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Task Force Meeting 1999, Lithuania.

. INTRODUCTION

Forests and their sustainable management are high on the agenda of many
international and national policies. In
order to be sustainable, forest management needs information on the factors inﬂuencing forest condition. This
is provided by the long-term, large
scale and intensive monitoring of forest condition that has been carried out
for 20 years jointly by ICP Forests under the Convention on Long-range
Transboundary Air Pollution (CLRTAP)
and the European Union.
In times of short-term political interests and limited funds, 20 years of continuous and harmonised forest monitoring on the European-wide scale
is a considerable success per se. But
ICP Forests is even expanding. In the
past few years, Cyprus, Serbia and
Montenegro, Andorra and Moldova
have joined the programme, which now
involves 4 countries. Also, contacts to
programmes outside the Convention,
notably to the Acid Deposition
Monitoring Network in East Asia and
to programmes in the United States of
America and Canada, underline that
forest condition is a matter of concern
for many governments. An important
partner of ICP Forests remains the
European Commission. With its Forest

Focus programme, the legal basis of forest monitoring in 25 European Union
countries has been created. The backbone of the programme is formed by
the people involved in the work. More
than 200 scientists at national and international level contribute directly or
indirectly to its success.
The basic idea is that the data
assessed are of direct relevance not only
at the European level but also for national and regional policies. This brochure therefore aims to document the
political, scientiﬁc and organisational background of the national programmes, to compile the main national results obtained over such a long
period and ﬁnally to elucidate the future plans of the national governments.
In addition, it includes information on
the Expert Panels and Working Groups
of ICP Forests as well as on its three
Coordinating Centres.
In order to give a complete
picture, the most relevant results of
the transnational evaluations of ICP
Forests are also added in brief. For
more detailed information it is recommended to consult the annual Forest
Condition Reports (see also www.icpforests.org).
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2. FROM FOREST DECLINE MONITORING TO A
MULTIFUNCTIONAL NETWORK – A SHORT
HISTORY OF THE PROGRAMME

Minutes of the ﬁrst ICP Forests Task Force Meeting, 1985.

Forest damage of previously unknown
extent and intensity was observed on
silver ﬁr (Abies alba) in the 970s, and
later on also on other coniferous tree
species in Central Europe. This was
the starting point for international efforts aiming at the setting up of a harmonised forest monitoring system in
order to provide policy makers with
reliable ﬁgures on forest condition in
Europe. The political framework for
this engagement was set with the signature of the Convention on Longrange Transboundary Air Pollution
(CLRTAP) in 979 and with its entering into force on 6 March 983.
Major inputs for the development of harmonised methods were given by a Working Group of the European
Forestry Commission of the Food and
Agriculture Organisation (FAO) at a
workshop held in Geneva in April 983.
This Working Group stated that “serious concern exists in most countries
4

of Europe and Northern America over
the impact of air pollution on forests”.
A number of concrete measures were
suggested.
The basis for today’s ICP Forests
Manual on Methods for Harmonised
Monitoring of Forest Condition
was laid at an ad hoc working group
meeting of the European Forestry
Commission in Freiburg (Germany) in
June 984. Following an agreement by
the Executive Body of the CLRTAP in
December 984, ICP Forests was born
with its ﬁrst Task Force Meeting held
on 4 October 985 in Freiburg. Since
then, it has been operating under the
Working Group on Eﬀects under the
Geneva Convention. Soon after, on 23
December 985, contracts for the coordination of the programme were signed
by the Executive Secretary of the ECE,
Mr. Brian Duke, and the directors of
two Programme Coordinating Centres
in Hamburg (Mr. Noack) and Prague

(Mr. Chrast). The ﬁrst major task of the
Coordinating Centres was the elaboration of the Manual, which was adopted at the 2ⁿd Task Force meeting,
again in Freiburg, in May 986. Also
in this year, the European Union adopted Regulation No. 3528/86, which
was the legal basis for its scheme
on the Protection of Forests against
Atmospheric Pollution.
The ﬁrst Forest Condition Report was
adopted in 987 at the third Task Force
Meeting of ICP Forests in Usti nad
Labem (Czech Republic). The report
mainly focussed on results of the largescale crown condition assessments.
The European Commission also produced a report on the results for the
EU Member States. It was not before
992 that the ﬁrst joint EU/ICP Forests
report on forest condition in Europe
was published. After 2 joint reports,
the European Commission decided in
2004 that the Forest Condition Report

Mr. Ernst Wermann, ﬁrst Chairman of ICP Forests from 1985 to 2000 giving a television interview at the Task Force Meeting 1989 in Finland, together with Mr. Kai Panzer,
Head of the Programme Coordinating Centre in Hamburg from 1985 to 1992 (left) and
Mr. Pekka Kauppi (centre), delegate of the host country.

should be again only published as an
ICP Forests report.
The annual large-scale crown
condition assessment was the first
monitoring activity within ICP Forests
and is still a major component today.
Important progress was made with
the first European forest soil condition survey, which was coordinated by
the Forest Soil Coordinating Centre in
Gent (Belgium). The Soil Condition
Report was published in 997 and was
received with great attention. On a
large number of Level I plots, the chemical content of the foliage was analysed.
This survey was organised by the Forest
Foliar Coordinating Centre in Vienna
(Austria) under its chairman Mr. Klaus
Stefan.
Another important milestone
for the programme was the adoption
of Resolution Nr.  of the Ministerial
Conference for the Protection of Forests
in Europe (MCPFE) in Strasbourg

How would the damage develop? Graph from the UNECE document “Implications of
Air Pollution Damage to Forests for Roundwood Supply and Forest Products Markets:
Study on the Extent of Damage” (TIM/R. 124/Add.1), 1986.

in December 990. This gave the political impetus to implement the socalled Level II Intensive Monitoring
Programme. It took another four years
before the European Commission, with
Regulation No. 09/994, adopted the
legal basis for the Level II programme.
Step by step, 860 intensive monitoring plots were established in 28 countries. The Forest Intensive Monitoring
Coordinating Institute (FIMCI) was
a Dutch consortium established by
Alterra Green World (Mr. de Vries)
and Oranjewoud (Mr. Vel), and was responsible for the coordination and data
management of the Level II programme
from 995 until 2002. Scientiﬁc steering
was ensured by the Scientiﬁc Advisory
Group led by Mr. Guy Landmann,
which also ended its work in 2002 with
the termination of EU Regulation No.
3528/86. On the EU level, Regulation
No. 252/2003 (Forest Focus) has en-

sured the continuation of the monitoring program since 2003.
Today, 4 countries including the
United States of America and Canada
are active within ICP Forests and a
close cooperation has been established
with the Acid Deposition Monitoring
Network in East Asia (EANET). The
main pillars of ICP Forests are 9 Expert
Panels and Working Groups in which
experts of the participating countries
are developing and updating methods.
They are also responsible for the steering of common projects and for the
integrated set-up of the programme.
The broad participation of the countries and the engagement of its experts
will guarantee the success of the programme also in the future.
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3. MONITORING PLOTS AND INFRASTRUCTURE

The structure of ICP Forests is based
on three main pillars. These are (i) the
large scale Level I monitoring net, (ii)
the Intensive Monitoring Programme
and (iii) a strong institutional infrastructure for scientists, experts and delegates of the participating countries.

of needles or leaves in comparison with
an undamaged tree. Defoliation is an
unspeciﬁc parameter that responds to
many factors and is comparatively easy
to assess on a large number of trees.
At Level I plots, soil chemical parameters have also been assessed, and in
some countries chemical foliage analyA large-scale overview of forest con- ses have also been conducted. A repedition
tition of the soil survey is presently unThe ﬁrst objective of the programme is der preparation.
“to provide a periodic overview on the
spatial and temporal variation in for- Relationships between forest condiest condition in relation to anthropo- tion and inﬂuencing stress factors
genic and natural stress factors in an The second objective of the programme
European and national large-scale sys- is “to contribute to a better understandtematic network (Level I)”.
ing of the relationships between the conFollowing this objective, the dition of forest ecosystems and stress facLevel I monitoring gridnet has been tors, in particular air pollution, through
implemented since the 980s and to- intensive monitoring in a number of seday comprises more than 6,000 perma- lected permanent observation plots
nent observation points arranged in a spread across Europe (Level II)”.
6x6 km grid in 33 countries throughStarting at the beginning of
out Europe. At each plot, the crown the 990s, so-called Level II intensive
condition of a ﬁxed number of trees is monitoring plots have been installed
assessed annually in terms of defolia- in the most important forest ecosystion. This parameter estimates the lack tems of 28 participating countries.
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Present programme structure of ICP Forests and its cooperation with the EU.
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The plots are equipped with a larger
number of measurement installations,
which enable surveys of atmospheric deposition, ambient air quality, soil
and soil solution, meteorology, forest
growth, and litterfall. Ground vegetation and crown condition are also assessed at Level II and foliar analyses
are conducted. On an optional basis,
phenology is assessed. The set-up enables correlative studies in order to
ﬁnd out about the inﬂuence of various stress factors and the forest ecosystems’ reactions.
Additional objectives of the programme aim at the calculation of critical loads, at collaboration with other
environmental programmes, at contributions in the ﬁelds of biodiversity and
climate change monitoring, and at informing policy makers and the public.
Participating countries and national
experts are the knowledge base of the
programme
The Task Force is the programme’s
highest body. It is composed of delegates of all participating countries and
is chaired by Germany as Lead Country.
The European Commission is also represented. The scientiﬁc backbone of ICP
Forests is its Expert Panels and Working
Groups. Here, the national experts and
leaders of the surveys meet regularly in
order to ensure the continuous harmonisation and development of monitoring
methods. The monitoring methodology is documented in a Manual, which is
elaborated by the Expert Panels and adopted by the Task Force. With a growing
database, the integrated evaluation and
steering of common projects are also
on the agenda of the Expert Panels. The
close collaboration with the EU is documented in the fact that the European
Commission with its Standing Forestry
Committee also relies on the scientiﬁc
support of these panels.

4. COUNTRY REPORTS
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ALBANIA
Nature Protection Directorate
Ministry of the Environment
Rruga e Durresit, No.27,
Tirana,
www.moe.gov.al
Zamir Dedej
zamir@cep.tirana.al

Pinus heldreichii trees in the south-east of
Albania.

Background information
Forest condition monitoring started in Albania in 998 with the financial support of a World Bank Forestry
Project. Since 2002, the monitoring
has been financially supported by the
Ministry of the Environment. A summary of the monitoring results is published on the web site of the Ministry
of the Environment each year.

���������������������

Main results
Due to limited funds, only Level I plots
have been set up in Albania. Currently,
there are 299 plots in a 0x0 km grid
in the country.
The main species assessed
include Austrian black pine, beech,
and European oak, as well as poplar
and fir species. The condition of the
Albanian forests in general is evaluated based on the defoliation and discolouration of the forest trees. Results

indicate that the condition of conifers is more problematic than that of
broadleaves. Among the coniferous
and broadleaved species, black pine
and European oak show the highest
percentages of discolouration and defoliation.
Outlook
Albania will continue the Level I monitoring with the objective of also setting
up Level II plots in the near future. It
will be of high priority as well to make
the results of the forest monitoring
available to the public.
Albanian sustainable forest
management will aim to combine the
monitoring activities with the “ecosystem approach”, which is nowadays
widely promoted by the Ministerial
Conference on the Protection of Forests
in Europe (MCPFE) and the Convention
on Biological Diversity (CBD).
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Defoliation of conifers and broadleaves in Albania
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AUSTRIA
Federal Research and Training Centre for
Forests, Natural Hazards and Landscape
Seckendorff-Gudent Weg 8
1131 Vienna
http://bfw.ac.at
Mr. Ferdinand Kristöfel
Mr. Markus Neumann
Institut1@bfw.gv.at

Inner Alpine valley (Zillertal).

Background information
Faced with forest dieback reports in
Austria, a large-scale crown condition
survey on a 4x4 km grid was started
in 984 on about 2,200 sample plots.
As there was no important change
through time, neither in the extent
nor in the regional pattern of damage
symptoms, the grid density was reduced to 534 plots in 989. The range
of assessments was, however, extended in order to obtain more information on the inﬂuence of air pollution,
pathogens, insects and abiotic stresses on forest ecosystems. In 2003, it
was decided to reduce the large-scale
crown condition survey to the transnational 6x6 km grid with about 30
sample plots. Since 986, Austria has
participated in ICP Forests. In 990,
Austria joined the EU forest health
survey under Regulation No. 3528/86.
The Level II monitoring programme
was established with 20 plots in 995.

Main results
Crown condition did not change remarkably during the 20 year survey period. Overall, up to the year 2000 there
seemed to be a slight recovery, but since
then a slight deterioration has been observed. The latter might be inﬂuenced
by adverse weather conditions, i.e. lack
of precipitation. Out of all observed species, oak showed the highest degree of
defoliation, followed by silver ﬁr. More
detailed investigations on the relationship between stand and site criteria and
crown condition were carried out for
Norway spruce as the most frequent
tree species, covering 70% of Austria’s
forests. Higher defoliation was found in
stands with higher age, stands with low
density and stands with insuﬃcient or
irregular water supply (see Figure).
Since 996, sampling of wet deposition has been performed on all 20
Level II plots. Mean pH values were below the “natural pH” of 5.6 at all plots.

Overall concentrations and deposition
rates were low, although critical loads
for nitrogen were exceeded in some
cases at single plots. The mean deposition at all 20 plots during the monitoring period was about 5 kg sulphur and
6.9 kg nitrogen per hectare and year.
The overall trend of sulphur and nitrogen deposition rates was decreasing.
Outlook
The condition of forests is determined
by numerous environmental inﬂuences.
The eﬀects of these factors vary greatly
over space and time. In order to understand the complexity of causal relationships within forest ecosystems, the measurements need to be continued or even
intensiﬁed. However, the need for intensiﬁed research is often not acknowledged
with an increase in resources. Therefore,
the existing programme has to be evaluated periodically to assure eﬀective forest monitoring in the future.
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Mean defoliation by stand and site criteria (common sample trees of Norway spruce).

9

stress factors for European oak and
for ash in the northern part of Belarus.
During the past 2 years the tree mortality at the observed plots was 4 times
higher for spruce and 3 times higher for
ash and oak compared to Scots pine.

