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Statement by the UNECE Convention on Long-range
Transboundary Air Pollution

Albena Karadjova
UNECE Convention on Long-range Transboundary Air Pollution,
Secretary

In the late 1960s, scientists discovered a connection bet-
ween acid rain and forest dieback, fish loss in lakes, and
more widespread effects on ecosystems, and it was reali-
zed that air pollution was not a local, but a regional-cross-
border problem where pollutants could be transported
thousands of kilometers away from their emission sources.
This discovery led to the signing of the UNECE Conven-
tion on Long-range Transboundary Air Pollution in 1979,
addressing the air pollution challenge on an international
basis within the UNECE region.

The International Co-operative Programme on Assessment
and Monitoring of Air Pollution Effects on Forests (ICP Fo-
rests) was one of the first effects-related programs esta-
blished under the Convention. The program was launched
in 1985 in response to widespread public and political
concern over extensive forest damage observed in Europe
escalating in the early 1980s.

ICP Forests combines science and monitoring to support
the development of cost-effective, effect-based policies to
control air pollution in the UNECE region. Among its key
contributions are the establishment of continuous data
collection from two levels of forest health and ecosystem
monitoring intensity, the establishment of research infras-
tructure in the 42 participating countries, and continuous
improvement of quality assurance measures in the field, in
laboratories, and in data management.

ICP Forests has made significant contributions to the pro-
gress of the Convention in improving the scientific under-
standing of the long-term effects of air pollution inclu-
ding sulphur and nitrogen deposition and ozone on forest

Jesper L. Bak
UNECE Convention on Long-range Transboundary Air Pollution
Working Group of Effects, Chairman

health, growth, and biodiversity. The program, however, has
produced numerous scientificand popularized publications.

Together with other programs under the Convention’s
Working Group on Effects (WGE), ICP Forests contributed
substantially to the development of a framework for con-
trolling and reducing the damage to human health and
the environment caused by transboundary air pollution. As
a result of the collective effort by the Parties to the Con-
vention, emissions of a series of harmful substances in the
region have been reduced by 40 to 80 percent. Countries’
emission reduction commitments in the protocols under
the Convention have successfully contributed to reduced
emissions of specific pollutants, including over 80 percent
reductions for sulphur, over 60 percent for nitrogen oxides,
and 20 percent for particulate matter since 1990. The de-
crease in sulphur emissions has led to healthier forest soils
even in the most polluted areas.

As the world is challenged by a triple planetary crisis with
an urgent need to combat pollution, climate change, and
biodiversity loss, the objectives of the ICP Forests remain
as important today as they were 40 years ago. The unique
combination of monitoring effects of anthropogenic (in
particular air pollution) and natural stress factors on the
condition and development of forest ecosystems in the re-
gion and of science contributing to a better understanding
of cause-effect relationships will be equally important in
the future.

We wish to congratulate all stakeholders on the achieve-
ments of the past 40 years and look forward to further suc-
cesses in meeting the challenges ahead.
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Extreme weather events such as heat waves, droughts,
heavy rainfall, and storm events risk the vitality of forests.
In Europe, the consequences of climate change can be seen
in increased pest infestation and the uprooting of trees by
heavy storms, to name but two. Forests and sustainable
forest management make substantial contributions to cli-
mate change mitigation, support our sense of well-being
and are important for ensuring biodiversity and providing
a source of wood raw materials and secure jobs. It is the-
refore not surprising that interest in the state of European
forests among scientists, politicians,and the general public
is high.

In order to generate insights for present and future de-
velopments of European forests, it is necessary to continue
harmonized transnational forest monitoring. With 40 years
of shared expertise in international forest monitoring, ICP
Forests, consisting of a network of 42 countries, is a pioneer
in researching forest conditions in Europe if not worldwi-
de. This is also reflected in the objectives of the program:
While the initial focus was on investigating the effects of
air pollution on the status of forests, ICP Forests now pro-
vides an ongoing overview of forest health, vitality, forest
soil condition, and biodiversity in relation to air pollution,
climate change, and other stressors. Through its long-term
monitoring, ICP Forests supplies scientific insights into the
impact of these stressors on forest ecosystem functions and
provides services to policy makers and the general public.

The great success of ICP Forests is due on the one hand to
its clear political mandate and on the other hand to the
program structure established under the Geneva Air Con-
vention with Germany as lead country, the Ministry repre-
sentatives, the National Focal Centres, the Chair, the Pro-
gramme Co-ordinating Centre, and the Expert Panels and
Working Groups. This program structure not only regulates
responsibilities and ensures participation and a transpa-
rent flow of information, but also ensures a high level of
acceptance of ICP Forests in terms of environmental mo-
nitoring, knowledge gain, practical recommendations, and
policy advice.

This Anniversary Report provides insights into the aims and
structures of ICP Forests, the historical development of the
program, the status and trends of European forests over the
past 40 years, and scientific findings.

The German Federal Ministry of Food and Agriculture is
proud of playing an important supporting role and invites
everyone to celebrate the 40 years anniversary as part of
the FORECOMON Conference and the Task Force Meeting
in Dresden this year. The Federal Ministry of Food and Agri-
culture would like to take this opportunity to thank everyo-
ne who has contributed to the success, expertise, and de-
velopment of ICP Forests and all those who will continue
to do so in the future.

Enjoy reading it!
Your editorial team at the Federal Ministry
of Food and Agriculture, Germany

Forty years is a long time. It corresponds to about 50-75%
of life expectancy, depending on where you are born; or a
period as long as a career, in professional terms. It is also
substantial for most of European forests, which are ge-
nerally less than 80 years old (Forest Europe, 2020), and
which have experienced significant environmental chan-
ges in the last 40 years.

For an internationally co-ordinated forest monitoring
program, for which changes in both the human- (societal,
political) and forest-related components are of obvious
importance, to reach 40 years of activity is an exceptional
achievement. | do not think | am wrong in saying that very
few, if any, of those who met in Freiburg for the first session
of the ICP Forests Task Force in October 1985 would have
believed that the program could last for decades.

ICP Forests now celebrates its 40" anniversary. In this
note | will not mention the results obtained so far. They
are better reported and explained elsewhere in this report.
Rather, | would express the mixture of feelings that came
to me when looking back on the history of ICP Forests.

| feel that we, the ICP Forests community that was born and
evolved since 1985, should be proud: We were pioneers,
and that the forest monitoring science made progresses
is also due to our efforts, success, and failures. We should
then be humble and reflective: Our forests have taught us
many lessons during these years. We should be visionary,
to project and develop the ICP Forests in the next decades.
For this, we should be aware: It is an immense effort to
keep the program running, with hundreds of people invol-
ved across dozens of countries on a daily basis to maintain
our plots, collect, and analyze samples, and observe how
our forests develop. Then, we should be convincing, to ob-
tain the support we need to keep watching our forests: mo-
nitoring costs - but “costs very little relative to the value of
the resources it protects and the policy it informs” (Lovett
et al, 2007).

Secretariat of the Air Convention, Task Force, European
Commission, Lead country, Programme Co-ordinating Cen-
tre, Expert Panels and Committees, National Focal Centres
with your national infrastructures and collaborators, collea-
gues that contributed your time and dedicated work: You
made, make, and will make the ICP Forests. Many thanks for
your enduring committment and support.
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Introduction:

The Air Convention's journey in combating

transboundary pollution

Michelle L. Dorner, Nathalie Cools, Arne Verstraeten, Peter Waldner, Kai Schwarzel

In the early 1980s, a worrying trend was observed, particu-
larly in the forests of northern, central and eastern Europe:
The tree crowns appeared severely defoliated, indicating a
decline in tree vitality. Among other factors, scientists iden-
tified air pollution, caused by emissions from industries,
power plants, agriculture, traffic, and domestic heating, as a
possible reason for this development.As air pollution is not
confined by national borders and can travel thousands of
kilometers from its source, it quickly became a transnatio-
nal concern. For forest ecosystems, pollutants such as sul-
phur dioxide, nitrogen oxides, and ground-level ozone can
be particularly harmful. Once deposited on soil and vege-
tation, these substances can lead to acidification, excessive
nitrogen enrichment (eutrophication), causing nutritional
imbalances in trees and reduced growth and vitality.

From environmental decline to joint action

However, forests were by far not the only ecosystems af-
fected by air pollution. Researchers had already begun to
investigate this topic in the 1960s, when fish populations
were decimated in acidified lakes. Building on the growing
recognition of air pollution’s negative effects, two confe-
rences were held: the UN conference on the Human En-
vironment (1972) and the Helsinki Conference on Security
and Cooperation in Europe (1975). Both events paved the
way for international discussions on collaborative efforts
to reduce air pollution.

In 1979, such dialogues came to a head when 32 count-
ries signed the UNECE Convention on Long-range Trans-
boundary Air Pollution or Air Convention in Geneva. It was
the first international treaty dealing with air pollution on
a broad regional basis. Four years later, in 1983, the Con-
vention came into force and since then serves as a common
framework for transboundary co-operation on air pollution,
which is now based on eight Protocols.

Among these is the Gothenburg Protocol of 1999 on the
prevention of acidification, eutrophication, and ground-le-
vel ozone. It is special because it considers the negative
effects of multiple pollutants, namely sulphur dioxide, ni-
trogen oxides, ammonia, volatile organic compounds, and
ozone.

Cleaner air, but new challenges lie ahead

The Air Convention has already demonstrated significant
success. With now 51 participating countries committed to
cleaner air, joint efforts have led to substantial reductions
in harmful emissions since 1990. Sulphur dioxide emissi-
ons have decreased by around 80%, while nitrogen oxides
have been reduced by almost 60%.Additionally, emissions
of fine particles have decreased by more than 40%, and
significant progress has been made in curbing heavy metal
pollution. Peak ozone levels have also declined in Europe
and North America since the turn of the millennium.

