
INI2020  
Submission template for oral / poster presentation  

1 
 

Continental-scale forest growth in 
Europe is driven by management and 
further modulated by nitrogen 
deposition 
Etzold, Sophia1, Ferretti, Marco1, Reinds, Gert Jan2, Solberg, Svein3, Gessler, 
Arthur1, Waldner, Peter1, Schaub, Marcus1, Simpson, David4,5, Benham, Sue6, 
Hansen, Karin7,8, Ingerslev, Morten9, Jonard, Mathieu10, Karlsson, Per Erik11, 
Lindroos, Antti-Jussi12, Marchetto, Aldo13, Manninger, Miklos14, Meesenburg, 
Henning15, Merilä, Päivi12, Nöjd, Pekka12, Rautio, Pasi16, Sanders, Tanja GM17, 
Seidling, Walter17, Skudnik, Mitja18, Thimonier, Anne1, Verstraeten, Arne19, 
Vesterdal, Lars9, Vejpustkova, Monika20, De Vries, Wim2,21 

 

1Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Birmensdorf, Switzerland 
2Wageningen University and Research, Environmental Research, Wageningen, The Netherlands 
3Norwegian Forest and Landscape Institute, Ås, Norway 
4EMEP MSC-W, Norwegian Meteorological Institute, Oslo, Norway 
5Chalmers University of Technology, Gothenburg, Sweden. 
6Centre for Ecosystem, Society and Biosecurity, Forest Research, Wrecclesham, Farnham, Surrey, UK 
7IVL Swedish Environmental Research Institute, Stockholm, Sweden 
8Swedish Environmental Protection Agency, Stockholm, Sweden. 
9University of Copenhagen, Department of Geosciences and Natural Resource Management, Section of 
Forest, Nature and Biomass, Denmark 
10Université catholique de Louvain (UCL), Earth and Life Institute (ELI), Louvain-la-Neuve, Belgium 
11IVL Swedish Environmental Research Institute Ltd., Gothenburg, Sweden 
12Natural Resources Institute Finland (Luke), Helsinki, Finland 
13Italian National Research Council, Institute of Ecosystem Study ISE, Verbania (VB), Italy 
14NARIC Forest Research Institute, Sárvár, Hungary 
15Northwest German Forest Research Institute NW-FVA, Göttingen, Germany 
16Natural Resources Institute Finland (Luke), Rovaniemi, Finland 
17Thünen Institute of Forest Ecosystems (WO), Eberswalde, Germany 
18Slovenian Forestry Institute, Department of Forest and Landscape Planning and Monitoring, 
Ljubljana, Slovenia 
19Research Institute for Nature and Forest (INBO), Geraardsbergen, Belgium 
20Forestry and Game Management Research Institute, Jiloviste, Czech Republic 
21Wageningen University, Environmental Systems Analysis Group, Wageningen, The Netherlands 
 
E-mail: sophia.etzold@wsl.ch 
 

Abstract 

Our analysis of continental-scale forest growth data provided further evidence that management-related stand characteristics 
like stand density index and stand age are key to explain annual forest increment. For some species a clear relationship of 
growth with atmospheric N deposition appeared, with an overall positive, but in some cases non-linear response with a 
tipping point at 24-34 kg N ha-1 yr-1, indicating that N deposition is at least as important as climate to impact tree growth at 
continental scale in Europe. 
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European temperate and boreal forests represent a globally 
important component of the terrestrial carbon sink and pool 
(Luyssaert et al., 2010). Understanding which factors drive 
and modulate forest growth is therefore critical to predict how 
forest ecosystems can respond to climate change. Uncertainty 
exists on the role of altered environmental drivers, such as 
climate and air pollution, in affecting forest production at the 
continental scale (Zak et al., 2011; De Vries et al., 2017), 
especially in interaction with site- and stand characteristics.  