BELARUS
Forest Inventory company “Belgosles”
27, Zheleznodorozhnaja St.
220089 Minsk

Outlook
Belarus will continue the policy of
changing from oil to natural gas. This
also covers the petrol and diesel sectors. Therefore, an increase in the low
levels of acid deposition is not expected.
Forest policy will also in the future promote sustainable forest management in order to overcome adverse
natural inﬂuences and past unsuitable
practices in the ﬁeld of forestry.
The forest monitoring proBackground information
most of the tree species. In Belarus, the gramme has to reﬂect processes in the
The forest condition monitoring grid net most important stressors are weather forests and the eﬀectiveness of forest
installed according to the ICP Forests extremes. Frequent droughts in combi- policy measures. Pollution by heavy
methods is the only representative one nation with insect calamities are linked metals will also be studied, particuin Belarus. Today it is based on ,22 to high defoliation and lower wood in- larly in zones that are contaminated
Level I plots. Moreover, there are small crement even in the most productive by radioactivity. The plots will also be
local monitoring grids around indus- stands of Norway spruce. Frost events the basis for the monitoring of bioditrial centres. There are also 80 Level II at the beginning of the vegetation pe- versity and for the integrated monitormonitoring plots, but their surveys are riod and, possibly, severe winters are ing of forest ecosystems.
limited to crown condition, biotic and
abiotic damage factors, tree growth and
ground vegetation assessments. Soils
are studied on all plots. In the far south–
west of the country, which is most exposed to transboundary air pollution,
and in the Berezina biosphere reserve
in the north-east, Level II plots coincide with stations of the complex background monitoring of the EMEP programme.
Mr. V.Kastsiukevich
belgosles@open.by
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Main results of 4 years’ monitoring
Mean annual sulphur inputs vary from
8 kg per hectare and year in the south–
west to 5kg in the north-east of the Monitoring plot in north-eastern Belarus.
country, which amounts to 30%-40%
��
of the deposition levels of the 980s.
��������������
Total nitrogen deposition in 2003 var��
ied from 8 kg/ha to 4 kg/ha. Most of
��
the forest ecosystems grow on sandy
soils and thus have a low tolerance to�
�������������
wards acid atmospheric inputs. 70% of
�
mineral soils in the forests belong to
the textural classes “sand” and “loamy
�
sand”. Only % of the plots have calcare�
ous soils and 5% of the plots have weakly acid soils with pH above 4.6.
�
Crown condition has been
proven to be a valuable indicator to reﬂect the eﬀect of diﬀerent stressors on Deposition trends at the Berensina intensive monitoring plot.

BELGIUM Flemish Region
Institute for Forestry and Game Management
B – 9500 Geraardsbergen
http://ibw.inbo.be
Mr. Peter Roskams
peter.roskams@inbo.be
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Outlook
The forest monitoring programme provides important information on ecological changes and is a suitable tool for investigating the eﬀectiveness of policy
measures. The programme will, therefore, be continued. The focus for the
near future will be on the development
of target loads and the second soil survey on the Level I grid.
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remained more or less stable with a
share of damaged trees between 20
and 25%.
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Forest condition monitoring in Belgium – Flanders
started in 1987.
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Background information
2003, there had been a 35% reducForest condition monitoring in
tion in sulphur deposition, while toBelgium Flemish Region started in
tal nitrogen deposition had, remark987 in order to describe the condiably, been reduced by 50%.
tion and the evolution of Flemish for- • Monitoring of gaseous air pollutants
ests and to gain insight in inﬂuencing
also revealed a decreasing trend for
factors. Today, the monitoring prosulphur dioxide. Ozone levels, howgramme is based on 72 Level I plots
ever, showed a steady increase. For
in a regional 4x4 km grid,  Level II
nitrogen oxides no clear trend could
plots and a measuring tower for gasbe discerned.
eous pollutants and forest meteorol- • In forests exposed to a high nitroogy. Links to other research groups
gen load, nitrate leaching has been
have been established. The results of
observed, and nitrate losses were rethe monitoring programme are publated to atmospheric inputs. Despite
lished annually.
the decreasing trends in deposition,
critical loads of nitrogen and sulphur
Main results
are still exceeded in many forest ar• In the early 990s, nitrogen was the
eas.
prevailing parameter in atmospher- • Crown condition is affected by a
ic deposition in Flanders. The dominumber of factors, like weather connance of nitrogen was due to the high
ditions, insect infestations and fungal
ammonium level. The total sulphur
diseases. Mean defoliation increased
deposition in this period averaged 27
during the ﬁrst 0 years of the survey.
kg sulphur per hectare and year. By
From 997 on, crown condition has
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Trends for mean total deposition at 5 Level II plots in Belgium-Flanders (1994-2003).
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Background information
The condition of 478,000 ha of forest
stands is monitored in Wallonia under
ICP Forests on an 8x8 km grid, with
more than 60 plots and ,500 trees.
Nine plots are under intensive monitoring in beech, spruce and oak stands.
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Mr. Christian Laurent
c.laurent@mrw.wallonie.be

repetition on part of the plots every 0
years.
Additional measures planned
comprise (i) the further reduction of air
pollution by means of a regional ‘Plan
Air’ which has already been adopted,
(ii) the adaptation of forest practices in
sensitive ecosystems, including an im-

proved tree species choice and mixture,
stronger thinnings and lower densities,
and in some cases the stop of economically oriented forestry, and (iii) the liming under strict conditions of soils and
stands with an unbalanced nutrient situation, avoiding adverse eﬀects on water quality and biodiversity.

Cleaning deposition samplers in the Walloon region.
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Percentage of trees in defoliation classes 2 to 4.
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Outlook
Forest condition monitoring will continue. A special emphasis will be laid
on the analysis of forest soils in the regional forest inventory with a planned

Direction des Ressources Forestières
Avenue Prince de Liège, 15
B-5000 Namur
http://mrw.wallonie.be/dgrne

�������������

Main results
Thanks to sulphur dioxide and nitrogen emission reductions, sulphur deposition in forests has decreased by
50% compared to 20 years ago. Since
997, it is around 9 kg per hectare and
year. For nitrogen oxides and ammonium, deposition has stabilized at 4.9 kg/
ha/yr and 6.8 kg/ha/yr of nitrogen, respectively. These inputs change the nutrient situation of forest trees and ecosystems. They imply risks of nutrient
deﬁciencies and are related to nutrient
leaching from poor soils. Soil analyses
at intensive monitoring plots and within the regional forest inventory show
that about 70% of soils are too acid and
half of the analysed soils show deﬁciencies for calcium and magnesium.
These conditions, combined
with climatic events or pests and diseases, explain the average levels of defoliation and discoloration, and the yearto-year variations observed since 989
(see Figure).
The percentage of damaged
trees decreased for conifers until 998
but has been increasing again since then.
For broadleaved tree species, a rather
steady increase has been observed since
the beginning of the 990s. Identiﬁable
damage causes occur annually on less
than 0% of the trees. Nevertheless, insects and, sometimes, fungi and abiotic
agents like weather extremes, can partly explain the annual changes of defoliation. The high level for conifers in the
early 990s was due to storm damage,
followed by bark beetle attacks. High
caterpillar populations on oaks as well
as the drought in 2003 are related to
the increasing share of damaged broadleaves. Beech stands have suﬀered under harsh frost that was also followed
by beetle (Xyloterus spp) and fungal attacks in the years 2000 to 2002.

BELGIUM Walloon Region

BULGARIA
Executive Agency of Environment
Ministry of Environment and Water
136 Tzar Boris III Blvd.
Sofia
www2.moew.government.bg

Open ﬁeld station of an Intensive Monitoring Plot with
automatic equipment for dry deposition and wet only
sampling.

Mrs.Penka Stoichkova (Level I)
Mrs.Genoveva Popova (Level II)
forest@nfp-bg.eionet.eu.int

Background information
In Bulgaria, forest condition monitoring started 8 years ago on 256 Level
I plots. Since 2003, intensive monitoring has been carried out on 5 plots.
The results are included in annual bulletins and reports on the state of the
environment in Bulgaria. An eﬃcient
collaboration between the responsible
Bulgarian governmental institutions
and the national forest research community has been established.

Main results
The crown condition data for the period 994-2004 showed negative statistical trends for 5% of the observed trees.
The regions with improvements, worsening and no changes in forest condition were mapped. Soils, in general,
have not been aﬀected by acid deposition. In most catchments, the measured pH in the forest soils was between 6.5 and 7.5. However, critical
loads for heavy metals like lead and

cadmium have been exceeded even at
remote plots. Ozone concentrations
were frequently beyond critical levels.
This shows the risk for negative impacts.
Critical loads for sulfur and nitrogen
were not exceeded at any of the three
evaluated Level II plots.
Outlook
The monitoring of forest ecosystems in
Bulgaria will continue. So far, the programme has provided regular information about forest condition in relation
to environmental stress factors. In the
future too, knowledge about damage
mechanisms will help responsible forest and governmental institutions to
make strategic decisions and to manage Bulgarian forests sustainably.

Station

CL (S)

CL ex (S)

CL (N)

CL ex (N)

Yundola

3110

-1832

233

-163

Vitinia

1126

-644

1075

-361

Staro
Oriahovo

1134

-602

3685

-1789

Staro Oriahovo
Yundola

Vitinia
CL (S)
CL ex (S)
CL (N)
CL ex (N)

Critical loads (CL) and their exceedances (CL ex) for nitrogen (N)and sulphur (S) at forest monitoring plots in
Bulgaria.

13

CANADA
Natural Resources Canada
Canadian Forest Service
580 Booth Street
Ottawa, ON K1A 0E4
www.nrcan.gc.ca/cfs-scf
Mr. Harry Hirvonen
Hirvonen@nrcan.gc.ca

Background information
The Acid Rain Early Warning System
(ARNEWS) was established in 984 by
the Canadian Forest Service (CFS) to
detect signs of damage to Canadian forests and to monitor changes in forest
vegetation and soils. In 988, the North
American Maple Project (NAMP) was
established, in cooperation with the
United States, to monitor the condition
of sugar maple (Acer saccharum Marsh.)
across north-eastern North America.
Both ARNEWS and NAMP ceased
as monitoring networks in 997. CFS
plans to integrate forest health monitoring with the new National Forest
Inventory, which is being implemented in cooperation with the provinces
and territories. This plot-based inventory allows measurement, nationally, of
ecological change over time. This abili-

ty to measure change over time was not • Net losses of basic cations from forpossible with previous inventory and
ested catchments in eastern Canada
monitoring systems.
are widespread, particularly for calEnvironment Canada, through
cium. Recent studies support the rethe Canadian Air Precipitation
lationship between loss of basic catMonitoring Network (CAPMON) meaions from acidiﬁed soils and reduced
sures the occurrence and distribution of
growth rates and health of trees.
air pollutants such as nitrates and sul- • In most eastern Canadian forestphates. Both Québec and Ontario have
ed catchments, the release of sulmonitoring networks looking at impacts
phate into surface waters exceeds
of acid rain. Canada has published nathe amount of sulphate received via
tional Acid Rain Assessment Reports in
acid deposition. Likely sources of
990 and 997, and the most recent asthis “extra” sulphate are desorption
sessment was released in early 2005.
of sulphate bound to soil and/or release of sulphate during the decomMain results
position of organic matter.
• By 2000, there had been a 48% re- • Nitrogen saturation does not apduction in sulphur dioxide emissions
pear to be a problem at most eastcompared to 980. Nitrogen oxide
ern Canadian sites; however, the
emissions have been relatively conlong-term impact of chronic nitrostant since 990.
gen inputs is uncertain and remains
a major concern.
• There is a clear correlation between
loss of tree productivity and exceedances of critical loads of sulphate and
nitrate.
• Cumulative threats from ozone and
acid rain are of increasing concern.

Field technicians taking a soil sample and assessing crown condition at a forest health plot in eastern Canada.
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Outlook
Research will continue into the development of critical loads for sensitive forest ecosystems incorporating
harvest scenarios into the calculations. Joint efforts with the US on
impacts of elevated levels of groundlevel ozone on sensitive forest ecosystems will continue. The new National
Forest Inventory will increasingly provide data to monitor and track changes
in the health of Canadian Forest ecosystems.

CROATIA
Forest Research Institute, Jastrebarsko
Cvjetno naselje 41
10450 Jastrebarsko
http://jaska.sumins.hr
Mr. Joso Gračan
josog@sumins.hr

Silver ﬁr dieback in Gorski kotar, western Croatia.

������������

Background information
For silver ﬁr, reports on forest dieback in
Croatia date back to the year 900. There
have been repeated reports until today.
However, the ﬁrst systematic monitoring
started when Croatia joined ICP Forests in
987. The monitoring programme is carried out in cooperation with the Forestry
Faculty of the University of Zagreb and
Croatian Forests Ltd. The monitoring is
conducted on 87 Level I plots and 7 intensive monitoring plots. Silver ﬁr and common oak (along with common beech) are
the most widely distributed and the most
important tree species in Croatia from
an ecological and economic point of view.
Therefore, their high defoliation is a matter of great concern.

Main results
Crown condition in Croatia is heavily influenced by environmental
stress. Statistically it is related to
the groundwater level (common oak),
drought (silver fir), age (oaks), exposition (black pine and sessile oak) and
height above sea level (common oak,
silver fir, common beech and narrowleaved ash).
The foliage is sampled annually on Level II plots. The results of foliar analysis show a clear link between
foliar chemistry and the crown condition of silver ﬁr.
The importance of long-range transport of industrial pollutants into otherwise unpolluted forests was re-

vealed through deposition monitoring.
Elevated sulphur deposition was e.g.
found in a non-industrial area of beech
and ﬁr forests in Gorski kotar (western
Croatia).
Outlook
Although the crown condition of some
important tree species is poor, the practice of sustainable, close-to-nature forest management, as well as the enforcement of environmental laws, helps to
protect the stability of the forest ecosystems in Croatia.
A challenge for the condition of
Croatian forests is the opening of new
motorways and the expected increase
in traﬃc-related pollution.
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Percentage of moderately to severely damaged trees (defoliation classes 2 and 3).
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CYPRUS
Department of Forests
1414 Nicosia
Mr. Andreas Christou
achristou@fd.moa.gov.cy

Background information
The forest condition monitoring programme was started in Cyprus in 200
and is today based on 5 Level I and 4
Level II plots, covering the main forest
ecosystems of the island. A close link
has been developed with the National
Forest Inventory, with the National
Meteorological Service and with various research groups.
The Forest Department was designated
as the National Focal Point and is responsible for the implementation of the
programme and for the evaluation and
storage of the data. The data collected
until today refer to the years 200-2004
for the Level I plots, and 2003-2004 for
the Level II plots.

are indicative of the condition of the
forests of Cyprus.
• Crown condition is rather stable, and
the main factors causing defoliation
are drought stress and insects.
• Ozone is found at high concentrations and visible injuries have been
detected on some species.
• Results for deposition show a stable
situation with values not indicating
high levels of pollution in the forests.
• An additional threat is forest ﬁre.

���������

Outlook
Forest policy in Cyprus aims at the promotion of sustainable forest management in order to ensure ecological, social and economic beneﬁts, even under
changing environmental conditions.
Main Results
The four years of the forest
The results of the four years of the forest condition monitoring programme monitoring programme have provided
�����

����

large amounts of valuable data. Cyprus
will continue the programme as an important tool in providing essential information on the prevailing conditions
and changes in the forest ecosystems.
This information is important for sustainable management and for the evaluation of the eﬀectiveness of the policy
measures taken as well. Forest monitoring will be further developed to include surveys of forest soils, biodiversity, carbon stocks and plant phenology.
Special focus will be put on the impacts
of elevated levels of ground-level ozone
on forest ecosystems.
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Crown defoliation trends at the 15 Level I plots in Cyprus (2001-2004).
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Monitoring plot in Cyprus.