Programs such as ICP Forests have been established to pro-
vide a framework for joint monitoring and reporting, which
is necessary for providing the common understanding re-
quired to undertake air pollution reduction measures. The-
se collective efforts have helped in reducing the pressure
of air pollution on European forests. However, new challen-
ges linked to e.g. climate change and its interaction with
air pollution have emerged, highlighting the importance of
continued international co-operation.

On the occasion of the 40" anniversary of ICP Forests, this
brochure guides you through the development of the pro-
gram (Part 1), presents scientific findings and trends from
the community that illustrate the status of European fo-
rests over the past decades (Part 2), highlights key scientific
insights as science stories (Part 3),and provides an outlook
on the future of ICP Forests (Part 4).
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PART 1

ICP Forests:
A policy relevant,

science-driven
monitoring
infrastructure

ICP Forests across 40 years

of changes

Marco Ferretti, Kai Schwarzel

International forest monitoring is experiencing a renewed
interest (Ferretti, 2021). The increasing pressure from cli-
mate change and climate change-driven disturbances has
prompted a new series of initiatives to promote interna-
tionally harmonized forest monitoring systems (EC, 2023;
Breidenbach et al,, 2024; Ferretti et al., 2024; Wellbrock et
al., 2024). This international and harmonized dimension is
seen as essential due to the transboundary nature of clima-
te change, forest-related interests, and the growing need
for internationally comparable data. These concerns are not
new. A similar situation arose in the 1980s in relation to
another issue of transboundary nature (air pollution) and
when extensive forest damage was observed in Central Eu-
rope, although the connection between the two was largely
debated (Schitt and Cowling, 1985; Skelly and Innes, 1994;
Kandler and Innes, 1995). During that period, an internatio-
nal harmonized forest monitoring system was not only ad-
vocated but also conceived and put in place. This system is
the International Co-operative Programme on Assessment
and Monitoring of Air Pollution Effects on Forests (ICP Fo-
rests),and - after 40 years - is still operative.

Forest dieback at the German-Czech border, 1988, Revier Rauschenbach,
Forstbezirk Marienberg, Ore Mountains.

Born international. The ICP Forests was conceived with an
international focus. It received its mandate from the 1979
UNECE Convention on Long-range Transboundary Air Pollu-
tion (in short: Air Convention), the first legally binding mul-
tilateral international agreement to combat air pollution
at the pan-European scale. The international origin of ICP
Forests makes a huge difference when compared to other
country-based systems because it forced immediate atten-
tion to ensuring data comparability at an international le-
vel. ICP Forests was officially launched on October 4, 1985,
during the first Task Force Meeting in Freiburg (Germany).A
few months later,in 1986, the European Union launched its
Scheme on the Protection of Forests against Atmospheric
Pollution (EEC, 1986), which provided essential co-finan-
cing for monitoring activities for more than 15 years.

M Ferretti et al., 2024

The ICP Forests 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 Commission). Level | consists of approx.6000
plots distributed according to a systematic transnational grid of 16 x 16 km (nominal density). There, tree health is evaluated annually according to a large set
of attributes, while other investigations have been carried out on a more irregular and infrequent time basis (soil) or once only (foliar; diversity). Level I consists
of approx. 700 intensive monitoring plots equipped with different combinations of measurement devices and located in selected forest ecosystems. There, mea-
surements of biotic and abiotic drivers and forest ecosystem responses are co-located and permit investigation of the status and trends of several attributes and
of driver-response relationships. Level | and Level Il are connected by a common set of attributes measured according to the same methodologies. The system
functions according to internationally harmonized methodologies for both Level | and Il (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 on the ICP Forests Website. Field data are validated at national and later at central level, used for reporting, and available

upon request from the Programme Co-ordinating Centre (PCC).
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Co-operatively developed. Since its establishment, the pro-
gram has been developed co-operatively by the 42 parti-
cipating countries and operated under an international
governance in which all countries are involved. This go-
vernance combines a bottom-up science-based approach,
where Expert Panels provide the scientific-technical basis
for decision-making, with a top-down decision-making
process, where the Task Force of ICP Forests makes official
decisions based on the recommendations from the Expert
Panels.

Ecosystem-oriented. From its early focus on the effects of
air pollution on tree crowns, the scope of ICP Forests has
expanded to include other ecosystem compartments (en-
compassing atmosphere, biosphere, geosphere, and hydro-

Lead Country [ Participating Countries ..
Germany National Focal Centres (NFCs)

Task Force

Chairperson

Programme Co-ordinating Centre
(PCC)

Expert Panels (EPs)

Forest Soil Forest Foliar

Co-ordinating Centre Co-ordinating Centre
FSCC% FFCC%

ICP FORESTS
40™ ANNIVERSARY REPORT

Ambient Air Quality G?(i)ﬂ(rj]i(\ilt\?/res(_i;tex[;]tr}gn
Soil and Soil Solution Foliage and Litterfall

sphere), processes, and other environmental issues. New
measurements have been introduced to assess the threats
posed by climate change, the dynamics of carbon sequest-
ration, and the provision of ecosystem services. The impact
of environmental drivers on forest vitality, productivity, and
biodiversity is increasingly reflected in the program’s out-
puts. This progress has been possible thanks to the innova-
tive design concept developed in the 1980s, which inclu-
des differentiated monitoring levels and accommodates a
variety of monitoring activities. Today, the portfolio of mea-
surements adopted by the ICP Forests allows for tracking

changes in key forest ecosystem properties and processes.

As a result, ICP Forests has remained relevant even when
monitoring priorities have changed, as evidenced by the
results presented in this report.

Working Group UNECE LRTAP
on Effects Convention
(WGE) Bodies

Quality Working Group
Assurance on Quality in
Committee Laboratories

Programme Co-ordinating Group (PCG)

Crown Condition and
Damage Causes

Meteorology, Phenology,
and Leaf Area Index

Large portfolio of attributes to monitor forest

dynamics

Measurements at the ICP Forests plots include hundreds of variables
to investigate the status and changes in forest health, diversity, pro-
ductivity, and chemistry in response to a variety of biotic and abiotic
drivers. Particular emphasis is now placed on air pollution, climate
change, biotic damage and their interactions.

Quality assured. ICP Forests has been striving for a harmo-
nized approach for data collection and processing across
its two networks and all surveys. Ensuring data compa-
rability has been a key priority since the program began.
Intercalibration courses for field crews and ring-tests for
laboratories were established at an early stage and are still
carried out regularly. Methodologies for all surveys - such
as sampling design, frequency of measurements, standards,
assessment and measurement methods - are described
in the ICP Forests Manual, which has been developed and
continuously updated over the past 40 years (Ferretti et al,
2009). Each survey is subject to Quality Assurance (QA) and

TGM Sanders

Quality Control (QC) measures, including training, interca-
libration/cross-comparison courses, field checks, interlabo-
ratory ring tests, data validation procedures, and internal
reviewing (Ferretti and Fischer, 2013). This transnational
harmonization and QA/QC approach makes ICP Forests
unique in the global forest monitoring landscape. Quali-
ty-assured data are stored in a central database, managed
according to an established data policy,and freely available
upon request: There were approximately 350 data requests
from all over the world over the past 10 years and over 650
scientific publications based on the ICP Forests infrastruc-
ture and/or data.
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Development of ICP Forests

Relocation of the Programme Co-or- ! years
dinating Centre (PCC) from the Thiinen of ICP Forests
Institute for World Forestry in Hamburg
to the Thiinen Institute of Forest Eco-

First complet systems in Eberswalde
r;vsisii)on a‘;g € Publication of the book Forest Monito-
harmonization of ring. Methods for Terrestrial Investi-
the ICP Forests gations in Europe with an overview of
Manual as part North America and Asia authored and
of the FutMon edited by the ICP Forests community
1st Foliage project 1
Survey on more
than 1,395
1st Report on the ﬁvel | pthts " ‘
ICP Forests Need- countries
le/Leaf Interlabo-
15t Report on the ratory Test
Health of Forests
2nd Task Force Meeting in Freiburg, in the European Establishment of the Science Evaluation
Germany Community Committee (Scientific Committee from

1987-1988 2017 on) and launch of the ICP Forests

Scientific Conferences
1st Transmission
@ I of Level Il data to
the Forest Inten-

1st Soil Survey sive Monitoring
on more than Co-ordinating In-

5000 Level | plots stitute (FIMCI) in
15t Joint Report in 31 countries The Netherlands
by the EU and

ICP Forests, joint
reporting continu-
ed until 2003

Adoption of the ICP Forests Manual

1st Crown Condition Surveys in
accordance with the ICP Forests Manual
in 20 participating countries

1st Forest
Damage Report
of ICP Forests

Launch of ICP Forests at the 15t Task
Force Meeting in Freiburg, Germany

Two Programme Co-ordinating Centres
(PCC East and PCC West) were establis-
hed in Prague and Hamburg, respectively

Start of the development of an ICP
Forests Manual
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ICP Forests: Science and policy in a changing
world

ICP Forests bridges science and policy through its approach
to problem-solving, promotion of dialogue and openness
to new demands.

Facts, not opinions: ICP Forests uses state-of-the-art mo-
nitoring approaches to produce high-quality data and in-
formation. From design to measurement methods and data
collection, everything is thoroughly documented, accessi-
ble and traceable, and quality-assured. This transparency
fosters confidence in our results and allows for credible
answers to policymakers. The program’s findings have been
essential in addressing the scientific information needs of
the Air Convention, documenting the success of air pollu-
tion abatement measures in Europe, the ongoing concerns,
and the emerging challenges (see Part 2, Factsheets). Our
data are also increasingly used by the scientific community
(see Part 3, Science Stories). In addition, the data and infor-
mation provided by ICP Forests are highly relevant to many
national and international forestry and environmental bo-
dies and processes.