We conducted a continental-scale analysis of ICP Forests 
growth data obtained over the period 1995-2010 from nearly 
100,000 trees distributed in 442 even-aged, almost pure beech-
, oak-, spruce- and pine-dominated permanent observation 
plots distributed in managed forests across 23 countries in 
Europe. 

 
We used multivariate statistical approaches, such as mixed 
effects models and structural equation modelling to 
investigate how European forest growth (DVol) respond to 
changes in 11 predictors, including stand characteristics, 
climate conditions, air and site quality, as well as their 
interactions. We expected to detect whether, and to what 
extent, environmental drivers, such as climate (precipitation, 
temperature, drought events) and air quality (N deposition, 
ozone) have direct and/or indirect impacts on growth once 
stand characteristics (stand density, age, altitude) are 
accounted for. 
 
We found that, despite the large environmental gradients 
encompassed by the forests examined, stand density and age 
were key drivers of forest growth. We further detected a 
positive, in some cases non-linear effect of N deposition, most 
pronounced for beech forests, with a tipping point at ca. 30 
kg N ha-1 yr-1 (Etzold et al. 2020). N deposition was involved 
in interactions with site quality indicators and had indirect 
negative effects on DVol by altering soil pH and foliar nutrient 
concentrations. With the exception of a consistent temperature 
signal on Norway spruce, climate-related predictors and 
ground-level ozone showed much less generalized 
relationships with DVol.  
 
Our results show that, together with the driving forces exerted 
by stand density and age, N deposition is at least as important 
as climate to modulate forest growth at continental scale in 
Europe, with a potential negative effect at sites with high N 
deposition. It highlights the need for continuous, concurrent 
and co-located monitoring of site-, stand-, environmental- and 
response variables to investigate continental forest growth 
patterns. Text is based on Etzold et al. (2020). 

 

 

Acknowledgements 

 This study was part of the ÉCLAIRE project (Effects of 
Climate Change on Air Pollution and Response Strategies for 
European Ecosystems) funded by the EU's Seventh 
Framework Programme for Research and Technological 
Development (FP7). The evaluation was based on data that 
was collected by partners of the official UNECE ICP Forests 
Network (http://icp-forests.net/contributors). Part of the data 
was co-financed by the European Commission (Data achieved 
at 20141212). 

References 

De Vries W, Posch M, Simpson D, Reinds GJ 2017 Modelling 
long-term impacts of changes in climate, nitrogen deposition 
and ozone exposure on carbon sequestration of European 
forest ecosystems Sci. Total Environ. 605-606 pp 1097–1116 
Etzold S, Ferretti M, Reinds GJ, Solberg S, Gessler A, 
Waldner P, Schaub M, Simpson D, Benham S, Hansen K, 
Ingerslev M, Jonard M, Karlsson PE, Lindroos A-J, Marchetto 
A, Manninger M, Meesenburg H, Merilä P, Nöjd P, Rautio P, 
Sanders TGM, Seidling W, Skudnik M, Thimonier A, 
Verstraeten A, Vesterdal L, Vejpustkova M, De Vries W 2020 
Nitrogen deposition is the most important environmental 
driver associated to continental-scale growth of pure, even-
aged, managed European forests For.Eco. 458 117762 
Luyssaert  S, Ciais P, Piao SL, Schulze ED, Jung M, Zaehle 
S., Schelhaas MJ, Reichstein M, Churkina G, Papale D, Abril 
G, Beer C, Grace J, Loustau D, Matteucci G, Magnani F, 
Nabuurs GJ, Verbeeck H, Sulkava M, van der Werf GR, 
Janssens IA, Team C-IS 2010 The European carbon balance. 
Part 3: forests Global Change Biology 16 pp 1429-1450 
Zak DR, Pregitzer KS, Kubiske ME, Burton AJ 2011 Forest 
productivity under elevated CO2 and O3: positive feedbacks to 
soil N cycling sustain decade-long net primary productivity 
enhancement by CO2. Ecol. Lett. 14 pp 1220-1226 