CZECH REPUBLIC
FGMRI / VULHM
Jíloviště-Strnady
156 04 Praha 5
www.vulhm.cz
Mr. Bohumír Lomský
lomsky@vulhm.cz
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Background information
served in the Ore Mountain region
Under the impact of extremely heavy
in 996.
air pollution damage, mainly in the • Nitrogen and sulphur deposition,
so-called “Black Triangle” region in
however, are still quite high in some
the border regions with Germany and
regions and aﬀect tree growth and
Poland, the Czech Republic joined the
ground vegetation.
trans-national forest condition moni- • Soil acidiﬁcation is very severe and
toring programme in 986. Today, obcauses problems in tree nutrition. In
servations are ongoing on 306 plots of
some regions, magnesium and calcia systematic network. 46 plots are part
um deﬁciency have resulted in neeof the international Level I network in a
dle yellowing and tree decline.
6x6 km grid. Research at Level II in- • Ozone is also a matter of concern.
tensive monitoring sites was initiated
Visible ozone damage is assessed usin 996. Presently, 6 plots are regularing the list of sensitive plant species
ly monitored. The results are presented
that has been produced by the proin annual reports.
gramme. In the recent dry and hot
summers, ozone injuries became visMain results
ible at a number of plots.
• Sulphur dioxide emissions have been • Crown condition gives information
reduced by 92% since the 980s. The
on the general state of health of the
last case of large-scale direct air
trees. After an improvement in the
pollution damage to forests was obearly 990s, a slight deterioration
����

has been observed in recent years.
Nowadays, defoliation has stabilised
at a mean defoliation level of around
30%.
• Additional stress is connected to
weather extremes and sharp meteorological changes. The drought in
2003 and 2004 was especially important.
Outlook
In recent years, the Intensive
Monitoring Programme has also concentrated on changes in biodiversity
and on global climate change. It contributes to the deﬁnition and monitoring of criteria and indicators of sustainable forest management. Carbon
sequestration, the evaluation of ecosystem health, forest production, the
species variability of the ground vegetation and protective forest functions
are on the agenda. The data are used
for policy making and to inform the
general public as well. In the future, a
closer co-operation of research institutions, universities, environmental
agencies and private consultants will
be supported.
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Development of defoliation in stands older 60 years.
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Ozone sampler.
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DENMARK
Forest & Landscape, Denmark
Centre of Forests, Landscape and Planning
DK-2970 Hørsholm
www.sl.kvl.dk/FagdatacenterSkov
Mrs. Annemarie Bastrup-Birk
ab@kvl.dk
Mrs. Iben Margrete Thomsen
imt@kvl.dk

Intensive monitoring in an oak stand.

Background
A nation-wide systematic survey was set
up in 985 to detect signs of changing
forest condition expressed as defoliation
and discoloration. Furthermore, intensive monitoring plots were selected that
were typical for Danish forests, growth
conditions and management. These case
studies are designed to provide data to
determine baseline or current conditions of forest ecosystems, and to detect
changes and trends over time.

������������������

tute a baseline to compare forest health
against in the future, which was lacking
in the 980s when the discussion of forest decline began.
The reduced emissions of sulphur dioxide in Europe resulted in a 50% decrease
in the atmospheric deposition of sulphur
compounds and strong acids at all plots.
No evident change in the deposition of
nitrogen was apparent over the years.
The dry deposition of ammonia from intensive agriculture was shown to make
up over half of the total deposition of niMain results
trogen to the forests. The deposition of
Defoliation results from 989 to 2004 nitrogen was on average 2-33 kg N per
have shown that deterioration of forest hectare and year. It was highest in areas
health can usually be explained by spe- where agriculture was most intensive.
ciﬁc events, such as drought, wind, deIn general, leaching of nitrate
position of salt, insects, fungi, fruiting on these locations was insignificant.
or frost. Forest health was poor in the Younger forest stands on nutrient-poor
mid-nineties, but has since improved sites can take up and accumulate large
considerably. The time series consti- amounts of nitrogen deposited from the
��
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Nitrogen leaching at a plot with untouched windthrow.
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atmosphere. When the stands mature
and growth rates decline the risk of nitrate leaching will increase, in particular
in areas with high inputs of nitrogen or
after extreme events (see Figure).
The risk of nutrient depletion as
a result of acidiﬁcation is less than expected in the early 80s after the international debate on “forest decline”. The
western part of Jutland receives calcium,
magnesium, and potassium from the
nearby sea, and this input of nutrients
mitigates the need for obtaining them
from other sources. Concentrations of
nutrients measured in foliage thus show
that the nutrient status is satisfactory.
Concentrations of ozone during
the growing season exceeded the critical level of 40 ppb, but no direct damage
on the trees has been observed.
Outlook
Knowledge about original and normal ranges is important to objectively evaluate whether or not the forest
is in an unhealthy condition. Forest
health and ecosystem monitoring will
continue to be relevant with increasing concerns about the sustainability of forests in a changing environment. Monitoring the health of forest
ecosystems requires an integrated approach at multiple scales and is now
combined with the Forest Inventory.
The future strategy is to build the
monitoring on a variety of tools from
satellites and aircraft to ground-based
measurements and surveys.

ESTONIA
Centre of Forest Protection and Silviculture
Rôômu tee 2
51013 Tartu
www.metsad.ee
Mr. Kalle Karoles
kalle.karoles@metsad.ee

Snow and rain water collectors on an Estonian Level II plot.
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Abiotic threats include extreme
weather conditions such as storm
events and droughts.
Outlook
Forest condition assessments will continue on all Level I and Level II plots
with a particular emphasis on quality
control and quality assurance of the research data. A new Level II sample plot
will be installed focusing especially on
meteorological parameters. The public interest in various aspects of forest
condition information will also be followed in the future.
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Background information
normal and stable. The crown deIn order to observe the development of
foliation of conifers decreased a litforest damage, forest condition monitle. The defoliation of deciduous tree
toring was started in many European
species was clearly lower than the
countries during the 980s. In Estonia,
defoliation of conifers.
a network of Level I sampling points for • The threat of acid rain to the forests
the assessment of the health state of foris very low. Ca, Mg, NO3, Na and SO4
ests according to the ICP on Assessment
deposition were reduced in the periand Monitoring of Air Pollution Eﬀects
od 997–2004. Leaching of NO3, SO4,
on Forests was established in 988. In
Na, Cl and K was observed on all the
997, the assessment of diﬀerent enviLevel II plots. Leaching of K was esronmental parameters was started on
pecially high from Norway spruce
Level II plots. Presently, forest condimonitoring plots.
tion monitoring is based on 96 Level I • In addition to atmospheric polluplots and on 7 Level II intensive monition, some biotic and abiotic factoring plots.
tors have had a serious influence
on the crown condition of forMain results
ests. As to specific biotic stress• During the years 988–2004 the cones, needle and shoot diseases have
dition of forests was comparatively
been found to be most important.

Trends of mean deposition on Level II plots.
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FINLAND
Parkano Research Station
Finnish Forest Research Institute
Kaironiementie 54
FIN-39700 Parkano
www.metla.fi
Mr. John Derome
John.Derome@metla.fi

Monitoring in a Finnish pine stand.
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Background information
• Needle and leaf loss has, despite
tion of acidifying compounds were
Finland ﬁrst started monitoring the efa slight increase at the start of the
found.
fects of air pollution on its forests in
monitoring period, remained conthe middle of the 980s and, over the
stant at a relatively low level. No clear Outlook
years, has continued these activities
correlation has been found between Finland considers that monitoring and
within the framework of a number of
the defoliation pattern of conifers or research on climate change, forest bioregional and national monitoring probroadleaves and the modelled sul- diversity, and the criteria and indicators
grammes. Finland’s participation in
phur or nitrogen deposition at the of sustainable forestry, will play an everthe ICP Forests programme has, durnational level.
increasing role in the ICP Forests proing the past 20 years, considerably in- • Foliar sulphur concentrations have gramme. However, co-operation should
creased the capacity of its scientists to
decreased sharply from the levels re- be intensified between the biodivermonitor and investigate the eﬀects of
ported in the late 980s because of sity surveys carried out within the ICP
both local and regional air pollution
the major decrease in sulphur emis- Forests programme and the National
on the forests in Finland, as well as
sions and deposition. Foliar nitrogen Forest Inventory. The ICP Forests monstrengthened contacts with other sciconcentrations have varied without itoring programme has already providentists and organizations working on
showing any clear trends.
ed a sound basis, and will continue to
these extremely important topics in • The acidity status of the forest soils do so, for future emission-abatement
other countries.
was surveyed during the late 980s legislation by specifying which emisand early 990s. No signs of elevat- sion restrictions give the greatest benMain results
ed acidity attributable to the deposi- eﬁt in each region.
• As in most other countries in Europe,
there has been a strong decrease in
sulphur deposition, as well as to
����
some extent in nitrogen deposi�������������
tion, during the past two decades in
����
Finland. However, the deposition of
acidifying compounds in Finland has,
����
throughout the period, remained
�����������
much lower than that in many other
����������
����
countries.
• The main threats to the health and
���
condition of Finland’s forests are primarily abiotic factors, such as storms,
���
drought, and extreme winter conditions, as well as associated biotic fac�
�
�
�
�
�
�
�
�
tors such as insect pests and fungal
Average leaf and needle loss on mineral soil sites during 1986 - 2004 in Finland.
pathogens.

FRANCE
Ministère de l’Agriculture, de
l’Alimentation, de la Pêche
et de la Ruralité
19 Avenue du Maine,
F-75732 Paris Cedex 15
www.agriculture.gouv.fr/spip

RENECOFOR (Level II)
Office National des
Forêts – Département Recherche.
Boulevard de Constance,
F-77300 Fontainebleau
www.onf.fr

Mr. Jean-Luc Flot
jean-luc.flot@agriculture.gouv.fr

Mr. Erwin Ulrich
erwin.ulrich@onf.fr

Crown condition assessment.

���

in order to inform scientists and the
general public on forest development.
A model dealing with tree phenology
and climatic data will provide information on the eﬀects of global warming on forests in the near future.
Outlook
The Level I and II networks constitute
an essential tool, complementary to
the general monitoring of French forests by DSF observers. From 2005 onwards, new protocols will reinforce the
assessment of damage causes by both
networks. For the second time, the Level
I and II plots will be speciﬁcally evaluated as regards their ecological characteristics. This will help us to understand
how forest ecosystems may evolve in response to global changes.
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France. Temporal variation of crown
Background information
condition depends on tree species, loThe Level I network was set up in 989
cal environmental conditions, weathand has been managed by the Forest
er extremes such as drought, heat,
Health Department (DSF) since 994.
and late frost, and biotic agents such
It includes 558 potential plots, with 52
plots actually monitored in 2004. The
as leaf-eating caterpillars and fungi.
Level II network, called RENECOFOR, • Observation protocols have been
considerably improved, particularly
was set up in 992 and is managed by
from 994 to 997. Periodic training
the National Forest Agency (ONF). It
and randomly planned controls today
includes 00 plots. Crown condition is
ensure a consistent monitoring methassessed on both networks by DSF obodology across all plots.
servers. Their unfailing forest health
knowledge enables them to identify • Twelve years’ Level II monitoring has
precisely factors responsible for the obgiven numerous results in the ﬁelds
served damage.
of atmospheric deposition, ozone
and ammonia air concentrations, soil
Main results
characteristics, mineral nutrition of
• In spite of serious fears in the earforest stands, phenology, tree health,
ly 980s about forest dieback, there
and forest growth. Synthetic indicahas been no overall forest decline in
tors are currently being developed,
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Mean sulphate and nitrate concentrations in open ﬁeld measurements at 25 Level II plots and mortality rates for broadleaves and conifers at Level I.
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GERMANY
Federal Ministry of Consumer Protection,
Food and Agriculture
Unit 533
D-53107 Bonn
www.bml.de
Mr. Thomas Haußmann
thomas.haussmann@bmvel.bund.de

Intensive monitoring plot with litterfall (white),
throughfall (orange) and stemﬂow samplers.
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Deposition trends of the Solling Level II plot 1969 - 2003.
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Background information
reduced for ammonium by 28%, • Crown condition has been proven
As a reaction to widespread damage
is still too high in many regions.
to be a valuable indicator to reﬂect
observed on the main tree species, forMean nitrogen inputs of 20 kg nithese stressors. Mainly oak, but also
est condition monitoring was started
trogen per year and hectare result
beech, is aﬀected with nearly every
in Germany already at the beginning
in increased tree growth and in a
fourth tree classiﬁed as damaged.
of the 980s and is today based on 450
shift of ground vegetation compo- • Additional threats include weathLevel I and 89 Level II plots. A few
sition. Nowadays more nitrophilic
er extremes such as long lasting
plots oﬀer time series dating back to
plants can be found on many plots.
droughts and storm events
the 960s. In addition, diﬀerent Länder
Nitrate is leached in significant
have installed denser grid nets and adquantities from every third inten- Outlook
ditional monitoring plots in order to
sive monitoring plot. The present Germany will continue its clean air
obtain regional results. A close link has
nitrogen deposition loads and the policy. Forest policy will also in the fubeen established to the National Forest
sulphur deposition of the former ture promote sustainable forest manInventory and to various research
decades are today the main driv- agement in order to ensure ecological,
groups at universities, environmental
ing forces for acidification in for- economic and social beneﬁts also unagencies and private consultants. The
est soils.
der changing environmental conditions.
results are published annually at feder- • Ozone is also a matter of concern, The forest monitoring programme has
al and regional level.
with ozone injuries mainly detected provided essential information on the
on beech trees.
eﬀectiveness of the policy measures. In
Main results
• Soils are acidified at most of the addition there is a continuing high pub• As in other European regions, sulplots and thus also indicate chang- lic interest in forest related information
phur deposition was reduced greates in the ecosystems. The water ﬁl- and forest health issues, and a strong
ly by 89% in the period 980 - 2000.
tering function of many of these for- demand for actual risk assessments and
Trees have been shown to react to
est soils is endangered. Only 9% of information. Therefore the forest monithis with reduced sulphur contents
the plots have calcareous soils and toring programme will be continued. A
in needles and leaves. However, toare thus not aﬀected by acid depo- special focus will be the preparation of
tal nitrogen deposition, although
sition.
the second forest soil survey at Level I.

