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ICP Forests can look back on 30 years of cross-
border co-operation in the environmental monitor-
ing of forests. The first Task Force Meeting of ICP
Forests was held in Freiburg/Breisgau on 4 October
1985.

Let us travel back in time: 30 years ago, the indus-
trialised states of the northern hemisphere had just
experienced an unparalleled economic boom.
Things that earlier generations could only dream of
had become affordable for broad sections of the
population. However, the negative consequences
of material wealth had also become evident.
Scientists pointed to environmental damage. Gases
emitted from industrial plants, power stations, agri-
cultural operations, and motor vehicles were also
causing damage far away from their sources. Ac-
tion had to be taken. After many years of prepara-
tory work, the Geneva Convention on Long-Range
Transboundary Air Pollution was concluded in 1979.

Alarming changes were also observed in forests:
sparse tree canopies, dead trees, acidification of
the soils, damage to fine roots. The term “Waldster-
ben“ (forest decline) became widespread in the
media and was also coined in other languages.

Forest scientists from different nations met to
develop joint monitoring methods. This was the
birth of ICP Forests.

To our relief, we can see today that the gloomy
forecasts of the 1980s have not come true. Many
things have changed for the better. Was it all pure
hysteria? Certainly not! Our forests would not be in
as good a state as they are now without the mea -
sures taken since 1979. And we would know less
about them without the monitoring system that
was introduced in 1985 and which has been con-
tinually refined ever since.

Today, the environmental monitoring of forests no
longer merely serves to evaluate the effects of air
pollutants. It has also become an indispensable
source of information for forestry and environmental
policy, for the sustainable management and use of
forests, and for forest and environmental scientists.
I wish ICP Forests continued success in its work.

      Christian Schmidt,
Member of the German Bundestag
Federal Minister of Food and Agriculture 

30 Years of ICP Forests – an environmental
programme getting high societal attention

The worsening of forest condition in parts of central
Europe in the late 1970s and early 1980s, com-
monly called “Waldsterben” (forest dieback), gave
rise to serious public concern about the future per-
formance and even survival of forests in Europe.
After receiving a high level of attention in the media,
the matter was made a top priority on the political
agenda – leading to the establishment of systematic
forest monitoring for the assessment and evaluation
of forest conditions in Europe. Shortly after its es-
tablishment as a method in Bavaria in 1983, crown
condition assessment, carried out by estimating the
amount of leaves or needles in relation to a fully fo-
liated reference tree, became an accepted method.
A 16 km by 16 km grid was established across Eu-
rope, comprising approximately 6 500 plots. This
was later called the Level I network. Since 1985,
these monitoring activities have been pursued
under the umbrella of the UNECE Convention on
Long-range Transboundary Air Pollution (CLRTAP)
and its Working Group on Effects (WGE) within the
International Co-operative Programme on Assess-
ment and Monitoring of Air Pollution Effects on
Forests (ICP Forests). Soon, data on soil conditions
and foliar element concentrations were collected on
a considerable number of these plots, allowing
analyses of the relationships between tree response
and site factors to be carried out. 

Ten years later, the ICP Forests programme was
expanded to include more advanced, in-depth
monitoring – the so-called Level II monitoring aimed
at improving the understanding of cause-effect
relationships in forests. Over time, a total of 860 in-
tensive monitoring plots were set up. One or both
parts of the programme have been carried out at
least temporarily in 40 European countries (the USA

and Canada have contributed with results from their
own networks), and this has produced a wealth of
information from a total of 13 domains (covering
atmosphere, soil, tree stand, and vegetation), all
collected using standardised methods and stored in
a continuously updated database. 

As chairman of the Working Group on Effects,
I would like to express my thanks to all who have
supported the programme, but in particular to the
Federal Republic of Germany for supporting the pro-
gramme’s co-ordinating centre throughout the 30
years, and the European Commission. Over the first
20 years, the European Commission co-financed the
programme under specific regulations, and between
2009 and 2011, the programme received support
for its further development through an EU LIFE+
project. The integrated monitoring approach of ICP
Forests, with its Level I and Level II networks, pro-
vides unique and highly valuable data sets on the
condition, productivity, nutrition and diversity of
forest ecosystems. The data can serve as a basis for
projections of future forest conditions and risks.
This facilitates an understanding of the interaction
between atmospheric deposition and the role and
functioning of forest ecosystems, including the pro-
tection of soils and waters. The programme may
also help to quantify a range of ecosystem services
such as carbon sequestration. Beyond its contribu-
tion to a deeper understanding of air pollution and
the effects of climate change on forests and the so-
cietal services they provide, ICP Forests under the
Working Group on Effects contributes to our appre-
ciation of the human and natural resources that
must be protected both today and in the future.

Peringe Grennfelt
Chair of the Working Group on Effects (WGE) of the LRTAP
Convention, IVL Swedish Environmental Research Institute
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THE LRTAP CONVENTION –
A COMPREHENSIVE SYSTEM FOR
TRACING ADVERSE AIR-TRANSPORTED
SUBSTANCES FROM SOURCE TO SINK
ACROSS THE UNECE REGION

The LRTAP Convention – the first legally
binding international agreement aiming to
control air pollution across the UNECE region

In the late 1960s, large-scale acidification of surface
waters in Scandinavia could be clearly connected
to air pollution originating in the United Kingdom
and central Europe. This ultimately led to a minis-
terial-level meeting in Geneva in November 1979
within the Framework of the UNECE on the Protec-
tion of the Environment, at which the Convention
on Long-range Transboundary Air Pollution (LRTAP
Convention or CLRTAP) was signed by more than 30
governments, including the USA and Canada, and
by the European Community. To date, 51 of the 56
UNECE member states are parties to it. The signifi-
cance of the decision of these countries to collabo-
rate under the LRTAP Convention can hardly be
overrated, as it was the first legally binding inter-
national agreement aiming to control air pollution
across the UNECE region. (Menz and Seip 2004)

The Convention entered into force in 1983. Shortly

The Convention entered into force in 1983. Shortly
after its establishment, six International Co-opera-
tive Programmes (ICPs) and a Task Force were set
up under the Working Group on Effects (WGE) to
study the effects of air pollution on a wide range of
eco- and geosystems (i.e. ICP Forests, ICP Inte-
grated Monitoring, ICP Modelling and Mapping, ICP
Vegetation, ICP Waters), on technical materials (ICP
Materials), and on human health (Task Force on
Health). In combination with the European
Monitoring and Evaluation Programme (EMEP),
which focuses on the emission and dispersal of air
pollutants, a comprehensive system for tracing
adverse air-transported substances from source to
sink had thus become available.

The LRTAP Convention provides a general framework
for collaboration to limit, gradually reduce and
prevent air pollution. It has been extended by eight
protocols that impose concrete obligations to tackle
specific pollutants and environmental problems. The
sufficiency and effectiveness of these obligations are
regularly reviewed. Initially aimed at reducing the
effects of acid rain through control of sulphur emis-
sions, the scope of the Convention was later widened
to include nitrogen pollutants, volatile organic com-
pounds (VOCs), heavy metals, and persistent organic
pollutants (POPs). The Convention functions within
the United Nations Economic Commission for Europe
(UNECE), whose members include all the countries
of Europe, the Caucasus and Central Asia, as well as
the United States and Canada. (UNECE 2009)

“The atmosphere is one of the largest waste
disposal units for mankind. It has handled
gaseous and particulate waste from combus-
tion and other human activities for hundreds of
years. These activities have had serious conse-
quences such as acid rain, the degradation of
valuable ecosystems and agricultural soils, and
detrimental impacts on human health.” Clear-
ing the Air, 30th Anniversary brochure of the
LRTAP Convention, 2009

Stefan Fleck
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ICP Forests – Monitoring forest health
in response to extensive forest damage

The International Co-operative Programme on
Assess ment and Monitoring of Air Pollution Effects
on Forests (ICP Forests) was established within the
LRTAP Convention in 1985 in response to wide pub-
lic and political concern about the extensive forest
damage observed in central Europe that had been
connected with increasing air pollution. Its major
objective was to collect and compile data on the
condition of forest ecosystems across the UNECE
region, and monitor their health and performance
over time. Since then, ICP Forests has not only con-
tinually been addressing the scientific information
needs of the LRTAP Convention, thereby underpin-
ning the advancement of air pollution abatement
measures in Europe. For the last 30 years, it has
also been collecting quantitative policy-relevant in-
formation on monitored and modelled air pollution
effects on forests which can be used by a variety of
other national and international forest and environ-
mental bodies and programmes besides  the LRTAP
Convention, such as Forest Europe (formerly the
Ministerial Conference on the Protection of Forests
in Europe), the Convention on Biological Diversity
(CBD), the Framework Convention on Climate
Change (UNFCCC), the UN-FAO Global Forest Sur-
vey, and EUROSTAT of the European Commission.
(ICP Forests 2006)

ICP Forests has defined two major aims, which are
still relevant today:

Aim I: To provide a periodic overview of the spatial
and temporal variation of forest condition in relation
to anthropogenic and natural stress factors (in par-
ticular air pollution) by means of European-wide
and national, large-scale representative monitoring
on a systematic network (Level I).

Aim II: To gain a better understanding of cause-
effect relationships between the condition of forest
ecosystems and anthropogenic as well as natural
stress factors (in particular air pollution) by means
of intensive monitoring on a number of selected
permanent observation plots spread over Europe,
and to study the development of important forest
ecosystems in Europe (Level II). 

An outstanding feature of the ICP Forests monitor-
ing has been the implementation of standardised
methods and additional measures for quality con-
trol and assurance in every member state and sur-
vey. The transnational standardisation of methods
has led to consistent sampling practices across Eu-
rope and makes ICP Forests unique in global forest
monitoring efforts. All methods are described in the
extensive ICP Forests Manual on methods and cri-
teria for harmonised sampling, assessment, moni-
toring and analysis of the effects of air pollution on
forests (ICP Forests 2010), which has been devel-
oped over the years and is presented by Ferretti
and Fischer (2013) together with the respective sci-
entific background of each of the surveys. With the
experience and expertise of eight different Expert
Panels, ICP Forests is engaged in a continuous
process to develop the monitoring methods and
standards of each survey still further. 

Air pollution is a global issue, and one that contin-
ues to increase in many regions as the energy, agri-
cultural, industrial, and traffic sectors keep growing.
At present, 42 countries are cooperating in ICP
Forests. Of those, 27 are EU member states, so that
all EU countries except Malta are participating in the
programme. Of the 15 non-EU countries, nine are
countries from South-Eastern Europe (SEE) or from
Eastern Europe, the Caucasus, and Central Asia
(EECCA). ICP Forests will continue to actively pro-
mote membership across the wider UNECE region.

“For 30 years, the Convention on Long-range
Transboundary Air Pollution has been a consis-
tent voice in the fight against air pollution. As
it moves forward, the Convention has already
initiated negotiations for stricter pollutant tar-
gets for 2020, and has also developed aspira-
tional targets for 2050. It is continuing to
engage both Eastern European and Central
Asian countries by providing them with the rel-
evant capacity-building tools to join and comply
with the Convention’s protocols. 

The Convention recognises the importance of
working in an integrated manner to combat cli-
mate change, and has initiated dialogue with
international organizations to explore syner-
gies and solutions.

Realizing the transnational impact of air pollu-
tion, the Convention plans to further its global
cooperation by providing technical assistance
and guidance to other regional United Nations
commissions (for Asia, Latin America and
Africa), as the fight against air pollution goes
global.”

Clearing the Air, 30th Anniversary brochure of the LRTAP
Convention, UNECE, 2009

András Koltay



TIMELINE OF ICP FORESTS

1989

1992

1992

1993

1994/95

1994

1994

1994

1994

1995

1996

2000

1st report on the Health of Forests in the European Community
1987–1988. 

(EEC) 2157/92 Regulation: Extension of 3528/86, the mandatory ex-
ecution of annual crown condition surveys in all EU Member States
for a further 5 years.

1st joint report by the EU and ICP Forests. Joint reporting continued
until 2003. 

Council Regulation 926/93: Mandatory implementation of a soil con-
dition survey in all EU Member States.

1st soil survey on more than 5000 Level I plots in 31 countries. 

Council Regulation 836/94: Optional implementation of needle/leaf
analyses in all EU Member States.

Council Regulation 1091/94: Establishment of permanent intensive
monitoring plots (Level II).

Commissioning of the Forest Intensive Monitoring Co-ordinating In-
stitute (FIMCI) in Heerenveen and later Wageningen, The Nether-
lands.

1st report on the ICP Forests Needle/Leaf Interlaboratory Test 1993/94.

1st foliage survey on more than 1395 Level I plots in 16 countries.

1st transmission of Level II data to FIMCI.

16th Task Force Meeting in Ghent. Resignation of Ernst Wermann and
appointment of Thomas Haußmann as Chairperson of ICP Forests.
Adoption of the strategy of the Programme for the years 2001 to
2006 by the Task Force.

8

TIMELINE OF ICP FORESTS

1979

1983

1985

1986

1986

1986

1987

Adoption of the Convention on Long-range Transboundary Air
Pollution (CLRTAP) at a high-level meeting within the framework of
the United Nations Economic Commission for Europe (UNECE) on
the Protection of the Environment. Signing by 32 UNECE member
states. At present, 51 out of the 56 UNECE member states are
Parties to the Convention.

Entry into force of the LRTAP Convention with the Executive Body
(EB) as the governing body of the Convention, comprising represen-
tatives of the Parties to the Convention. The EB supervises the EMEP
(European Monitoring and Evaluation Programme) Steering Body,
the Working Group on Strategies and Review (WGSR), and the
Working Group on Effects (WGE) with its later six International Co-
operative Programmes (ICP Forests, ICP Integrated Monitoring, ICP
Materials, ICP Modelling & Mapping, ICP Vegetation, ICP Waters),
a Task Force on Health, and a Joint Expert Group on Dynamic
Modelling.

Launch of ICP Forests at the 1st Task Force Meeting in Freiburg,
Germany. Nomination of Ernst Wermann as Chairperson of the
Programme. Two Programme Co-ordinating Centres (PCC East and
PCC West) are established in Prague and Hamburg, respectively.
Start of the development of an ICP Forests Manual.

Adoption of the Scheme on the Protection of Forests Against Atmo -
spheric Pollution by the EU; Regulation (EEC) No 3528/86 as legal
basis for the co-financing of relevant assessments. Mandatory exe-
cution of annual crown condition surveys in all EU Member States.

2nd Task Force Meeting in Freiburg, Germany. Adoption of the ICP
Forests Manual.

1st crown condition surveys in accordance with the ICP Forests Man-
ual in 20 participating countries.

1st Forest Damage Report of ICP Forests.

7
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TIMELINE OF ICP FORESTS

2001

2001

2002

2003

2005

2005

2009-2011

2013

Regulation (EC) 1484/2001 of the European Parliament and of the
Council: Extension of 3528/86 amending Council Regulation (EEC)
No 3528/86 on the protection of the Community's forests against
atmospheric pollution. 

Transfer of responsibilities from the EC Directorate-General for
Agriculture and Rural Development (DG Agri) to the EC Directorate-
General for the Environment (DG Env).

Regulation (EC) 804/2002 of the European Parliament and of the
Council: Extension of 3528/86 for one year.

Forest Focus: Regulation (EC) No 2152/2003 adopted by the Euro-
pean Parliament and the Council for 2003 to 2006. Monitoring of
forests and environmental interactions; JRC becomes the data host
for ICP Forests. FIMCI concludes its Level II activities after nine years
of coordinating the intensive forest monitoring.

BIOSOIL Demonstration Project under Regulation (EC) No 2152/2003
concerning the monitoring of forest and environmental interactions
in the Community (Forest Focus). Field w ork takes place primarily
in 2006 and 2007. 

21st Task Force Meeting in Rome. Resignation of Thomas Haußmann
and appointment of Michael Köhl as Chairperson of ICP Forests. 