Science to promote dialogue and co-operation. Another
way to look at the link with policy and science is the role
of ICP Forests in promoting dialogue across countries and
institutions at national and international level. One of the
program’s greatest achievements has been demonstrating
the feasibility and effectiveness of transnational forest mo-
nitoring (Ferretti and Fischer, 2021). ICP Forests started in
the mid-1980s and developed throughout the following
decade, during a phase of dramatic political changes in Eu-
rope. Despite this political instability, co-operation within
the monitoring program has grown and expanded. Several
factors contributed to this: the politically neutral frame-
work provided by the Air Convention; the strong political
commitment from the European Commission (originally
from DG Agriculture, then from DG Environment), which
led to an unusually long-term support and to a joint repor-
ting from 1992 to 2003, with cascading effects on non-EU
countries; and the outstanding commitment, perseverance,
and motivation of hundreds of scientists, foresters, and na-
tional funding agencies. In the past twenty years, ICP Fo-
rests has also fostered co-operation with other long-term
monitoring networks in Europe, North America, and Asia,
and dialogue is ongoing with experts from South America.

Science to address new demands. A third key aspect of ICP
Forests is its ability to evolve and address emerging en-
vironmental issues of international and global relevance.
Thanks to its multi-level, integrated design concept, ICP
Forests has been able to incorporate research questions

ICP FORESTS
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ICP Forests and the European Commission:
decades of co-operation

There is a long history of co-ope-
ration between ICP Forests and the
EC. First, the European Union is a sig-
natory to the Air Convention. Second,
through the series of regulations
beginning with the Reg. 3528/86,
subsequent ones (Forest Focus) and
programs (Life+ FutMon), the EC
co-financed the installation of Level |
and Level Il plots and monitoring ac-
tivities in EU Member States almost
continuously until 2011.Third, ICP
Forests and EC had a joint reporting
system from 1992 to 2003. The figure
shows the first joint Forest Condition
Report published in 1992. Dialogue
to foster further co-operation is still
ongoing.

not only from the Air Convention (1979) but also from
Forest Europe (1990, formerly the Ministerial Conference
for Protection of Forests in Europe - MCPFE), the Conven-
tion on Biodiversity (1992), the Kyoto Protocol (1998), the
European Union National Emission Ceiling (NEC) Directi-
ve (2016), and the Paris Agreement (2016). The program’s
structure, design, portfolio of measured variables, and go-
vernance have remained flexible and adaptive, ensuring its
continued relevance. This adaptability can provide a solid
foundation for the future of EU forest monitoring systems,
such as the one suggested by the European Commission
(EC,2023).

ICP Forests today: A model for the future of
international forest monitoring

Today, the vision of ICP Forests is for an “European-wide
forest monitoring infrastructure, integrating multiple le-
vels and providing high quality, transparent, robust, and
FAIR open access data (i) on the status and trends of forest
health, vitality, productivity, and biodiversity; (ii) on risks
of forests being exposed to anthropogenic and natural
stressors (separately and combined), and (iii) on progress in
achieving relevant policy goals to diminish risks” (Schwar-
zel et al., 2022).

At a time of growing concern on the future of our forests
and of a demand for a common, harmonized monitoring
system, we believe that its vision, international and co-ope-
rative nature, ecosystem-oriented approach, enduring emp-
hasis on quality assurance and accessible data, and - last
but not least - its 40 years of experience, make ICP Forests
not only a successful story but also a useful model for the
future, pan-European forest monitoring.

PART 2

Status and trends

of European forests
over the past
40 years




Synthesis:

European forests under pressure Climate Air quality
warmer with more still affecting

The interplay between air pollution, climate, and

biotic agents (e.g., insects, fungi) put the health, extreme events forests

growth, and diversity of European forests under (p 21) (p 22)

pressure. While air pollution from sulphur has sub-
stantially improved, N deposition and ozone still
have adverse effects on soil and vegetation. Increa-

Tree nutrition

singly warmer and drier climate resulted in longer deteriorated
vegetative periods, but triggered a decline in tree

vitality and increase of tree mortality. No substantial (p 26)
changes have been observed in carbon stocks in the

forest floor.

The factsheets in this chapter summarize key fin-
dings from our individual surveys. Please be aware
that the number of Level | and Level Il plots may Forest health

vary depending on the survey. declined
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Ozone injury
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Tree health is deteriorating in the European forests

Volkmar Timmermann, Nenad Potoci¢, Anne-Katrin Prescher

The crown condition survey was the first established under the program, starting

in the mid 1980s. Since then, a total of 36 countries have collected data through

the pan-European ICP Forests Level | monitoring network. Installed on a 16 x 16 km

grid, the network covers the most important climatic gradients, biogeographical regions,

and air pollution levels in Europe. Annual tree condition assessments are currently carried out

on around 110,000 trees from more than 130 species on approximately 5,600 forest plots. The tree crown condition survey
is also carried out on Level Il plots.

Long-term development of defoliation

Mean defoliation for both broadleaved species and coni-
fers has increased since 1990. This increase has been more
prominent for broadleaves than for conifers,and even more
for the eight countries with continuous data coverage. Ho-
wever, since 2010, defoliation of conifers has also increa-
sed substantially. Although many stress factors influence
tree crown condition, this development points to changing
environmental conditions in Europe as a possible cause.

Tree health is declining all over Europe

From 2010 to 2023, there was a decline in tree crown con-
dition on 33.7% of the plots, while an improvement was
observed on only 10.7% of the plots. On 55.6% of the plots,
no statistically significant change was found. A decline in
tree health was observed all over Europe, indicating that
global change influences tree health along with regional
and local conditions.

Main causes of forest damage in Europe

In the period 2012-2023, the most important categories
of damaging agents have been insects (26% on average),
abiotic factors (16%),and fungi (11%). Defoliators, drought,
and decay/root rot have been the most prominent single
factors within each agent group. The observed impact of
damaging factors was found to be species-specific. This in-
formation is essential for future forest management.

ICP FORESTS
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The growth of trees is one of the mainindicators of forest condition and integrates the
reaction of trees to changing environmental conditions. Measurements at ICP Forests
Level Il plots enable a Europe-wide assessment of species growth, adaptive processes,
and species interactions with environmental factors across diverse climate, soil, and air

pollution conditions.

Strengthening resilience to global change
Uneven-aged mixed forests are proposed as a strategy to
enhance resilience, as their diverse structure can better
withstand variable conditions due to greater adaptability.
The combination of species with varying growth patterns
and water use efficiencies could help buffer against the un-
certainties in climate projections and ensure more stable
forest productivity over time.

Interactions between growth and the environment
All the investigated species show specific and often com-
plex relationships between tree growth and environmental
variables, with nitrogen (N) deposition being a key driver
and at least as important as climate. N deposition does not
always directly affect foliar N.

Species-specific climate responses

Correlations to temperature and precipitation vary between
species and regions but with a trend across all species of
increased growth linked to higher mean temperatures. Pre-
Cipitation increases the growth of spruce and pine trees.

Mycorrhiza impact growth

Ectomycorrhizal fungal (EMF) communities strongly impact
tree growth, influencing forest productivity and carbon (C)
storage. Fast-growing forests harbor inorganic N speciali-
zed EMF communities, while slow-growing forests are enri-
ched in organic N specialists.

Multiple factors affect forest growth

Tanja Sanders, Andrei Popa, Monika Vejpustkova,

Etzold et al., 2020

Anthony et al., 2022
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Forest meteorology and phenology reveal increased
temperature and extended vegetation period

Lothar Zimmermann, Stephan Raspe, Stefan Fleck

Biodiversity and ground vegetation in Europa are

affected by nitrogen deposition and climate change

Leena Hamberg, Frantisek Malis

Trends of meteorological variables influence the structure, growth, health,

and stability of forest ecosystems. Climate change is altering the occurrence and

frequency of drought events, storms, and floods, and the response of forest trees. ICP
Forests monitors meteorology and phenology at Level Il plots.

The composition and structure of vegetation are important factors for assessing

the biological diversity of forest ecosystems. It influences a number of ecosystem

processes and interacts strongly with other biotic components (insects, game, etc.),as it is

a determinant habitat for many species.Vegetation has also been identified as a specific target

for the calculation of critical loads/levels. ICP Forests monitors the diversity of ground vegetation and epiphytic lichens at

D

its Level Il plots.
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Weldon et al., 2022

Nitrogen deposition causes a shift in bryophyte

communities

In forest bryophyte communities in central and northern
European forests, nitrophilic species benefit at the expense
of N-sensitive species (Weldon et al., 2022).

Eutrophic vascular plant species are replacing

oligotrophic ones

Eutrophic vascular plant species (i.e. species associated
with nutrient-rich sites) are replacing oligotrophic ones
(i.e. species associated with nutrient-poor sites) across Eu-
rope where nitrogen deposition exceeds critical loads for
vegetation (Dirnbdck et al,, 2014).

Climate change affects plant species within their

climatic niche

Temperature, precipitation, and duration of snow cover ex-
plain plant species occurrences over time and their move-
ment poleward (Antdo et al., 2022).

Data quality is crucial for monitoring

When assessing ground vegetation, observer error should
be carefully taken into account. It can be controlled by har-
monized methods, training, and inter-calibration

(Seidling et al., 2020).

A gap-filled and quality-checked European forest

meteorological dataset

ICP Forests compiled a gap-filled, harmonized, and quality-
checked long-term dataset of daily forest meteorological
observations. The dataset includes daily meteorological
data from 477 mostly open-field stations originating from
29 countries for the period 1990-2022.