• Soil properties: The nitrogen pools
were highest in the soil of the fir
plot, intermediate at the maquis
and beech plots, and lowest at the
oak plot. The C/N ratio in the H
Forest Research Institute of Athens,
horizons at all plots was less than
Ministry of Rural Development and Food,
6.5 (oak), and the lowest value was
Terma Alkmanos, Ilissia, 115 28
observed at the fir plot (.8). It is
www.fria.gr
concluded that the fir plot might be
Mr. G. Baloutsos Mr. P. Michopoulos
predisposed
to nitrogen saturation.
mipa@fria.gr
mpag@fria.gr
For this reason, the monitoring of
Mr. A. Economou
the nitrogen status should continoika@fria.gr
ue in the future.
• Litterfall quantities in the beech
and fir plots were not always constant. The most influential factor
was the amount of rain.
Background information
the rooting zone at the beech plot, • Ozone concentrations are usually
Forest vegetation in Greece grows
high during July and August. Mean
was significantly higher than that
in a Mediterranean climate and is
monthly concentrations ranged
of ammonium, although the nitrate
thus exposed to a number of weathfrom 95 to 8 μg/m3. The main forconcentration in stream water was
er hazards. It is also exposed to loest tree species affected are beech,
very low. It is very likely that the
cal and long-range transported air
ash and pine species.
beech and oak plots, located in
pollutants. For these reasons, forest
central-eastern Greece, receive atmonitoring started in 988 with 00
mospheric pollutants from north- Outlook
Level I plots covering all forest types.
ern areas of Greece or abroad. The The monitoring of chemical paramIn 996, four Level II plots were esacidity of rainwater at all plots has eters in water, foliage, litterfall and
soils should continue in the future
tablished. The latter represent the
decreased since 997.
maquis, oak, beech and fir ecosys- • Foliar analysis showed that the to disclose trends and correlations.
tems. The results are analyzed and
nitrogen concentrations in plant Phenology is another important aspublished annually.
tissues had the lowest variabil- pect related to litterfall and therefore
ity since 995. However, values to nutrient cycling. Also, measureMain results
for phosphorus fluctuated by up ments of ozone concentrations will
• Crown defoliation of forest trees is
to 20%. The N/P ratio has to be continue. Statistical models should
mainly attributed to biotic and abimonitored in the future in order be applied to predict nutrient uptake
otic factors, like high temperatures,
to detect possible nutrient imbal- and leaching. In this way, forest mandroughts, frost, and insects. High
ances. So far, no significant trends agement can profit from the data bepercentages of defoliation, due to
have been observed in time with cause its practices affect the plant nudrought, were reported in 988,
trient status.
respect to this ratio.
993-995 and 200-2002. Intensive
attacks by the insect Thaumetopoea
pityocampa on Aleppo pine trees
were observed in 993. Fir trees
were intensively attacked by the
insect Horistoneura murinama in
the period 994-200. Forest fires
also destroy extensive forested areas and are thus a high risk for forest ecosystems.
• Elemental fluxes: At the beech and
oak stands, average bulk fluxes
for sulphate and inorganic nitrogen were 8 and 4.7 kg per hectare and year respectively for the period 997-2003. At the same plots,
low pH values in bulk deposition
were significantly correlated with
high sulphate and nitrate concentrations. The nitrate concentration
in lysimeter water, extracted from Intensive monitoring plot in Greece.

GREECE

23

HUNGARY
State Forest Service
Ministry of Agriculture and Rural Development
Széchenyi u. 14.
H-1054 Budapest
www.fvm.hu
www.aesz.hu
Forest monitoring is an advanced tool to protect nature and its resources.

Mr. András Szepesi
szepesi.andras@aesz.hu

����������

in the 980s is unlikely to cause sigBackground information
niﬁcant acidiﬁcation on the sites obHungarian forestry has a long tradiserved. Long-lasting eﬀects of depotion of observing forest health condisition on soils have to be monitored,
tion. The annual reports of forest ownespecially on sensitive sites, and furers, the light trap network covering the
ther elucidation is necessary by rewhole country and the management
sampling the soils periodically.
planning have been the traditional
sources of information since the 960s. • Different environmental effects
caused slight deterioration of the
After joining ICP Forests, the network
crown condition since 990. Air polof Level I plots was established (4x4
lution can be a contributing factor;
km grid) in 988. In addition, 4 Level
however, large-scale forest dieback
II plots were set up in 995 to moniin relation to air pollution has not
tor causes and eﬀects in the main forbeen observed in the country.
est ecosystems. All information sources mentioned were integrated into the • Since 988, the monitoring system
has revealed the weakening of forNational Forest Condition Monitoring
ests and tree dieback in some areas
System by the Forest Act in 996, formand has supported the forestry secing a comprehensive tool for the protor in responding appropriately and
tection of national forests. Based on
in time. Among the related abiotic
the interpretation of monitoring and
and biotic impacts, drought plays an
research results, the present system
successfully supports local foresters,
forest managers, the authorities and
�����
decision makers.
����

important role as a predisposing or
damaging factor.
• Ozone concentrations have increased
moderately in the last 5 years,
though they are not considered high
compared to overall European levels.
Ozone symptoms were observed on
speciﬁc sites, mainly on beech and
oak, and the impact of ozone has
therefore to be clariﬁed in the future.
Outlook
The continuation of monitoring and research is necessary for the protection
of forest resources. Air pollution still
has to be considered in the future. The
existing infrastructure is the basis for
an early warning system, for periodic monitoring and for cause-eﬀect research in forestry.

Main results
• During the last 20 years, sulphur di����
oxide emissions were reduced by 73%
and nitrogen oxide emissions by 32%.
����
Deposition levels also decreased but
at a less impressive rate. However,
����
the presently measured sulphur and
especially nitrogen deposition may
���
still aﬀect forest ecosystems.
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
• Due to the lime content or the high
����
������������������
��������������������
������������������
��������������
buﬀer capacity in the majority of forest soils, acid deposition measured Defoliation of all tree species on the Level I plots.
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IRELAND
Coillte
Research and Environment
Newtownmountkennedy
County Wicklow
www.coillte.ie

Mixed woodland in the west of Ireland.

Mr Pat Neville
pat.neville@coillte.ie

Background information
Ireland has been monitoring forest
health and vitality since 987 at twenty two permanently marked plots incorporated into the pan-European
Level I network. Intensive monitoring of forest ecosystems has been ongoing since 990, and in 994 twelve
Level II plots were included into the
current scheme. An expansion of the
Irish network of plots is underway to
reflect recent trends in afforestation.

���������������������������������

Main results
Air pollution effects on forests,
which were so pervasive across

Europe, have been demonstrated to
be absent from Irish forests, with the
main stressor on forest condition being identified as climatic rather than
anthropogenic. There is no evidence
of long-term trends of defoliation of
the main tree species of the survey,
Sitka spruce, but long term monitoring has allowed observation and understanding of trends in forest condition over time and detection of
short-term defoliating agents such
as the green spruce aphid, Elatobium
abietinum.
Chemical analysis of the nutrient contents of the needles and
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�����������
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Defoliation and discolouration of sample trees from 1989 to 2004.
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leaves demonstrated no significant
nutrient deficiencies among the
sample trees. Results from the deposition survey have demonstrated
that although nitrogen deposition
is considered low in Ireland, locally high rates of deposition occur
and may have implications for sustainable forest management. Results
from one Level II plot show clear evidence of nitrogen saturation of the
ecosystem.
Outlook
Both the Irish Level I and Level II
plots have provided valuable information on forest condition and ecosystem processes both nationally and
in the European context. Results collected from the intensively monitored plots have been used to construct nutrient input/output budgets
for forest ecosystems. While the impact of air pollution on forests in a
changing deposition environment
continues to evolve, the plots have
proven and are proving an invaluable
source of hard data to address other
aspects of forest policy such as carbon sequestration and biodiversity
in forests. After twenty years, forest
monitoring is only beginning.
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5,000 ppb*h at all monitoring sites,
with annual peak values at 83,000
ppb*h. A number of plant species
with ozone-like damage symptoms
were found. Ozone also reduces the
vitality of sensitive species. It aﬀects
crown transparency and is related
to carbon sequestration through its
eﬀects on tree growth. These data
conﬁrm that ozone represents a potential risk factor for Italian forests.

ITALY
Corpo Forestale dello Stato,
Servizio CONECOFOR
via Sallustiana 10
I-00187 Roma
www.corpoforestale.it
Mr. Bruno Petriccione
conecofor@corpoforestale.it

Background information
Forest condition monitoring at a national scale has been promoted in Italy
since 987 under the co-ordination of
the National Forest Service. The programme named CONECOFOR (Forest
Ecosystems Monitoring) since 995 involves investigations on 265 Level I
and 3 Level II monitoring plots. On
Level I, crown condition assessments
are carried out on an annual basis. The
3 Level II CONECOFOR permanent
plots are designed to study the ecological interactions between the structural and functional components of forest
ecosystems and stress factors, such as
air pollution and climate change. Of
these plots,  are classiﬁed as “biomonitoring sites” in the framework

of the ICP Integrated Monitoring of
Ecosystems. Recently, a process for including some of the Level II sites in the
I-LTER Network was launched, which
will be completed in 2005.
Main results
• The combined and integrated data
evaluation showed the particular
risk of high acid and nitrogen deposition for sensitive soils and for the
biodiversity status of the forest sites.
Critical acidity loads were exceeded
in the most sensitive forest ecosystems in Italy and total nitrogen deposition is high on many plots.
• On average, estimated ozone concentrations in terms of the AOT40
indicator exceed the critical level of

Outlook
While air pollution remains of concern,
the programme has been re-oriented
to new tasks and projects. In the ﬁeld
of biodiversity, CONECOFOR participates in international initiatives
like ALTER-Net, ForestBIOTA and
IEBI200. Climate change eﬀects are
tackled within CLIMECO and the pilot project BioRefugia. The pilot project CarbonFlux is oriented towards
questions of carbon sequestration.
Speciﬁc ozone and biodiversity campaigns for the public and policy makers have been implemented in 2003
and 2004 or are planned for 2005 and
2006. They also tackle questions of
contamination by genetically modiﬁed organisms. Finally, a synthesis of
the intensive monitoring programme
with the Natura2000 and Life programmes is planned to be implemented in 2007.

AOT40 (ppb*h)
5000-10 000
10 000-20 000
20 000-30 000
30 000-40 000
40 000-50 000
>50 000

Estimated ozone mean concentrations (AOT 40) for CONECOFOR Level II plots
(Jun – Sept 2000-2002).
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CONECOFOR Plot with meteorological station for continuous microclimate measurements.

ha/yr. The total deposition of nitroBackground information
gen and sulphur compounds, in parLatvia joined the ICP Forests proticular, has shown decreasing trends
gramme in 990 with 398 Level I obsersince 986. The pH of rainwater has
vation plots in the national grid of 8x8
remained quite stable during this
km. Nowadays, about 360 Level I plots
period.
are assessed every year. They include
95 plots of the transnational grid. Level • A set of crown condition data has
II intensive monitoring was launched
been obtained since 990, demonin 995 with two plots. Unfortunately,
strating temporal and spatial variathe observations ceased for some years,
tions in tree health over this period.
but resumed in 2004 including one new
A considerable decrease in mean demonitoring plot.
foliation has been observed for Scots
To describ e atmospherpine (from 33% in 992 to 9 % in
ic pollution, the data of the Latvian
2004). The improvement of the condition of pine crowns is explained by
a considerable reduction in the deposition of sulphur compounds, although there have been unfavourable
weather conditions and outbreaks of
diﬀerent insects in the early 990s.
Department of Environmental Protection
• Norway spruce and common birch
State Forest Service
show periodic ﬂuctuations in the lev13 Janvara Street 15
LV-1932 Riga
el of defoliation with a slight increaswww.vmd.gov.lv
ing trend. Tree crown condition in
Latvia is aﬀected primarily by biotMrs. Ieva Zadeika
ic and abiotic factors such as insects,
ieva.zadeika@vmd.gov.lv
diseases, adverse site conditions, and
weather conditions. Air pollution is
regarded as one of the factors weakening the resistance of forest ecosystems.
Hydrometeorological Agency are used
because the data from the Level II ob- Outlook
servations have become available only The assessment of crown condition
recently.
gives a general insight into forest health
condition and it is important to ensure
Main results
continuity of the survey. Speciﬁc atten• In Latvia, the level of air pollution is, tion in the future will be paid to qualin general, considerably lower than ity assurance. Level II measurements
in Central Europe. During recent will be developed in the near future and
years, background stations have the emphasis will be on the evaluation
revealed annual nitrogen loads of of the collected data. The coming soil
about 6-8 kg per hectare and year. survey at Level I will be of great value
Sulphur inputs are around 5-6 kg/ for Latvia.
����������������

LATVIA
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Scots pine stand in Latvia.
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Changes in mean defoliation for the main tree species, 1990-2004.
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LITHUANIA
Lithuanian State Forest Survey Service
Pramonės Av. 11A,
LT-51327 Kaunas
www.lvmi.lt/vmt
Mr. Andrius Kuliešis
vmt@lvmi.lt

Intensive monitoring plot with deposition samplers.
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Changes of mean crown defoliation and number of not defoliated trees in Lithuania.
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Background information
Forest ecosystem research including elements of forest monitoring in Lithuania
was initiated over 20 years ago. The present national forest condition monitoring
network covers the total forest area of
Lithuania and was created in 987/88.
boundary pollution. In the 990s,
Today it is based on 963 Level I plots
the mean annual deposition dein a 4 x 4 km grid. Out of these, 74 percreased to about 24 kg sulphur
manent observation plots were assigned
and 0 kg nitrogen per hectare and
to the transnational 6 x 6 km grid in
year. This decrease is mainly due to
99. The condition of forest soils was asemission reductions in Europe. In
sessed in 992-993. Nine intensive monthe period from 98 to 999 ozone
itoring (Level II) plots were installed in
concentrations increased to a cur995. Today, the monitoring activities are
rent annual mean of 0.93 μg/m3.
coordinated by the State Forest Survey • During 989-995, the condition
Service. The Lithuanian Forest Research
of forests was declining. This was
Institute carries out the intensive forest
caused by the summer droughts of
monitoring on the Level II plots.
992 and 994, and hurricanes during the winter of 993, along with
Main results
the insect and fungal calamities in
• The air quality in Lithuania is large992-994. A stabilization of forest
ly determined by long-range transcondition was observed during 996-

200. Starting from 2002, a slight
decline of forest condition has been
observed. Air pollution is regarded
as one factor related to forest condition.
• At least 50% of forest soils (mostly
sandy Arenosols and Podzols) are
sensitive to acidic air pollution. The
concentrations of heavy metals are in
the range of natural levels. No relationship was found between the condition of forest soils and tree crown
defoliation.
Outlook
Lithuania supports the clean air policy
of EU and UNECE. The future priorities of the Lithuanian forest condition
monitoring activities are: (i) to participate in the estimation, interpretation
and comparison of forest condition
monitoring data throughout Europe;
(ii) to provide society and policy makers with information on the current
state of forest ecosystems; and (iii) to
further pursue the investigations of forest ecosystems.
Knowledge about forest condition is a prerequisite to protect forests and to mitigate economic and ecological losses. Political and economic
means will be applied to ensure the
protection of forests. The monitoring
programme in Lithuania will be continued.

Throughfall and stemﬂow samplers on an intensive
monitoring plot.

