
Forest Ecology and Management 561 (2024) 121875

Available online 6 April 2024
0378-1127/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Resilient forests need joint forces for better inventorying and monitoring 

Marco Ferretti a,*, Arthur Gessler a,b, Nathalie Cools c, Stefan Fleck d, Rossella Guerrieri e, 
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A B S T R A C T   

Forests are increasingly affected by global change. Building resilient forests requires – amongst others - 
leveraging the wealth of knowledge from existing ground-based, field inventory and monitoring programs as well 
as Earth Observation systems to better assess the status, detect changes, understand processes, predict future 
dynamics, and guide forest management. A proposal from the European Commission for a new forest monitoring 
framework at the European level aims in this direction but lacks the integration of some crucial and readily 
available resources and infrastructures. For this reason, the proposal risks to be a missed opportunity rather than 
a step forward. Here we provide suggestions to help reconciling the proposal with its objectives and a more 
comprehensive monitoring vision.   

The ability of world’s forest to provide their services and contribute 
to achieving climate targets is increasingly threatened by global changes 
(Burgess et al., 2022; Korosuo et al., 2023; Senf et al., 2021; van der 
Woude et al., 2023). New information requirements place challenges on 
forest inventorying and monitoring systems: they need to develop and 
become timelier and more comprehensive and expand beyond their 
traditional objective of assessing status and changes to better contribute 
to a more complete understanding of forest functioning (Futter et al., 
2023; Gessler et al., 2022; Zweifel et al., 2023). Such a development is 
essential to better model forest dynamics, identify future scenarios of 

ecosystem functioning, guide management, and inform policy makers. 
Here, advanced inventory and monitoring programs with an augmented 
portfolio of attributes and fully integrated field measurements combined 
with proximal and remote sensing components can offer considerable 
advantages (Ferretti et al., 2024b). 

Recently, the European Commission recognized these needs and 
proposed a framework regulation for a coordinated European Union 
(EU) forest monitoring (European Commission, 2023a, hereafter 
referred to as “the proposal”). It is based on the EU Forest Strategy 2030 
(European Commission, 2021) and has been developed through a public 
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consultation process, expert and scientific workshops (European Com-
mission, 2023b). The proposal aims to: (i) ensure coherent high-quality 
monitoring to track progress towards achieving EU targets, policy ob-
jectives and targets that concern forests including biodiversity, climate, 
and crisis response; (ii) improve risk assessment and preparedness; and 
(iii) support evidence-based decision-making by land managers and 
public authorities, and promote research and innovation. It intends to 
secure consistent monitoring at the EU level: it is justified by the 
transboundary nature of forest-dependant markets and climate change 
related risks, and lays down rules for the collection and provision of 
information to support EU legislation for enhancing forest resilience and 
multifunctionality. The envisioned forest monitoring system is based on 
(i) standardised forest data from aerial or space-borne ortho-imagery by 
Copernicus satellites or other equivalent systems centrally provided by 
the EC, and (ii) harmonized in situ data through a network of monitoring 
sites (National Forest Inventories – NFIs – or other networks) repre-
sentative of the Member States’ forest area, provided by them. An 
additional set of data (Proposal, Annex III) is also foreseen. 

With its 227.4 ×106 ha (34.8% of land area), forests represent an 
immense resource in Europe (Forest Europe, 2020) and the intention to 
promote their consistent monitoring is therefore very much welcome. 
Yet, the proposal already raised several criticisms and concerns (Ferretti, 
2024; Eustafor, 2023). Here, moving from consideration about the 
proposal’s premises, required data, data quality, and the proposal’s 
overall concept, we attempt to provide suggestions to move forward, 
eventually help reconciling the proposal with its intended objectives and 
a more comprehensive monitoring vision. While we explicitly quote 
parts of the proposal, it is worth mentioning that it goes beyond the 
scope of this paper to suggest modification in the proposal’s wording. 
Rather, we want to point at parts that – in our view – are exemplary of 
lack of comprehensive vision and should be carefully addressed when 
evaluating or revising the proposal. Further, and in order to better 
delineate the field of concern of this paper, we have deliberately not 
considered the implications that may originate from the parallel and 
independent development of the EU Soil Monitoring Law (Soil health - 
European Commission (europa.eu). Soil is an essential part of the forest 
ecosystem and is key for forest resilience: not connecting the two 
regulation initiatives may generate a potentially critical decoupling in 
monitoring, an issue that deserves a much closer look. 