Marked temperature increase due to climate change
During the period 1990-2022, the annual air temperature
increased at all stations by an average of +1.3 °C. Trends
differed between the climatic zones: The largest changes
were observed in the cold semi-arid climate (Bsk) and the
smallest in the temperate cold-summer oceanic climate
(Cfc).

Heat extremes increased strongly in hot

Mediterranean climate

The number of hot days (Tmax > 30°C) increased in the hot-
summer Mediterranean climate (Csa) by 14.7 days, while
the colder central European Dfb climate showed a rise of
4.0 days. Extreme years with a hot summer drought were
more frequent in the Csa climate than in the more tempe-
rate Dfb climate.

Prolongation of vegetation period

Due to temperature increase, budburst occurs earlier in the
year, thereby extending the vegetation period. The figure
illustrates this trend for 57 beech stands on ICP Forests
Level Il plots between 2001 and 2023 in two different cli-
mate zones. In the oceanic Cfb climate, leaf budburst starts
on average 8.8 days earlier, and in the more continental
Dfb climate 3.9 days earlier.
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40™ ANNIVERSARY REPORT

@



22

Ambient air pollution still affects European forests

D Pitar, E Gottardini, M Ferretti, M Schaub, V Calatayud, M Hani,V Araminiene,

V Burianek, S Cecchini, L Dalstein, I HGinova, T Jakovljevi¢, K Kaoukis, G Kardinov,
J Neirynck, M Nicolas, A-K Presher, R Novotny, H Pavlendova, N Potocic, M Rupel,
A Russ, V Stakénas, A Verstraeten, P Vollenweider, D Zlindra

Air pollution can have adverse effects on vegetation at different levels: cellular,
foliar, plant, community, and ecosystem. ICP Forests monitors air pollution levels
(0zone, ammonia, nitrogen dioxide) and the visible effects of ozone on a selection of
Level Il plots across Europe.

Ozone levels across European forests

From 2005 to 2018, ozone (Oz) levels were assessed across
20 countries. On average, Oz levels decreased from 43 to
35 ppb (Ferretti et al., 2024).

The fingerprint’ of ozone on forest vegetation

Ozone visible injuries were frequently observed in sen-
sitive species, with a slight decline aligning with lower
ambient ozone levels. Despite high ozone levels, Mediter-
ranean species showed fewer symptoms. Alpine and Con-
tinental Europe face higher ozone risk. Quantification of
the potential impact of ozone requires observation of the
entire plant community at a given site. (Ferretti et al.,, 2024)

Nitrogen in forest air

Nitrogen dioxide (NO,) concentrations, measured in 44
plots across Europe during 2005-2020, increased in half
of the plots. Air concentration of ammonia (NHz), measured
in the same period in 47 plots, increased on 15 plots.
(Pitar et al., 2023)
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Atmospheric deposition in European forests shows

differentiated reduction trends

A Verstraeten, A Schmitz, B Ahrends, N Clarke, W de Vries, K Hansen, C Hilgers,
C lacoban, T Jakovljevi¢, PE Karlsson, T Kirchner, A Marchetto, H Meesenburg,

G Pihl Karlsson, A-K Prescher, A Thimonier, P Waldner

Atmospheric deposition is an important source of macro-and micronutrients to forest
ecosystems that are key to forest health, growth, and diversity. But excess input from
deposition may cause eutrophication and acidification of forest ecosystems. ICP Forests
monitors atmospheric deposition in open field as well as under the forest canopy on its

Level Il plots.

Declining sulphate deposition

Acidifying non-marine sulphate deposition has decreased
substantially (>60%) in forests across Europe over the past
two decades. The map on the right shows the mean annual
throughfall (TF) deposition rates and trends of non-marine
sulphate in forests across Europe for plots with at least 5
years of data between 2000 and 2020. With no doubt, the
strong reduction in SO,-emissions is a great achievement
of the UNECE Air Convention.

Nitrate and ammonium decreased less

Deposition of nitrate and ammonium has decreased to a
lesser extent than sulphate. In the last decade, a stagnation
or even a re-increase has been observed in several Euro-
pean forests, particularly for ammonium.

Total deposition of inorganic N is highest in cen-

tral Europe

Total inorganic N deposition is highest in central Europe.
The critical load for an increased risk of eutrophication is
still exceeded in most forests in Europe.

Slightly decreasing deposition of base cations

The decreasing trend in acidifying sulphate and nitrogen
throughfall deposition was accompanied by a simulta-
neous decrease in the deposition of neutralizing base cati-
ons (calcium, potassium, and magnesium).

Color classes and trend lines indicate annual deposition
rates in kg of sulphur per hectare per year.

Color classes and trend lines indicate deposition rates
in kg of nitrogen per hectare per year.
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Forest soils between air pollution and climate

change

Nathalie Cools, Heleen Deroo, Bruno De Vos

Forest soil characteristics are driven by a number of factors: parent material, bedrock,
topography, climate, vegetation, living organisms, and natural and anthropogenic dis-
turbances. Air pollution and climate change also affect forest soils directly or indirectly.
ICP Forests monitors forest soils in the Level | and Level Il plot networks.

European forest soils are contributing to climate
mitigation

On average, European forest soils store between 15 and
17 tonnes of organic carbon per hectare in the forest floor
and between 91 and 113 t Cha-1 in the mineral soil. Forest
soil carbon stocks in the Mediterranean, Continental, and
Pannonian regions are lower than those in the Alpine and
the Boreal regions, while the highest stocks are found in
the Atlantic region. Overall, no significant changes in car-
bon stocks have been detected over time in the forest floor,
though stocks tend to increase in the mineral soil and tend
to decrease in peat soils.

Heavy metals in forest soils

The concentrations of cadmium, zinc, nickel, chromium,
copper, lead, and mercury were determined in the forest
floor and mineral soil layers. As an example, the map on
the left shows cadmium (Cd) concentration levels in the
mineral topsoil of 4,849 forest sites plotted on the LU-
CAS 2009 cadmium map (Ballabio et al. 2024) highl-
ighting contamination hotspots. On 6.9% of ICP Forests
sites the threshold of 1 mg Cd kg1 is exceeded com-
pared to 5.5% of the 2009 LUCAS points (all landuses).
Approximately 2/5 of all sites show very low Cd levels
(<0.2 mg kg~1),15% of the sites are within the range of na-
tural background levels, and 11% are considered enriched,
while 8% are contaminated and 1% are really Cd polluted.
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Soil Solution is key to understanding nutrient
and pollutant fluxes in forest ecosystems

Tiina Maileena Nieminen, Peter Waldner, Katrin Meusburger,
Bruno De Vos, Nathalie Cools

The chemical composition of soil solution indicates nutrient availability to forest

plants, as well as pollutants and their movement into water bodies. Analyses of soil

solution have been carried out for decades at the ICP Forests Level Il plots according to
harmonized methodologies.

Nutrient imbalances

High nitrogen (N) emissions lead to elevated nitrate (NOz")
concentration in soil and water, causing nutrient imba-
lances that harm forest and water ecosystems. Updated in-
formation is essential to favor policies aiming at reducing
eutrophication. Empirical critical limits (lost et al., 2011)
were set for NOz~ in relation to nutrient imbalances for
tree species, N saturation, and NOz~ leaching from the fo-
rests.

Almost half of the plots had a high rate of nutrient imba-
lances in the period 2001-2010, with a slight decrease in
2011-2020. These plots cover much of Europe, excluding
only the Fennoscandian area and the Baltic countries in the
latter decade.

Nitrogen saturation and leaching

The number of plots with frequent critical limit exceedan-
ces (>50% of samples) for soil nitrogen saturation and ni-
trogen leaching to ground and surface waters was clearly
lower than those for nutrient imbalances. In addition, the-
re was a decrease between 2001-2010 and 2011-2020
in the frequency of plots of the category with the highest
share of exceedances (>70% of samples).

Exceedance of tree-specific critical limits for N in soil solution in 0-40 cm
depth regarding nutrient imbalances (percentage of samples)

Exceedance of critical limits for N in soil solution regarding nitrogen satura-
tion in subsoil (percentage of samples)
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Tree foliage and litterfall reveal declining tree
nutritional status and improve the assessment
of carbon dynamics

L Wohlgemuth, M Neumann, M Jonard, L Ukonmaanaho, P Rautio, A Nussbaumer

Nutrientsupplyandbalanceareessentialforhealthyforests.Analysesoffoliarnutrients
can reveal nutrient deficiencies and/or toxicities and can indicate a biological response
to environmental changes. ICP Forests monitors the nutritional status of forest trees in
Level Il plots.

Decline of nutritional status of European forest

trees

Analysis of overall trends reveals significant declines in fo-
liage concentrations of several nutrients in the main Euro-
pean forest tree species. Such declines in foliar nutrients
may lead to nutritional deficiencies (see bar graph on the
left). (Jonard et al., 2015; Talkner et al., 2015; Braun et al,,
2020; Penuelas et al., 2020; Du et al., 2021).