FutMon (Further development and implementation of an EU-level For-
est Monitoring System) with co-financing under the LIFE+ Regulation
(EC) No. 614/2007 of the European Parliament and of the Council.

Relocation of the Programme Co-ordinating Centre (PCC) from the
Thünen Institute for World Forestry in Hamburg-Bergedorf to the
Thünen Institute of Forest Ecosystems in Eberswalde. 

9

Location of Task Force meetings between 1985 and 2015.



VOICES FROM WITHIN ICP FORESTS

ICP Forests has been closely linked to forest health
from the beginning. Starting as an indicator of air
pollution effects, the system has evolved, showing
its great potential in identifying the main harmful
agents to the forests and their dynamics on a
European scale. Two major milestones have been
achieved in this process: the standardisation of a
pan-European survey, and the provision of a
coherent map of forest health each year. There are,
however, many challenges still to conquer if we are
to adapt to the new needs that have emerged.

Early detection of emerging forest pests and organ-
isms requiring quarantine is the main one. Much of
the future success of the ICP Forests will be based
on its ability to evolve and to engage new Euro-
pean players who can take advantage of the fruits
of their work. Only a clear and coordinated func-
tioning at national and international level of the
three pillars that support the system (rural, envi-
ronmental and plant health) will allow the great po-
tential of ICP Forests to provide the desired future
results.

Gerardo Sánchez Peña 
Former Spanish NFC Coordinator

ICP Forests has come a long way since its estab-
lishment 30 years ago while under the umbrella of
the Convention and Working Group on Effects
(WGE). It has become a very successful interna-
tional forest monitoring programme with a highly
dedicated ICP Forests community active in National
Focal Centres, Expert Panels, and Committees. This
organisational structure keeps the programme

alive and flexible on the one hand and provides a
sustainable working structure on the other. While
co-operation within the ICP Forests community is
as important as collaboration with partners from
the WGE and EMEP communities, in the future
there will be a strong need for closer collaboration
with the scientific community outside the Conven-
tion as we face the global challenges of ongoing
transboundary air pollution, climate change, and
biodiversity loss. Only this will prevent isolation,
and new financial options may be available within
the context of larger research infrastructures on
terrestrial ecosystems in general while the signifi-
cant reduction of sulphur emissions and deposition
in European forest ecosystems over the last few
years is an example of the success of concerted ac-
tivity under the LRTAP Convention. Activities of ICP
Forests will continue to aim at solving the grand
challenges of the future. 

Walter Seidling 
Head of the Programme Co-ordinating Centre of ICP Forests
since 2013

I have taken part in ICP Forests for 22 years, start-
ing in 1994. Looking back, I clearly remember my
first Task Force meeting in Prague in 1995. I was
young and had recently finished my PhD. My col-
league Inge Gillesberg and I were representing
Denmark and we were the two only females in the
meeting. At the early Task Force meetings, the par-
ticipants (being all men) had the possibility to have
their wives accompany them to the meeting, where
a special Ladies Programme was arranged. When
Inge and I arrived at the registration desk with our
husbands, we were asked if we would like to take
part in the Ladies Programme, and at the same
time the registration desk had a hard time finding
our husbands’ names as participants on the regis-
tration lists! Needless to say, our husbands had a
wonderful time in the Ladies Programme. In the
Task Force meeting 2015 I believe the proportion
of women and men was alike, so in 20 years this
has changed towards a better gender balance.

Earlier Task Force meetings were definitely more
formal than today’s meetings. It was tradition that
you raised your name sign in a vertical position to
indicate you wanted to speak... and the speakers
list was long. One of the tasks was to go through
both executive and technical reports and, page by
page, word by word, comment on the content and
the language. Needless to say, this took time, and
the meetings at that time were considerably longer
than today. 

In my early ICP Forests career I had a lot to learn. I
had the immense luck to be guided by the late John
Derome. He probably saw my despair at being a
young, sole female and in a new environment, and
he was a terrific mentor. His kind personality also
later made it a treat to come to all ICP Forests
meetings. Likewise, the late Matthias Dobbertin
was a remarkable person, who made an enormous

positive impact on ICP Forests. With his enthusi-
asm, he shone, and it was a pleasure to share both
science and sociable talks about daily life with him.
I am dedicated to passing on as much as I can of
what they gave to me to newcomers to ICP Forests.

ICP Forests has given me a lot of new knowledge
and friends in science, and I am grateful. Thanks
to all friends active in ICP Forests today – see you
at the next meeting.

Karin Hansen
Chair of EP Deposition

Time series are scarce and extremely valuable in for-
est and environmental research, and ICP Forests
takes great care in continuing the existing time se-
ries. Although ICP Forests was established for the pur-
pose of monitoring air pollution effects, the variables
are generic in the sense that they can serve other
aims, and the programme is therefore well suited to
demonstrate the effects of other stress factors as
well. Today’s potential major stress factors are cli-
mate change and the spread of pests and diseases
across continents, and long time series of forest
ecosystem variables can be a treasure trove for in-
formation documenting the effects of these factors.
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View of the UNECE headquarters in Geneva, Switzerland

Tanja Sanders

Walter Seidling



The concept of crown condition assessments,
though criticised for subjectivity, has proven useful
in detecting long-term trends for several European
tree species. For other species, trends in time and
space may be more difficult to detect, and in peri-
ods and areas with weak or moderate stress, the
noise in the data becomes relatively large in com-
parison to the trends. However, it is important to
point out that if the forests had declined at a rapid
speed, as was a widespread concern in the 1980s,
then the crown assessments would have picked
this up. And if a new forest decline started today
from other causes, ICP Forests’ assessments and
long time series would be an indispensable tool in
evaluating the health status of Europe’s forests.

Svein Solberg
Former chair of the Expert Panel on Foliage and Litterfall and
member of the Expert Panel on Crown Condition and Damage
Causes

It is my pleasure to send my greetings from our
country, Albania, to you and all staff involved in ICP
Forests. Thanks a lot for all your help and for your
cooperation with me and all my staff at the former
Forest and Pasture Research Institute! It allowed us
to make a modest contribution to this very impor-
tant programme for Europe and beyond as part of
the International Co-operative Programme on As-
sessment and Monitoring of Air Pollution Effects on
Forests, operating under the UNECE Convention on
Long-range Transboundary Air Pollution (CLRTAP)!

Bashkim Mal Lushaj
Former Albanian NFC Coordinator

Based on its accomplishments of the last 30 years,
ICP Forests will continue to analyse the relation-
ships between forest condition, air pollution, the
carbon cycle, climate change, and biodiversity. The
results will be used for modelling forest ecosystem
processes. It seems necessary, however, to con-
vince political decision makers that the funding of
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forest ecosystem monitoring and modelling is in-
dispensable if the wealth of data collected by large-
scale representative assessments is to be
interpreted. With the required political support, ICP
Forests will not only continue to assess the risks
posed to forests by air pollution and climate
change, but will also remain relevant for the devel-
opment and assessment of indicators for sustain-
able forest management as well as for economic
evaluations of the services provided by forest
ecosystems. The results of the programme will thus
continue to broaden the scientific basis not only of
CLRTAP, but also of several other processes in in-
ternational environmental politics.

Martin Lorenz
Head of the Programme Co-ordinating Centre of ICP Forests
from 1992 to 2013

From the current perspective, we have to admire and
appreciate the long-term vision of the first members
of ICP Forests, who started using defoliation (a low
cost and easy assessment parameter) as an indica-
tor of forest health. Today, having the benefit of a se-
ries of sound data sets collected over a long time, it
is possible to address important local and global is-
sues with the data obtained from the Level I and
Level II networks (climate change, forest dynamics,
air pollution, etc.). These series show the dynamics
of many existing processes in forests, allowing their
analysis, interpretation and management.

Ana C. de la Cruz, Angel Fernández-Cancio,
José M. Grau, Mayte Minaya
Forest Ecology and Genetics Department
Forest Research Centre (CIFOR-INIA), SPAIN
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changes in the long term. Thanks to the ICP Forests
initiative, scientists can rely on accurate data cov-
ering the whole of Europe. I hope this project can
continue to be run for a long time to come.

Bulgaria

Forests are particularly important for Bulgaria, and
the sustainability of them is a priority of national
policy. In order to be sustainable, forest manage-
ment needs information on the factors that influ-
ence forest condition. This is provided by the
long-term, large-scale forest condition monitoring
that has been carried out for 30 years in Bulgaria.
The long-term observations have made it possible
to determine the status of forest health and re-
gional values (ranges) for the most important nu-
trients in the leaves/needles and soils. Outlook: the
monitoring of forest ecosystems in Bulgaria will
continue. In future, the monitoring will focus on the
assessment of the state of forest ecosystems and
the services they provide.

Croatia

Monitoring of forest condition in Croatia on a large,
national scale began with the setting up of ICP
Forests Level I plots all the way back in the year
1987, in a cooperation between the Forestry Fac-
ulty at the University of Zagreb, Croatian Forests
Ltd., and the Croatian Forest Research Institute,
where the NFC (National Focal Centre) is situated.
Due to the war in Croatia (1991–1995) there was a
two-year break in our monitoring activities, but as
early as 1993, while the war was still going on, the
monitoring resumed on accessible plots.

Since then, Croatia has reported on the condition
of its forests regularly, with around 2000 trees as-
sessed each year. NFC Croatia has organised sev-
eral ICP Forests meetings: the 13th International
Intercalibration Course for Mediterranean Countries
(Crikvenica 2000), 19th ICP Forests Task Force Meet-
ing (Zagreb 2003), and the Meeting of the Heads
of Laboratories (Zadar 2013).

Recognising the importance, quality and the tradi-
tion of ICP Forests monitoring, and the obligations
of the Republic of Croatia to the CLRTAP and EU Di-
rectives in the context of Croatia's accession to the
European Union, the monitoring of the condition of
forest ecosystems was incorporated in the coun-
try’s forestry legislation in 2005. With the funding
of the monitoring programme secured by the Min-
istry of Agriculture, we have gradually been able to
increase our activities, resulting in a higher number
of Level I plots assessed each year (currently 105
plots), a higher number of parameters assessed on
our seven intensive monitoring plots, and the
analysis of all samples in our own laboratory. This
makes our programme a reference standard for for-
est condition monitoring in Croatia.
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AT THE HEART OF THE PROGRAMME –
ICP FORESTS PARTICIPATING
COUNTRIES AND THEIR NATIONAL
FOCAL CENTRES

Austria

Austria ratified the Convention on Long Range
Transboundary Air Pollution in 1982, when the com-
motion caused by “Waldsterben” (forest decline)
was widespread across Europe. Austria contributed
to Forest Damage reports from 1986. In 1988 the
country set up a Level I grid as part of the transna-
tional grid of ICP Forests. From our point of view,
one of the most crucial decisions of ICP Forests was
the establishment of Level II plots in 1995.

Throughout the years and despite all sorts of
changes, Austria has always enjoyed a good and
fruitful cooperation with the ICP Forests. However,
public and political interest in forest decline has
now faded in Austria, and assessment on the Level
I grid was stopped in 2006. The Level II grid is hard
to maintain from the financial point of view, and
the cooperation with ICP Forests has therefore been
reduced to some limited cooperation.

Belgium - Flanders

The Research Institute for Nature and Forest (INBO)
is responsible for the forest condition monitoring in
Flanders. The monitoring is carried out together
with different partners, including the Flemish
Agency for Nature and Forests (ANB). The Level I
monitoring started in 1987 with an 8 x 8 km grid
and 41 monitoring plots, including 10 plots on the
international Level I grid. From 1995 onwards, the

survey was performed on a denser grid with 72 re-
gional plots, though with continuation on the inter-
national plots. The forest monitoring programme
provides important information on ecological
changes and is a suitable tool for investigating the
effectiveness of policy measures. The results of the
survey are one indicator of forest quality in Flan-
ders. 

An explorative study in the period 1983-1986 com-
pared the chemical composition of rain water in
open areas with deposition in forests, and ex-
pressed the need for a long-term monitoring pro-
gramme, which was initiated in 1987 on 10 Level II
sites. Thanks to the international co-operation pro-
gramme, measurements have been harmonised
and standardised at international level and now
allow us to compare our results and put them in a
wider perspective. To date, Flanders has a time se-
ries of 25 years’ worth of intensive forest monitor-
ing data at its disposal, helping support local
policies aiming to reduce the effects of atmo -
spheric deposition on the forest ecosystems. 

The Level I and Level II networks help us to de-
scribe the health status of the forests, to consider
the evolution of forest condition, and to gain insight
into influencing factors. The impressive monitoring
period increases the value of the data, year after
year.

Belgium - Wallonia

Over the last century, the forests have faced many
rapid changes, such as climate change, soil degra-
dation, air pollution, the introduction of new
species, and the evolution of forestry methods. It
is really important to study the effects of all these
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commit themselves to international cooperation
and long-term forest monitoring. I would like to
thank all my colleagues, both at my home institute
and within the international ICP Forests community
for this commitment, and hope the programme will
continue to show its strength in the future, too. 

Hungary 

When ICP Forests was established and Hungary
joined the programme, we believed that forest con-
dition was an important issue worth discussing at
international level, and that it was necessary to de-
velop common ground to monitor and understand
the processes behind the changes in ecosystems.
ICP Forests proved to be an effective and success-
ful platform for elaborating, building up and main-
taining a harmonised bio-monitoring system
through out Europe, and it was also able to respond
to emerging challenges. Continuous exchange of
knowledge, development, the standardisation of
methodologies, a unique database, and valuable
evaluation and reporting are the main strengths of
the cooperation. The ICP Forests monitoring system
has proved to be an important component of sus-
tainable forest management in Hungary. 

Italy

Italy has participated in the activities of the ICP
Forests since the beginning with the Level I moni-
toring plots for the assessment of crown condition,
and since 1995 with the set-up of the Level II Na-
tional Programme named CON.ECO.FOR. (CONtrollo
ECOsistemi FORestali, i.e. Monitoring of Forest
Ecosystem). This was set up by the National Forest
Service (Corpo Forestale dello Stato – CFS) in col-
laboration with several scientific institutions and
universities.

The establishment of the two forest monitoring net-
works – an extensive one with about 260 Level I
points, and an intensive one with 31 Level II plots,
representing the main Italian forest ecosystems –
has allowed the recording of environmental data
over a period of decades, and this is the main sys-
tem of control, early warning and long-term inves-
tigation for Italy’s forests.

The Italian state forestry service CFS and its part-
ners have invested considerable financial and
human resources (hundreds of operators involved,
dozens of researchers), promoted skills and contin-
uous education, dealt with international partners,
developed the design, and implemented the pro-
gramme. All this amazing work has allowed for great
professional growth and led to the development of
a vast network of relationships, also at human level,
contributing to the full success of the activity.

The results of the project have always been de-
pendent on the availability of the relevant Min-
istries and, at the same time, on all those public
and private operators working at local and national
level to provide strong support for decision makers.
At this moment of celebration, our thoughts go to
all those who, in any form or manner, have con-
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Denmark

Denmark is a small country with limited forest
cover compared to most other countries within ICP
Forests. We have benefited considerably from the
international cooperation and synergies. A large
number of scientific topics have been dealt with
over the last 30 years. National inventories of soil
carbon stocks have been integrated into European
level ICP Forests studies. Nitrogen deposition and
leaching studies within Denmark have been bench-
marked with similar studies at European level. The
importance of summer drought, mast and defolia-
tors for forests can be seen from the crown condi-
tion monitoring, and more recently we have also
seen the impact of ash dieback. Thank you for the
fruitful cooperation! 

Estonia

Estonia has been participating in the ICP on Assess-
ment and Monitoring of Air Pollution Effects on
Forests since 1988.  The Estonian Environment
Agency is responsible for the monitoring of the
health and vitality of forests in Estonia. Forest mon-
itoring activities are carried out on a permanent
network of systematically positioned sample plots
(Level I) using internationally standardised meth-
ods. In order to gain a better understanding of the
effects of air pollution factors on forests, the Level
II monitoring plots were established in typical Es-
tonian forests. At present the primary aim of forest
monitoring is to improve current methodology for
monitoring the effects of climate change and air
pollution on forest condition and the functioning of
forest ecosystems.