LUXEMBOURG
Administration des Eaux et Forêts
16, rue Eugène Ruppert
L-2453 Luxembourg
www.environnement.public.lu/forets

������������

• At present, the deposition of sulphate
(SO4-S) in the open ﬁeld is relativeMr. Claude Parini
ly low with 3 to 4 kg per hectare and
claude.parini@ef.etat.lu
year, while in the forest stands, about
0 kg per hectare and year are measured. The sulphate deposition decreased by 52% over a period of 0
years, which helped to reduce the
acidiﬁcation of soils. This trend has
to be seen as a result of the eﬀort to
lower emissions in this region.
installed in characteristic beech forests
Background information
In the context of an increase of trans- of Luxembourg as a part of the French • The deposition of nitrate (NO3-N)
shows a relatively constant trend
boundary forest damage and air pollu- RENECOFOR network. A national forin the open ﬁeld (about 3 to 5 kg N
tion, the Grand Duchy of Luxembourg est condition survey, based on 5 plots,
per hectare and year). In the forest
established in the year 987 four plots has been carried out since 984.
stands, the deposition increased by
ﬁtting into the European Level I net40% in the past 0 years to reach 5 to
work. The survey of these 96 sampling Main results
8 kg per hectare and year. The total
trees contributes to a widespread moni- In Luxembourg, atmospheric deinput of mineral nitrogen is estimattoring of the forest condition in Europe. position is sampled on one Level II
ed at 5-20 kg per hectare and year.
In 994, for a more intensive investiga- plot located in a beech forest of the
As the direct link between nitrogen
tion of key factors and processes on the Gruenewald located next to the capital
deposition and eutrophication of the
ecosystem scale, two Level II plots were city of Luxembourg.
ecosystems is well known, these deposition rates are rather worrying.
��
������������������������
• In the beech forest, calcium deposi��������������������
��
tion decreased by 33% and potassium
�����������������������������
��
deposition by 44% in 0 years.
�������������������������
��
��
��
�
�
�
�
�

Deposition trends of the Gruenewald Level II plot.
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Outlook
In the light of the latest climatic variations and severe atmospheric pollution, there is an increasing importance
in observing the effects of a changing environment on forests in the future. Therefore, the Grand Duchy of
Luxembourg will continue to monitor forest condition on the basis of the
Level I and Level II networks.
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THE NETHERLANDS
Ministry of Agriculture, Nature and Food Quality;
Department of Knowledge
P.O. Box 482
6710 BL EDE
www.minlnv.nl
Mr Gerard Grimberg
g.t.m.grimberg@minlnv.nl

Background information
ly 30 kg nitrogen per year and hectare
As a reaction to widespread damage
lead to elevated nitrate leaching to the
observed on the main tree species, forgroundwater, increased sensibility to
est condition monitoring started in
stress factors like drought, frost and
The Netherlands in 984 and was cardiseases and to a disturbance of the
ried out yearly up to 994 on a subset
nutrient balance.
of 3,000 plots in a systematic x km • Nearly all investigated forest plots are
grid square. Besides a number of large
non-calcareous sandy soils (covering
surveys including crown condition,
more than 80% of the Dutch forests)
ground vegetation and chemical conand are aﬀected by acid deposition,
dition of foliage, soil and soil solution
but the reduced inputs of sulphur
measurements were executed in 990
and nitrogen did cause an improveon 50 plots and in 995 and 2000 on
ment. This is reﬂected in a strong
200 plots, representing the new nationreduction in sulphate and toxic alal monitoring network to measure foruminium (by more than 60%) and
est health. A subset of 3 of these 200
an increase in pH of 0. in soil soluplots are measured yearly as part of the
tion in the last ten years. Although
Level II intensive monitoring network.
less signiﬁcant, there has also been
Furthermore,  plots are established as
a clear reduction in dissolved nitrate
Level I monitoring plots.
concentration (near 25%) and in soil
nitrogen content in this period.
Main results
• Crown condition was related to
• As in other European regions, sulstand characteristics and exterphur deposition has been reduced
nal factors. Multiple linear regresby approximately 80% in the period
sion analyses for 50 plots showed
980 - 2000. Trees have reacted to this
that tree species and age were the
with reduced sulphur contents in neemain factors explaining defoliation.
dles and leaves. However, the total niAdditional explaining factors were
trogen deposition has been reduced
the nitrogen content in needles and
by only approximately 25% in this peleaves and the pH of the soil soluriod and is still too high in nearly the
tion. This confirms the roles of niwhole of the Netherlands. Present
trogen and acidification in the demean nitrogen inputs of approximatecline of crown condition.
30

Intensive monitoring plot with
throughfall and soil solution
(yellow circles)measurement
equipment.

• Multivariate statistical analyses also
showed that there is a strong relationship between the composition of
the ground vegetation and tree species, the chemical composition of the
soil (mainly the availability of base
cations), deposition and groundwater. However, no signiﬁcant relationship was found between vegetation
composition and the deposition of
total nitrogen. Relationships to nitrogen deposition are likely to be detected when a repetition of the ground
vegetation survey is carried out.
Outlook
In the Netherlands, interest in air pollution/acid deposition and related forest monitoring has strongly decreased
since 995. The monitoring network to
measure forest health on the 200 plots
has therefore been stopped since 2000.
However, there is still a lot of policy interest in ammonia emissions and related nitrogen deposition with its impacts
on biodiversity and carbon sequestration by forest growth. Apart from monitoring nitrogen deposition and its impacts on a reduced number of 5 Level II
plots, the monitoring of forest growth
and forest diversity aspects is continued in a network called “Meetnet
Functie vervulling”.

NORWAY
Norwegian Forest Research Institute
Høgskoleveien 8
N-1432 Ås
www.skogforsk.no
Mr. Dan Aamlid
dan.aamlid@skogforsk.no

Sampling of needles from Scots pine on the Level II plot at Kårvatn.

Background information
The Norwegian Monitoring Programme
for Forest Damage has been running
since 986. The aim is to monitor the
vitality of Norwegian forests and evaluate the inﬂuence of long-range transboundary air pollutants. Monitoring
comprises two extensive nation-wide
sets of plots, national representative
plots, which are part of the ICP Forests
Level I net, and the Forest Oﬃcers’
plots. In addition, there are eight intensive monitoring plots, where monitoring at Level II is carried out, and a
national network of air pollution monitoring plots.
Main results
Since 980, the concentration of sulphate in precipitation has decreased

by 62-76%. Reductions in airborne
concentrations were between 82-93%
and 64-73% for sulphur dioxide and
sulphate, respectively. There are no
clear trends for the concentrations
of the diﬀerent nitrogen compounds,
except for nitrogen dioxide that has
decreased signiﬁcantly in the last 0
years.
Crown condition has been stable for the last ﬁve years following a
slight improvement in tree vitality in
the late 990s. The variation in the last
years has mainly been caused by fungal and insect attacks that were largely due to a combination of climatic
stress to trees and a favourable climatic environment for the fungi and
insects. Eﬀects of air pollutants may
come in addition to or interaction

with these biotic and climatic factors.
They are, however, hard to estimate,
as they appear to have been small
compared with the eﬀects of other
factors. There are no indications at
present that long-range transboundary pollutants have directly or indirectly damaged the Norwegian forest.
The concentrations of air pollutants
and of potentially toxic aluminium in
soil water have normally been lower
than the threshold values for damage.
Increased growth in southern Norway
is consistent with the hypothesis that
this may be an eﬀect of nitrogen deposition. Results from the intensive
monitoring plots suggest that there
are ﬂuctuations from year to year in
some measurements, probably within
the normal variation for boreal coniferous forests.

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

����

���������

������������

Outlook
Th
e forest ecosystem seems at present
���
����
to
be quite stable. Air pollutants appear
�������
����
��������������
����
����
to
have had little eﬀect compared with
����
����
other factors. In the future, the eﬀects
����
����
���
of climate change, including indirect
���
����
eﬀects such as pathogen attacks, may
���
����
be important. In order to detect any
changes that might occur, it is imporMean defoliation of Norway spruce on Level I and Forest Oﬃcers’ (FOP) plots, and volume-weighted mean alumin- tant that the monitoring programme be
ium concentrations in soil water from 15 cm depth on the Level II plots.
continued.
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POLAND
Forest Research Institute
Bitwy Warszawskiej 1920 r. nr 3 Str.
00-973 Warsaw
www.monitoring.ibles.waw.pl
Mr. Jerzy Wawrzoniak
j.wawrzoniak@ibles.waw.pl

Ground vegetation survey at a beech plot in the Baltic
Region.

��
��

plots distributed in a 6x6 km grid and
86 Level II plots representing the most
common forest types in Poland.

ement contents in pine needles in
997 and 200 indicated a signiﬁcant
increase in the concentrations of
nitrogen (N), phosphorus (P), and
Main results
magnesium (Mg), and a decrease
• The poorest health condition was
in the concentration of potassium
found in ﬁr and oak stands, whereas
(K).
beech and birch stands proved to be • Species richness of vascular herbathe healthiest.
ceous plants in the fresh pine forest
• Precipitation deﬁcit during the growhabitats (Leucobryo-Pinetum and
ing period was the environmenPeucedano-Pinetum taken togethtal factor that most aﬀected forest
er) increases steadily from westhealth.
ern to eastern Poland. This is indi• Air pollution has been signiﬁcantcated by a correlation coeﬃcient of
ly reduced. The comparison of el0.439.
���
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Background information
Forests cover one third of Poland and
have a considerable economic, social
and environmental importance for
the country. The natural environment
presently undergoes quick changes attributable to climate change and a decreasing level of anthropogenic stress.
This makes the monitoring of forest
ecosystems an essential tool for putting
into practice the principles of sustainable forest management. In 989, forest monitoring was started on the basis
of permanent observation plots. There
are 433 permanent Level I observation
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Damage to stands and precipitation sum in the growing season in the period 1999-2003 for selected forest regions.
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Outlook
Decreasing stress from atmospheric pollutants will enable the introduction of new components into the forest monitoring programme. These will
aim at studying the relationships between forest management, the environment and nature protection, including the assessment of carbon retention
in forest ecosystems (as related to the
Kyoto Protocol), the monitoring of biodiversity in forests (as related to the
Convention on Biodiversity) and the
monitoring of protected areas (as related to Natura 2000). In the nearest future, the integration of 300 Level I plots
into the national large-scale forest inventory is foreseen, in order to obtain
comprehensive and reliable information on the state of the forests.

Background information
In 987, Portugal launched an annual forest vitality inventory based on a
Level I systematic grid net. At national level, 37 plots on the mainland and
4 plots in the Azores were monitored in
2004. Monitoring at Level II was launched
in 993 and 994. This network consists
of 2 plots (8 on the mainland and 4 in
the Azores), representing the most common forest ecosystems. At all the Level II
mainland plots, crown condition, foliar
condition, increment change and ground
vegetation are assessed. Continuous assessment of atmospheric deposition, meteorology and soil solution is carried out
at one of them. At all the Level II plots
in the Azores, crown condition, foliar
condition and increment changes are
assessed. Continuous assessment of atmospheric deposition and meteorology
is carried out at one of them.

PORTUGAL
Direcção-Geral dos Recursos Florestais
Ministério da Agricultura, do Desenvolvimento
Rural e das Pescas
Av.ª João Crisóstomo, 26 – 28
1069-040 Lisboa
www.dgrf.min-agricultura.pt
Mrs. Maria Barros
mbarros@dgrf.min-agricultura.pt
Mr. José Rodrigues
jrodrigues@dgrf.min-agricultura.pt
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Main results
• At the Level I mainland plots, the
423,276 ha were burned, 283,063 ha
proportion of both broadleaves and
(67%) of which were forest stands, repconifers with symptoms of damage
resenting 8% of the total Portuguese
showed a clear peak in 990, and
forest. Maritime pine was the most afthen decreased until 2002. However,
fected (09,567 ha, i.e. 39%), followed
in 2003 a slight increase was again
by eucalypt (58,343 ha, i.e. 2%) and
observed. The poor crown condicork oak (43,63 ha, i.e. 5%).
tion of several tree species in the • In the Azores, salty sea winds are the
years 990 and 99, and recently in
most signiﬁcant cause for defoliation
2003 and 2004, was caused by fungi
and discoloration. In some plots, isoand insect attacks as well as by forlated trees are worse than the averest ﬁres, triggered by drought periage due to attacks of Armillaria sp.
ods. In fact, 2003 was the worst year • Atmospheric deposition seems to
since the beginning of systematic reghave only a small inﬂuence as a stress
istrations with respect to forest ﬁres:
factor, except in the Azores where the

normal sea winds carry a lot of salts
and winds from Africa increase the
levels of Ca, Mg, Na, K and sulphate.
Outlook
The forest monitoring programme has
provided essential information on the
Portuguese forest health condition.
Therefore the monitoring program
will be continued. The programme will
amend its objectives in the next years,
in order to satisfy new needs. In this
sense, a second forest soil assessment
at a national level will start in 2005, as
part of the BioSoil project.
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Shares of damaged trees (defoliation classes 2-4).
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Monitoring installations in Portugal.
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ROMANIA
Biometrics and Forest Inventory Dept.
Forestry Research and Management Institute (ICAS)
Sos. Stefanesti 128 Voluntari jud. Ilfov 077190
www.maap.ro
www.icas.ro
Mr. Ovidiu Badea
biometrie@icas.ro

Intensive monitoring plot with increment, soil, foliar and ground vegetation assessments.
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Background information
In Romania, forest decline with increased abnormal tree death occurred
for oak species already in the periods
937-943, 947-949, and 955-958. For
other important tree species such as
silver ﬁr, Norway spruce, pines, beech,
and black locust, it was mainly recorded in the periods 970-978 and 984990.
Forest crown condition assessments started in 990 and are
presently based on approximately 4,500 permanent plots in the national monitoring network (4x4 km).
Around 230 permanent plots are part
of the transnational Level I network
(6x6 km). There are 2 permanent
intensive monitoring plots (Level II)
in the most important forest ecosys-

of 3.0 on most plots in the western
region of the country, and in some
conifer stands of the north-east and
south of the Carpathian Mountains
Main results
• Crown condition is a meaningful inarea.
dicator for the additive eﬀects of air • In Romania, more than half of
Europe’s potential natural vegetapollution and frequent drought in
tion types occur. Aspects of biodiverthe south and south-east of the counsity have been assessed at the intentry. Oak species are the most aﬀectsive monitoring plots. A remarkable
ed, with the highest share (20-35%) of
abundance of plant species has been
damaged trees. An overall improved
substantiated and biodiversity indisituation in the last years is attributcators have varied widely.
ed to an increase in rainfall. The increment of trees has been found to • In the last 0 years, atmospheric deposition has been reduced in the
be reduced at plots with higher denorth of the country, whereas an
foliation.
• In the majority of the analyzed forest
increase has been observed in the
soils, the critical values for sulphur
south. Atmospheric inputs are in the
and nitrogen content were exceeded.
range of 4-8 kg per hectare and year
Soil pH was below the critical value
for sulphate and vary from 3-33 kg/
ha/yr for total nitrogen.
tems, which are not systematically located.
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Shares of damaged trees (defoliation classes 2-4, 4x4 km grid), all tree species.
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Outlook
Romania will continue its air pollution
reduction policy and will foster sustainable forest management in order to provide future ecological, social and economic beneﬁts.
The National Soil-vegetation Monitoring
Programme for Silviculture in Romania
was started under Law No. 444/2002
and will oﬀer also for the future essential information on forest condition. In
2005, this information will be complemented with the data of the National
Forest Inventory.