Improvement of the estimation of carbon and

nutrient fluxes to forest soils

More than 1,600 ICP Forests annual litterfall observations
form the basis for modelling litterfall carbon and nutrient
fluxes. The total annual amount of carbon, nitrogen, phos-
phorus,and potassium transferred to European forest floors
via litterfall has been estimated to be 351 Tg, 8.2 Tg, 0.6 Tg,
and 1.9 Tg, respectively. (Neumann et al., 2018)

Mast years and resource dynamics

With annual litterfall data, we can identify spatially syn-
chronized high fruiting years (mast years). During those
years, radial growth of tree stems and leaf biomass decrea-
ses in beech. In contrast, oak species exhibit no change in
vegetative growth. (Nussbaumer et al., 2021)
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Part 1
Quality Assurance within the
ICP Forests Monitoring Programme

An overall quality assurance perspective

for ICP Forests

Manuel Nicolas, Marco Ferretti

Data quality is essential in forest monitoring. Efforts have been made to improve
data quality since the early stages of ICP Forests: e.g. the ICP Forests Manual and

the international crown condition intercalibration courses were initiated in 1986-1987
and soil inter-laboratory comparisons started in the 1990s. Later, a great deal of activity
was developed, with particular emphasis on laboratory analyses and intercomparison.

A committee created for the overall quality

assurance of the program

The Quality Assurance (QA) Committee was created in 2007
to promote data quality and to properly define a common
approach within ICP Forests. Within a 3-year mandate until
2010, the Committee led the review of all parts of the ICP
Forests Manual according to harmonized rules and elabo-
rated a new Manual part about QA (Ferretti et al., 2021).

A manual to be continually improved and

adapted to new situations

The QA Committee was convended again in 2020 to re-
view the QA Manual Part and develop further guidelines,
especially to harmonize the reporting of quality measures
in all surveys. Initially, the ICP Forests Level Il programme
was designed for plots installed in adult and homogenous
forest stands. But after more than 30 years of monitoring,
additional instructions were required in how to deal with
stands under regeneration after final cutting or those se-
verely damaged by natural disturbances (storms, bark bee-
tle attacks, etc.). The ICP Forests Manual is being further
developed reqularly to provide guidance in these situati-
ons (Ferretti et al., 2020).

Comparison of defoliation assessment in Scots pine, Freiburg i. B.,
Germany, 1988. Average deviation in defoliation assessment among
10 teams from Bulgaria, the former CSSR, the former German De-
mocratic Republic (GDR), Hungary, Poland, Spain, the former USSR,
the former Yugoslavia, Italy,and the former Federal Republic of Ger-
many (FRG).
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The quality of the laboratory data Scientific Committee:

Promoting scientific evaluations and outputs
L Vesterdal, M Schaub, B De Vos, L Ukonmaanaho, A Verstraeten, N Cools, S Fleck,
K Schwarzel, V Sramek, A-K Prescher, M Ferretti

has distinctly improved

Anna Kowalska, Tamara Jakovljevi¢, Michael Tatzber

The Scientific Committee was established in 2011 with the mission to promote the
scientific value of ICP Forests data, data exchange, joint publications, and conferences
within ICP Forests. It is instrumental in arranging sessions at other conferences, such as
IUFRO or eLTER congresses, and highlights the relevance of ICP Forests as a key infrastructure
in the development of a future European forest monitoring system.

Chemical analyses are an essential part of forest ecosystem monitoring. Data on
nutrients and heavy metals in soil, foliage, and litterfall, as well as deposition and
soil solution have been collected in the monitoring network over the past 40 years. To
ensure data quality, the Quality Assurance (QA) programme has been developed.

Laboratory quality assurance

The use of reference methods and reference materials
was strongly recommended for participating labs. Control
charts for continuous evaluation of analytical reliability are
mandatory within the program. Labs are also provided with

the tools to validate and check the consistency of their data.

Inter-calibration exercises

By 2024, 26 foliage interlaboratory comparisons, 14 for de-
position and soil solution, and 11 for soil had been orga-
nized with almost 100 participating laboratories. Results
of the exercises are linked to the monitoring data in the
database as a quality indicator. Requalification of failed la-
boratories aims to ensure their future compliance with the
quality parameters.

Effects of interlaboratory comparisons

on data quality

The quality of the data has improved distinctly over the
course of the interlaboratory comparisons. The percentage
of intolerable results for most parameters has fallen to less
than 20% for deposition, soil solution, soil, and foliage and
litterfall.
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FORECOMON - Annual Scientific Conference
Since 2012, the Scientific Committee has organized the
Scientific Conference of ICP Forests, now called the Forest
Ecosystem Monitoring Conference FORECOMON. It is a re-
curring annual event with typically more than 60 contri-
butions. FORECOMON highlights the extensive ICP Forests
data series and fosters collaboration within and beyond the
ICP Forests community. Novel results and conclusions from
local to European scale studies are presented and discus-
sed. Three special issues based on the conference presen-
tations have been published in a peer-reviewed journal.

Scientific outputs increase

The number of European-wide studies based on ICP Fo-
rests data has significantly increased since 2011. Over 640
peer-reviewed papers have been published during that
time through co-operation within Expert Panels and also
by the wider research community following over 330 re-
quests for ICP Forests data.

Cumulated trends: Number of data requests
and number of publications
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Science Stories:
Beyond daily forest
monitoring

The science stories in this chapter
delve into scientific findings that go
beyond daily monitoring. They co-
ver topics such as tree mortality in
Europe, nitrogen deposition,
ectomycorrhizal fungi, and the role
of forests in climate change.

ICP FORESTS
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Science Stories




Science Story:

Tree Mortality

Are trees in Europe's forests dying more
frequently than in the past?

Jan-Peter George

A well-known phenomenon in these times is that we are seeing more and more dead trees in our forests.
We often have the feeling that the number of trees with brown and red crown discoloration increases sig-
nificantly, especially in dry years. In addition, there are reports, mostly from television and daily newspapers,
in which hundreds of hectares of reddish Norway spruce trees can be seen in aerial photographs. Are these
indicators of increased dieback in our forests or snapshots that are simply being disseminated in the age of
audio-visual media and social networks?

ICP Forests’ systematic crown condition monitoring is one of the few data sets worldwide that has been able
to answer this question conclusively. With more than 3 million observations over the last decades, it has
been shown that Norway spruce and Scots pine in particular react to drier growing conditions with increa-
sed dieback. Broadleaved trees such as European beech and oak, on the other hand, show a similar trend
towards increased mortality in recent years, but this is much less pronounced than in conifers.

Another finding that emerged from the ICP Forests crown condition monitoring was that conifers such as
Norway spruce and Scots pine often die one year after the onset of a severe drought rather than in the
drought year itself. The causes of this dieback require further research, but it is likely that non-repairable
damage of the wood anatomical structures together with carbon starvation leads to gradual death of the
trees.

Annual observations in ICP Forests Level | plots and crown condition monitoring:

>20,000 survey plots over Europe (16 x 16 km) were analyzed and all instances of dead trees between 1987 and 2020 were counted.
Soil moisture anomaly data (blue) from the Joint Research Centre (JRC) of the European Commission were retrieved for all survey plots
and is based on remote sensing data and landscape modeling.



Science Story:

Nitrogen
Deposition

Nitrogen deposition and forest ecosystems

Rossella Guerrieri, Nathalie Cools, Arne Verstraeten Peter Waldner, Marco Ferretti

For 40 years, ICP Forests scientists have measured the chemistry of the deposition in hundreds of monito-
ring plots across Europe, along with a number of variables related to soil and vegetation.

Although nitrogen (N) deposition has decreased over the past decades (1), it is still significantly affecting
various components and processes that underpin forest condition and functioning. The outcomes of the
investigation conducted on ICP Forests plots have allowed us to put together the complex picture of these
effects, summarized in three key messages.

Firstly, N deposition has altered forest ecosystem chemistry, via direct atmospheric N input to soil (2) and
soil solution (8), which is then reflected in imbalances in foliage N and other nutrient concentrations (6), or
indirectly, mediated by microbial transformations in forest canopies (13) and soil (2).

Secondly, effects of N deposition on tree health (9), productivity (7),and consequently carbon sequestration
have been observed across |CP Forests plots, though beneficial effects on tree growth can also occur at low
to moderate deposition levels.

Lastly, besides trees, atmospheric deposition has also contributed to affecting other components of forest
biodiversity, including vascular plants, mosses, and lichens (5) as well as ectomycorrhizal communities and
bacteria in the soil and tree canopies (2, 13), with implications for nutrient availability (4) and tree-fungi
interactions (12).

Most of the observed effects were interrelated, pointing out how pervasive, subtle, and far reaching the
effect of air pollution can be.

Nitrogen
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Overview of the effects of N deposition on forest ecosystems and scientific references specifically addressing them at the ICP Forests
sites. 1: Waldner et al., 2014. Atmospheric Environment 95:363-374; Schmitz et al., 2019. Environmental Pollution 244:980-994; Marchetto
et al,, 2021. Frontiers in Environmental Science 9:734556 (17 pp.); 2: Vanguelova et al., 2010 Environmental Pollution 158:1857-1869;
Cools et al., 2014. Forest Ecology and Management 311:3-16; 3: van der Linde et al., 2018. Nature 561(7724):E42; 4: Suz et al., 2021. New
Phytologist 231 (5):1700-1707; 5: van Dobben & de Vries 2017. Ecol Evol 7(1):214-227; Weldon et al., 2022. Annals of Forest Science 79:24;
Salemaa et al., 2020 Environmental Pollution 261:114054; Giordani et al., 2014. Forest Ecology and Management 311:29-40 6: Jonard et
al,, 2015. Global Change Biology 21:418-4307; Ferretti et al., 2014. Global Change Biology 20 (11):3423-3438 ; Talkner et al., 2015. Annals
of Forest Science 7: 919-928 7: Etzold et al., 2020. Forest Ecology and Management 458: 117662; 8: Waldner et al., 2015. Annals of Forest
Science 72:929-939; lost et al., 2012. Water, Air & Soil Pollution 4:1467-1479; Johnson et al., 2018. Global Change Biology 24:3606-3619;
9: Ferretti et al., 2015. Annals of Forest Science 72:897-906; De Marco et al., 2014. Environmental Pollution 194:171-180; 10: Veresoglou et
al., 2014. New Phytologist 202:422-430; Toigo et al., 2020. Forest Ecology and Management 477, 118476 11: Ferreti et al., 2021. Ecological
Indicators 127:107749 (14 p.); 12: Anthony et al., 2022. ISME J 16, 1327-1336; 13: Guerrieri et al., 2024. Nat Geosci 17:130-136.



