRES project – proposed sites
Forest ecosystems along a large environmental gradient in terms of climate and Ndep

Critical 
loads for 

Ndep
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NEXTRES project – WPs

Last 50 years (for global change drivers)

Last 30 years (for tree and ecosystem data)

2 ‘pointer’ years
Ndep

Climate
extreme

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)
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Last 50 years (for global change drivers)

Last 30 years (for tree and ecosystem data)

2 ‘pointer’ years

Ndep

Climate
extreme

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)
WP2.Analyses of ecosystem fluxes (Obj 1)
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Last 50 years (for global change drivers)

Last 30 years (for tree and ecosystem data)

2 ‘pointer’ years

Ndep

Climate
extreme

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)
WP2.Analyses of ecosystem fluxes (Obj 1)

NEXTRES project – WPs
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WP3.Dendroecological analyses (Obj 1) – ring widths (n=15 trees) and stable C, O and N isotopes in tree rings 
(n=5 trees)



Last 50 years (for global change drivers)

Last 30 years (for tree and ecosystem data)

2 ‘pointer’ years

Ndep

Climate
extreme

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)
WP2.Analyses of ecosystem fluxes (Obj 1)

WP4.Intra-annual investigation (Objs 2-3)
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WP3.Dendroecological analyses (Obj 1)
– carbon isotopes (n=5 trees)



Last 50 years (for global change drivers)

Last 30 years (for tree and ecosystem data)

2 ‘pointer’ years

Ndep

Climate
extreme

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)
WP2.Analyses of ecosystem fluxes (Obj 1)

Trends 
magnitude of 
changes and 

drivers

Difference in the physiological 
mechanisms, role of Ndep and 

coupling between scales

NEXTRES project – WPs
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WP4.Intra-annual investigation (Objs 2-3)
WP3.Dendroecological analyses (Obj1)



How can you contribute?

NEXTRES project – fostering collaborations
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WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)
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A form will be arranged to 
gather the information

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)
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WP2.Analyses of ecosystem fluxes (Obj 1)

Sharing flux data (if not already available in the ICOS/FLUXNET sites)

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)
A form will be arranged to 

gather the information
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Indicating the key contact at each site for 
the postdoc who will be responsible for it

WP2.Analyses of ecosystem fluxes (Obj 1)

Sharing flux data (if not already available in the ICOS/FLUXNET sites)

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)
A form will be arranged to 

gather the information
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WP3.Dendroecological analyses (Obj1) and WP4.Intra-annual investigation (Objs 2-3) 

Supporting during fieldwork (showing the site)
Providing wood cores (if sampling is not possible)

WP2.Analyses of ecosystem fluxes (Obj 1)

Sharing flux data (if not already available in the ICOS/FLUXNET sites)

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)
A form will be arranged to 

gather the information

Indicating the key contact at each site for 
the postdoc who will be responsible for it
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Fieldowork expected to be between 
January and March 2024

WP3.Dendroecological analyses (Obj1) and WP4.Intra-annual investigation (Objs 2-3) 

Supporting during fieldwork (giving access and showing the site)
Providing wood cores (if sampling is not possible)

WP2.Analyses of ecosystem fluxes (Obj 1)

Sharing flux data (if not already available in the ICOS/FLUXNET sites)

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)
A form will be arranged to 

gather the information

Indicating the key contact at each site for 
the postdoc who will be responsible for it
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WP3.Dendroecological analyses (Obj1) and WP4.Intra-annual investigation (Objs 2-3) 

WP2.Analyses of ecosystem fluxes (Obj 1)

Sharing flux data (if not already available in the ICOS/FLUXNET sites)

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)

WP5.Dissemination

Fieldowork expected to be between 
January and March 2024

A form will be arranged to 
gather the information

Indicating the key contact at each site for 
the postdoc who will be responsible for it
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Supporting during fieldwork (giving access and showing the site)
Providing wood cores (if sampling is not possible)



WP3.Dendroecological analyses (Obj1) and WP4.Intra-annual investigation (Objs 2-3) 

WP2.Analyses of ecosystem fluxes (Obj 1)

Sharing flux data (if not already available in the ICOS/FLUXNET sites)

WP1.Assessing spatial and temporal variation in global change drivers (All Objs)

Providing all site information (including what is currently monitoring at the tree level)

WP5.Dissemination Co-autorship in scientific publications and presentations 
in national/international conferences

Fieldowork expected to be between 
January and March 2024

A form will be arranged to 
gather the information

Indicating the key contact at each site for 
the postdoc who will be responsible for it
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Supporting during fieldwork (giving access and showing the site)
Providing wood cores (if sampling is not possible)



Questions?