RUSSIA
Pine forest with spruce regeneration in the Leningrad region.

Biological Research Institute,
Saint Petersburg State University,
Oranienbaumskoe shosse, 2
198903 Saint Petersburg
Mrs. Natalia Goltsova
Natalia.Goltsova@pobox.spbu.ru

Background information
In 988-89, the ﬁrst 70 sample plots
were installed in the Kaliningrad and
Murmansk regions with support from
specialists of the Lithuanian Forest
Research Institute. The Biological
Research Institute of Saint Petersburg
State University added another 44
Level I sample plots in 990-992 in
the Leningrad, Novgorod and Pskov
regions, and installed 2 Level II plots
in 994-995. In 995, this Research
Institute was appointed as the Russian
National Focal Centre of ICP Forests.
The Scientific Research Centre of
Ecological Safety of the Russian
Academy of Science (Saint Petersburg)
actively participated in the work in
north-western Russia. The Forestry
Institute in Moscow was engaged in
ICP Forests work in the central part
of European Russia (Moscow region).
The more than 450 Level I plots in the
north-west of Russia have been used
for education, for air pollution monitoring, for bioindication, for growth

models, for the investigation of plant
biodiversity, and for soil studies by
many institutions. Special attention
is given to the calibration of methods according to the standards of ICP
Forests.
Main results
In Russia, sulphur deposition has been
reduced by 70% since 990. As in other
European countries, this has improved
the air quality in large areas. Zones with
sub-lethal and lethal damage to epiphytic lichens on pine trees have been
reduced considerably. The recovery of
crown condition took place more slowly. However, the collapse of parts of the
industry had a positive inﬂuence on the
forests and is reﬂected in a decrease of
total defoliation of pine and spruce trees.
Nowadays, industrial development is resuming, which can have negative inﬂuences on the environment. Higher volumes of traﬃc and the expansion of
recreation activities increased the damage to pine and spruce forests in the

neighborhood of densely populated areas.
Outlook
The forest monitoring programme of
ICP Forests has provided a very eﬀective methodology for the evaluation of
the ecological situation and the eﬀectiveness of forest management with respect to forest health. Its long-term continuation will be important. Today, the
measurement of forest growth and the
prediction of its economic potential are
important topics as well. It seems that
in the near future, Russian society and
government will pay increased attention
to environmental issues, and it is hoped
that this will also result in ﬁnancial and
political support for the monitoring programme. In the past, the instability of
quickly changing Russian local authorities and central ministries were the main
constraints for the activities. The database now holds data for almost 20 years
and will become more and more relevant as a basis for political decisions.
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SERBIA AND
MONTENEGRO
Institute of Forestry
Kneza Viseslava 3,
11000 Belgrade
Mr. Radovan Nevenic
nevenic@eunet.yu

Background information
The ﬁrst assessment of forest condition in Serbia, within the framework
of Level I monitoring according to the
ICP Forests methods, was performed in
988 on more than 50 plots.
The development of ICP
Forests monitoring has stagnated in
the last decade due to lack of resources in Serbia. Systematic monitoring
continued again in 2003. In the region of Serbia, 03 sampling plots are
established on a 6x6 km grid and 27
new plots have been added on a 4x4
km grid, making a total of 30 Level
I plots (not including the Kosovo and
Metohija regions). Results are published on the national and regional
levels.

• Crown condition assessments were
carried out on 03 plots in 2003, and
on 30 plots in 2004.
• Chemical properties of the soil in both
the organic and mineral layers were
surveyed on 03 plots in 2003 and on
27 plots in 2004, covering all main soil
types of Serbian forest ecosystems.
• Based on the soil analyses, the nutrient supply of the forest trees was
evaluated on 03 plots.

Outlook
Serbia will continue its environmentally oriented and clean air policies in
the years to come. A system of intensive monitoring on Level II is planned
to become active from 2006 onwards.
ICP Forests monitoring in Serbia will
provide deeper insight into the interacMain results
tions between the various components
• In total, 03 earlier established plots of forest ecosystems. Close cooperation
on a 6x6 km grid were re-estab- with ICP Forests will contribute to the
lished in 2003.
calculation of critical levels/loads and
• 27 additional plots on a 4x4 km grid their exceedances in forests and include
ﬁtting into the existing 6x6 km grid other environmental monitoring prowere established in 2004.
grams in the future.

Re-established plot in Serbia.

36

SLOVAKIA
Deposition samplers on the tower of the intensive monitoring plot Polana.

Forest Research Institute Zvolen
T.G. Masaryka 22
SK 960 92 Zvolen
www.fris.sk/en
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Background information
Mr. Pavel Pavlenda
In the 980s, the forests of Slovakia as
pavlenda@fris.sk
a central European country were rathMr. Tomas Bucha
er strongly aﬀected by high levels of difbucha@fris.sk
ferent types of air pollution and a widespread forest decline was observed.
Forest condition assessments started on
permanent monitoring plots on a 6x6
the eﬀects of nitrate and ammonium of sustainable forest management the
km grid in 987. In 995, the ﬁrst three
deposition are dominant.
main tasks for the future are:
intensive monitoring plots were established under the pan-European pro- • The soil data show the acidiﬁcation of • to continue the periodic extensive
more sensitive soils. A rather strong
and intensive monitoring of forest
gramme. At present, the monitoring
accumulation of potentially toxic elecosystems;
activities are being executed on 2 monements has been observed in regions • to extend the activities to additional
itoring plots and 7 intensive monitoring
with long lasting heavy metal air polﬁelds like biodiversity, the protective
plots. Results are published annually
lution in the past.
functions of forests, climate change,
within the Environmental Information
and carbon sequestration;
System of the Slovak Republic.
Outlook
• to supply the public with information
Forest monitoring plays an important
about forests and thus to enhance
Main results
awareness of the importance and the
• From 987, when the monitoring ac- role for the understanding of processmultifunctional role of forests.
tivities began, until 996, a slight de- es in forest ecosystems. In the context
crease in defoliation and visible forest damage was observed. Since 996,
����
the proportion of damaged trees (25��������
32%) and the average defoliation (22����
25%) has remained relatively un����
changed. The recorded ﬂuctuation of
�����������
����
defoliation depends mostly on meteorological conditions.
����
• The radial increment of trees is also
����
strongly inﬂuenced by meteorological
�����������
conditions. The long lasting droughts
����
in the years 993, 2000 and 2003 led
���
to remarkable growth reductions.
• The mean sulphate concentration in
atmospheric deposition has decreased
during the observation period. Today, Shares of damaged trees (defoliation classes 2-4).
37

SLOVENIA
Slovenian Forestry Institute
Vecna pot 2
1000 Ljubljana
www.gozdis.si/monitoring
Ms. Nike Krajnc
nike.krajnc@gozdis.si

are far from being safe. Although sulphur concentrations, the main threat to
forests about two decades ago, declined
signiﬁcantly, new stress factors have
been evolving. Among them, ozone and
extreme climatic events seem to be the
most important.

Beech forest in Slovenia.

Main results
The analysis of defoliation changes
over time reveals that the condition of
Slovenia’s forests is to a considerable
38

extent stable. Although an increase in
mean defoliation and in the proportion
of damaged trees has been recorded,
forests did not decline with the intensity that was predicted in the early 980s.
Moreover, results from additional permanent sample plots suggest that forest condition is even better than shown
in the Figure.
Despite this rather convenient
forest health trend, Slovenia’s forests

�������������

Background information
The beginning of the systematic monitoring of forest condition in Slovenia
dates back to 985, when the country
for the ﬁrst time launched an inventory system largely based on the ICP
Forests methodology. Since then, the
monitoring framework has been continuously improved. At present it consists of 42 large-scale systematic monitoring plots on a 6x6 km grid and 
intensive monitoring plots. The latter
were installed in 2004. In addition to
the monitoring on the 6x6 km grid,
the country occasionally carries out an
inventory on a 4x4 km grid. Its main
goal is to obtain trustworthy data on
growing stock volume and its increment, biodiversity, and forest health:
information that is needed for answering questions on sustainability in the
forests.

Outlook
About 30 years ago, Slovenia adopted a rather modern concept of forest
management that was grounded on the
principles of sustainability, multifunctionality and close-to-nature management. To implement such a forest policy in day-to-day practice, there has
always been a need for reliable data.
This is perhaps the most important
reason why the forest monitoring programme has lately become an essential part of Slovenia’s forestry activities.
In turn, it is also expected that the implementation of the monitoring programme as a whole will strengthen the
position of forest science and practice
in the country.
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Shares of damaged trees (defoliation classes 2-4).

Stone pine (Pinus pinea) intensive monitoring plot
in southern Spain (Huelva).

Background information
Spain has been participating in the ICP
Forests programme since 985. In 987,
the Level I grid was established at national level, now comprising 620 plots
with a total of 4,880 sample trees. The
setting up of Level II plots took place
from 993 to 994. Today, 54 permanent
intensive plots represent the most common Spanish forest ecosystems, with
the aim of deriving in-depth knowledge
about the impact of a changing environment on forests. 3 Level II plots
are instrumented in order to carry out
periodic measurements of deposition,
meteorology, phenology and air quality, among others.

SPAIN
General Directorate for Biodiversity
Ministry of the Environment (MMA)
Gran Vía de San Francisco, 4, 3ª pl
E 28005 Madrid
www.mma.es
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Main results
The main Level I results, derived
from the so-called Forest Damages
Inventory (IDF), revealed eﬀects of a
Mr. Gerardo Sánchez
severe drought between 99 and 995
gsanchez@mma.es
and allowed quantifying of the Seca
syndrome that aﬀects Mediterranean
oak stands. Among the biotic damaging factors, the pine nematode speciﬁcally played an important role.
Level II shows levels of and trends in
environmental conditions in the forICP-forests) and oﬀers a central labtion has ﬂuctuated around 6 kg/ha/
ests through the analysis of key factors,
oratory for checking ozone like damyr with no clear trend.
such as:
age at the European level. Also, the
• Ozone: Air quality has been moni• Atmospheric deposition: At 3 Level
ﬁrst photoguide on ozone damage
tored with passive samplers since
II plots located all over the country
to Mediterranean forest species has
200. Extreme ozone peaks of up
total nitrogen deposition has been
been elaborated.
to 76.46 ppb were reached in 200.
around 7 kg per hectare and year
The European Reference Centre • Forest soil condition: Almost half of
since 997. Whereas the total nitrothe Spanish soils contain carbonates,
for Ozone Damage Assessments
gen deposition has decreased slightwhich originate from the geological
in Forest Ecosystems (Fundación
ly by 3%, the share of NH₄ has deparent material and have a pH above
CEAM, Valencia) provides a
creased remarkably in relation to
6.
European reference web page for
NO₃. The average sulphur deposiozone damage (www.gva.es/ceam/
Outlook
Still taking into account the main goals
�����
of the two networks, the programme
has broadened its objectives in order
����
to satisfy new information needs in the
ﬁelds of forest biodiversity and forest
����
carbon sinks. The monitoring plots will
����
also serve as an early warning system
for climate change impacts. A new for����
est soil inventory at national level and
the measurement of forest biodiver���
sity will start in 2005. New parameters
are tested in order to improve useful����
��������������������
��������������
ness for the monitoring of pests, dis������������������
������������������
eases and changes in the dynamics of
Evolution of defoliation levels 1987 – 2004: Percentage of assessed trees in diﬀerent defoliation classes.
Spanish forests.
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SWEDEN
National Board of Forestry
S-551 83 Jönköping
www.svo.se

Calibration exercises are carried out annually in order to maintain
the quality of the visual damage assessments.

Mr. Sture Wijk
sture.wijk@svo.se

Main results
The defoliation of conifers increased
during the late 980s until about 992,
but since then no clear tendency can
be seen. Scots pines suffered from
extensive infections by the fungus
Gremmeniella abietina in 200 and
2002, while storm events are proba40

bly the most important single damage
factor for Norway spruce stands notably in 999 and 2005. A more general climatic stress appears in forests
closer to the alpine mountain range.
Sweden also experienced a widespread oak decline in the late 990s,
as did many other areas of Europe.
There is no strong evidence that air
pollution or soil acidification has affected tree condition. More obvious
are the effects of acid deposition on
epiphytic lichens and mosses, fungi
and vascular plants in the forests, not
��������������������������

Background information
Assessments of tree defoliation were
introduced in the National Forest
Inventory in 984. At that time damage symptoms were observed in south
Sweden similar to those of the “waldsterben” areas of central Europe. In
the same year, permanent observation plots were established in order to
more closely follow the development
of damage, which later on became the
Level II plots. In connection with EU
membership a major revision of the
Swedish monitoring system was carried out in 995. A new set of 00 Level
II plots was established with a clear aim
to elucidate any correlative relationships between air pollution and forest
health. The Level I programme became
based on 770 permanent plots of the
National Forest Inventory.

to forget the disastrous impact on the
aquatic ecosystems.
Outlook
Forest monitoring of today covers
many aspects from the genetic level
to the landscape level. The information requirement shifts with new issues like climate change and biodiversity. It is therefore a challenge to
update and coordinate the monitoring activities without losing continuity both in a national and an international context.
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Example of correlation between soil pH and potassium (K) content of spruce needles from the Swedish
Level II plots.

Challenging monitoring conditions at the Swiss
Level II site of Beatenberg.

Background information
As a response to the fear of a widespread forest decline, annual tree
crown condition assessments began in
985 on a subset of the Swiss National
Forest Inventory plots. The survey was
ﬁrst conducted on a 4x4 km grid. Later
it was carried out on an 8x8 km and a
6x6 km grid (Level I). Between 994
and 997, 7 long-term forest research
plots (Level II) were established in either the most common forest types or
presumed sensitive forests, covering
the ﬁve main regions of Switzerland. In
general, the plots are 2 ha in size, with
two 0.25 ha subplots for crown condition assessments and a 40x40 m soil
chemistry, throughfall and vegetation
subplot. Each plot is equipped with a
below-canopy and an open-ﬁeld meteorological station. All trees are numbered and geo-referenced, and selected
trees in a buﬀer zone outside the plots
are cored for past tree growth and sampled for foliar analysis.
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Swiss Federal Institute for Forest,
Snow and Landscape Research WSL
Zürcherstrasse 111
CH-8903 Birmensdorf
www.lwf.ch
www.wsl.ch/forest
Mr. Norbert Kräuchi
kraeuchi@wsl.ch

However, nitrogen deposition in the
southern part of Switzerland, the Swiss
Plateau and parts of the Pre-Alps and
the Jura mountains exceeded mass balance critical loads of nutrient nitrogen.
Only the inner Alps showed low nitrogen deposition levels.
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Nitrogen deposition and critical loads for nutrient nitrogen on Swiss Level II (LWF) plots.
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Main results
Crown defoliation increased until the
mid 990s and has stabilized since on a
high level with varying annual ﬂuctuations. On the other hand, results from
Level I show that annual mortality rates
have remained almost constant. Tree
growth, crown defoliation and subsequent tree mortality correlated on both
Level I and Level II plots. Acidifying deposition was clearly below the calculated critical loads on most Level II plots.