Estonia has enjoyed the fruitful cooperation with all
our colleagues in the ICP Forests community and
we would like to express our gratitude for your con-
tribution to the development of the monitoring pro-
gramme in Estonia. 

Happy anniversary, and we wish you great success
in monitoring activities for the next 30 years, dear
colleagues!

Finland

It has been a great pleasure to participate in the
progress of the ICP Forests programme as it has be-
come one of the world’s largest biomonitoring net-
works. The past 30 years have taught us a great
deal about European forest ecosystems and air pol-
lutants. It has been a privilege to become a part of
this community of great personalities ready to
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Impact of ash dieback caused by the invasive fungus Hymenos-
cyphus fraxineus in a forest stand in Denmark,    July 2009.

Omer Suha Ceylan
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Serbia

It has been almost 13 years since we became the
ICP Forests NFC in Serbia and began the job of
monitoring the condition of the forests in the ICP
Forests Level I and Level II programmes, joining the
large ICP Forests family. During all these years, in
addition to carrying out scientific and operational
ICP Forests work in the country, we have developed
a collegial cooperation with the Programme Co-
ordinating Centre of ICP Forests and gained a large
number of friends at NFCs all over Europe. 

This cooperation and our continuous work will
continue in future generations with the desire for
a long-term continuation of the ICP Forests
programme. We wish to congratulate all partici-
pants on the occasion of the 30th anniversary.

Slovakia

For participating countries and institutions, ICP
Forests is primarily a unique environmental
monitoring programme established to collect and
evaluate data in order to fulfil the obligations
resulting from international conventions. But in fact
it is much more. 

For participating experts, it is a platform for
methodological discussions and the exchange of
knowledge, cooperation, and the improvement of
scientific work; a school for finding solutions; and
a chance to meet open-minded, dedicated,
diligent, creative and friendly people. It is an
opportunity to improve the diversity and broad
scope of the functions of forests across Europe.

Spain

Since the beginning of ICP Forests activities in Spain
(1985), it has been the Central Administration
rather than a scientific body that has always
assumed the role of the NFC. This has largely
determined the course of activities in our country.
Up to 2013, it was the responsibility of the Forest
Health Unit. Thus, the monitoring of damaging
agents affecting forest condition has always been
very relevant, and the data resulting from the
assessments have contributed to different official
reports from the Ministry, as well as to several stud-
ies and evaluations. In the last two years, responsi-
bility has been transferred to the Forest  Inventory
and Statistics Area, and a process of harmonisation
with the NFI is taking place. Additionally, without
forgetting the relevance of the monitoring of forest
health and vitality, there are new requirements
concerning the possible inputs of the programme in
relation to the calculation of carbon stocks in forest
soils, aerial biomass and litterfall.
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tributed toward the implementation of the activi-
ties of ICP Forests. All the best to ICP Forests and
best wishes for another thirty years of successful
forest monitoring!

Latvia

Over 30 years, great progress has been achieved
in establishing and harmonising networks and
monitoring methods, in the improvement of QA/QC
procedures and the scientific interpretation of long-
term data series. Latvia has been a member of ICP
Forests since 1990, and the Latvian State Forest
Research Institute Silava has been the Latvian NFC
since 2012. It has been a real pleasure for us to be
a part of this community and to watch it develop
into one of the most important global networks,
combining large-scale monitoring with in-depth sci-
entific analyses. 

We wish the programme a happy anniversary and
systematic funding and lots of activities in the fu-
ture!

Norway

Norway has participated in ICP Forests from its very
beginnings in 1985. We started our activities on the
Level II and Level I networks in 1986 and 1989 re-
spectively. Numerous persons – researchers as well
as field personnel – have been involved and trained
in the Norwegian monitoring programme in the
course of the years. In cooperation with the Norwe-
gian NFI, we have developed a sound and cost-effi-
cient national forest monitoring system, which also
delivers data to ICP Forests. The methodology from
ICP Forests has successfully been applied to other
monitoring programmes such as for ash dieback,
as well as in research projects.

Romania

On behalf of the Romanian NFC, we extend our
whole-hearted congratulations to ICP Forests for
completing 30 glorious years of success. You have
created a basis for outstanding cooperation in the
scientific and public communities. Working to-
gether has been a real pleasure, and we value all
common accomplishments that have been made
over the past 30 years. 

ICP Forests will have to increase its focus and iden-
tify the effects of more recent stress factors on the
forests, their biodiversity and their capacity to pro-
vide goods and services, including socio-economic
pressures and newly emerging damaging pollu-
tants (fine particulate matter, dusts and solvents)
along with climate change. We wish you all great
success for many more years to come.
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Sweden

In the early 1980s, large parts of Europe were
threatened by severe air pollution. At the same
time, extensive forest damage was reported. How-
ever, the cause-effect relationships involved were
quite unclear.

The monitoring programme started by ICP Forests
was therefore very timely, and accurate and im-
pressive in both its extent and its depth. Involving
most of Europe's nations, the annual Task Force
meetings have been excellent occasions offering
the opportunity to exchange current knowledge
and opinions about forest damage – as well as
make friends! But the most valuable and durable
effect of ICP Forests is probably the work of the Ex-
pert Panels and the resulting Manual, which now
makes it possible to compare and analyse environ-
mental data for the whole continent.

United Kingdom

The United Kingdom is very pleased to celebrate a
30 year, close relationship with ICP Forests. The
partnership has been invaluable in three main
ways.

Firstly, of course, it has enabled a much better un-
derstanding of the relationships between tree
growth and health and atmospheric pollution, and
allowed the UK to participate in pan-European sci-
ence on this important subject. Secondly, by en-
gaging significantly in Level I, and particularly Level
II monitoring, the UK has taken the opportunity to
increase its strengths in forest ecosystem biogeo-
chemistry. Laboratory capabilities have also vastly
improved over this time, as a result of the need to
deliver high quality chemical analyses for the pro-
gramme. Thirdly, and perhaps of greater signifi-
cance, there has been the forging of close working
partnerships with European monitoring colleagues,
many of which have endured for decades and blos-
somed into friendships for life.
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Expert Panel on Ambient Air Quality
Marcus Schaub

The measurement of air pollutants in forests is
important in order to evaluate the risk for vege-
tation and to document spatial patterns, temporal
variability, and trends in areas not covered by
conventional air quality monitoring networks.
Passive sampling for compounds such as ozone,
sulphurdioxide, nitrogen dioxide and ammonia
has been conducted by the ICP Forests Expert
Panel on Ambient Air Quality since 2000 and has
proved to be a valuable method in many areas.
This is particularly the case for ozone; given the
dense coverage of 240 forest monitoring sites
from 21 countries, and that its assessment is car-
ried out together with several other measure-
ments on forest health, growth, nutrition,
biodiversity and climate, the potential of this data
set is unique.

Unlike fluoride or sulphur dioxide pollution, ozone
pollution leaves no elemental residue that can be
detected by analytical techniques. Since 1993,
symptoms characteristic of ozone injury have
been identified in a substantial number of plant
species in Switzerland by John Innes et al. (1997)
and John Skelly et al. (1998). A variety of other
species have  been identified as showing symp-
toms in Spain by e.g. Sanz and Millán (1999), sug-
gesting that foliar ozone injury may be more
widespread than previously believed. 

Based on the above indicated state of technol-
ogy, the Expert Panel on Ambient Air Quality ini-
tiated the European-wide assessment of ozone-
induced symptoms in 2000 and organised inter-
national intercalibration courses in Valencia
(2000), Switzerland-Italy (2001), Nice (2002),
Switzerland-Italy (2003, 2004), Italy (2005),

Switzerland (2006), Slovenia (2007), Italy (2008),
Switzerland (2006), Hungary (2009) and Spain
(2010). 

I am grateful to my mentors John Innes, John
Skelly and Matthias Dobbertin († 2012), who in-
troduced me to the science and ignited my inter-
est in forest monitoring. Thanks to the EP chair
Georg H.M. Krause (1999-2004) and the EP co-
chairs, Maria José Sanz (1999-2004), Vicent Ca-
latayud (2005-2014) and Elena Gottardini (2015-
present), I have always been inspired and given
the support necessary to advance our work within
the EP. My deepest gratitude goes to the many
colleagues from 21 countries who, each year, put
all their efforts into collecting scientifically sound
data that permits the assessment of ozone risk
across Europe.

THE ICP FORESTS EXPERT PANELS -
BRINGING TOGETHER INTERNATIONAL EXPERTS TO ENSURE THE HIGH QUALITY
OF THE PROGRAMME AND ADAPT IT TO FUTURE NEEDS
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Participants at the Intercalibration course of the Expert Panel
on Ambient Air Quality in Switzerland in 2006. 

Organisational chart of ICP Forests. With the experience and expertise of the ICP Forests expert panels, working groups, and committees,
ICP Forests works continuously to develop the monitoring methods and standards of each survey still further.
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Expert Panel on Crown Condition
and Damage Causes
Nenad Potočić, Volkmar Timmermann, Johannes Eichhorn

The annual large-scale crown condition assessment
was the first monitoring activity within ICP Forests
and it is still a major component today, carried out
annually on more than 100 000 trees or roughly
6 000 Level I plots, and around 500 intensive moni-
toring (Level II) plots, with most European countries
participating.

The Expert Panel on Crown Condition was estab-
lished in 1996, and the first meeting was attended
by 37 experts from 18 European countries. The first
and longest-serving chair was Johannes Eichhorn
(Germany), with Andras Szepesi (Hungary) and
Marco Ferretti (Italy) as co-chairs. Later, the co-
chairs were Gerardo Sanchez from Spain and Peter
Roskams from Belgium. Dave Durrant from the
United Kingdom also played an important role. In
2005, a new system, mainly devised by Peter
Roskams, was implemented for the assessment of
damage causes, giving more detailed information
on symptoms, causes and extent of the damage.
Gerardo Sanchez developed the concept of biotic
damage from a Mediterranean point of view. The
crown condition survey nowadays consists of a de-
foliation assessment complemented by a damage
cause assessment, as this offers better explanation
of annual variations in tree vitality and forest health.
The work on the further integration of methods of
crown condition assessment is being continued by
the present chair and co-chair, Nenad Potočić (Croa-
tia) and Volkmar Timmermann (Norway).

Besides the continuous work on the development of
harmonised monitoring methods, the Expert Panel
has always striven to maintain the consistency of
data time series. The Manual on the Visual Assess-

ment of Crown Condition and Damaging Agents still
recognises some alternative definitions, especially
with regard to the assessable crown, reflecting the
historical fact that several countries started with or-
ganised monitoring even before ICP Forests was es-
tablished; also, trees and forests do look different
e.g. in northern Europe compared to Mediterranean
regions. The implemented quality assurance and
quality control (QA/QC) procedures in the form of in-
ternational cross-comparison courses (ICCs, devised
in large part by Marco Ferretti) and photo ICCs (de-
veloped by Johannes Eichhorn and Volker Mues)
serve to establish quality limits, and to ensure and
document the quality of the acquired data.

A major challenge today is the shifting of the crown
condition assessment to the National Forest Inven-
tory (NFI) network in some countries. The disruption
of data time series causes difficulties both in the an-
nual reporting of tree health status and in the un-
derstanding of climate-tree health relationships.
Although the scientific background and methodolog-
ical approaches of the crown condition assessments
have sometimes been questioned, the ICP Forests
crown condition database remains the longest,
largest, and most important record of forest condi-
tion in Europe. 

Expert Panel on Biodiversity and Vegetation
Roberto Canullo

To be honest, at my first Expert Panel I was not used
to the processes of formal and meticulous agree-
ment that aimed to include any participant willing
to be there. I had assumed a top-down approach
based on standardisation, and my impression was
that the community was supporting a “do what you
want, but do it” approach…

It was Brussels in 1999, and Dan Aamlid was very
patient in explaining the background story to me,
but – in return – he involved me as co-chairman: a
hard job on top of university duties. But it was the
right way to discover the scope of the programme,
the inherent needs of an ambitious, long-term
international project, the working environment of
reciprocal consideration. I realised that it was not
that easy simply to pursue some standard: the com-
mon plant species codes list was one of the first ex-
amples of stable reference on a continental scale.

The manual updates were a real training in under-
standing the need for harmonisation within a com-
mon set of standards, and the role of quality
assurance (QA).

I would like to summarise the history of our activity
with one picture. The hardest and funniest activity
was the transnational intercomparison course in
Cansiglio in 2009. A nightmare of coloured poles,
stakes, lines and stripes, merging 11 national de-
signs; a number of simultaneous surveys carried out
by passionate colleagues eventually led to a good
basis for QA recommendations and harmonisation.

A personal offshoot: at MSc level, my subject (biol-
ogy) is about plant monitoring schemes; ICP Forests
is the reference. Students participate in QA exer-
cises, and, maybe, they will be the first practitioners
to have it in their CV. As a consultant researcher I
am not part of the bodies constituting ICP Forests,
and one cannot ask me to understand the manage-
ment and political background. But I feel part of a
scientific, human, and strategic adventure, for which
the present difficult context should be the opportu-
nity to make a fresh start for the next 30 years.
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Participants of the excursion to Plitvice Lakes National Park, 13th

International EU-ECE-ICP Forests Intercalibration Course on
Crown Condition for Mediterranean Countries in Crikvenica,
Croatia, in 2000.

Field work during the transnational intercomparison course mer-
ging 11 national designs for vegetation analysis in Cansiglio, Italy.

Participants of the 1st transnational training and field inter-com-
parison course for the assessment of ground vegetation, Pian
Cansiglio-Vallone Vallorch (Belluno-Treviso, Italy), 2009.
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Expert Panel on Foliage and Litterfall
Pasi Rautio

“Necessary is the harmonising and the improve-
ment of analytical techniques. A high laboratory
standard in all countries is indispensable for the in-
tended elaboration of a European-wide survey of
forest state.” This quotation from the introduction
of the second Needle/Leaf Interlaboratory Test, dat-
ing 20 years back this year, condenses the purpose
of all ICP Forests Expert Panels in that time into just
a few words.

At the beginning of their work, the purpose of the
Expert Panels was mainly to harmonise methods
across Europe, both in the forest when taking sam-
ples, and in the lab when analysing samples, and
to ensure the quality of forest monitoring. 

A lot has changed since those days. From the early
days of development of the ICP Forests Manual de-
velopment and the establishment of interlabora-
tory comparison tests, the work of the Expert
Panels (EP) has been directed more and more to-
wards scientific data evaluation on a European
scale. And over the past few years this work has
been directed more and more into ‘multi-EP work’.
In other words, we now want to bring together ex-
perts from different disciplines to have a more
comprehensive outlook on the cause-effect rela-
tionships between factors affecting the condition
of European forests.

One concrete example of this development was the
latest combined meeting of the EPs ‘Foliage and
Litterfall’, ‘Soil and Soil Solution’, ‘Deposition’,
‘Crown Condition’ and ‘Ambient Air Quality’, and
the ‘Working Group on Quality Assurance and Qual-
ity Control’ in Göttingen this year, where more than
100 experts from Europe gathered together

to discuss how best to combine information pro-
duced by the different EPs to allow European-wide
analyses on the factors affecting our forests.

And yet even as the work of the EPs evolves, some
elementary parts of their original work will remain.
As an example of this work, 54 laboratories in 25
countries participated in the latest (17th) Needle/
Leaf Interlaboratory Test this year. The work to en-
sure and control the quality of our results on the
condition of forests in Europe continues.