1. Premises 

The proposal largely builds on the premise that “no comprehensive 
system currently exists at the Union level that can ensure availability of 
comparable quality data across all relevant policy areas, including forest 
resilience and biodiversity» (p. 17, bullet 7). Such an idea is reiterated in 
several parts, where the principles of subsidiarity and proportionality 
are advocated. Forest monitoring is considered “patchy and frag-
mented…” with Member States “acting alone in an uncoordinated manner 
over many years” (p. 5). In particular, “While…forest ecosystems often 
stretch across boundaries, … no consistent, transnational data-gathering 
approach has been fully developed so far” (p. 5). The aforementioned 
statements, however, conflict with reality. While there are several 
internationally co-ordinated infrastructures and program dealing with 
the long-term observation of forest ecosystems (e.g. Futter et al., 2023), 
the most striking example is probably the monitoring scheme origi-
nating in large parts from the EC itself. In 1986, the EC prompted EU 
Member States to start a co-financed, coordinated forest monitoring 
scheme (EEC, 1986; Vel, 1996) that has evolved in close co-operation 
with the International Co-operative Programme on Assessment and 
Monitoring of Air Pollution Effects on Forests (ICP Forests) under the 
auspices of United Nations Economic Commission for Europe Air 
Convention (Sanders et al., 2016). Today, the monitoring originated in 
1986 is still running, though no longer supported by the EC but by the 
participating Countries, as a harmonized international activity under the 
co-ordination of the ICP Forests. Contrary to what is stated in the 

proposal’s Impact Assessment (European Commission, 2023b), the for-
est monitoring under the ICP Forests is not only internationally 
co-ordinated, but also covers the large majority of European countries 
(Fig. 1). 

Originally concentrated on air pollution effects and forest damage, 
the monitoring evolved over the past 40 years to cover all forest 
ecosystem compartments, encompassing atmosphere, biosphere, geo-
sphere and hydrosphere. A comprehensive set of harmonized and 
continuously reviewed methods (ICP Forests, 2022; Ferretti and Fischer, 
2013), several of them published between 1986 and 1997 by the EC in 
its Official Journal (Cenni and Ferretti, 1998; see also Fig. 1) has been 
developed and applied. Formal Quality Assurance/Quality Control 
procedures, a centralized database with more than a thousand data 
checking routines, a structured governance system, and a formal data 
policy were developed over the years (ICP Forests, 2022). This effort 
generates data not only for international reporting (e.g. Forest Europe, 
2020) and other EC Directives (e.g. National Emission Ceilings Direc-
tive, NECD1) but also for scientific advances in several fields directly 
related to forest resilience, vitality, growth, and carbon sequestration 
(De Vries et al., 2006; Etzold et al., 2020; Neumann et al., 2017; Jaime 
et al., 2022; Anthony et al., 2022; 2024), biodiversity (van der Linde 
et al., 2018; Weldon et al., 2022; Dirnböck et al., 2014; Vos et al., 2015), 
air pollution and forest ecosystem biogeochemistry (Camino-Serrano 
et al., 2016; Ferretti et al., 2024a; Guerrieri et al., 2024; Jonard et al., 
2015; Verstraeten et al., 2023; Wohlgemuth et al., 2021), economic 
losses (e.g. Hanewinkel et al., 2013), and model calibration and evalu-
ation (Reyer et al., 2014; Wergifosse et al., 2022). 