SWITZERLAND

�����

Tree stem growth during the
2003 heatwave summer was reduced in
comparison to the wet summer of 2002
on plots with computed high drought
stress at low altitudes and increased on
sites without drought stress at high altitudes. The Open Top Chambers in
Lattecaldo, Ticino, have become an international training centre for ozone injury assessment.
Outlook
In the future, more integrated analysis
is foreseen, focussing on the relationships between the various forest condition variables, such as tree defoliation,
mortality, growth, foliar nutrient content, and ground vegetation, on the one
hand, and, on the other hand, short-term
stress factors such as drought stress or
episodes of high ozone concentration
and long-term stresses such as deposition loads or nutrient availability.
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TURKEY
Soil pit in a beech forest.

Poplar and Fast Growing Forest Trees
Research Institute
Izmit/Turkey
Mr. Ahmet Karakas
akarakas01@yahoo.com

Background information
Level I monitoring plots have been established and studies conducted for
almost 5 years in the western part of
Turkey. The Poplar and Fast Growing
Forest Tree Research Institute in
Izmit and the Soil Laboratory in
Eskisehir are the institutions under
the Ministry of the Environment and
Forestry that are in charge of the projects at Level I.
The ﬁrst project, which is conducted by the Poplar and Fast Growing
Forest Tree Research Institute, started
in July 2000. It is based on 25 stationary
monitoring sites located in the forests
of the provinces of Istanbul, Kocaeli,
Bursa, Sakarya, and Duzce. The ﬁnal
project report is expected to be completed in 2005.
The second project is conducted by the Eskisehir Soil Laboratory. It
42

started in 2002 and is expected to ﬁnish in 2007. The monitoring area is located just to the south of the ﬁrst project, covering the Eskisehir, Bilecik, Bolu
and Adapazarý provinces.
With the execution of the two
above-mentioned projects, the Level I
part of the ICP Forests Programme will
be implemented in the north-western
part of Turkey. The analyses and monitoring activities are performed according to the ICP Forests procedures on a
6x6 km grid.

north and northwest, especially in the
winter months, which deposit amounts
of pollutants that are above critical limits. In the Istanbul province, the eﬀects
are found to be less severe, which is attributed to a deposition mechanism
that exports and reduces polluted air
masses.

Outlook
The sulphur concentrations in leaf
samples are regarded as a good indicator for air pollution. However, the
separation of damage caused by anMain Results
thropogenic and natural eﬀects is still
Preliminary results show that local the main problem. Further studies are
pollution sources as well as long-range needed in this respect. Also, the netair pollution originating from Balkan work needs to be extended by percountries and carried over the Black manent plots. It is planned to ﬁnalize
Sea might be responsible for some for- the above-mentioned projects and to
est damage in the Kocaeli province. start the implementation of Level II as
Kocaeli receives air masses from the a next step.

UKRAINE
Research Institute of Forestry
and Forest Melioration
Pushkinska str. 86
Kharkiv 61024
www.uriffm.org.ua
Mr. Igor Buksha
buksha@uriffm.org.ua

into Russian, which improved the application of the methods of ICP Forests
tremendously. At the 4th Ministerial
Conference on the Protection of Forests
in Europe (MCPFE, Vienna, 2003), the
Ukraine signed the Strasbourg resolution S, which refers to the monitoring
system of ICP Forests. During the last
years, the National Forest Monitoring
Plot network has been constantly enlarged, covering nearly one half of
Ukrainian territory in 2004. Forest monitoring results are annually used for the
preparation of national reports.
Main results
ICP Forests Level I monitoring plots are
mainly located in the regions with high-

�����������������������������������
Defoliation of all species.
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Background information
In the Ukraine, forest monitoring under the framework of ICP Forests has
been carried out since 989, when the
Ukrainian Research Institute of Forestry
and Forest Melioration (URIFFM) began to establish Level I monitoring
plots. Under the leadership of URIFFM,
scientists from regional research institutes established additional forest
monitoring plots in regions with high
atmospheric pollution. In 2000, the
State Forest Inventory Service (VO
“Ukrderzhlisproekt”) was entrusted
with the National Forest Monitoring
Network, which today is a joint project of
scientists and forest managers. In 200,
the ICP Forests Manual was translated

Forest landscape in the Ukraine.

est levels of air pollution. The average
air pollution level in the Ukraine decreased by more than half compared to
990. The total sum of ions in precipitation decreased by almost 40%. The acidity of rainwater decreased from a mean
pH of 6.2 to 6.5 in 997. After 2000, precipitation acidity again increased to pH
values between 6.2 and 6.3.
Tree crown defoliation increased on the
Level I plots after 997. Whereas in 997
only one third of all investigated trees
were rated as damaged, this proportion
amounted to over 50% in 998 and 999
and exceeded 60% in 2000. Since then,
crown condition on the observation
plots has improved. Once again in the
past three years, only 30% of the trees
were recorded as damaged. Not only
air pollution, but also harmful insects,
diseases and weather extremes such as
spring frosts, long summer droughts
and high temperatures strongly inﬂuenced tree condition.
Outlook
Following national legislation and international commitments, forest monitoring activities in the Ukraine will
be continued. The national network of
Level I forest monitoring plots will be optimized and expanded into all administrative regions of the country. The number of investigations will be enlarged. In
the future, the forest monitoring activities will be integrated with the forest inventory into a joint programme.
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UNITED KINGDOM
Forest Research
Alice Holt Lodge
Farnham, Surrey
GU10 4LH
www.forestresearch.gov.uk
Mr. Andy Moffat
andy.moffat@forestry.gsi.gov.uk

Thetford site: Litterfall and deposition collectors
in a Scots pine stand.

�����������������������������

Background information
pollution are not limited to southern
The first national survey of tree
and central Europe.
health (Forest Condition Survey) was • Nitrate concentrations in soil solucarried out in the UK in 984. This
tion have shown a distinct increase
annual survey involved annual asover time in peat soils under Picea
sessments of crown condition and,
sitchensis. Nitrogen deposition is
in 987, was incorporated into the
correlated with insect damage and
pan-European Level I Network. The
needle retention in Scots pine.
Forest Condition Survey includes 350 • There is no evidence of a long-term
permanent plots of which around 85
trend (987-2004) in the crown density
are Level I plots. In 2002, the Level
of beech, Sitka spruce and Scots pine.
I plots included managed forest of
There has, however, been a small but
Sitka and Norway spruce, Scots pine,
signiﬁcant deterioration in the crown
oak and beech. These same species
density of both Norway spruce and
are currently also monitored intenoak. No causal relationship between
sively within the Level II network of
crown density and air pollution has
twenty permanent plots. Ten Level II
plots were established in 995 and ten
����
in 200.

been established on the basis of results from the Level I network.
Outlook
The UK Level I and Level II networks
have been invaluable sources of information, providing details of the condition of national forests and their
interaction with the wider environment. They have facilitated national
and international reporting, and evaluation of sustainable forest management principles and how they apply in
the UK. Data from the networks will
continue to be used in national critical load evaluations.
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Main results of more than 0 years of
��������
��������
����
monitoring
�������
����
• Like in other regions of Europe, there
is a general downward trend in fo����
liar sulphur concentrations at most
����
UK Level II sites, corresponding to
����
����
����
����
����
����
����
����
����
a reduction in soil solution sulphate
concentrations. At some Level II
��
���������
sites foliar concentrations suggest
��
that sulphur nutrient deﬁciency is
beginning to occur (Figure ).
��
• A reduction in foliar aluminium con�
centrations is evident at most sites,
���������
�
which may reﬂect the early stages of
recovery from the eﬀects of acid de�
position.
�
• Visible ozone injury at the monitor��������
�
ing sites has been reported for Pinus
strobus in 200 and for two shrub
species (Salix caprea and Viburnum
lantana) in 2003. These observations Trends in foliar (top) and soil solution (bottom) chemistry at three Scots pine Level II plots. Deﬁcient concentrademonstrate that the eﬀects of ozone tions fall below the red line and optimal levels above the black line.

USA
USDA Forest Service
Pacific Southwest Research Station
4955 Canyon Crest Drive
Riverside, CA 92507
www.fs.fed.us
Mr. Andrzej Bytnerowicz
abytnerowicz@fs.fed.us

Background information
Since 2002, the USDA Forest Service
scientists and managers together with
their European and Canadian colleagues have been discussing a need for
testing the ICP Forests methodologies.
As a result, nine demonstration sites
representing diverse US forest ecosystems have been selected in which methodologies used in Europe, Canada, and
New England are tested.

Forests protocols, took place in two
demonstration sites, Otter Creek
in West Virginia and Kings River in
California. Based on these measurements the calculation of critical loads
is currently being conducted by scientists of the Forest Service Northeastern
Research Station. Progress in these
monitoring and modeling activities was presented at the meeting in
Riverside, CA, in February 2005. In
the Kings River demonstration site
Main results
special attention is placed on the spaIn summer 2004, monitoring of pa- tial distribution of ozone and nitrogrameters needed for the calculation enous pollutants. In semi-arid forof critical loads for nitrogen and sul- ests of Sierra Nevada, a large portion
phur deposition according to the ICP of nitrogen is deposited as ammonia

Distribution of ammonia (NH3) in the Kings River Project, Sierra Nevada.

Passive sampler monitoring site in the mixed conifer forest in the Kings River Project, Sierra Nevada, California.

(NH3) or nitric acid (HNO3) in dry
summer seasons. These pollutants
are generated by mobile sources (automobiles), agricultural and industrial activities in California Central
Valley and San Francisco Bay Area,
and move eastwards into the Sierra
Nevada. Information on distribution
of these pollutants is obtained from
a network of passive samplers and is
needed for calculating dry nitrogen
deposition to the Sierra Nevada ecosystems (see Figure).
Outlook
The described activities will be expanded in 2005 into all of the demonstration
sites. Active collaboration with specialists from US universities and other US
governmental agencies, as well as the
Canadian and European colleagues,
will assure that state-of-science approaches to evaluation of critical loads
are used. Future activities will be closely linked to the Forest Service national
network of Forest Health Monitoring
plots. Various factors aﬀecting nitrogen
and sulphur deposition eﬀects, such as
tropospheric ozone and climate variability, will be monitored and tested.
Weakened forest trees are predisposed
to drought and thus to ﬁre calamities.
The proposed activities will help with
implementation of the recent presidential initiative “Restoration of Healthy
Forests”.
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ANDORRA
Ministry of Agriculture and Environment
C/ Prat de la Creu núm. 62-64
Andorra la Vella
Mrs. Silvia Calvo
silvia_calvo@govern.ad

BOSNIA AND
HERZEGOVINA
Federalno Ministarstvo Poljop. Vodop. Sum.,
Maršala Tita br. 15
Sarajevo
Mr. Bajram Pescovic

LIECHTENSTEIN
Amt für Wald, Natur und Landschaft
Dr. Grass-Strasse 10
FL-9490 Vaduz
Mr. Felix Näscher
felix.naescher@awnl.llv.li

MOLDOVA
State Forest Service „Moldsiva“
124 bd. Stefan Cel Mare
MD-2001 Chisinau
Mr. Anatolie Popusoi
icaspiu@starnet.md
safmoldsiva@yahoo.com
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5. ADDITIONAL
COUNTRIES

6. COORDINATING CENTRES,
EXPERT PANELS AND
WORKING GROUPS
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PROGRAMME COORDINATING
CENTRE (PCC)
Federal Research Centre for Forestry
and Forest Products
Leuschnerstrasse 91
21031 Hamburg, Germany
www.icp-forests.org
Mr. Martin Lorenz
lorenz@holz.uni-hamburg.de

Background information
Since the beginning of the programme
in 985, Germany has been chairing the
ICP Forests as Lead Country and has
established a Programme Coordinating
Centre (PCC) at the Federal Research
Centre for Forestry and Forest Products
in Hamburg.

platform for the participating countries
and assists the Task Force in the administration and further development of
the programme. The main results that
were published in previous years’ reports show that:
• Weather extremes, insects and fungal
diseases are linked to forest vitality as
assessed by the parameter of crown
Main results
defoliation. Air pollution and tree age
PCC is entrusted with a broad range of
also play an important role. Crown
tasks in the ﬁelds of programme mancondition and the relevance of the inagement, data processing, evaluations
ﬂuencing factors show a strong variaand reporting. It serves as information
tion in diﬀerent regions of Europe.

• There are relationships between
atmospheric deposition, soil condition, foliar chemistry and tree
growth. The programme has conﬁrmed the decrease in sulphur depositions and has revealed resulting positive eﬀects in forest soils.
However, deposition of acidity and
nitrogen were shown to exceed critical loads at a large number of forest
sites.
PCC is an interface to the Convention
on Long-range Transboundary Air
Pollution in Geneva, which relies on
the programme’s results as a basis for
its clean air policies.
Outlook
In the near future, speciﬁc emphasis will
be laid on the development of a Level II
database including an internet interface
for participating countries and users. In
addition, the development of the system
of cross-calibration courses for crown
condition assessments and of test-wise
biodiversity assessments at the plots will
be major activities. Also, dynamic models will be applied to the programme’s
data. All these activities will be carried
out in cooperation with Expert Panels
and participating countries.
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Mean plot defoliation of common beech in 2004 in comparison to the average defoliation from 1997 to 2003. Kriging interpolation based on 564 plots continuously assessed from 1997 to 2004. After the extreme drought in 2003, the Level I monitoring
net has again been a valuable early warning system.
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The programme’s webpage under www.icp-forests.org is a management tool of increasing importance. It is maintained by the Programme Coordinating Centre.

EXPERT PANEL ON SOIL AND
FOREST SOIL CO-ORDINATING
CENTRE (FSCC)
Mr. Eric Van Ranst
eric.vanranst@UGent.be
Ghent University
Krijgslaan 281 (Building S8),
B-9000 Gent, Belgium

Forest Soil Co-ordinating Centre
Institute for Forestry and Game Management
Gaverstraat 4, B-9500 Geraardsbergen, Belgium
Ms. Nathalie Cools
http://ibw.inbo.be/fscc
fscc@inbo.be

���������������

Background information
showed a correlation between solAt the Programme Task Force meetid soil chemistry and atmospheric
ing in 989, it was decided to monitor
deposition of nitrogen, acidity and
the impact of acid deposition on forest
heavy metals. The intensive monisoils. The Forest Soil Expert Panel was
toring studies (Level II) as evaluated
charged with the inventory of the conby the Forest Intensive Monitoring
dition of forest soils in Europe. In 993,
Coordinating Institute (FIMCI)
the Forest Soil Co-ordinating Centre
showed that the concentrations of
(FSCC) was established to co-ordinate
major ions in the soil solution were
the large-scale national soil inventories
also to a large extent related to atmoand to store and study the data and respheric deposition.
port the results. Presently, data from • Nitrogen pools in the organic lay5289 plots in 28 countries are stored.
er of forest soils varied mostly between 00 and 250 kg per hectare. It
Main results
is estimated that the present atmo• The results of the large-scale soil surspheric nitrogen inputs will lead to
vey, published in the Report on the
signiﬁcant changes in the soil nitroForest Soil Condition in Europe in
gen pools at approximately 25% of
997, documented a wide range of
the plots within a time interval of 0
chemical soil conditions. Results
years.