Expert Panel on Deposition
Karin Hansen

It is an honour to be the chairperson of the Expert
Panel on Deposition (EPD), an office that for me has
lasted six years. My work rests on the work of three
very dedicated former chairmen, namely Gun
Lövblad from Sweden, Erwin Ulrich from France,
and Nicolas Clarke from Norway. When the work of
the EPD first started, it mainly consisted of describ-
ing relevant and harmonised bulk precipitation and
throughfall sampling methods as well as develop-
ing solid manuals for both deposition sampling and
laboratory analyses.

The goal was to have European-wide, harmonised
methods. The building of this foundation was
extremely important as it would allow us to com-
pare data across Europe. Today, we appreciate the
long and often difficult discussions of earlier times,
and we are now harvesting the fruits of this
thorough work. This is the background to the
extended evaluations of scientific data and the
increased volume of scientific publications pro-
duced by the EPD today.

The work is highly cooperative – we all pull to-
gether, and we are all important. I would like to
express my deepest gratitude towards all the sci-
entists who, through the years, have contributed
to the development of methods and manuals,
sampling, analyses and evaluations of deposition
data in the EPD in both past and present. I also
want to wish us all good luck with our future work
in the EPD, hoping for many more fruitful discus-
sions in the future.
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Participants of the Expert Panel on Deposition at the Tallinn mee-
ting in 2011.

13th Expert Panel Meeting Foliage and Litterfall in Ljubljana, 
Slovenia, in 2013.

Participants of the Expert Panel on Deposition in action.
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Expert Panel on Meteorology, Phenology
and Leaf Area Index
Stephan Raspe, Stefan Fleck, Egbert Beuker, Teja Preuhsler

Since climate and weather are important factors for
the vitality and the condition of forests, meteorol-
ogy has been integrated into the Level II pro-
gramme since 1996. In accordance with the holistic
approach in the Level II programme of ICP Forests,
anthropogenic (e.g. air pollution) and natural stress
factors (e.g. extreme temperature or lack of pre -
cipitation) and their effects on forests should be
measured directly at the same locations. A first pre-
liminary manual was superseded by a more de-
tailed manual on methods of meteorological
measurement in forest monitoring by the Expert
Panel on Meteorology under the chairmanship of
Teja Preuhsler, Germany.

At the Task Force Meeting in Farnham in the UK in
1997, the new manual was accepted. During an ex-
cursion in the course of this meeting in May, a sig-
nificant level of insect damage to oak trees was
found. This was not discernible in the crown condi-
tion assessment carried out the following summer,
illustrating that regular observation of the vegeta-
tion is of great importance to explain forest condi-
tion. This finding was the beginning of phenology
within ICP Forests. At the Task Force meeting in
Rome, Italy, in 2005, Teja Preuhsler passed on chair-
manship of the Expert Panel to Annemarie Bastrup-
Birk from Denmark, who had been very active on
the Expert Panel for a long time. One year later, An-
nemarie transferred to the Joint Research Center
(JRC) of the European Commission, and Stephan
Raspe from Germany was assigned as the new chair-
man at the Task Force Meeting in Tallinn, Estonia. 

The first ICP Forests meeting on phenology was
held in September 1997 in Punkaharju, Finland.

Twenty-seven experts from 15 countries discussed
the possibilities of including phenology as a new
parameter to be assessed on the Level II plots. It
had been recognised that phenology is a strong in-
dicator for changes in environmental factors, espe-
cially climate. A questionnaire carried out before
the meeting had revealed that several countries
had already started with phenological observations
on their Level II plots a few years earlier. As an out-
come of this meeting, an ad-hoc working group
(Egbert Beuker, Teja Preuhsler, Astrid Vasella, Päivi
Merilä, Koen Kramer and Marco Ferretti) was estab-
lished to prepare a sub-manual for phenological ob-
servations at Level II plots and to test it in practice.
  
For many countries it was difficult to include phe-
nology in their Level II network because it was not
feasible to make sufficiently frequent observations
on the Level II plots. The Level II network was not
designed for it and most of the plots were located
far from urban areas. Also, the fact that phenolog-
ical observations were visual observations, giving
a subjective value, not measured data, caused
some opposition to the introduction of phenology
into the programme. Because of this it proved im-
possible to have phenology included as a manda-
tory part of the programme.

Three years after the first meeting in Punkaharju,
the ICP Forests Task Force accepted at its meeting
in Gent, Belgium, in 2000, that phenological obser-
vations could be assessed on the Level II plots as
an optional parameter. Phenology was added to the
Expert Panel for Meteorology, which then became
known as the Expert Panel on Meteorology and
Phenology, under co-chair Egbert Beuker from Fin-
land. After 11 years leading the phenology group,
Egbert Beuker resigned as co-chair at the Task
Force Meeting in Copenhagen in Denmark, and
Urša Vilhar of Slovenia followed.

Expert Panel on Forest Growth
Tom Levanič, Markus Neumann

The Expert Panel on Forest Growth was the second
expert panel, formally set up in 1991. Only the Soil
Expert Panel has a longer history within ICP
Forests. Since that time, up to 30 experts have
met at a total of 12 meetings, in more recent years
often back to back with other groups. The group
was initiated by John Innes from the UK, who
chaired the expert panel from the very beginning;
he was succeeded by Matthias Dobbertin (CH) in
1999. After the sudden and deplorable death of
Matthias in October 2012, the panel was interim-
chaired by Markus Neumann until 2014, when Tom
Levanič was elected as chairman.

The very first meeting in Farnham in the UK in
1991 focused on considerations of how crown con-
dition assessments could be correlated with incre-
ment to enable estimates of growth reduction to
be made based on crown damage data. At this
early stage, the subsequent expert panel in Sop -
ron then took the first steps towards developing a
manual for periodically repeated growth assess-
ment on Level II plots. After the installation of in-
tensive monitoring plots (Level II), starting in 1995,
further meetings dealt with data formats, coding
questions, plausible ranges, and ways of data
checking and correction before storage of the in-
formation in a central database. The potential der-
ivation of information on carbon stocks from Level
II data on a European scale was very controversial
at that time and the subject of much discussion.

First studies using growth data from Level II plots
were presented at the meetings in 2002 and 2004.
Later on, a first harmonised evaluation of data
from more than 800 Level II plots became possible.
This evaluation was based on the growth data from

four assessment campaigns providing tree growth
data for three subsequent five year periods. These
results were published in the Technical Report of
2011. The years 2011 and 2012 were also dedi-
cated to an intensive update of the manual as part
of the Forest Monitoring book published in 2013.
The future of the EP Growth is even more challeng-
ing. After more than 20 years of intensive work, we
are finally in possession of a data set that can be
used for studying trends in European forests. By
analysing it, we can put trends and changes in a
temporal and spatial perspective. We will continue
to carry out these evaluations in the coming years.
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Participants of the 7th Meeting of the Expert Panel on Forest
Growth in Innsbruck, Austria, in 2005.
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The Task Force meeting in Białowieża (May 2012)
adopted the LAI manual, which became part XVII
of the ICP Forests manual. The proposition for a
new LAI survey with mandatory annual measure-
ments on core plots and optional measurements on
regular Level II plots was adopted by all countries,
and this forms the foundation of the current survey.
The position of a co-chair for LAI measurements
was established within the Expert Panel, and the
Expert Panel was renamed the “Expert Panel on
Meteorology, Phenology, and Leaf Area Index”
under co-chair Stefan Fleck from Germany.

Summarising the history of our Expert Panel, it is
obvious that it is not only the structure and names
that have changed during 30 years of ICP Forests,
but also its importance and objectives. Initially the
Expert Panel for Meteorology considered only the
effect of meteorological factors on forest vitality
and condition. The inclusion of phenology and the
LAI meant that effects were also added to the
scope of the Expert Panel. The group of pure forest
meteorologists was thereby extended to include
phenologists and experts in LAI measurement.
While the creation of the manuals was initially the
main task of the Expert Panel, its work on data
quality and data analysis has become more and
more significant over the years.

The discussion on climate change effects on forest
ecosystems is giving added importance to our Ex-
pert Panel. The meteorological and phenological
time series in our programme are in growing de-
mand. The water budget in particular is increas-
ingly the focus of interest. Water budget modeling
is therefore becoming a key aspect of the work
within the Expert Panel, complementing soil water
measurements on core plots. Thus we will also con-
tribute to understanding the water supply of the
forests in future.

Within the Level II programme, the phenological
observations also included the recording of dam-
aging biotic and abiotic events and phenomena.
This information could be used as an early warning
system for damage.

Technical solutions that could provide information
on the timing of annual damaging events were also
accepted as possible to use. Initially the continuous
measurement of girth bands and later also digital
(web) cameras were included in the manual.

As for the crown condition observations, it is essen-
tial that the field staff is properly trained in carrying
out the phenological observations if reliable data is
to be obtained. A number of international training
courses on phenology were organised in Switzer-
land (2006), Slovenia (2009) and Austria (2011).
The latter two courses also included training in the
assessment of the Leaf Area Index (LAI).

The Leaf Area assessment is the youngest survey
within ICP Forests. It started with the EU Life+ Fut-
Mon project (Further Development and Implemen-
tation of an EU-level Forest Monitoring System,
2009-2011) to develop new integrated key indica-
tors for tree vitality, and as an input parameter for
water budget models. An extended comparison of
LAI measurement methods was carried out: LAI-
2000, TRAC, airborne Lidar and terrestrial Lidar
measurements were compared to leaf area derived
from leaf litterfall, as the ultimate standard in de-
ciduous forests. In parallel, hemispherical photo-
graphs were taken on numerous other plots.

One goal of the FutMon project was to develop a
manual on LAI measurement methods for monitor-
ing purposes. The first step in this direction (2009)
was the “FutMon field protocol on radiation mea -
surements and leaf area index (LAI)”. Further steps
were the “Report on methods to assess Leaf Area
Index (LAI) including LIDAR” and the "Manual for
LAI assessments", which were both presented as
project reports in 2011.

In October 2011, a group of scientists was invited
to Vienna by the Expert Panel on Meteorology and
Phenology. The goal was to combine the experi-
ence gained on LAI measurements in order to de-
scribe standard procedures for LAI measurements
within the ICP Forests monitoring programme.

The group (Matjaz Cater, Stefan Fleck, Martin
Greve, Christian Hertel, Stephan Raspe, Patrick
Schleppi, Liisa Ukonmaanaho, Wendelin Weis)
worked very efficiently and needed only one more
combined session (in Freising in 2012) to come up
with separate texts for each of the methods. The
texts were combined and extended to form one
common draft manual for LAI measurements by
the beginning of May 2012.
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Participants of the field course on phenological autumn phases
during the meeting of the Expert Panel on Meteorology and Phe-
nology, and the LAI workshop in Vienna, Austria, in 2011. 

András Koltay
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Working Group QA/QC in Laboratories
Nils König, Anna Kowalska

After the first “Workshop of Quality Assurance and
Quality Control in Laboratories Performing the
Deposition Analysis” in 2001 in Ispra (Italy), the
Expert Panel on Deposition (EPD), under the chair-
manship of Erwin Ulrich (France) decided to de-
velop QA/QC guidelines for the laboratory work,
and to organise working ring tests to improve the
quality of the ICP Forests laboratories and to ensure
data comparability.

As a result of the second QA/QC workshop in
Fontainebleau (France) in 2002 it was decided to
set up a special QA/QC working group as an infor-
mal subgroup of the EPD within ICP Forests. At the
EPD meeting in Kranj (Slovenia) in 2004, this group
was formalised; Rosario Mosello (Italy) became the
first chairman of the new 10-member group. To-
gether with Erwin Ulrich, he dedicated himself to
establishing better under stan ding of the impor-
tance of QA/QC both within individual laboratories
and between all laboratories of the ICP Forests
programme. The aims of the “Working Group
QA/QC in Labs” (WG QA/QC) were continuous work
on the QA/QC part of the ICP Forests deposition
manual, the organisation of ring tests, the estab-
lishment of an assistance programme for laborato-
ries with analytical problems, and the exchange of
knowledge about analytical methods, instruments
and problems.

During the next few years it very quickly became
clear that the quality work on water analysis
(deposition, soil solution) needed to be combined
with work on soil and foliar analysis. At that time,
soil and foliar ring tests were organised and evalu-
ated by the Forest Soil Coordination Centre (FSCC)
in Brussels (Belgium) and the Forest Foliar

Coordination Centre (FFCC) in Vienna (Austria). The
ring test organisers Bruno De Vos (soil), Nathalie
Cools (soil) and Alfred Fürst (foliar) joined the WG
QA/QC meeting in Brussels (Belgium) in 2007 to
discuss the possibilities of forming a combined
working group.

In 2007 at the Task Force meeting in Zvolen (Slovak
Republic), the new combined group was formally
set up as a subgroup of the Programme Coordinat-
ing Group (PCG) of ICP Forests. Nils König (Ger-
many) took over the chairmanship of the new
group. It was the beginning of a very successful
collaboration, resulting in important publications on
quality in laboratories, a good exchange of analyt-
ical knowledge at five regularly held meetings of
the heads of the labs and many ring tests (7 water,
8 soil and 19 foliar ring tests) with continuously
better results.

Expert Panel on Soil and Soil Solution
Bruno De Vos, Tiina M. Nieminen, Nathalie Cools

Initiated in 1990, the Forest Soil Expert Panel
(FSEP) has already convened at 19 meetings, and
it will celebrate its 20th meeting in spring 2017.
Generally, about 25 to 40 experts from over 20
countries have participated in the past meetings. 

Belgium and Finland have always provided the EP
chairs and co-chairs for both soil and soil solution.
Michael Starr (Finland) was the first “Soil” chair,
followed by the Belgians Franz De Coninck
(1991–1996), Eric Van Ranst (1997–2006) and
Bruno De Vos (2007–present), whereas John
Derome (Finland), who passed away on 7th June
2010, was the chair of the ICP Forests Working
Group on Soil Solution from 2001. It merged in
2008 into the EP on Soil and Soil Solution. In 2010,
Tiina M. Nieminen (Finland) took over as co-chair
for Soil Solution. The Forest Soil Coordinating Cen-
tre (FSCC) supported the EP from 1992 onwards,
and since 2002 it has been headed by Nathalie
Cools (Belgium). 

Over the past 25 years the Forest Soil Expert Panel
has set up a harmonised soil monitoring pro-
gramme for soil solution and solid soil. It has
prepared and conducted two pan-European forest
soil surveys on both monitoring levels (Level I and
Level II), and elaborated the results in two “Forest
Soil Condition Reports”. A quality control pro-
gramme has been launched for the collection of
samples in the field and analysis in the laboratory.
Interlaboratory comparisons were initiated within
the Expert Panel, and from the 7th ring test on-
wards in a fully harmonized way along with the
other ICP Forests surveys employing laboratory
analyses. 

During John Derome’s memorial seminar on 30 No-
vember 2010 in Rovaniemi (Finland), we remem-
bered John’s competence and enthusiastic, always
open-minded spirit. He was certainly one of the
driving forces in the Forest Monitoring Programme
and for many among us a beloved colleague and
friend. That day and during subsequent meetings
we often remind ourselves that thanks to his spirit,
our EP is not just a group of national soil experts,
but rather a fellowship of European research com-
rades passionate about the forest ecosystem and
its soils. 
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Participants of the 13th Meeting of the Expert Panel on Forest Soil
in Alton, UK, in 2006.

Participants of the 5th Meeting of the Heads of the Laboratories
in Vienna, Austria, in 2015.
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Enhancing the scientific profile of the ICP
Forests - the Scientific Evaluation Committee
Marco Ferretti

Think about a monitoring programme incorporating
approx. 6000 Level I plots and over 30 years of
data on tree health, and supplementary data on
soil (including C stocks) and foliar chemistry; ap-
prox. 300-900 Level II plots active since 1992–1998
with different combinations of measurements of
nutrients, air pollutants, deposition, tree health and
growth, biodiversity, phenology, and meteorology;
and a database that can be accessed through a
designated data policy. Now think of the potential
of such an infrastructure for forest scientists, deci-
sion makers, experts, and citizens: it is hardly
surprising that around 90 different data retrieval
applications have been submitted, and that
hundreds of peer-reviewed papers based on such
data have been published over the years, including
papers in journals like Nature, Nature Climate
Change, PNAS, and Global Change Biology (see for
example http://icp-forests.net/page/scientific-pub-
lications).