With this background not only the aforementioned statements seem 
poorly substantiated but also the declared intention to “minimise the 
extent to which Member States will have to adapt their data acquisition 
methods” (proposal, p.5) appears elusive as the proposal de facto ignores 
substantial structures and assets already in place in individual Countries. 
These structures include national co-ordination centres, networks of 
monitoring plots (see Fig. 1), expertise in several monitoring fields, 
manuals of harmonized methods covering all forest ecosystem com-
partments (ICP Forests, 2022), data control routines, and uniform data 
reporting formats and procedures. 

2. Required data 

The proposal has its main focus on carbon sequestration as well as on 
data requirements and is largely concerned with trees and timber re-
sources. Little is foreseen in relation to e.g., forest health and vitality, a 
key aspect when considering forest resilience (e.g. Senf et al., 2021; 
Jaime et al., 2022; Sousa-Silva et al., 2018). Forest health depends on a 
suite of biotic and abiotic factors (e.g. Sinclair, 1965; Manion, 1981; 
Trumbore et al., 2015) that are important to monitor and can be 
expressed by multiple metrics. Nevertheless, the proposal mentions only 
“defoliation” defined as reduced Leaf Area Index (LAI) based on the 
Copernicus data with a biweekly and 300 m resolution. While the 
assessment of LAI via remote sensing is still subject to several constrains 
(e.g. Brown et al., 2020), it remains questionable whether reduced LAI - 
which may depend on a variety of reasons, including phenology (Brown 
et al. 2017) and adaptive processes (Meier and Leuschner, 2008) - is an 
adequate measure of defoliation and especially of forest health, for 
which a much closer look is necessary. Further, the resolution of 300 m 
raise doubt to capture forest stand, yet alone, tree dynamics. It is 
therefore critical to define how remotely sensed LAI data will be vali-
dated, calibrated, and ground-truthed. Here it is worth noting that, for 
example, data on defoliation are not routinely collected by the NFIs, i.e., 
the only ground-based monitoring systems explicitly mentioned in the 
proposal so far. On the contrary, defoliation is the key attribute for ICP 
Forests (Bussotti et al., 2024; Michel et al., 2023; Potočić et al., 2021) 

1 Directive - 2016/2284 - EN - EUR-Lex (europa.eu) 
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and it is assessed on an annual basis on both Level I and Level II networks 
(Fig. 1) since decades. We suggest that this can offer a substantial basis 
(ca. 7000 plots; >30-year time series) not only for assessing forest health 
in space and time, but also for ground truthing of remotely sensed LAI 
data. In this context, LAI data might rather be seen as a proxy to favor 
spatio-temporal modeling based on field observations than as a 
non-validated, stand-alone measurement. 

Biodiversity is another focus of the proposal. Specific data are 
requested for tree species composition and richness, deadwood, and 
forest birds. Presence of invasive plant and tree species, diversity of non- 
tree vegetation, and threatened species are also mentioned but with few 
methodological details and subject to future monitoring development. It 
is again worth noting that important monitoring approaches regarding 
biodiversity (e.g., ground vegetation, epiphytic lichens – see results by 
Giordani et al., 2014; Seidling et al., 2014; Van Dobben and De Vries, 
2017) have already been harmonized at international level, new ones (e. 
g. mycorrhiza) have been largely and successfully tested at the European 
scale (van der Linde et al., 2018; Anthony et al., 2022, 2024), and 
additional ones (e.g. metabarcoding for biodiversity in soil and water 
samples and in insect traps) uses the ICP Forests plot infrastructure for 
development and testing. 