Science Story:
Ectomycorrhizal

Fungi

Ectomycorrhizal fungi in European forest

ecosystems
Mark A. Anthony

Ectomycorrhizal fungi are among the most wide-spread fungal mutualists of European forest trees. Most
growth-limiting nutrients of trees are not taken up by roots alone but via ectomycorrhizal fungal symbionts.

The ICP Forests program has enabled researchers to identify drivers of ectomycorrhizal fungal communities
and their links to forest functioning. A first-of-its-kind fungal survey identified the main driver of variation
in ectomycorrhizal fungal communities as the host plant species (van der Linde et al., 2018). It was later
shown that ectomycorrhizal fungal species possess unique thresholds to changes in forest nutrient imba-
lances likely caused by nitrogen deposition (Suz et al., 2021).

More recent work on ectomycorrhizal fungal communities has focused on their effects on forest functioning.
This research shows that differences in ectomycorrhizal fungal composition are linked to a three-fold va-
riation in forest productivity (Anthony et al., 2022), and that ectomycorrhizal fungi are more tightly linked
to total forest carbon storage than bacteria and other fungal groups typically found in forest soils (Anthony
et al, 2024).

Ectomycorrhizal fungi are therefore unique bioindicators of forest carbon storage, important mediators of
forest ecosystem functioning, and their biodiversity requires specific attention and monitoring.

Diagram showing links between ectomycorrhizal fungal community variation and forest tree growth and nutrition. © Michael Dandley
www.michaeldandley.com




Science Story:

Beyond
Greenness

Evidence of microbial transformations occurring
In tree canopies

Rossella Guerrieri,Joan Caliz, Stefania Mattana, David Elustondo, Sofie Hellsten, Giorgio Matteucci, Paivi
Merila, Manuel Nicolas, Anne Thimonier, Elena Vanguelova, Arne Verstraeten, Peter Waldner, Emilio O.
Casamayor, Josep Penuelas, Maurizio Mencuccini

Forests significantly contribute globally to mitigating climate change by removing - through photosyn-
thesis - around 30% of the CO, emitted by anthropogenic activities. This is a familiar story. What is less
well known is that tree canopies (phyllosphere) and microbes inhabiting them actively interact with other
compounds in the atmosphere, including reactive nitrogen (N).

Comparisons of throughfall and bulk deposition on 10 ICP Forests plots have shown that N deposition is
substantially altered when interacting with forest canopies. N retention and uptake, or the washing off of
dry N during precipitation events, have been proposed as the main mechanisms to explain these differences.

By combining, for the first time, N fluxes, oxygen isotope tracers in nitrate, and environmental DNA analyses,
we demonstrated the occurrence of canopy nitrification (CN) in the phyllosphere of European beech and
Scots pine forests. We estimated that the biological transformation of NH4* to NOz~ via CN added 0.40-
4.97 kg N ha~1yr-1 (beech) and 0.21-3.23 kg N ha=1 yr-1 (pine) to the NO3~ from atmospheric deposition.
We also documented the presence of autotrophic nitrifiers in the phyllosphere. Our data suggest that the
ecological relevance of tree canopies in nutrient cycling will be underestimated if biological transformati-
ons by phyllospheric microbiota are neglected.

© R Guerrieri



Science Story:

Upscaling

Using measured leaf N concentration
from ICP Forests Level Il plots to estimate leaf N
at European scale

Yasmina Loozen

Nitrogen (N) is an essential nutrient for plants and contributes to tree health and functioning. It plays an im-
portant role in photosynthesis, the process through which plants grow. However, excess N invokes a series
of harmful effects on forest ecosystems including reduced tree growth and enhanced susceptibility to pests
and diseases. For this reason, leaf N, the concentration of nitrogen in tree leaves, is measured regularly on
ICP Forests Level Il plots.

While there are many ICP Forests plots throughout Europe, the ground foliar measurements only give di-
screte information for the sampling sites. Obtaining large-scale information about leaf N would improve
our understanding of forests’ N-status and nutrition, and the influence of N on tree photosynthesis.

Combining measured leaf N concentrations with remote sensing data, acquired from satellites, as well as
environmental maps could help us estimate leaf N at European scale. The prediction is based on the ran-
dom forests statistical model that estimates leaf N at locations where it was not sampled using remote sen-

sing and environmental data as predictors. Leaf N data from ICP Forests plots were used to train the model.

The results showed that the leaf N estimation was more reliable for all forest types (r* = 0.62) or for coni-
ferous forests alone (r? = 0.49), compared to deciduous forests (r? = 0.39). While higher leaf N concentration
(1.8 - 2.6%) were predicted in the central part of Europe, lower concentration (0.8-1.6 %) were predicted in
the southern and northern part of the continent.

Leaf nitrogen measured at ICP Forests plots

Location of the ICP Forests plots in Europe. The colour represents the leaf N concentration (%).

\

Random Forests Statistical Model

Random forests model includes numerous decision trees to estimate leaf nitrogen based on multiple
remote sensing and environmental predictors.

Leaf nitrogen (%) estimated in Europe

Estimated leaf N map for all forest types, i.e. needleleaf, broadleaf and mixed forests.

© Y Loozen
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PART 4

The future:
ICP Forests as a

multifunctional, pan-
European monitoring
infrastructure

ICP Forests: towards the

next 40 years

M Ferretti, N Cools, B De Vos, ML Dorner, S Fleck,
AK Prescher, M Schaub, K Schwarzel, V Sramek,
L Ukonmaanaho, L Vesterdal, A Verstraeten,

P Waldner

Four decades after the inception of ICP Forests, monito-
ring is now firmly established as an essential scientific ap-
proach to inform forest policy and management, and the
demand for harmonized approaches has even increased
(Bontemps et al., 2021; Breidenbach et al., 2025; European
Commission, 2023; Ferretti, 2021; Ferretti et al., 2024b;
ITMN, Senf et al., 2025). Confronted with evolving priori-
ties and challenging political, environmental and societal
conditions, ICP Forests should now envision its future. The-
re are several authors providing suggestions on do's and
don'ts of monitoring programs (e.g. Legg and Nagy, 2006;
Lindenmayer and Likens, 2009; Lovett et al., 2007; Parr et
al., 2001; Percy and Ferretti, 2004; Spellerberg, 1994; Vos
et al,, 2011). Here, however, we intent offering a broader
framework for a long-term perspective based on what we
have learned after 40 years of international co-operative
forest monitoring.

Five important lessons

Lesson 1: Forests are complex ecosystems; their condition
and dynamics are driven by several factors whose effects
vary in time, space, and intensity. To capture this comple-
Xity, monitoring needs to be comprehensive (portfolio of
measurements), reliable (statistically sound, quality assu-
red), flexible (to adapt), reactive, and proactive. The latter
involves actively observing and detecting effects before
they escalate into significant challenges.

Lesson 2: Priorities (scientific, political) have changed and
will continue to change. The history of ICP Forests demon-
strates how scientific and political priorities can evolve. The
monitoring design of ICP Forests was able to accommodate
new priorities (e.g. loss of biodiversity and climate change).
Priorities, however, will continue to evolve, and ICP Forests
needs to stay tuned to address future grand challenges.

Lesson 3: Technological evolution opens perspectives.
Since ICP Forests was launched, technology has progressed
at an unprecedented pace in all fields (e.g. close-range and
remote sensing tools, x-omics, computational power, mode-
ling, ...). This development can pave the way for optimizing
and enhancing forest monitoring (e.g. Ferretti et al., 2024a)
and needs to be taken into account in future activities.

Lesson 4: Ground-based monitoring remains essential.
Complexity, changing priorities, and rapid technological
evolution render ground-based monitoring programs even
more crucial for (i) covering specific measurement needs
and targets (e.g. forest health diagnosis, mycorrhiza, soil
properties, below-canopy processes) otherwise difficult to
satisfy and/or reach; (i) understanding ecosystem proper-
ties and ecological processes; (i) providing harmonized
and comparable platforms for evolving measurement tar-
gets, approaches and techniques; and (iv) validating remo-
tely sensed data and model outputs.

Lesson 5: ICP Forests remains a valid model for internatio-
nal forest monitoring, but needs support. At a time when
changes in forest condition are often triggered by factors
(e.g.those related to climate change) that are of regional to
global nature and effects, ICP Forests’ pioneering experien-
ce with transboundary air pollution is of outstanding value.
ICP Forests was conceived in view of its international di-
mension, and monitoring design, expertise and governan-
ce has proven robust and effective over four decades. The
international framework within the UNECE Air Convention,
the long-term co-operation with the European Commission
and the continuous support (political and institutional,
financial, scientific, and technical) from various actors at
national and international levels were essential to ICP Fo-
rests, and should be strengthened in the future.
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Towards the next 40 years

It is impossible to foresee what will happen in the next de-
cades. Rather, it is feasible to identify key actions that will
support the development of ICP Forests over a large range
of possible scenarios. Besides the lessons learned, these
actions are grounded on a firm belief: ICP Forests will con-
tinue advocating for a sustainable, co-operative, internatio-
nally harmonized forest monitoring system to respond to
global challenges. ICP Forests’ strategy for the future can
consider including three main categories of actions.