The potential of the data generated by the ICP
Forests is, however, still largely unexplored. Actu-
ally, the ICP Forests community concentrated for
many years almost entirely on data collection,
rather than data evaluation. While the first is im-
portant, it is equally important to realise that data
evaluation and publication are now inescapable
policy goals. The Scientific Evaluation Committee
(SEC) was therefore established after the 2011 Task
Force meeting held in Copenhagen, Denmark, with
the mandate to promote the evaluation of the ICP
Forests data, the publication of results, and — ulti-
mately — to augment the scientific profile of the
ICP Forests. 

Since then, a number of initiatives have been
launched, notably the organisation of four Scientific
Conferences (Warsaw 2012, Belgrade 2013, Athens
2014, Ljubljana 2015) with more than 140 presen-
tations and posters, the publication of a book in De-
velopments of Environmental Science by Elsevier
(Ferretti and Fischer, eds., 2013, Forest Monitoring,
DES, Elsevier, 507 ps), and two Special Issues (Fer-
retti and Schaub, eds., 2014, Forest Ecology and
Management; Rautio and Ferretti, eds., 2015, An-
nals of Forest Science). As a demonstration of the
effectiveness of promoting some “evaluation atti-
tude” within the ICP Forests community, it is worth
mentioning that ICP Forests-based presentations
and posters were probably the largest cluster con-
tributing to the recent IUFRO Conference on the
“Global Challenges of Air Pollution and Climate
Change to Forests” held in Nice in June 2015.

The potential of the data grows year by year as the
data series get longer. For this reason, besides the
huge number of evaluations being undertaken (see
for example http://icp-forests.net/page/project-list),
new initiatives are continuously being launched, in-
cluding co-operative long-term evaluations and
newly devised scientific conferences.

All the above examples of progress were made pos-
sible by the contributions of many colleagues. Be-
sides all the scientists, experts, administrators and
surveyors active all year round in running the pro-
gramme, I would like to thank the members of the
Scientific Evaluation Committee and the Pro-
gramme Co-ordinating Centre for their continuous
support.

Ensuring the value of the monitoring and
data - the Quality Assurance Committee
Marco Ferretti, Nils Koenig 

Ensuring adequate data quality is vital for any
monitoring programme. Despite efforts in this
direction since the early stages of the ICP Forests
(international training courses for the assessment
of crown condition have been organised since
1987), concern about data quality and data
comparability has been expressed repeatedly over
time. We can now see the 1980s as a pioneering
era, when the need for and basis of the future
activity in the field of Quality Assurance and Qual-
ity Control in forest and ecological monitoring were
made explicit. 

The need for documented, high data quality was
taken seriously within the ICP Forests. As the pro-
gramme expanded, training and intercalibration
sessions were also increased during the 1990s, and
ring tests for soil, foliar and water chemistry were
initiated under the co-ordination of different expert
panels.

Two major changes occurred during the 2000s:
firstly, all the laboratory-based ring tests were
organised within the framework of the newly
established Working Group on Quality in Labora -
tories. Secondly, a much broader range of topics
was  addressed – not just the quality of individual
measurements. This activity resulted in a broader
vision, and the setting-up of the Quality Assurance
Committee, formally inaugurated at the 23rd Task
Force meeting in Zvolen, Slovak Republic, in May
2007. A harmonised and co-ordinated approach to
data quality was developed, covering formal
expression of objectives, definitions, sampling,
data quality requirements, data storage, and
processing and reporting within individual investi-

gations. This has resulted in a thorough revision of
the ICP Forests Manual, implemented thanks to the
support of the Life+ project “FutMon”, co-financed
by the European Union. It also gave rise to a book
on forest monitoring methods.

Nowadays, all surveys and investigations
conducted within ICP Forests are carried out within
a Quality Assurance perspective, most variables
have defined data quality requirements, and the
manual is internally consistent in terms of structure
and contents, with a clearly defined updating
process. We have come a long way since the
1980s, when ICP Forests consisted of a single
survey (crown condition), the data of which were
much criticised. It took time, as the knowledge and
practice necessary for large-scale, co-ordinated,
international monitoring programmes was almost
non-existent in the 1980s. However, the work that
has been done, the commitment of experts, and
the outstanding improvement in the quality of data
that has been achieved so far are all things that
permit us to look ahead with confidence in the
knowledge that we can rely on what is probably the
most extensive, longest-running quality-assured
forest monitoring data series worldwide.

These results were made possible by dozens of
experts, too numerous to be listed here individu-
ally: the National Focal Centres, who have helped
with all the training, intercalibration and ring-tests
over the years; the members and chairpersons of
the Expert Panels, and of the Soil and Foliar Co-
ordinating Centres; all past and present staff at the
Programme Co-ordinating Centre; and past and
present Chairmen of the ICP Forests. 
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The ICP Forests PCC Collaborative Database
– the backbone of ICP Forests
Walter Seidling, Till Kirchner 

The collection and the consolidated storage of data
have been a major concern within the ICP Forests
Programme since the very beginning, when the Na-
tional Focal Centres (NFCs) still sent their data to
the ICP Forests Programme Co-ordinating Centre
(PCC) and the Forest Intensive Monitoring Co-ordi-
nating Institute (FIMCI, 1994-2003) on paper and
later on  floppy disks.

Since then, more and more formalised workflows
have been developed in order to handle the
growing amount of data and to ensure its overall
quality. By the end of the 1990s, an advanced step-
by-step system of check routines had been intro-
duced by FIMCI to check data before submission by
the NFCs.

When the Joint Research Centre (JRC) was respon-
sible for the management of the data as part of the
Forest Focus regulation (2003–2006), a web
platform was created to allow the submitting and
checking of data online in real time. This guaran-
teed direct feedback on the data quality for the first
time. After the PCC had re-assumed responsibility
for the data infrastructure, the system was devel-
oped further during the EU LIFE+ FutMon project
(2009–2011).

During the last two years, the data infrastructure
and corresponding workflows have been advanced
still further, the goal being to offer a transparent
data management and documentation system to
both data suppliers and user of the data.

As environmental monitoring data is quite com-
plex, it is a continuous task to improve it in order
to be able to provide data of the best quality pos-
sible to both internal and external scientists. With
time series covering up to 30 years, ICP Forests
stores, handles and provides a unique data set that
has already been used for innumerable scientific
analyses, leading to an enhanced understanding of
forest ecosystems across Europe and beyond.
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SELECTED MONITORING RESULTS
OF ICP FORESTS

FOREST HEALTH IN EUROPE
Nenad Potočić, Volkmar Timmermann 

Tree defoliation and the occurrence of biotic and
abiotic damage are important indicators of forest
health, and they are considered within Criterion 2,
“Forest health and vitality”, one of the six criteria
adopted by Forest Europe to provide information
for sustainable forest management in Europe.
They are assessed annually on ICP Forests large-
scale monitoring plots (Level I) and intensive mon-
itoring sites (Level II) according to Europe-wide,
harmonised standards.

In 2014, defoliation and damage cause assess-
ments were carried out on approx. 100,000 sample
trees on more than 5,600 Level I plots in 24 Euro-
pean countries. 

Defoliation status, annual changes and long-
term trends 

Tree crown condition, assessed in terms of defolia-
tion, discolouration and biotic and abiotic damage,
is regarded as one of the most important indicators
of forest health. Tree defoliation is a key
variable, and provides an estimate of foliage loss
in the tree crown in comparison to a fully foliated
reference tree. Trees showing more than 25%
defoliation are generally considered as damaged,
and in 2014, 23.8% of all trees (all species) fell into
this category. Deciduous tree species showed a
higher mean defoliation than conifers, with
deciduous temperate oak species being the most
damaged trees. Scots pine (Pinus sylvestris) and
Mediterranean lowland pines had the lowest
defoliation values. It is worth noting that in some
regions in central and southern Europe there were
clusters of plots with high mean defoliation,
especially in parts of France, northern Italy, Slove-
nia, Slovakia, the Czech Republic and central Ger-
many (Fig. 2.1).

Individual tree species display different defoliation
patterns over time, with relatively large annual
variations. However, analyses of long-term data
series for the period 1992–2014 revealed highly
significant trends for defoliation in several species
(Fig. 2.2): deciduous temperate oak species (Quer-
cus robur, Q. petraea), evergreen oaks (Q. coc-
cifera, Q. ilex, Q. rotundifolia, Q. suber), deciduous
(sub-) Mediterranean oaks (Q. cerris, Q. pubescens,
Q. frainetto, Q. pyrenaica) and Mediterranean low-
land pines (Pinus pinaster, P. halepensis, P. pinea,
P. brutia) showed the most prominent increase in
defoliation, while there was a moderate increase
for European beech (Fagus sylvatica) and only a
small increase for Norway spruce  (Picea abies). No
trend was found for Scots pine. 
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Figure 2.1. Mean plot defoliation of all species in 2014 (Seidling et al. 2015).
Parcours for an intercalibration course on crown condition in a
pine stand in Finland in 2001.

Walter Seidling
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Abiotic and biotic damaging agents and inva-
sive species

Studies conducted on data from the ICP Forests
monitoring networks pointed out the importance of
both biotic and abiotic damaging factors for full un-
derstanding of the multitude of factors influencing
forest health. Damage cause assessments carried
out in the Level I network in 2014 showed that
40.2% of the trees were affected by one or more
damaging agents, with insects being the most im-
portant agent group, followed by abiotic factors and
fungi (Fig. 2.3). Defoliating insects accounted for
13% of all damage records, drought for 8%, and
decay and root rot fungi for 2%. An increase in the
frequency of drought episodes and other weather
extremes like storms can be expected in future as
a consequence of a changing climate. At the same
time, damaging insect and fungal species might ex-
pand their distribution range due to more
favourable climatic conditions.

One example of a non-native, invasive species is
the ash dieback fungus Hymenoscyphus fraxineus,
threatening European ash (Fraxinus excelsior) on a
continental scale.

No direct, acute damage from air pollution was
recorded (Fig. 2.3.). It is well known, however, that
air pollutants often have indirect effects. This is par-
ticularly true in the case of N deposition, which can
affect the nutritional status of soil and foliage, caus-
ing imbalances and potentially leading to increases
in sensitivity to other damaging agents, whether bi-
otic or abiotic. Tropospheric ozone is also consid-
ered a factor that, besides causing visible damage,
may have an impact on photosynthesis, causing re-
duced growth and potentially having an adverse ef-
fect on forest health. Nitrogen deposition and ozone
effects deserve a closer look: the evidence of their
impact on forest health emerging from the ICP
Forests data is given in the following chapters. 

Forest health in a changing climate

The quantification of the response of forest ecosys-
tems to a changing environment is fundamental for
the sustainability of forest ecosystem goods and
services, their maintenance, enhancement and
restoration. Air pollution and climate are important
drivers in this context. Crown condition of European
beech, for instance, is largely influenced by
drought. Several studies revealed the responses of
European forests to climate, with drought stress
being of particular concern. In southern Europe in
general, and in Spain in particular, species-specific
responses to drought pressures underlying a com-
plex geographical mosaic have been disclosed. Sen-

sitivity of Norway spruce to variations in climate
conditions has been documented in Lithuania. A
study from France reported a general increase in
defoliation for several species in response to pre-
cipitation deficiency, most pronounced for Euro-
pean beech and sessile oak (Quercus petraea). Also
in the Turkish Level I monitoring system, drought
seems to be one of the main drivers for defoliation,
especially in broadleaves. A recent overview of var-
ious studies from different parts of Europe reports
that climatic factors and in particular drought stress
appear to be primary drivers for variations in crown
condition, while the effects of air pollution seem to
be more species-specific and limited in time and
space. 
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Figure 2.2. Defoliation trends of main species and species groups 1992–2014 based on plots which were assessed between 1992 and
2014 for at least 20 years.

Figure 2.3. Most important damaging agents and agent groups in 2014 (Seidling et al. 2015).
1 Visible symptoms of direct atmospheric pollution impact only.
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NITROGEN DEPOSITION AND ITS IMPACT
ON THE SOIL AND VEGETATION
OF EUROPEAN FORESTS
Nathalie Cools, Elena Vanguelova, Karin Hansen

This chapter shows the main spatial distribution
and temporal trends of nitrogen (N) deposition
across European forests and presents findings of
the effects of N deposition on forest soils, tree
health, growth and nutrition, and forest biodiver-
sity. The text describes the main messages
communicated by these studies.

Spatial and temporal trends of N deposition

The throughfall deposition of nitrate and ammo-
nium is highest in northern central Europe. In
southern Germany, northern Italy and further west,
in northern Belgium and the Netherlands, deposi-
tions of more than 20 kg N ha-1 yr-1 were recorded
(Fig. 3.1).

Overall there was a decreasing trend in N deposi-
tion of about 2% per year between 2001 and 2010.
This indicates a reduction in N deposition across
European forests likely following reductions in N
emissions. The strongest decreasing trend was ob-
served in western and central Europe, in regions
with relatively high deposition fluxes.

East of the Alpine region and in northern Europe
there was no change or even a slight increase in
deposition between 2005 and 2010 (Fig. 3.2). Al-
though trends are promising, further reductions in
emissions are necessary if the deposition is to be
reduced to levels below critical limits, i.e. levels
below which there are no significant harmful
effects  on the environment.

 

Recent regional and national studies based on
intensive monitoring sites in Italy, Switzerland,
Ireland, Sweden, Belgium, the Czech Republic,
Germany and the UK support these differences in
temporal patterns among the countries (increases
as well as decreases). A significant increase in
dissolved organic N in rainfall, throughfall and soil
solution has been observed in a growing number
of countries, such as in the UK and in northern
Belgium.

Projections of future scenarios made by modelling
the exceedance of the N critical loads predict that,
under full implementation of existing clean air leg-
islation, 20% of the forest sites will still be vulner-
able to N deposition in 2020. Under future climate
change scenarios, decreasing critical load thresh-
olds imply an increased sensitivity of the forest to-
wards N input.
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Figure 3.1.  Mean annual inorganic nitrogen (NH4+ and NO3-, kg
N ha-1 yr-1) in throughfall deposition in the year 2010 (Waldner
et al. 2014).

Figure 3.2. Trend of inorganic nitrogen (NH      4+ and NO3-, kg N
ha-1 yr-1) throughfall deposition determined with Partial Mann-
Kendall tests on plots with continuous measurements from 2005
 to 2010 (Waldner et al. 2014). Non-significant positive and neg-
ative changes are indicated with ‘no change (+)’ and ‘no change
(-)’, respectively. 
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Nutritional status in the soil

Excessive input of N accelerates eutrophication
effects in soils, such as loss of nutrients by leaching,
and elevated nitrate levels in percolation and runoff
water. In northern Belgium, the trend of soil solution
nitrate leaching fluxes mirrors the declining trends
in the deposition of sulphate, ammonium and ni-
trate.

The capacity of the soil solution to neutralise acids
increased, but remained negative, indicating that
soil acidification is ongoing. The start of recovery
from acidification was delayed by a simultaneous
decrease over time in the deposition of base cations
and short-term soil buffering processes. Despite
substantial reductions, current N deposition levels
in some parts of Europe still exceed the critical load
for safeguarding sensitive lichen species by 4–8
times, and they are still 22–69% above the critical
load for maintaining ground vegetation diversity.

In Ireland, it has not yet been possible to discern
significant effects related to decreased N deposi-
tion. In the UK, a decline in nitrate in the soil
solution was detected, but only at sites receiving
declining high N deposition. The soil weathering
process contributes significantly to the provision of
base cations and is therefore essential for the
sustainability of site productivity e.g. in boreal
catchments receiving low deposition loads. In
Italy, topsoil exchangeable base cations and pH
decreased with increasing N deposition. 