Overall, the requested data and the suggested data sources may 
enable an assessment of forest resources and its changes, but will have 
limited potential in quantifying forest condition and driver-response 
relationships as well as processes, which are a prerequisite for the 
development of adaptation and mitigation measures within the context 
of resilient forests (Ferretti et al., 2024b). It is therefore arguable 
whether the newly proposed monitoring can actually address the in-
formation needs related to climate change adaptation (proposal, p. 16, 
point 13) and resilience. In addition, the proposal suggests in several 
parts new income possibilities to actors of the forest sector by 

certification schemes based on the suggested monitoring. There is a risk, 
however, that the promotion of carbon removal activities without 
adequate monitoring of their consequences for e.g., forest health, 
biodiversity, and nutrient sustainability may be detrimental for sus-
tainable and multifunctional European forestry. 

3. Data quality 

The proposal raises major concern also with respect to data quality. 
While data comparability, quality, and availability are considered stra-
tegic objectives, it is unclear how they will be achieved. As for data 
quality, apparently (Art. 10) everything is left to the Member States 
(though the EC retains the power to adopt and implement delegated 
acts). Data comparability may be less of an issue for the Earth Obser-
vation component but will certainly be one for ground-based field data, 
especially if data quality and comparability will be dealt with at the 
national level only. Here, “harmonization” and “harmonized data” are 
frequently mentioned but the way how this will be achieved is unclear. 
Data availability from NFIs, which is a basis of joint transnational 
quality control and data harmonisation also through the EU Copernicus 
program, might also not be guaranteed as the current debate on data 
access suggests (Gessler et al., 2024; Schadauer et al., 2024). Mecha-
nisms according to which field data should be made available to the 
Commission while, for example, protecting plot co-ordinates (a key and 
controversial topic, e.g., Nabuurs et al., 2022; Päivinen et al., 2023) are 
mentioned in the proposal, but no methods are mapped out, and ongoing 
discussions (see Gessler et al., 2024; Schadauer et al., 2024) raise doubts 
that these issues can be solved easily. 

In this respect, it is also stated that in the past “there has been no work 
on harmonising other ground-based data on variables, especially relating to 
biodiversity” (p. 1). This is another statement that does not stand against 

Fig. 1. The ICP Forests pan-European monitoring system. The concept (A) is based on two differentiated monitoring levels, with two networks (B: Level I; C. Level II; 
dark green: active plots in 2022; light green: currently non-active plots) installed by participating Countries (partly with the co-financing of the European Com-
mission). The system functions according to internationally harmonized methodologies for both Level I and II (see list of harmonized methods within each map) and 
nationally co-ordinated data collection. Asterisks identify networks/surveys/methodologies for which provisions have been published in the Official Journal of the 
European Union. All methodologies are available under http://icp-forests.net/page/icp-forests-manual. Field data are validated at national and later at central level, 
used for reporting, and available upon request. 
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the considerable multi-disciplinary harmonization activity already 
developed, for example, within the NFIs (Alberdi et al., 2016; 
Gschwantner et al., 2022; Vidal et al., 2008) and ICP Forests (Ferretti 
et al., 2009; Ferretti and Fischer, 2013; König et al., 2013) and which 
can be readily used. 

4. Conceptual vision 

The proposal claims to be based on the latest scientific evidence, but 
it is not clear in what respect this is to be intended. Certainly, combining 
remote sensing and ground-based data for obtaining quantitative in-
formation is definitely not a new suggestion (e.g. Schmid-Haas, 1985), 
and is already common practice in e.g., many NFIs (e.g. McRoberts and 
Tomppo, 2007) and – though less regularly – also within ICP Forests (e. 
g. Alekseev and Chernikhovskii, 2022). On the contrary, it is rather 
surprising that the proposal did not leverage the wealth of other forest 
monitoring systems that have been developed over the past 40 years, as 
this can hamper the degree to which the proposal can achieve its stated 
objectives. While the most relevant example is likely ICP Forests due to 
its harmonized, long-term, large-scale nature and multi-level design 
with a focus on forests, other international monitoring networks and 
research infrastructures such as the ICP Integrated Monitoring,2 eLTER,3 