Maintain. Staying relevant at political, scientific and socie-
tal levels is indispensable to secure support for monitoring
activities and represent a permanent long-term goal of ICP
Forests. It implies being able to provide state-of-the-art
answers to policy, science, and society. In this context, secu-
ring ICP Forests' relevance within the scope of the Working
Group of Effects of the UNECE Air Convention is a priority.

Foster. Fostering collaboration remains key to addressing
gaps in the European coverage and to expanding harmoni-
zed monitoring in other parts of the UNECE region and be-
yond. This can be achieved by fostering co-ordination with
institutions at national and European level, and through
the joint use of infrastructures, methods, and data.

Expand. Expanding the monitoring needs (i) broadening
the thematic scope and (i) updating the monitoring in-
frastructures to maintain technological readiness and the
ability to address new information requirements. Further
developing ICP Forests’ themes (e.g. climate change and its
interactions with air pollution), methods (e.g. continuous
updating an expanded portfolio of measurements), techno-
logy (e.g. proximal and remote sensing, robotics, genetics,
modelling, Al-related tools) and FAIRness of its data and
data products should be a continuous activity.

Main actions for the future development of ICP Forests. Fostering collaboration and expanding monitoring activities are rooted in the ability to main-

tain relevance at political, scientific,and societal level (© M Ferretti).
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UNECE | ICP Forests

UNECE-LRTAP Convention

Albena Karadjova

United Nations Economic Commission for
Europe - LRTAP Convention Secretariat
Palais des Nations, 8-14, Ave. de la Paix
1211 Geneva 10, SWITZERLAND

Email: albena.karadjova@un.org

ICP Forests Lead Country

Juliane Henry

Federal Ministry of Food and Agriculture -
Ref. 515 | Postfach 14 02 70

53107 Bonn, GERMANY

Email: juliane.henry@bmel.bund.de,
515@bmel.bund.de

[CP Forests Chair

Marco Ferretti

Swiss Federal Research Institute WSL
Zlrcherstr. 111

8093 Birmensdorf, SWITZERLAND
Email: marco.ferretti@wsl.ch

Programme Co-ordinating Centre (PCC)

Kai Schwarzel, Head of PCC

Thinen Institute of Forest Ecosystems
Alfred-Moller-Str. 1, Haus 41/42
16225 Eberswalde, GERMANY

Email: kai.schwaerzel@thuenen.de
http://icp-forests.net

Ministries and National Focal Centres of all 42 participating countries

Albania

Ministry of the Environment, Forests and Water Administ-
ration MEFWA
Email: info@moe.gov.al

National Environment Agency
Email: jbegiri@gmail.com, kostandindano@yahoo.com
Julian Begiri, Kostandin Dano

Andorra

Ministeri de Turisme | Medi Ambient
Email: silvia_ferrer_lopez@govern.ad
Silvia Ferrer

Austria

Bundesministerium fiir Land- und Forstwirtschaft,
Regionen und Wasserwirtschaft

Email: martin.noebauer@bml.gv.at

Martin Nobauer

Austrian Research Centre for Forests BFW
Email: anita.zolles@bfw.gv.at, silvio.schueler@bfw.gv.at
Anita Zolles, Silvio Schiiler

Belarus

Ministry of Forestry of the Republic of Belarus
Email: mlh@mlh.gov.by
Petr Semashko

Forest Inventory Republican Unitary Company ,Belgosles”
Email: mlh@mlh.gov.by
Valentin Krasouski

Belgium - Wallonia

Service public de Wallonie SPW ARNE
Email: michel.baillij@spw.wallonie.be
Michel Baillij

SPW ARNE
Email: elodie.bay@spw.wallonie.be
Elodie Bay

Earth and Life Institute | Environmental Sciences ELI-e
Université catholique de Louvain

Email: hugues.titeux@uclouvain.be

Hugues Titeux
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Belgium - Flanders

Vlaamse Overheid (Flemish Authorities)
Agency for Nature and Forest (ANB)

Email: carl.deschepper@lne.vlaanderen.be
Carl De Schepper

Research Institute for Nature and Forest INBO
Email: arne.verstraeten@inbo.be
Arne Verstraeten

Bulgaria

Ministry of Environment and Water
National Nature Protection Service
Manol Genov

Ministry of Environment and Water |
Executive Environment Agency
Email: forest@eea.government.bg
Genoveva Popova

Canada

Environment and Climate Change Canada |
Government of Canada

Email: dominique.pritula@canada.ca
Dominique Pritula

Croatia

Croatian Forest Research Institute
Email: nenadp@sumins.hr
Nenad Potocic

Cyprus

Ministry of Agriculture, Rural Development
and Environment

Email: ssotiriou@fd.moa.gov.cy

Soteris Soteriou

(Czechia

Ministry of Agriculture of the Czech Republic
Email: tomas.krejzar@mze.cz
Tomas Krejzar

Forestry and Game Management Research Institute
VULHM

Email: sramek@vulhm.cz

Vit Sramek

Denmark

Ministry of Green Transition and Aquatic Environment
Email: skov@sgav.dk, pka@sgav.dk
Pernille Karlog
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University of Copenhagen | Department of
Geosciences and Natural Resource Management
Email: moi@ign.ku.dk

Morten Ingerslev

Estonia

Ministry of the Environment | Forest Department
Email: maret.parv@envir.ee
Maret Parv

Estonian Environment Agency EEIC
Email: vladislav.apuhtin@envir.ee
Vladislav Apuhtin

Finland

Ministry of Agriculture and Forestry
Email juha.roppola@gov.fi
Juha Roppola

Natural Resources Institute Finland LUKE
Email: paivi.merila@luke.fi
Paivi Merila

France

Ministére de [Agriculture, de lAgroalimentaire et de la Forét
Email: milene.gentils@agriculture.gouv.fr,
fabien.caroulle@agriculture.gouv.fr

Miléne Gentils, Fabien Caroulle

Office National des Foréts
Email: manuel.nicolas@ontf.fr
Manuel Nicolas (Level 1)

Germany

Bundesministerium fur Erndhrung und

Landwirtschaft BMEL

Email: juliane.henry@bmel.bund.de, 515@bmel.bund.de
Juliane Henry

Greece

Hellenic Republic Ministry of Environment and Energy
Email: k.koutla@prv.ypeka.gr, p.drougas@prv.ypeka.gr
Katerina Koutla, Panagiotis Drougas

Institute of Mediterranean Forest Ecosystems | Hellenic
Agricultural Organisation “ELGO DIMITRA’

Email: ekorakaki@elgo.gr

Evi Korakaki

Hungary

Ministry of Agriculture
Email: andras.szepesi@am.gov.hu
Andras Szepesi

National Land Centre | Department of Forestry
Email: zoltan.stuller@am.gov.hu
Zoltan Stuller

[reland

Department of Agriculture, Food and the
Marine - Forest Sector Development
Email: shane.flanagan@agriculture.gov.ie
Shane Flanagan

University College Dublin UCD |

School of Agriculture and Food Science
Email: thomas.cummins@ucd.ie
Thomas Cummins

Italy

Comando Unita Tutela Forestale,

Ambientale e Agroalimentare Carabinieri
Carabinieri Corps - Office for Studies and Projects
Email: giancarlo.papitto@carabinieri.it

Giancarlo Papitto

Latvia

Ministry of Agriculture | Forest Department
Email: lasma.abolina@zm.gov.lv
Lasma Abolina

Latvian State Forest Research Institute ,Silava”
Email: uldis.zvirbulis@silava.lv
Uldis Zvirbulis

Liechtenstein

Amt fir Umwelt AU
Email: olivier.naegele@LIv.li
Olivier Nagele

Lithuania

Ministry of Environment
Email: aurimas.saladzius@am.lt
Aurimas Saladzius

Lithuania State Forest Service

Email: albertas.kasperavicius@amvmt.lt,
gintaras.kulbokas@amvmt.lt

Albertas Kasperavicius, Gintaras Kulbokas

Luxembourg

Ministére de I'Environnement, du Climat et du Développe-
ment durable | Administration de la nature et des foréts
Email: martine.neuberg@anf.etat.lu,
pascal.armborst@anf.etat.lu,

hanna.teuchert@anf.etat.lu

Martine Neuberg, Pascal Armborst, Hanna Teuchert

Moldova, Republic of

Agency Moldsilva
Email: icas@moldsilva.gov.md
Dumitru Galupa

Montenegro

Directorate for Agriculture, Hunting and Water Management
Email: ranko.kankaras@mpsv.gov.me
Ranko Kankara$

University of Montenegro | Faculty of Biotechnology
Email: ddubak@t-com.me
Darko Dubak

The Netherlands

National Institute for Public Health and Environment RIVM
Email: albert.bleeker@rivm.nl
Albert Bleeker

North Macedonia

Ministry of Agriculture, Forestry and Water Economy
Email: vojo.gogovski@mzsv.gov.mk
Vojo Gogovski

Ss. Cyril and Methodius University
Email: nnikolov@sf.ukim.edu.mk,
irpc@sumers.org

Nikola Nikolov, Srdjan Kasic

Norway

Norwegian Environment Agency
Email: gunnar.skotte@miljodir.no
Gunnar Carl Skotte

Norwegian Institute of Bioeconomy Research NIBIO
Email: volkmar.timmermann@nibio.no
Volkmar Timmermann

Poland

Ministry of Climate and Environment |
Department of Forestry and Hunting
Email: radoslaw.kanabus@mos.gov.pl
Radostaw Kanabus

Forest Research Institute

Email: j.wawrzoniak@ibles.waw.pl,
p.lech@ibles.waw.pl

Jerzy Wawrzoniak, Pawel Lech

Portugal

Instituto da Conservacao de Natureza e das Florestas ICNF
Email: helena.martins@icnf.pt,

jose.uva@icnf.pt

Helena Martins, José Sousa Uva
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Romania

Ministry of Environment, Waters and Forests |
Directorate Policies and Strategies in Silviculture
Email: claudiu.zaharescu@mmediu.ro

Claudiu Zaharescu

National Institute for Research and Development in
Forestry “Marin Dracea” INCDS

Email: obadea@icas.ro,

stefan.leca@icas.ro

Ovidiu Badea, Stefan Leca

Russian Federation
N.N.