A number of studies concentrated on the relation
between dissolved organic carbon (DOC) and
dissolved organic N (DON). In northern Belgium,
the soil solution DOC has increased over the
past 11 years. In surface waters an increasing
trend in DOC concentration has been related to a
decreased deposition of sulphate and chloride. In
Norway, evidence is appearing to suggest that DOC
concentrations in the soil solution are related to
non-marine sulphate and chloride, while the most
important variable explaining DOC leaching from
the soil is the ammonium content in the soil 
solution. Across Europe, a positive relationship was
established between DOC trends and mean nitrate
(NO3

-) deposition and a negative correlation with
mean sulphate (SO4

2-) deposition, depending on N
deposition loading at the sites.  In the UK, the DON
in soil solution has increased significantly in many
forests, which is likely to be due in part to increased
DON input by rainfall.

Although C:N ratios on forest floors and in mineral
topsoils across Europe are mainly driven by tree
species, N deposition partially explains the ratio.
Further analysis for eight main tree species shows
that the influence of environmental variables on
the C:N ratios is dependent on the tree species. 
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Permanent soil sampling plot and installation of a soil moisture sensor (tensiometer) in Freising, Germany.

Andras Koltay
Steffen Schobel Tanja Sanders
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Development of mycorrhiza

Increased N availability reduces fine root biomass
and has a negative effect on the development of
mycorrhizae. Increased N reduces fungal diversity
and causes shifts in mycorrhizal community com-
position in pine stands along an N gradient in the
UK and Germany and in spruce stands in Denmark.
Along the climatic and N deposition gradient in sub-
arctic-boreal to temperate regions in Europe, N
deposition can be used to predict about 80% of the
total variability of the ectomycorrhizal root tip bio-
mass in relation to tree basal area in Norway
spruce. The most rapid decline in the ectomycor-
rhizal biomass occurs when N deposition at forest
stands increases from 1 to 4 kg N ha-1 yr-1.

Tree growth

Nitrogen deposition may alter the growth of
nutrient limited forests and lead, in combination
with increased carbon dioxide (CO2) content in the
atmosphere, to increased tree growth and C
sequestration at least in the short-term. In Finland,
where deposition is relatively low compared to the
rest of Europe, the N enrichment of the forest
ecosystem has a positive effect on tree growth and
the sustainable yield at harvest. In boreal conifer-
ous forests, N deposition accumulating during a
rotation period is able to compensate for the export
of N caused by conventional stem-only-harvesting
in final felling operations. If more intense whole-
tree harvesting regimes are practised, the sustain-
ability of site productivity will be challenged,
especially in Norway spruce stands. 

Forest stem growth in Swiss forests is enhanced by
N deposition up to a level of 20-25 kg N ha-1 yr-1,
with no further increase beyond that threshold (Fig.
3.3). In Italy, a positive growth response occurs
even beyond such a threshold at sites where there
are signs of possible, perhaps recent N saturation
(Fig. 3.3). 

Despite the high levels of N deposition in Austria,
the increase in forest stand density and productiv-
ity has increased demand for N. Soils retain N effi-
ciently, and nitrate leaching into the groundwater
is currently not a large-scale problem. 

Nutrient balance of trees

European forests seem to be shifting from N limit-
ing growth to phosphorus (P) limiting growth. Phos-
phorus, sulphur, and potassium have decreased as
a proportion of foliar nutrition in comparison to N
nutrition over the past 20 years. In Italy for exam-
ple, foliar nutrient N ratios (especially N:P and N:K)
increase with increased N deposition. The decrease
in P nutrition is more pronounced in forests with an
already low P status. This suggests that high nutri-
ent demands due to increased tree productivity
cannot always be met and/or that a high N status
impairs P uptake. Nitrogen deposition above 20 kg
ha-1 yr-1 has an impact on tree physiology by stim-
ulating the tree flowering and fruiting of both
conifer and broadleaved species in the UK.
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Figure 3.3. Change of Net Primary Productivity (Switzerland) or
relative increment (Italy) in terms of carbon and in relation to N
deposition. NPP and growth rate are assumed to be 100 (dotted
line) for the lowest N deposition rate of each data set (re-calcu-
lated and re-drawn in accordance with Etzold et al. 2014 and
Ferretti et al. 2014)

Figure 3.4. Predictor importance derived from Random Forests Analysis (RFA). A: Tree species with NHy-nitrogen deposition (Nred) as
the most important predictor of defoliation. B: Tree species with NOx-ni trogen deposition (NOx) as the most important predictor
(re-drawn in accordance with De Marco et al. 2014). 
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Tree health and crown condition

Research based on a large set of soil, foliar and de-
foliation data from the ICP Forests Level I network
in combination with modelled climate and deposi-
tion data has shown the N deposition and climatic
parameters to be important predictors of defolia-
tion in several tree species (Fig. 3.4). Defoliation
and discolouration were also related to the foliar
N:P ratio. Nitrogen deposition was found to influ-
ence the foliar N:P ratio, supporting the idea of
increased defoliation (or discoloration) with N de -
position above a certain threshold.

ICP Forests intensive monitoring plots (Level II)
permit more direct comparisons of crown condition
with measured deposition data at the same sites,
and recently published data shows that throughfall
N deposition correlated positively with the propor-
tion of European beech and Norway spruce trees
displaying more than 25% defoliation, while the op-
posite was true for Scots pine. Furthermore, the
share of trees showing more than 25% defoliation
rose with increasing ratios of foliar N to other nu-
trients for all tree species  considered, indicating
nutrient imbalances.

Biodiversity

The composition of ground vegetation is largely
determined by soil, climate and tree species, while
a small, statistically significant effect is attributed
to deposition. The effects of N deposition include
a slight shift towards nitrophylous species at high
levels of N deposition and possibly towards a ho-
mogenisation of the forest floor vegetation.

The replacement of oligotrophic species by eu-
trophic species in forest ground vegetation on a
European scale is a gradual process, and no imme-
diate response to exceedance of critical loads of N
is discernible in terms of species richness or homo -
geneity. In the Czech Republic, a higher abundance
of nitrophylous species was observed at sites with
higher N concentrations in the upper mineral soil
and the humus layer. An inventory of lichens on a
large subset of Level II sites across Europe shows
that the percentage of macro-lichens is largely
explained by N deposition. 
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GROUND LEVEL OZONE AND ITS
IMPACT ON EUROPEAN FORESTS
Marcus Schaub, Matthias Haeni, Marco Ferretti,
Elena Gottardini, Vicent Calatayud

Tropospheric ozone (O3) is a gaseous air pollutant
that can impact forest vegetation, causing effects
ranging from visible injury to reduced carbon sink
strength of forest trees, and it is thus a priority for
the UNECE Convention on Long-range Transbound-
ary Air Pollution. Emissions associated with the
burning of fossil fuel and biomass have approxi-
mately doubled the mean global tropospheric ozone
concentrations, and further increases are expected
over the course of the twenty-first century.

Ozone concentrations, exposure and trends

Most recent results from measurements made using
passive samplers located on ICP Forests Level II
sites across Europe reveal that seasonal mean
ozone concentrations recorded in April-September
from 2000 to 2013 ranged from 19 to 64 ppb, with
an apparent north-south gradient (Fig. 4.1). 

AOT40 ozone exposure (Accumulated concentra-
tions Over a Threshold of 40 ppb, the regulatory air
quality standard used in Europe to estimate the po-
tential risk posed to vegetation) was assessed.
Mean values of AOT40 for 2000-2013 ranged from
2 to 67 ppm h. The AOT40 threshold of 5 ppm h set
to protect forests from adverse effects was ex-
ceeded in almost all countries (Fig. 4.2). 
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Figure 4.1. Spatial distribution of April - September mean ozone concentrations (ppb) measured using passive samplers in 20 countries
from 2000 to 2013.

Figure 4.2. Mean AOT40 (ppm h) for 20 countries based on April - September passive ozone concentration values from 2000 to 2013.
The red line identifies the Critical Level of 5 ppm h set to protect forest trees.
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The overall decreasing trend of 0.35 ppb per year
during the time period 2000 to 2013 (Fig. 4.3 and
4.4) matches the latest findings of the European
Monitoring and Evaluation Programme (EMEP),
which indicates that modelled maximum values de-
creased by 0.1 to 0.5 ppb per year for the April-Sep-
tember period in most of Europe during 2000 to
2012. This is also consistent with a number of stud-
ies reporting a flattening or even reduction in the
ozone levels, most pronounced in summer. How-
ever, there are also European reports showing that
there are no downwards trends in ground-level
ozone concentrations.

The differing outputs from various trend reports
demonstrate the difficulty of modelling concentra-
tion trends. This underlines the great value of long-
term air pollution measurements made at the very
forest site as a means of ensuring the greatest pos-
sible accuracy and in situ model validation. 
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Figure 4.3. Scatter plot for ozone concentration (ppb) from passive samplers exposed in 20 countries from 2000 to 2013, showing a
faint but significant decrease of 0.35 ppb per year (n = 29 356; p = 0.000).

Figure 4.4. Spatial distribution of significant trends in weighted mean concentrations (ppb) on 214 sites with at least 6 years and 120
days per season data coverage between 2000 and 2013. Empty circles identify those plots for which trends could not be calculated
(< 6 years of validated data).
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results at both national and European level show
some statistical relationship between defoliation
and ozone exposure, the effects generally appear
limited, and they are not always consistent. For ex-
ample, results from a study in the Czech Republic
support the evidence that the current concentration
of ground level ozone has a significant impact on
the crown condition of Norway spruce, but not on
that of beech, and yet the radial increments of
beech were affected. A recent review of correlative
studies based on monitoring data does not confirm
the hypothesis that ambient ozone is generally a
key factor explaining spatial and temporal changes
in tree defoliation and forest growth in Europe.

Visible foliar symptoms are usually the first sign of
the presence of phytotoxic ozone levels, and their
measurement is a method of monitoring the poten-
tial impact of ozone on vegetation. From 2000 to
2002, a total of 65 species representing 52 genera
were seen to be manifesting symptoms of ozone
damage in Spain, Italy and Switzerland. Species

showing symptoms were found on 47% of the com-
mon monitoring plots in 2001, and on 38% in 2002.
However, the complex set of interactions (ozone
levels, factors controlling the uptake, and defensive
mechanisms) sometimes makes it difficult to estab-
lish a clear dose-response relationship between
ozone and plant response under real conditions in
the field. 

For example, although critical levels were reported
to have been exceeded by large amounts (AOT40 ex-
posure index ranged from 12.7–28.5 ppm h ppb from
2005 to 2008) in the Jizerské hory mountains in the
Czech Republic, foliar symptoms were observed only
on Rubus idaeus and Fagus sylvatica, two species for
which the role of confounding factors such as heat
and high radiation can also be important.

One way of disentangling the complex interactions
between species-specific sensitivity and environ-
mental factors in order to assess the actual “net im-
pact” of ambient ozone on plants growing on site in
the forest may be the use of single species in situ
bio-indicators. Studies conducted in Trentino, a
mountainous region in northern Italy, used Vibur-
num lantana as an in situ bio-indicator to assess the
frequency and temporal development of visible
symptoms (Fig. 4.5) at sites subjected to different
levels of ozone and the spatial distribution of symp-
toms in relation to ozone exposure.

Results showed that the temporal development of
symptoms was consistent with the temporal devel-
opment of AOT40, and that the number of plants dis-
playing symptoms and symptomatic leaves per
plant was significantly more frequent at sites with
higher exposure, especially at elevations over 700m
a.s.l. However, differences between the levels of
symptoms displayed at the different sites were not
always proportional to the differences in exposure.

Risk assessment at remote forest sites

Risk assessment at remote sites is often con-
strained by the limited availability of in situ data to
estimate ozone exposure. Conventional monitoring
of ground-level ozone is possible and/or affordable
only on a very limited number of sites, and conven-
tional monitors located in urban areas cannot be
readily used to infer risk to forests. ICP Forests data
offers a unique opportunity in this respect. There
have been several attempts to estimate risk to Eu-
ropean forests using ICP Forests data.

In a former European study with passive samplers
placed on 81 Level II plots, concentrations during
2000–2004 ranged from 30–45 ppb at most of the
stations. The highest ozone concentrations oc-
curred in southern Europe, especially in northern
Italy, southern Switzerland, and Spain. From 2000
to 2002, the AOT40 threshold of 5 ppm h to protect
forests was exceeded at 77—100% of the same for-
est sites across France, Italy, Spain and Switzerland. 

More recently, in the mountainous environment of
Trentino in Italy, geo-statistical modelling and map-
ping has been applied on the basis of ozone con-
centration data collected from 2007 to 2011 by
means of passive sampling on ICP Forests Level I
plots over an area of 6207 km2. Mean (May–July)
concentrations ranged from 29.5-86.1 ppb, and the
AOT40 risk threshold of 5 ppm h was exceeded on
90% of the study area. Considerable variability was
found between AOT40 values at individual sites,
even within the same EMEP grid cell.

Another study conducted in the Jizerské hory moun-
tains in the Czech Republic in 2006 and 2007
recorded seasonal averages of 41.1 ppb in 2006
and 36.0 ppb in 2007. The AOT40 threshold of 5
ppm h was exceeded over the entire area — by up

to 12 times in the upper portions of the mountains.
Direct measurement of air pollutants at the inten-
sive monitoring sites is therefore important in order
to evaluate the risk for vegetation and to document
spatial patterns, temporal variability, and trends in
areas not covered by conventional air quality mon-
itoring networks. It is also useful for providing a bet-
ter understanding and quantification of processes
of immission into European forest ecosystems.

The impact of ozone on forest vegetation

As a strong oxidant, ozone causes several types of
visible symptom, including chlorosis and necrosis.
It also decreases photosynthesis, leading to re-
duced plant growth and impairment to water-use ef-
ficiency and other functions. It has been estimated
that enhanced ozone levels have led to a 7%
decrease in forest biomass growth in the northern
hemisphere. Plants weakened by ozone may also
be more susceptible to pests, disease, and drought.
Experimental studies show a high variability of
different tree growth parameters in response to el-
evated ozone exposure. Despite the high variability
in the reactions of different tree species, the overall
impact seen in the experimental results shows a
clear decline in growth in response to elevated
ozone exposure. A reduced annual increment in
Norway spruce and also a delay of growth activity
for European beech exposed to double ambient
levels were reported. 

While the results of experimental studies conducted
under controlled conditions make valuable contri-
butions to our understanding of the mechanisms of
ozone effects on forest trees, observational field
studies on adult trees are also important, albeit
more difficult to interpret. Although monitoring
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Figure 4.5. Typical ozone-induced symptoms on Viburnum
lantana.

E. Gottardini
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ences and workshops (partly in co-operation 
with other ICPs and forestry organisations), by 
publishing peer-reviewed scientific articles in 
highly ranked journals, policy briefs, fact 
sheets, information bulletins, and in social 
media (internet blogs, ResearchGate, Face-
book, etc.). 

· To foster a high quality and transparent 
database and work towards open access to
researchers and stakeholders.

· To strive to maintain the used field mea-
surement methods at the latest state of 
technology in order to guarantee the high qual-
ity of data. A review of the Manual every five 
years and Expert Panel meetings will continu-
ously  promote awareness of the latest 
methodologies and instrumentation and dis-
cussion on  them. The concept of core plots 
with more in depth investigations is to be
further explored.

· To explore new tools and technologies
(e.g. satellites, remote sensors, proximal sens-
ing, new analytical instruments, modelling 
tools, information technology) and strive to
incorporate them into the programme.

· To use monitoring data to test cause-effect 
relationships, long-term trend analyses, and 
modelling (calibration, parameterization, and 
validation), and to evaluate the effects of forest 
management and environmental policy stratgies.

· To enhance co-operation with other ICPs
to promote integrated and cross-sectorial eval-
uations and reporting as well as unified mea-
surement protocols e.g. through mutual fund-
ing and scientific conferences.