and ICOS4 (e.g. Futter et al., 2023) should be considered in the context of 
resilient forests. With their large portfolio of measurements, these 
aforementioned networks would provide invaluable contributions 
especially when the “process understanding” part of the monitoring, an 
important missing component of this proposal, is considered. Ignoring 
the wealth of existing monitoring resources is not only surprising 
because it affects the ability of the proposal to achieve its stated objec-
tives. It is surprising also when considering that the EU (i) had a key role 
in installing and financing existing systems, (ii) is a signatory member of 
the UNECE Air Convention, and (iii) invests in projects aiming at pro-
moting future monitoring where different communities (including NFIs, 
ICP Forests and remote sensing) are already collaborating (e.g., HORI-
ZON EUROPE PathFinder,5 FORWARDS,6 MoniFun7; COST Action 
CLEANFOREST8). Further, in the frame of other EU Directives (e.g., 
NECD), Member States are recommended to use existing ICP Forests 
plots and Manuals for their field observations (Landgrebe et al., 2022). 
Yet, while the new EC proposal refers also to “other networks of moni-
toring sites”, a clear priority is given only to NFIs. This is a very narrow – 
perhaps obsolete – conceptual vision. Although NFIs are certainly key 
players, a single focus on NFIs is not in line with the preparatory con-
sultations: for example, the summaries of the scientific workshops held 
to provide input to the proposal under the Czech and the Swedish 
Presidency of the Council of the EU clearly stated that they “welcomed the 
results of previous efforts on harmonization and evaluation carried out by 
ENFIN,9 ICP Forests, the scientific community and others” and encouraged 
the EC to “build on the available knowledge and create further synergies in 
collecting forest-related data and indicators” (Czech Presidency, 2022). 
Also, it was observed that “co-ordination with Forest Europe, FAO/FRA,10 

ENFIN and ICP Forests, as well as EUROSTAT; EEA,11 CBD,12 and 
UNFCCC13 would secure consistency with …established international pro-
cesses.” (Swedish Presidency of the Council of the European Union, 
2023). 

5. How to move forward 

As it was the case at the time of the “forest decline” in the 1980s, the 
recent concern for the condition of European forests prompted a 
renewed interest for effective international monitoring (Ferretti, 2021). 
Almost 40 years ago, faced with the challenge of another transboundary 
issue (air pollution), the EC Regulation 3528/86 aimed to “establish, on 
the basis of common methods, a periodic inventory of damage caused to 
forests…; — establish or extend, in a coordinated and harmonious way, the 
network of observation plots required to draw up that inventory”. Back then, 
the idea to install such a Europe-wide monitoring system was visionary 
and prompted an unprecedent co-ordinated monitoring effort by Mem-
ber States (and beyond, as cascade effect). Today, it seems therefore 
obsolete that the EC proposal for a new monitoring framework for 
resilient forests ignores the co-ordinated monitoring infrastructures that 
Member States have since established across the Union. 

Having in mind that the proposal is still under discussion, and that 
concerns have been already repeatedly expressed (e.g. Eustafor, 2023; 
Ferretti, 2024) we therefore suggest a few steps to reconcile the proposal 
with a more comprehensive monitoring vision and its stated objectives: 

(i) revising, further developing, and updating the suggested moni-
toring concept by leveraging the existing and available interna-
tionally co-ordinated monitoring networks. In our view, the 
concept should identify, include and explicitly mention those 
networks that – together with NFIs – can contribute in achieving 
the stated objective of the proposal (see above) and at the same 
time alleviate the burden for Member States. Contributing 
network should have the necessary requirements in terms of:  

• Ability to provide the data necessary to address the various issues 
related to resilience. Here, the ability to provide ground-based 
thorough descriptions and quantifications of forest health is essen-
tial. This can be achieved by identifying and quantifying the actual 
health status and the causes of damage at tree level. 

• Achieved level of international harmonization and/or standardiza-
tion. The extent at which European-scale harmonized and/or stan-
dardized methodologies exist for the different variables of interest.  