Serbia

Ministry of Agriculture and Environment Protection |
Directorate of Forests

Email: sasa.stamatovic@minpolj.gov.rs

Sasa Stamatovic

Institute of Forestry

Email: ljubinko.rakonjac@forest.org.rs,
ljrakonjac@yahoo.com

Ljubinko Rakonjac

Slovakia

Ministry of Agriculture of the Slovak Republic
Email: henrich.klescht@land.gov.sk
Henrich Klescht

National Forest Centre | Forest Research Institute
Email: pavlenda@nlcsk.org
Pavel Pavlenda

Slovenia

Ministry of Agriculture, Forestry and Food MKGP
Email: simon.poljansek@gov.si, robert.rezonja@gov.si
Simon Poljansek, Robert Rezonja

Slovenian Forestry Institute SF

Email: anzemartin.pintar@gozdis.si,
primoz.simoncic@gozdis.si, tom.levanic@gozdis.si
Anze Martin Pintar, Primoz Simoncic, Tom Levanic

Spain

Subdirectorate General for Forest Policy and Fight against
Desertification | Directorate General for Biodiversity,
Forests and Desertification | Ministry for the Ecological
Transition and the Demographic Challenge

Email: eenriquez@miteco.es

Elsa Enriquez Alcalde
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Directorate General for Biodiversity, Forests and Desertifi-

cation | Ministry for the Ecological Transition and the
Demographic Challenge

Email: erobla@miteco.es, arzamarron@miteco.es
Elena Robla Gonzalez, Asuncion Roldan-Zamarron

Sweden

Swedish Environmental Protection
Email: stina.ausmeel@naturvardsverket.se
Stina Ausmeel

Swedish University of Agricultural Sciences |
Department of Forest Resource

Email: cornelia.roberge@slu.se

Cornelia Roberge

Switzerland

Department of the Environment, Transport, Energy and
Communications DETEC

Email: verena.liedschulte@bafu.admin.ch

Verena Liedschulte

Swiss Federal Research Institute WSL
Email: peterwaldner@wsl.ch
Peter Waldner

Turkiye

Monitoring of Forest Ecosystems Division |
General Directorate of Forestry

Email: caglarbassullu@ogm.gov.tr,
sedasaranay@ogm.gov.tr

Caglar Bassullu, Seda Saranay Kayar

Ukraine

State Forest Resources Agency of Ukraine | International
Cooperation, Science and Public Relation Division

Email: lpolyakova@ukr.net

Liubov Poliakova

Ukrainian Research Institute of Forestry and Agroforestry
Melioration URIFFM

Email: buksha@uriffm.org.ua;

buksha@ukr.net

lhor Buksha

United Kingdom

Centre for Forest Management - Forest Research
Email: caitlin.lewis@forestresearch.gov.uk
tom.nisbet@forestresearch.gov.uk
elena.vanguelova@forestresearch.gov.uk

Caitlin Lewis, Tom Nisbet, Elena Vanguelova

United States of America
Ministry, NFCN.N

Expert Panels & Committees

Ambient Air Quality

Diana Pitar, Chair

National Institute for Research and

Development in Forestry “Marin Dracea”(INCDS) | Romania
Email: diana.silaghi@icas.ro

Barbara Moura, Co-Chair
[talian National Research Council
Email: bmourabio@gmail.com

Biodiversity and Ground Vegetation Assessment

Leena Hamberg, Chair
Natural Resources Institute Finland LUKE | Finland
Email: leena.hamberg@luke.fi

Frantisek Malis, Co-Chair
National Forest Centre | Slovakia
Email: malis@nlcsk.org

Crown Condition and Damage Causes

Nenad Potocic, Chair
Croatian Forest Research Institute (CFRI) | Croatia
Email: nenadp@sumins.hr

Volkmar Timmermann, Co-Chair
Norwegian Institute of Bioeconomy Research (NIBIO) |
Norway | Email: volkmar.timmermann@nibio.no

Deposition
Arne Vestraeten, Chair

Research Institute Nature and Forests (INBO) | Belgium
Email: arne.verstraeten@inbo.be

Peter Waldner, Co-Chair
Swiss Federal Research Institute WSL | Switzerland
Email: peter.waldner@wsl.ch

Andreas Schmitz, Co-Chair

State Agency for Nature, Environment and Consumer Pro-
tection of North Rhine-Westphalia (LANUV) | Germany
Email: andreas.schmitz@lanuv.nrw.de

Foliar Analysis and Litterfall

Liisa Ukonmaanaho, Co-Chair (Litterfall)
Natural Resources Institute Finland (LUKE) | Finland
Email: liisa.ukonmaanaho@luke.fi

Forest Growth

Tanja Sanders, Chair
Thinen Institute of Forest Ecosystems | Germany
Email: tanja.sanders@thuenen.de

Monika Vejpustkova, Co-Chair
Forestry and Game Management Research Institute | Czechia
Email: vejpustkova@vulhm.cz

Andrei Popa, Co-Chair

National Institute for Research and Development in Forestry
“Marin Drdcea” | Romania

Email: popa.andrei.dorna@gmail.com

Meteorology, Phenology, and Leaf Area Index

Lothar Zimmermann, Chair
Bavarian State Institute of Forestry LWF | Germany
Email: lothar.zimmermann@Ilwf.bayern.de

Stephan Raspe, Co-Chair (Phenology)
Bavarian State Institute of Forestry LWF | Germany
Email: stephan.raspe@lwf.bayern.de

Stefan Fleck, Co-Chair (LAI)
Northwest German Research Institute NW-FVA | Germany
Email: stefan.fleck@nw-fva.de

Soil and Soil Solution

Bruno De Vos, Chair
Research Institute for Nature and Forest (INBO) | Belgium
Email: bruno.devos@inbo.be

Nathalie Cools, Co-Chair
Research Institute for Nature and Forest (INBO) | Belgium
Email: nathalie.cools@inbo.be

Katrin Meusburger, Co-Chair (Soil Solution)
Swiss Federal Research Institute WSL | Switzerland
Email: katrin.meusburger@wsl.ch

Quality Assurance Committee

Manuel Nicolas, Chair
Office National des Foréts | Email: manuel.nicolas@onf.fr

Working Group on Quality Assurance
and Quality Control (QA/QC) in Laboratories

Anna Kowalska, Chair
Forest Research Institute | Email: a.kowalska@ibles.waw.pl

Tamara Jakovljevi¢, Co-Chair
Croatian Forest Research Institute CFRI
Email: tamaraj@sumins.hr

Michael Tatzber, Co-Chair
Austrian Research Centre for Forests BFW | Austria
Email: michael.tatzber@bfw.gv.at

Scientific Committee

Lars Vesterdal, Chair
University of Copenhagen | Email: lv@ign.ku.dk
Email: lv@ign.ku.dk

Marcus Schaub, Co-Chair
Swiss Federal Research Institute WSL
Email: marcus.schaub@wsl.ch
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Useful links

United Nations

United Nations Economic Commission for Europe
https://unece.org/

Convention on Long-range Transboundary Air Pollution
(Air Convention)
https://unece.org/environmental-policy-1/air

Working Group on Effects WGE
https://www.unece-wge.org/

Co-operative Programme for Monitoring and Evaluation of
the Long-range Transmission of Air Pollutants in Europe
EMEP

https://www.emep.int/

ICP Integrated Monitoring
https://www.slu.se/en/Collaborative-Centres-and-Pro-
jects/integrated-monitoring/

ICP Materials
https://www.ri.se/en/icp-materials

ICP Modelling and Mapping
https://www.umweltbundesamt.de/en/Coordination_Cen-
tre_for_Effects

ICP Vegetation
https://icpvegetation.ceh.ac.uk/

ICP Waters
http://www.icp-waters.no/

European Commission

European Commission, DG AGRI
https://agriculture.ec.europa.eu/index_en

European Commission, DG ENV
https://environment.ec.europa.eu/index_en

European Commission, DG JRC
https://joint-research-centre.ec.europa.eu/index_en

European Environmental Agency EEA
https://www.eea.europa.eu/en
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Co-operation with other international organizations

Acid Deposition Monitoring Network in East Asia EANET
https://www.eanet.asia/

Copernicus
https://www.copernicus.eu/en

CosT
https://www.cost.eu/

eLTER
https://elter-ri.eu/

Forest Europe
https://foresteurope.org/

European Forest Institute EF
https://efi.int/

European National Forest Inventories Network ENFIN
https://www.enfin.info/

Integrated Carbon Observation System 1COS
https://www.icos-cp.eu/

International Union of Forest Research Organizations
IUFRO
https://www.iufro.org/

Life+
https://cinea.ec.europa.eu/programmes/life_en

Horizon Europe
https://research-and-innovation.ec.europa.eu/funding/
funding-opportunities/funding-programmes-and-open-
calls/horizon-europe_en

Wood Buffalo Environmental Association WBEA
https://wbea.org/

Field trip during Scientific Conference and Task Force Meeting 2018, Riga, Latvia




http://icp-forests.net

Contact

Programme Co-ordinating Centre of ICP Forests
Kai Schwarzel, Head

Thunen Institute of Forest Ecosystems
Alfred-Maller-Str. 1, Haus 41/42

16225 Eberswalde, Germany

Email: pcc-icpforests@thuenen.de
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