· To stress the global importance of air
pollution monitoring and increase motiva-
tion for common activities by collaborating 
more closely with monitoring networks outside 
Europe, such as NADP (USA) and EANET (East 
Asia), and by inviting members from SEE and 
EECCA countries to join the ICP Forests
network.

· To encourage and increase future collab-
oration on other research activities and with 
other monitoring platforms by promoting joint 
use of research infrastructures, open data
access, data harmonisation, federated data-
bases and large-scale scientific evaluations, 
hereby expanding the possibilities for an even 
more comprehensive terrestrial monitoring re
search programme.

· To supply information to other bodies and 
programmes such as the FAO Forest
Resources Assessment (FRA 2015 and its long-
term strategy), the Ministerial Conference for 
Protection of Forests in Europe (Forest Europe), 
the UN Convention on Biological Diversity 
(CBD), the Framework Convention on Climate 
Change (UNFCCC), and other appropriate
bodies, e.g. of the European Commission (EC).

For more information on the programme, please
visit the ICP Forests website at http://icp-forests.net.

THE FUTURE OF ICP FORESTS -
OUR VISION, MISSION AND VALUES
FOR THE YEARS TO COME
Michael Köhl, Chair of ICP Forests,
and the Programme Co- ordinating Group of ICP Forests

ICP Forests has become a very successful forest
monitoring programme over the last 30 years. It has
provided the bodies of the LRTAP Convention, polit-
ical stakeholders, the scientific community, and the
public with relevant information on the status of for-
est ecosystems and on processes within them with
respect to transboundary air pollution and climate
change, thereby improving the dialogue between
the scientific and policy-making communities, and
making scientific knowledge more accessible to
policy makers and the public. As a result of the work
of ICP Forests and other programmes under the
LRTAP Convention, eight protocols containing
legally binding targets for emission reductions and
the prevention of air pollution in the UNECE region
have successfully been adopted over time by the
Parties to the Convention.

Our vision of the future of ICP Forests continues to
be that of a pan-European forest monitoring infra-
structure that integrates multiple levels and pro-
vides high quality, transparent, robust and open
access data on

(i) the status and trends of forest health, vitality, 
productivity and biodiversity;

(ii) the risks of forests being exposed to anthropo-
genic and natural stressors (separately and in
combination), and

(iii) progress in achieving the relevant policy goals 
to diminish risks.

In the years to come, ICP Forests will specifically
focus on the following objectives and actions as
specified in its new strategy for 2016-2023 which
has been developed by the ICP Forests Programme
Co-ordinating Group:

· To intensify co-ordination of national moni-
toring activities by offering a standardised 
infrastructure and facilities to potential users, 
including forest authorities, environmental 
agencies, and research institutions, enabl ing 
them to carry out additional research activities 
that complement the  central purpose and data, 
thereby leading  to improvements and/or
extensions to the programme, such as addi-
tional long-term experimental monitoring sites.

· To broaden the scope of monitoring activ-
ities for the unique long-term data series of 
traits and processes in forest ecosystems by 
considering topics such as the effects of
climate change, ecosystem services, biodiver-
sity, and large-scale scientific investigations.

· To follow-up on relevant international
policy issues and offer collaborative support 
by providing information and the scientific 
background for forest related policies and by 
giving advice to national and European policy-
makers.

· To strive for long-term financing of activi-
ties, particularly the maintenance of the exist-
ing infrastructure and required staff and the
exploring of further mechanisms for sustain-
able funding.

· To increase the visibility of the programme 
to improve acknowledgement and funding
opportunities by organising scientific confer-

57



60

CROATIA
Croatian Forest Research Institute, Jastrebarsko.
Nenad Potočić  (nenadp@sumins.hr)

CYPRUS
Ministry of Agriculture, Natural Resources and Environment, Nicosia. 
Andreas Christou (achristou@fd.moa.gov.cy)

CZECH REPUBLIC
Forestry and Game Management Research Institute (FGMRI), Jiloviště. 
Bohumir Lomsky (lomsky@vulhm.cz)

DENMARK
University of Copenhagen, Department of Geosciences and
Natural Resource Management, Frederiksberg.
Morten Ingerslev (moi@ign.ku.dk)

ESTONIA
Estonian Environment Agency (EEIC), Tartu.
Endla Asi (endla.asi@envir.ee)

FINLAND
Natural Resources Institute Finland (LUKE), Oulu. Päivi Merilä
(paivi.merila@luke.fi)

FRANCE
Ministère de l’Agriculture, de l’Agroalimentaire et de la Forêt, Paris. 
Jean-Luc Flot, Fabien Caroulle
(jean-luc.flot@agriculture.gouv.fr, fabien.caroulle@agriculture.gouv.fr).
Office National des Forêts, Fontainebleau.
Manuel Nicolas (manuel.nicolas@onf.fr)

GERMANY
Bundesministerium f. Ernährung und Landwirtschaft (BMEL), Bonn. 
Sigrid Strich (sigrid.strich@bmel.bund.de)

GREECE
Hellenic Agricultural Organization “DEMETER”, Institute of
Mediterranean Forest Ecosystems and Forest Products
Technology, Athens.
Panagiotis Michopoulos (mipa@fria.gr)

HUNGARY
National Food Chain Safety Office (NFCSO), Forestry Directorate,
Budapest. 
Laszlo Kolozs (kolozsl@nebih.gov.hu)

IRELAND
University College Dublin, School of Agriculture & Food Science, Dublin.
Jim Johnson (jim.johnson@ucd.ie)

ITALY
Ministry for Agriculture and Forestry Policies, National Forest
Service, Rome. 
Angela Farina, Laura Canini
(a.farina@corpoforestale.it, l.canini@corpoforestale.it)

LATVIA
Latvian State Forest Research Institute “Silava”, Riga. 
Zane Lībiete-Zalite (zane.libiete@silava.lv)

LIECHTENSTEIN
Amt für Umwelt (AU), Vaduz.
Olivier Nägele (olivier.naegele@llv.li)

LITHUANIA
State Forest Survey Service, Kaunas.
Albertas Kasperavicius (alber_k@lvmi.lt)

LUXEMBOURG
Administration de la nature et des forêts, Luxembourg. 
Elisabeth Freymann (elisabeth.freiymann@anf.etat.lu)

FYR OF MACEDONIA
Ss. Cyril and Methodius University, Skopje. 
Nikola Nikolov, Srdjan Kasic
(nnikolov@sf.ukim.edu.mk, irpc@sumers.org)

REPUBLIC OF MOLDOVA
Agency Moldsilva, Chisinau.
Stefan Chitoroaga (icaspiu@starnet.md)

MONTENEGRO
Ministry of Agriculture, Forestry and Water Management, Podgorica.
Ranko Kankaras, Milosavom Andelicem
(ranko.kankaras@mpr.gov.me, milosav.andjelic@gov.me)

THE NETHERLANDS
National Institute for Public Health and the Environment
(RIVM), Bilthoven.
Esther Wattel-Koekkoek (esther.wattel@rivm.nl)

NORWAY
Norwegian Institute of Bioeconomy Research (NIBIO), Ås. 
Volkmar Timmermann (volkmar.timmermann@nibio.no)

POLAND
Forest Research Institute, Raszyn.
Jerzy Wawrzoniak, Pawel Lech
(j.wawrzoniak@ibles.waw.pl, p.lech@ibles.waw.pl)

ACKNOWLEDGEMENTS

We of the past and present Programme Co-ordinat-
ing Centre of ICP Forests would like to take this
opportunity to express our sincere gratitude to all
countries, their staff, and all other participating
scientists who contributed to the ICP Forests
programme over the last 30 years. We should like
to thank them for sharing not only their data, but
also their expertise and enthusiasm for forest
ecosystem monitoring. This co-operation is the
foundation of the programme’s continued success
in the future.

PARTICIPATING COUNTRIES
AND CONTACTS

ALBANIA
National Environment Agency, Tirana. 
Julian Beqiri, Kostandin Dano
(jbeqiri@gmail.com, kostandin.dano@akm.gov.al)

ANDORRA
Ministeri de Turisme I Medi Ambient, Dep. De Medi Ambient,
Andorra la Vella. 
Silvia Ferrer, Anna Moles
(silvia_ferrer_lopez@govern.ad, anna_moles@govern.ad)

AUSTRIA
Austrian Research Centre for Forests (BFW), Wien.
Ferdinand Kristöfel (ferdinand.kristoefel@bfw.gv.at)

BELARUS
Forest inventory republican unitary company “Belgosles”, Minsk. 
Valentin Krasouski (belgosles@open.minsk.by)

BELGIUM - FLANDERS
Research Institute for Nature and Forest (INBO), Geraardsbergen. 
Peter Roskams (peter.roskams@inbo.be)

BELGIUM - WALLONIA
Level II: Earth and Life Institute / Environmental Sciences
(ELI-e) / Université catholique de Louvain, Louvain-la-Neuve.
Hugues Titeux (hugues.titeux@uclouvain.be). 
Level I: Environment and Agriculture Department/Public
Service of Wallonia, Gembloux.
Elodie Bay (elodie.bay@spw.wallonie.be)

BULGARIA
Executive Environment Agency at the Ministry of Environment
and Water, Sofia.
Genoveva Popova (forest@eea.government.bg)

CANADA
Natural Resources Canada, Ottawa.
Pal Bhogal (pal.bhogal@nrcan.gc.ca). 
Ministère des Ressources naturelles, Direction de la recherche
forestière, Quebec. 
Rock Ouimet (rock.ouimet@mrnf.gouv.qc.ca) 

59



62

PORTUGAL
Instituto da Conservacao de
Natureza e das Florestas (ICNF), Lisboa.
Maria da Conceicao Osorio de Barros
(conceicao.barros@icnf.pt)

ROMANIA
National Institute for Research and Development in Forestry
(INCDS), Voluntari.
Romica Tomescu, Ovidiu Badea
(biometrie@icas.ro, obadea@icas.ro)

RUSSIAN FEDERATION
Centre for Forest Ecology and Productivity of the Russian Acad-
emy of Sciences, Moscow.
Natalia Lukina (lukina@cepl.rssi.ru)

REPUBLIC OF SERBIA
Institute of Forestry, Belgrade.
Radovan Nevenić (nevenic@eunet.rs)

SLOVAK REPUBLIC
National Forest Centre, Zvolen.
Pavel Pavlenda (pavlenda@nlcsk.org)

SLOVENIA
Slovenian Forestry Institute (SFI), Ljubljana.
Marko Kovač, Primož Simončić
(marko.kovac@gozdis.si, primoz.simoncic@gozdis.si)

SPAIN
Ministerio de Agricultura, Alimentacion y Medio Ambiente, Madrid.
Roberto Vallejo, Belén Torres
(rvallejo@magrama.es, btorres@magrama.es)

SWEDEN
Swedish Forest Agency, Jönköping.
Sture Wijk (sture.wijk@skogsstyrelsen.se)

SWITZERLAND
Swiss Federal Institute for Forest, Snow and Landscape
Research (WSL), Birmensdorf.
Peter Waldner (peter.waldner@wsl.ch)

TURKEY
General Directorate of Forestry Department of Forest Pests
Fighting, Ankara.
Sıtkı Öztürk
(sitkiozturk@ogm.gov.tr, uomturkiye@ogm.gov.tr)

UKRAINE
Ukrainian Research Institute of Forestry and Forest Melioration
(URIFFM), Kharkiv.
Igor F. Buksha
(buksha@ uriffm.org.ua)

UNITED KINGDOM
Forest Research Station, Alice Holt Lodge, Farnham Surrey. 
Sue Benham (sue.benham@forestry.gsi.gov.uk)

UNITED STATES OF AMERICA
USDA Forest Service, Pacific Southwest Research Station,
Riverside, CA.
Andrzej Bytnerowicz (abytnerowicz@fs.fed.us)

61

Alfred Fürst



64

De Vries W, Dobbertin MH, Solberg S, van Dobben HF, Schaub M
(2014): Impacts of acid deposition, ozone exposure and weather
conditions on forest ecosystems in Europe: an overview. Plant
and Soil, 380(1), 1-45.

De Vries W, Posch M (2011): Modelling the impact of nitrogen
deposition, climate change and nutrient limitations on tree car-
bon sequestration in Europe for the period 1900-2050. Environ-
mental Pollution, 159, 2289-2299.

Dirnböck T, Grandin U, Bernhardt-Romermann M, Beudert B,
Canullo R, Forsius M, Grabner MT, Holmberg M, Kleemola S,
Lundin L, Mirtl M, Neumann M, Pompei E, Salemaa M, Starlinger
F, Staszewski T, Uzieblo AK (2014): Forest floor vegetation re-
sponse to nitrogen deposition in Europe. Global Change Biology
20, 429-440.

Etzold S, Waldner P, Thimonier A, Schmitt M, Dobbertin M (2014):
Tree growth in Swiss forests between 1995 and 2010 in relation
to climate and stand conditions: Recent disturbances matter.
Forest Ecology and Management, 311, 41-55.

Ferretti M, Calderisi M, Marchetto A, Waldner P, Thimonier A, Jonard
M, Cools N, Rautio P, Clarke N, Hansen K, Merilä P, Potočić N (2015):
Variables related to nitrogen deposition improve defoliation models
for European forests. Annals of Forest Science, 72, 897-906.

Ferretti M, Nicolas M, Bacaro G, Brunialti G, Calderisi M, Croisé
L, Frati L, Lanier M, Maccherini S, Santi E, Ulrich E (2014): Plot-
scale modelling to detect size, extent, and correlates of changes
in tree defoliation in French high forests. Forest Ecology and
Management, 311, 56-69.

Ferretti M, Marchetto A, Arisci S, Bussotti F, Calderisi M, Carnicelli
S, Cecchini G, Fabbio G, Bertini G, Matteucci G, De Cinti B, Salvati
L, Pompei E (2014): On the tracks of nitrogen deposition effects on
temperate forests at their southern European range – an observa-
tional study from Italy. Global Change Biology, 20, 3423-3438.

Fischer R, Scheuschner T, Schlutow A, Granke O, Mues V, Olschof-
sky K, Nagel HD (2014): Effects Evaluation and Risk Assessment
of Air Pollutants Deposition at European Monitoring Sites of the
ICP Forests. In: Steyn DG, Builtjes PJH, Timmermans RMA (eds.),
Air Pollution Modeling and its Application XXII. Springer Nether-
lands, 89-93.

Ginzburg S, Vesterdal L, Vanguelova E, Hanseb K, Schmidt IK,
Gundersen P Does nitrogen deposition affect soil carbon stocks?
Evaluation of five nitrogen gradients in temperate forests conifer
stands. (In review) 

Giordani P, Calatayud V, Stofer S, Seidling W, Granke O, Fischer
R (2014): Detecting the nitrogen critical loads on European
forests by means of epiphytic lichens. A signal-to-noise evalua-
tion. Forest Ecology and Management, 311, 29-40.

Jandl R, Smidt S, Mutsch F, Fürst A, Zechmeister H, Bauer H, Dirn-
böck T (2012): Acidification and Nitrogen Eutrophication of Austrian
Forest Soils. Applied and Environmental Soil Science, 2012, 9 pp.

Johnson JA, Aherne J, Cummins T (2013): Contrasting responses
of two Sitka spruce forest plots in Ireland to reductions in sulphur
emissions: Results of 20 years of monitoring. Biogeochemistry,
116, 15-37.

Jonard M, Fürst A, Verstraeten A, Thimonier A, Timmermann V,
Potočić N, Waldner P, Benham S, Hansen K, Merilä P, Ponette Q,
de la Cruz AC, Roskams P, Nicolas M, Croisé L, Ingerslev M, Mat-
teucci G, Decinti B, Bascietto M, Rautio P (2014): Tree mineral
nutrition is deteriorating in Europe. Global Change Biology, 21,
418- 430.

Jonard M, Legout A, Nicolas M, Dambrine E, Nys C, Ulrich E, van
der Perre R, Ponette Q (2012): Deterioration of Norway spruce
vitality despite a sharp decline in acid deposition: A long-term
integrated perspective. Global Change Biology, 18, 711-725.