• Documented data quality. The extent at which data quality is 
ensured at international level to achieve agreed and formally defined 
data quality objectives and favour data comparability across Europe.  

• Potential for ground truthing. The extent at which a certain network 
is able to provide data for ground-truthing of remotely sensed data, e. 
g. defoliation. It involves the availability of the data for the variable 
of concern and the necessary plot size.  

• Clear data access rules. Unambiguous and fair access rules to the data 
through clear Intellectual Property and unbiased sharing principles. 

Examples of potential candidates networks have been mentioned in 
the previous chapters. Clear identification of contributing networks will 
have two important consequences: it will promote “coherent high- 
quality and consistent monitoring” across Europe (which is one of the 
objective of the proposal) and, by clarifying their expected input in 
terms of data and in relation to the proposal’s objectives, will permit to 
identify complementarities and synergies (see below). 

2 https://unece.org/integrated-monitoring  
3 Integrated European Long-Term Ecosystem, critical zone and socio- 

ecological (eLTER - Home (elter-ri.eu) (acces date: 11/01/2024) 
4 Integrated Carbon Observation System (ICOS - Integrated Carbon Obser-

vation System (icos-cp.eu) (acces date: 11/01/2024)  
5 https://pathfinder-heu.eu/ (access date 10/01/2024)  
6 https://forwards-project.eu/ (access date 10/01/2024)  
7 MoniFun (acces date 23/02/2024)  
8 https://cleanforest.eu/ (access date 10/01/2024)  
9 European National Forest Inventory Network (access date 10/01/2024)  

10 Food and Agriculture Organization of the UN/Global Forest Resources 
Assessments 

11 European Environment Agency  
12 Convention on Biological Diversity  
13 United Nations Framework Convention on Climate Change 
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(i) Identifying and exploiting complementarities and synergies be-
tween existing and available internationally co-ordinated moni-
toring networks, filling gaps when necessary (see also Bontemps 
et al., 2021). Existing inventorying and monitoring resources 
have different characteristics that can offer the basis for a 
collaborative approach. A typical example in this respect is rep-
resented by the comparison between NFIs and ICP Forests: NFIs 
have their strength in the sampling density/spatial coverage and 
statistical design, while ICP Forests is stronger in temporal reso-
lution and range of attributes measured; NFIs have – by definition 
– a national focus, while ICP Forests was born international. A 
collaborative approach where both (and other) networks are 
considered and a defined set of common variables is agreed for 
both can boost the potential for continental-scale monitoring. 
Approaches and benefits on how to integrate data and informa-
tion from both have been already studied (e.g. Massey et al., 
2021) also in relation to defoliation (Travaglini et al., 2013). In 
turn, identification of complementarities and synergies will be 
pivotal for the next step (see below).  

(ii) Developing an institutional framework for a collaborative multi- 
level, multi-tier integrated ground-based and remote sensing 
forest monitoring system. In the context of scarce financial and 
personal resource availability and a forest sector under stress as a 
result of augmented disturbances and unstable market condition, 
a feasible and sustainable way ahead would be to create condi-
tions and incentives facilitating the cooperation among existing 
monitoring networks. This, however, will not happen spontane-
ously. Networks like e.g. the NFIs, the ICP Forests and others exist 
since decades and, despite some sporadic and/or national ini-
tiatives, little – if anything – has been actually done to favour and 
motivate a dialogue between them. Expanding the monitoring 
concept of the proposal towards a broader collaborative approach 
(see above) should consider creating an institutional co-operation 
forum where the collaboration can actually take place. There, 
collaboration rules, pathways and governance can be agreed 
upon and formalized. This will strengthen the role of the EU and 
other international institutions like the UNECE and – probably – 
will result into an easier implementation of the monitoring. 