Marchetto A, Rogora M, Arisci S (2013): Trend analysis of atmos-
pheric deposition data: A comparison of statistical approaches.
Atmospheric Environment, 64, 95-102.

Mc Nulty SG, Boggs JL (2010): A conceptual framework: Redefin-
ing forest soil's critical acid loads under a changing climate. En-
vironmental Pollution, 158, 2053-2058.

Merilä P, Mustajärvi K, Helmisaari HS, Hilli S, Lindroos AJ, Niemi-
nen TM, Nöjd P, Rautio P, Salemaa M, Ukonmaanaho L (2014):
Above- and below-ground N stocks in coniferous boreal forests
in Finland: Implications for sustainability of more intensive bio-
mass utilization. Forest Ecology and Management, 311, 17-28.

Ostonen I, Helmisaari HS, Borken W, Tedersoo L, Kukumägi M,
Bahram M, Lindroos AJ, Nöjd P, Uri V, Merilä P, Asi E, Lõhmus K
(2011): Fine root foraging strategies in Norway spruce forests
across a European climate gradient. Global Change Biology, 17,
3620-3632.

Oulehle F, Evans CD, Hofmeister J, Krejci R, Tahovska K, Persson
T, Cudlin P, Hruska J (2011): Major changes in forest carbon and
nitrogen cycling caused by declining sulphur deposition. Global
Change Biology, 17, 3115-3129.

REFERENCES

THE LRTAP CONVENTION – A COMPREHEN-
SIVE SYSTEM FOR TRACING ADVERSE AIR-
TRANSPORTED SUBSTANCES FROM SOURCE
TO SINK ACROSS THE UNECE REGION

Ferretti M, Fischer R, eds (2013): Forest monitoring: methods for
terrestrial investigations in Europe with an overview of North
America and Asia Elsevier, Amsterdam, 507 p.

ICP Forests (2006): Strategy of ICP Forests 2007–2015.
[http://www.icp-forests.org/pdf/strategy07-15.pdf]. 

ICP Forests (2010): Manual on methods and criteria for harmo-
nized sampling, assessment, monitoring and analysis of the ef-
fects of air pollution on forests. UNECE, ICP Forests; Hamburg.
[http://www.icp-forests.org/Manual.htm].

Menz FC, Seip HM (2004): Acid rain in Europe and the United
States: an update. Environ Sci Policy 7: 253–265.

United Nations Economic Commission for Europe (UNECE) (2009)
Clearing the Air, 30th Anniversary brochure of the LRTAP Conven-
tion, Geneva.

FOREST HEALTH IN EUROPE

Carnicer J, Coll M, Ninyerola M, Pons X, Sánchez G, Peñuelas J
(2011): Widespread crown condition decline, food web disrup-
tion, and amplified tree mortality with increased climate change-
type drought. PNAS, 108(4), 1474-1478.

De Marco A, Proietti C, Cionni I, Fischer R, Screpanti A, Vitale M
(2014): Future impacts of nitrogen deposition and climate
change scenarios on forest crown defoliation. Environmental Pol-
lution, 194, 171-180.

de Vries W, Dobbertin MH, Solberg S, Van Dobben HF, Schaub M
(2014): Impacts of acid deposition, ozone exposure and weather
conditions on forest ecosystems in Europe: an overview. Plant
Soil, 380, 1–45.

Ferretti M, Nicolas M, Bacaro G, Brunialti G, Calderisi M, Croisé
L, Frati L, Lanier M, Maccherini S, Santi E, Ulrich E (2014): Plot-
scale modelling to detect size, extent, and correlates of changes
in tree defoliation in French high forests. Forest Ecology and
Management, 311, 56-69.

Seidling W, Trotzer S, Sanders T, Timmermann V, Potočić N,
Michel A (2015): Tree Crown Condition and Damage Causes. In:
Michel A, Seidling W, eds: Forest Condition in Europe: 2015 Tech-
nical Report of ICP Forests. Vienna: BFW Austrian Research Cen-
tre for Forests. BFW-Dokumentation 21/2015,  182 pp.

Vitale M, Proietti C, Cionni I, Fischer R, De Marco A (2014): Ran-
dom Forests Analysis: a Useful Tool for Defining the Relative Im-
portance of Environmental Conditions on Crown Defoliation.
Water, Air, & Soil Pollution, 225, 1-17.

NITROGEN DEPOSITION AND ITS IMPACT ON
THE SOIL AND VEGETATION OF EUROPEAN
FORESTS

Braun S, Thomas VFD, Quiring R, Flückiger W (2010): Does ni-
trogen deposition increase forest production? The role of phos-
phorus. Environmental Pollution, 158, 2043-2052.

Buriánek V, Novotný R, Hellebrandová K, Srámek V (2013):
Ground vegetation as an important factor in the biodiversity of
forest ecosystems and its evaluation in regard to nitrogen dep-
osition. Journal of Forest Science, 59, 238-252.

Camino-Serrano M, Gielen B, Luyssaert S, Ciais P, Vicca S, Guenet
B, Vos BD, Cools N, Ahrens B, Altaf Arain M, Borken W, Clarke N,
Clarkson B, Cummins T, Don A, Pannatier EG, Laudon H, Moore
T, Nieminen TM, Nilsson MB, Peichl M, Schwendenmann L,
Siemens J, Janssens I (2014): Linking variability in soil solution
dissolved organic carbon to climate, soil type, and vegetation
type. Global Biogeochemical Cycles, 28(5), 497-509.

Cools N, Vesterdal L, De Vos B, Vanguelova E, Hansen K (2014):
Tree species is the major factor explaining C:N ratios in European
forest soils. Forest Ecology and Management, 311, 3-16.

De Marco A, Proietti C, Cionni I, Fischer R, Screpanti A, Vitale M
(2014): Future impacts of nitrogen deposition and climate
change scenarios on forest crown defoliation. Environmental Pol-
lution, 194, 171-180.

63



66

Cristofori A, Bacaro G, Confalonieri M, Cristofolini F, Frati L, Geri
F, Gottardini E, Tonidandel G, Zottele F, Ferretti M (2014): Esti-
mating ozone risks using forest monitoring networks — results
for science, policy, and society. Annals of Forest Science, 72(7),
887-896.

De Vries W, Dobbertin MH, Solberg S, Van Dobben HF, Schaub M
(2014): Impacts of acid deposition, ozone exposure and weather
conditions on forest ecosystems in Europe: an overview. Plant
Soil, 380, 1–45.

EEA (2014): Air pollution by ozone across Europe during summer
2013 - Overview of exceedances of EC ozone threshold values:
April–September 2013, EEA Technical report No 3/2014, 51 pp.

EEA (2015): The European environment — state and outlook
2015: synthesis report, 2015, European Environment Agency,
Copenhagen, 205 pp.

EMEP Status Report (2014): Transboundary particulate matter,
photo-oxidants, acidifying and eutrophying components, 2014,
216 pp.

EPA (2012): Ozone. In: Our Nation’s Air - Status and trends
through 2010. EPA-454/R-12-001 February 2012, pp. 9-11. 

Ferretti M, Fischer R, eds. (2013): Forest Monitoring. Develop-
ments in Environmental Science, 2013, Elsevier, UK, vol. 12, 507
pp.

Ferretti M, Cristofolini F, Cristofori A, Gerosa G, Gottardini E
(2012): A simple linear model for estimating ozone AOT40 at for-
est sites from raw passive sampling data. Journal of Environmen-
tal Monitoring, 14, 2238-2244.

Gottardini E, Cristofori A, Cristofolini F, Ferretti M (2010): Vari-
ability of ozone concentration in a montane environment, north-
ern Italy. Atmospheric Environment, 44, 147-152.

Gottardini E, Cristofori A, Cristofolini F, Bussotti F, Ferretti M
(2010): Responsiveness of Viburnum lantana L. to tropospheric
ozone: field evidence under contrasting site conditions in
Trentino, northern Italy. Journal of Environmental Monitoring, 12,
2237-2243.

Gottardini E, Cristofolini F, Cristofori A, Ferretti M (2014): Ozone
risk and foliar injury on Viburnum lantana L.: a meso-scale epi-
demiological study. Science of the Total Environment, 493, 954–
960.    

Hůnová I, Matoušková L, Srnenský R, Koželková K (2011): Ozone
influence on native vegetation in the Jizerské hory Mts. of the
Czech Republic: results based on ozone exposure and ozone-in-
duced visible symptoms. Environmental Monitoring Assessment,
183, 501–515.

Matoušková L, Novotný R, Hůnová I, Buriánek V (2010): Visible
foliar injury as a tool for the assessment of surface ozone impact
on native vegetation: a case study from the Jizerské hory Mts.
Journal of Forest Science, 56, 177–182.

Neirynck J, Gielen B, Janssens A, Ceulemans R (2012): Insights
into ozone deposition patterns from decade-long ozone flux
measurements over a mixed temperate forest. Journal of Envi-
ronmental Monitoring, 14, 1684-1695.

Schaub M, Calatayud V (2013): Assessment of Visible Foliar In-
jury Induced by Ozone. In: Forest Monitoring. Developments in
Environmental Science, Vol. 12 (eds. Ferretti M, Fischer R), 205-
221. Elsevier, UK.

Srámek V, Novotný R, Vejpustkový M, Hůnová I, Uhlířová H
(2012): Monitoring of ozone effects on the vitality and increment
of Norway spruce and European beech in the Central European
forests. Journal of Environmental Monitoring, 14, 1696–1702.

Pannatier EG, Thimonier A, Schmitt M, Walthert L, Waldner P
(2011): A decade of monitoring at Swiss Long-Term Forest
Ecosystem Research (LWF) sites: Can we observe trends in at-
mospheric acid deposition and in soil solution acidity? Environ-
mental Monitoring and Assessment, 174, 3-30.

Paoletti E, Schaub M, Matyssek R, Wieser G, Augustaitis A, Bas-
trup-Birk AM, Bytnerowicz A, Günthardt-Goerg MS, Müller-Starck
G, Serengil Y (2010): Advances of air pollution science: From for-
est decline to multiple-stress effects on forest ecosystem serv-
ices. Environmental Pollution, 158, 1986-1989.

Karlsson GP, Akselsson C, Hellsten S, Karlsson PE (2011): Re-
duced European emissions of S and N – Effects on air concen-
trations, deposition and soil water chemistry in Swedish forests.
Environmental Pollution, 159, 3571-3582.

Pitman R, Benham S, Poole J (2014): A chronosequence study of
soil nutrient status under oak and Corsican pine with Ellenberg
assessed ground vegetation changes. Forestry, 87, 287-300.

Pitman RM, Vanguelova EI, Benham SE (2010): The effects of
phytophagous insects on water and soil nutrient concentrations
and fluxes through forest stands of the Level II monitoring net-
work in the UK. Science of The Total Environment, 409, 169-181.
Sardans J, Rivas-Ubach A, Peñuelas J (2011): Factors affecting
nutrient concentration and stoichiometry of forest trees in Cat-
alonia (NE Spain). Forest Ecology and Management, 262, 2024-
2034.

Seidling W, Fischer R (2008): Deviances from expected Ellenberg
indicator values for nitrogen are related to N throughfall deposi-
tion in forests. Ecological Indicators, 8, 639-646.

Starr M, Lindroos AJ, Ukonmaanaho L (2014): Weathering release
rates of base cations from soils within a boreal forested catch-
ment: Variation and comparison to deposition, litterfall and
leaching fluxes. Environmental Earth Sciences, 72, 5101-5111.

Van Dobben H, De Vries W (2010): Relation between forest veg-
etation, atmospheric deposition and site conditions at regional
and European scales. Environmental Pollution, 158, 921-933.

Vanguelova EI, Benham S, Pitman R, Moffat AJ, Broadmeadow M,
Nisbet T, Durrant D, Barsoum N, Wilkinson M, Bochereau F,
Hutchings T, Broadmeadow S, Crow P, Taylor P, Durrant Houston
T (2010): Chemical fluxes in time through forest ecosystems in
the UK - Soil response to pollution recovery. Environmental Pol-
lution, 158, 1857-1869.

Veresoglou SD, Peñuelas J, Fischer R, Rautio P, Sardans J, Merilä
P, Tabakovic-Tosic M, Rillig MC (2014): Exploring continental-scale
stand health – N : P ratio relationships for European forests. New
Phytologist, 202, 422-430.

Verstraeten A, De Vos B, Neirynck J, Roskams P, Hens M (2014):
Impact of air-borne or canopy-derived dissolved organic carbon
(DOC) on forest soil solution DOC in Flanders, Belgium. Atmos-
pheric Environment, 83, 155-165.

Verstraeten A, Neirynck J, Genouw G, Cools N, Roskams P, Hens
M (2012): Impact of declining atmospheric deposition on forest
soil solution chemistry in Flanders, Belgium. Atmospheric Envi-
ronment, 62, 50-63.

Vitale M, Proietti C, Cionni I, Fischer R, De Marco A (2014): Ran-
dom Forests Analysis: a Useful Tool for Defining the Relative Im-
portance of Environmental Conditions on Crown Defoliation.
Water, Air & Soil Pollution, 225, 1-17.

Waldner P, Marchetto A, Thimonier A, Schmitt M, Rogora M,
Granke O, Mues V, Hansen K, Karlsson GP, Žlindra D, Clarke N,
Verstraeten A, Lazdins A, Schimming C, Iacoban C, Lindroos AJ,
Vanguelova E, Benham S, Meesenburg H, Nicolas M, Kowalska
A, Apuhtin V, Napa U, Lachmanová Z, Kristoefel F, Bleeker A, In-
gerslev M, Vesterdal L, Molina J, Fischer U, Seidling W, Jonard M,
O'Dea P, Johnson J, Fischer R, Lorenz M (2014): Detection of tem-
poral trends in atmospheric deposition of inorganic nitrogen and
sulphate to forests in Europe. Atmospheric Environment, 95,
363-374.

Wu Y, Clarke N, Mulder J (2010): Dissolved Organic Nitrogen Con-
centrations and Ratios of Dissolved Organic Carbon to Dissolved
Organic Nitrogen in Throughfall and Soil Waters in Norway
Spruce and Scots Pine Forest Stands Throughout Norway. Water,
Air & Soil Pollution, 210, 171-186.

GROUND LEVEL OZONE AND ITS IMPACT ON
EUROPEAN FORESTS

Calatayud V, Schaub M (2013): Methods for Measuring Gaseous
air Pollutants in Forests. In: Forest Monitoring. Developments in
Environmental Science, Vol. 12 (eds. Ferretti M, Fischer R), 375-
384. Elsevier, UK.

65



IMPRINT

30 years of monitoring the effects of long-range transboundary
air pollution on forests in Europe and beyond

United Nations Economic Commission for Europe (UNECE)
Convention on Long-range Transboundary Air Pollution (CLRTAP)
International Co-operative Programme on Assessment and
Monitoring of Air Pollution Effects on Forests (ICP Forests)

Reproduction is authorised, except for commercial purposes,
provided the source is acknowledged.

ISSN 1020-587X
e-ISSN 2198-6541

Recommended form of citation: Sanders TGM, Michel AK,
Ferretti M (2016) 30 years of monitoring the effects of long-range
transboundary air pollution on forests in Europe and beyond
UNECE/ICP Forests, Eberswalde, 67 p. 

For further information, please contact:
Programme Co-ordinating Centre (PCC) of ICP Forests
Dr Walter Seidling, Alexa Michel
Thünen Institute of Forest Ecosystems 
Alfred-Möller-Str. 1, Haus 41/42
16225 Eberswalde, Germany

EDITING
Tessa Feller, Lohr am Main

LAYOUT
Werbeagentur Herrmann, Eberswalde

PRINTED BY
Spree Druck Berlin GmbH

Printed in Germany

67



For further information
please visit our website:

www.icp-forests.net