These steps seem necessary for a full use of existing resources – 
particularly important at a time of financial constrains for many Coun-
tries – and to join forces for accurate quantification of forest resources 
and their condition (e.g. Bontemps et al., 2021; Ferretti, 2024). Only 
building on a broad basis, from the existing ground-based monitoring 
and inventory schemes combined with the European Earth Observation 
systems, a timely detection of changes and damaging events affecting 
ecosystem services and a better understanding of forest ecosystem pro-
cesses and dynamics will be possible. 

At a time of accelerated changes induced by climate change, air 
pollution, invasive alien pests and diseases, we need to use all our 
knowledge to build resilience for our forests. It would be a missed op-
portunity if the future European forest monitoring system were not to 
take advantage of all its available resources. 
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Eidgenössische Anstalt für das forstliche Versuchswesen, 1985; 405 ps. 

Seidling, W., Travaglini, D., Meyer, P., et al., 2014. Dead wood and stand structure - 
relationships for forest plots across Europe. iForest - Biogeosci. For. 7, 269–281. 

Senf, C., Sebald, J., Seidl, R., 2021. Increasing canopy mortality affects the future 
demographic structure of Europe’s forests. One Earth 4 (5), 749–755. 

Sinclair, W.A., 1965. Comparisons of recent declines of white ash, oaks, and sugar maple 
in northeastern woodlands. Cornell Plant 20, 62–67. 

Sousa-Silva, R., Verheyen, K., Ponette, Q., et al., 2018. Tree diversity mitigates 
defoliation after a drought-induced tipping point. Glob. Change Biol. 24 (9), 
4304–4315. 

Swedish Presidency of the Council of the European Union, 2023). Towards harmonised 
forest monitoring and reporting for the EU – Swedish Presidency Summary from the 
workshop arranged on 1-2 February, 2023, Uppsala, Sweden. 〈https://www.slu.se/ 
contentassets/be60f1f069904d7094e8b2a296c1e364/presidency-summary-of-the- 
workshop.pdf〉 (accessed on 26.02.2024). 

Travaglini, D., Chirici, G., Bottalico, F., FERRETTI, M., Corona, P., Barbati, A., 
Fattorini, F., 2013. In: Ferretti, M., Fischer, R., editors (Eds.), Monitoring, 12. 
Elsevier, DENS, UK, pp. 105–136. 

Trumbore, S., Brando, P., Hartmann, H., 2015. Forest health and global change. Science 
349 (6250), 814–818. 

van der Linde, S., Suz, L.M., Orme, C.D.L., Cox, F., Andreae, H., Asi, E., et al., 2018. 
Environment and host as large-scale controls of ectomycorrhizal fungi. Nature 558 
(7709), 243–248. 

van der Woude, A.M., Peters, W., Joetzjer, E., et al., 2023. Temperature extremes of 2022 
reduced carbon uptake by forests in Europe. Nat. Commun. 14 (1), 6218. 

van Dobben, H.F., de Vries, W., 2017. The contribution of nitrogen deposition to the 
eutrophication signal in understorey plant communities of European forests. Ecol. 
Evol. 7 (1), 214–227. 

Vel, E., 1996. Protection of forests in the European Union against atmospheric pollution 
1987-1996 (Eds). Green. Eur. 2 (96), 24. 

Verstraeten A., Waldner P., Marchetto A. et al. Long-term trends in throughfall and total 
deposition of anthropogenic nitrogen and sulphur compounds in European forests 
2023. 

Vidal C., Lanz A., Tomppo E. et al. Establishing forest inventory reference definitions for 
forest and growing stock: a study towards common reporting 2008. 

Vos, B. de, Cools, N., Ilvesniemi, H., 2015. Benchmark values for forest soil carbon stocks 
in Europe: Results from a large scale forest soil survey. Geoderma 251, 33–46. 

Weldon, J., Merder, J., Ferretti, M., Grandin, U., 2022. Nitrogen deposition causes 
eutrophication in bryophyte communities in central and northern European forests. 
Ann. For. Sci. 79 (1), 24. 
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