• On average, the estimated carbon
pools in soils are approximately
twice as large as in trees, but carbon pool changes in tree stem wood
are generally 5-0 times as high as in
soil.
Outlook
A second soil survey is foreseen in the
near future and will complete the database with relevant soil parameters
and soil layers not considered in the
first survey. It will also improve the
overall data quality and enable a first
monitoring of possible changes in the
soils after a period of 0 to 5 years.
An overlay between the Forest Soil
Condition database and the Crown
Condition database will allow for integrated analyses.
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Forest soil on loess parent material in western Europe.
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Sensitivity to soil acidiﬁcation based on data from 1537 Level I plots in 1997.
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centrations (see Figure). At a relatively large number of plots in Germany,
Slovakia and the United Kingdom,
high levels of nitrogen and sulphur
were found.
• The Expert Panel on Foliage has developed the foliar analysis part of the
ICP Forests manual.
• Participating countries have used the
methods of the manual to follow the
trends in foliar element concentrations.
• Annual interlaboratory comparison
tests have been implemented to ensure data quality. Results showed
good quality for most of the participating laboratories.

EXPERT PANEL ON FOLIAGE AND
FOREST FOLIAR COORDINATING
CENTRE (FFCC)
Mr. Pasi Rautio
pasi.rautio@metla.fi

Mr. Alfred Fürst
alfred.fuerst@bfw.gv.at

Finnish Forest Research Institute
Kaironiementie 54,
FI-39700, Parkano, Finland

Forest Foliar Coordinating Centre (FFCC)
Federal Research and Training Centre
for Forests, Natural Hazards and Landscape
Seckendorff-Gudent Weg 8
A-1131 Vienna, Austria
www.ffcc.at

Outlook
which was set up in 994. The main ac- The main tasks for the future are:
tivities of FFCC are the storage, quality • to continue the annual interlaboratory comparison tests and to develop
control, evaluation, presentation, and
indicators for data quality;
publication of foliar Level I data, and
the deﬁnition of general classiﬁcation • to strengthen the exchange of information between participating counvalues.
tries and laboratories about analytical methods, measures of quality
Main results
control and new possibilities for data
• Foliar sulphur concentrations have
evaluation.
decreased drastically from the levels detected in late 980 due to the
decreased sulphur emissions, but no
clear trend in foliar nitrogen levels
can be seen. Most plots have an adequate status regarding nutrient con-

����������������

Background information
The nutritional state of trees can be
a key indicator for forest ecosystems.
Inadequate nutrient supply may cause
low tree vitality or increase adverse effects of air pollution. High concentrations of certain elements in foliar tissues are often the eﬀect of intoxication
or of high air pollution levels.
The Expert Panel on Foliage has
been established to develop and monitor methods of foliar analysis and to supervise laboratories in applying these
methods. It collaborates closely with
the Forest Foliar Coordinating Centre
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Needle sampling by tree climber.
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Classiﬁcation of the content of major elements in the foliage of Level I sample trees in 1995 on 905 plots.

EXPERT PANEL ON DEPOSITION
Working Group on Quality Assurance
and Quality Control

Mr. Erwin Ulrich
erwin.ulrich@onf.fr
Office National des Forêts
Boulevard de Constance
F-77300 Fontainebleau,
France
Mr. Nicholas Clarke
nicholas.clarke@skogforsk.no
Norwegian Forest Research Institute
Høgskoleveien 8
N 1432 As, Norway

Mr. Rosario Mosello
r.mosello@ise.cnr.it,
Mrs. Kirsti Derome
kirsti.derome@metla.fi,
Mr. John Derome
john.derome@metla.fi,
Mr. Nils König
nils.koenig@nfv.gwdg.de,
Mrs. Polona Kalan
polona.kalan@gozdis.si,
Mrs. Anna Kowalska
a.kowalska@ibles.waw.pl

Background information and results
deposition and ozone situations in
Within the International Co-operaEurope;
tive Programme on Assessment and • bringing regularly together all actors
Monitoring of Air Pollution Effects
carrying out deposition and ambient
on Forests, the Expert Panel on
air quality monitoring in their counDeposition was created in 993, contries. This was one of the most imtributing also actively to Regulation
portant tasks at the beginning, be328/86 (Protection of Forests against
cause most of the national actors had
Atmospheric Pollution) and now the
to learn to know each other in orForest Focus Regulation (n°252/2003)
der to proﬁt from the experience of
of the European Union. It has since
neighbouring countries in an atmothen fulﬁlled many tasks, by:
sphere based on trust.
• contributing to the aims of the • harmonising field and analytical
Convention by providing regularmethods for deposition monitoring
ly raw and aggregated data on the
but also for ozone symptom detec�������������������
��������
�������������������
��������
����������
�������������

tion in order to minimize diﬀerences between countries to acceptable
error ranges. Part of the work is a
continuous improvement of the
European manual on deposition
measurements. In 2004, a Working
Group on Quality Assurance and
Quality Control was convened, aiming to assist countries and to organise
regular Working Ring Tests. These
tests help all participating countries
to check the evolution of their analytical performance.
• stimulating the evaluation of deposition and ozone measurements, the
information ﬂow between countries
and the production of national and
European indicators of use for a larger public, in order to inform them on
trends in e.g. acidity or nitrogen;
• participating in scientiﬁc or demonstration projects, like the sampling
method inter-comparison 999/2000
in the Speulder Forest and the future HARMONDEPO project (coﬁnanced by the EU under the Forest
Focus Regulation);
• creating a platform for new research
projects and for the development of
equipment.
A major task in the future will be to
gather early information on possible
new problems, like heavy metals or organic pollution.
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Trends in bulk sulphate deposition (SO4-S) from 1996 to 2001 at Level II plots.

Wet only deposition sampler. In order to distinguish wet from dry deposition, these
samplers open only when rain, snow or extreme fog are occurring.
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WORKING GROUP ON AMBIENT
AIR QUALITY
Mr. Georg Krause
Georg.Krause@lua.nrw.de

Mrs. M.J. Sanz
mjose@ceam.es, mjsanz@gva.es

Landesumweltamt NRW
Essen, Germany

Fundación Centro de Estudios Ambientales
del Mediterráneo
Valencia, Spain
www.gva.es/ceam/ICP-forests

Background information
Ozone measurements suggest that surface ozone concentrations in central and
southern Europe have more than doubled during the past century. In nearly all regions of Europe, ozone concentrations during spring and summer are
high enough to be of potential risk to
sensitive plants. Until recently, much of
the ozone data were gathered in urban/
sub-urban areas. A comprehensive dataset from forest sites was needed in order to provide for a better understanding of ozone levels and their potential
risk to forest ecosystems in remote areas. Besides the obvious connections
with the potential eﬀects on forests,
ozone data are also relevant in relation
to tropospheric chemistry changes and
regional ozone formation.

Main results
In a test phase that started in 200,
passive samplers were installed at
around 00 Intensive Monitoring
Plots. They proved to be a cost eﬀective and reliable method for determining ozone concentrations in rural areas
in Europe. The main results indicated that ozone concentrations and induced visible injuries are higher in the
south of Europe. Among the 23 tree
species screened, 6 showed validated ozone injuries. In total, the number of plots with ozone injury symptoms was 8 out of 72 (25%). Herb
vegetation was screened at so-called
Light Exposed Sampling Sites (LESS)
at nearby forest edges. At 37 out of 67
LESS sites, ozone symptoms were observed, whereas at 30 LESS sites no

ozone injury was found. Many of the
species registered with ozone symptoms were not known to be ozone sensitive before (8 out of 6).
Substantial eﬀorts have been
made for training in the recognition of
visible ozone injuries across Europe.
Outlook
The assessment of ozone injury on
main tree species as well as ground
vegetation at the LESS sites has
to be considered as the first and
unique effects monitoring system on
a European scale based on real field
observations. The test phase ends in
2005 with a refined manual for the assessment of visible injury that can be
applied by all countries and with an
increased expertise across countries
in recognizing visible ozone injury.
Linking of the two information systems ambient air quality and ozone
effects assessment in a geographic information system (GIS) will be an important task for the near future. It will
allow analysing coinciding hot spots
in both information layers.
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Test phase plots in 2001.

52

Visble ozone injury on leaves of ash (top) and common beech (bottom).

EXPERT PANEL ON FOREST
GROWTH
Mr. Matthias Dobbertin
dobbertin@wsl.ch
Swiss Federal Institute for Forest,
Snow and Landscape Research WSL,
Birmensdorf, Switzerland

Mr. Markus Neumann
markus.neumann@bfw.gv.at
Federal Research and
Training Centre for Forests,
Natural Hazards and Landscape,
Vienna, Austria

Mr. Sam Evans
Sam.Evans@forestry.gsi.gov.uk
Forestry Commission Research Agency,
Farnham, United Kingdom

Background information
In the 980s the concern for a largescale forest decline due to air pollution
in Europe instigated studies to quantify the assumed eﬀect of air pollution
on forest growth. The comparison between trees judged as ‘healthy’ or ‘damaged’ suggested decreasing tree growth.
However, since the early 990s several studies have reported higher forest
growth in comparison with previously derived yield table estimates. The
exact causes for these growth trends
could not be determined. In order to
deﬁne common methods for growth assessments, the Expert Panel was convened in 99. Since plot installation in
994/95, tree growth parameters, such
as stem diameter at breast height (dbh),
have been measured three times.

ing that trees currently grow faster
than in the past due to changes in
site productivity conﬁrmed several
prior studies.
• While forest growth has been enhanced across Europe, defoliation
and growth of single trees within the stands are correlated. This
means that, in general, both healthy
and defoliated trees have currently
increased increment. The absolute
Main results
growth level of the defoliated trees
• Two studies (DEFOGRO, PrognEU)
is, however, lower.
showed that basal area growth and
defoliation correlated negatively for
all species examined (see Figure). In Outlook
other words, trees with fewer nee- The evaluation of the second 5-year
dles or leaves had reduced basal area growth period will be carried out after
growth. This relationship had previ- 2004/05. Special attention will be paid
ously been found in some studies to possible causes for growth changes,
for spruce and pine, but for beech such as drought stress or anomalies in
no such clear results had been estab- temperature. Data from permanent increment measurements will be of spelished.
• Another study (RECOGNITION) ciﬁc interest. It is further foreseen to
found that, for the period 960-2000, use growth measurements to calibrate,
annual height growth of younger test and implement explanatory growth
trees for the three species Norway models. In the long run, growth data
spruce, common beech and Scots from Level II plots will increase in impine was more than 20% larger than portance for proving whether or not the
the height growth of older trees when current growth trend continues and to
they were of the same age. The ﬁnd- test hypotheses for its causes.
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Tree with breast height mark and manual and electronic
girth bands.
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Tree growth in relation to defoliation (DEFOGRO).
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Conference for the Protection of Forests
in Europe as one indicator for sustainable forest management. Today, long defoliation time series are one of the most
valuable results and outputs of the programme, and added value lies in integrated evaluations in cooperation with the
Expert Panels on Litterfall, Phenology,
Foliar Analyses, Ambient Air Quality
and Deposition.

EXPERT PANEL ON CROWN
CONDITION ASSESSMENTS
Mr. Johannes Eichhorn
eichhornj@forst.hessen.de
Hessen Forst
Prof. Oelkersstr. 6,
D-34346 Hann. Münden
Germany

Mr. Marco Ferretti
linnaea@linnaea.it
Mr. Andras Szepesi
szepesi.andras@aesz.hu
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Main results
• On average, crown condition of most
European main tree species deteriorated until the mid 990s. After a
recuperation and ﬂuctuation in the
subsequent years, a new deterioraBackground information
plemented. On the one hand, they fulﬁl
tion has been observed since 2002,
Since the early 980s, when a severe de- the requirement of an annual, low cost
which seems at least partly to be
terioration of forest condition was ob- overview of tree vitality, and on the other
related to the hot and dry summer
served in large areas of Europe, tree vi- hand they can serve as a target variable
in 2003. Crown condition developtality has been monitored. In line with for statistical analyses aiming at explanaments diﬀer, however, between tree
the objectives of ICP Forests and the EU, tions of causes and eﬀects. This paramspecies and regions of Europe.
defoliation assessments have been im- eter has been selected by the Ministerial • Crown condition reacts to a multitude of environmental factors including insects, fungi, weather conditions and air pollution.
• The Expert Panel has been the main
body for the development of the
methodology and for assuring the
quality of the assessments. Regular
Intercalibration Courses with participants from all participating countries assure the consistency of the
time series. Modern techniques like
digital photography and image processing have become important parts
of these activities. In recent years a
speciﬁc methodology has been elaborated in order to better describe biotic damage symptoms.
• Scientiﬁc evaluations have shown a
close relationship of defoliation to
tree growth, tree crown morpholoCrowns of undefoliated, severely defoliated and dead Scots pines.
gy, tree mortality and fructiﬁcation.
This underlines the value of crown
����
condition as an overall integrating
parameter for tree vitality. The ex����
treme drought in central Europe in
2003
also had signiﬁcant eﬀects on
����
defoliation.
����

Mean defoliation of European main tree species.
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Outlook
The main tasks for the future will be
the continuation of the time series, the
further development of quality control
and assurance tools, and the initiation
of integrated evaluations, which might
also lead to the development of an even
more integrated vitality indicator.

EXPERT PANEL ON
METEOROLOGY, PHENOLOGY
AND LITTERFALL
Mrs. Annemarie Bastrup-Birk
ab@kvl.dk
Centre of Forests, Landscape and Planning
DK-2970 Hørsholm
Forest & Landscape, Denmark

Meteorology
Meteorological phenomena are among
the most important factors influencing forest condition and growth.
Meteorology has been part of the monitoring programme since 996 with
measurement stations installed on a
limited number of the intensive monitoring plots (Level II). The objective is
to provide local information on basic
driving and inﬂuencing factors from inside the forest ecosystems and nearby
open ﬁelds.
The basic meteorological parameters measured in the programme
are air temperature, relative humidity,
precipitation, wind speed, wind direction, and solar radiation. The recording
of these parameters is essential for the
calculation of transport and deposition
of air pollutants to forest stands, and
water and element cycles. Temperature
and precipitation may have severe effects on the trees like frost during bud
burst or drought during the growing
season. Meteorology may also indirectly contribute to favourable breeding conditions for insects.
Phenology
Within the aims of the Intensive
Monitoring Programme, forest phenology is deﬁned as the systematic observation and recording of the biotic
and abiotic (e.g. damaging) events and
phenomena and of the yearly development stages of forest trees. The main
objective of phenological observations
at the Level II plots is to provide information on the status and development
of forest tree condition during the year.
Phenology is a simple but eﬀective tool
to study the eﬀect of ﬂuctuations in cli-

Mr. Egbert Beuker
egbert.beuker@metla.fi
FIN-58450 Punkaharju
Finnish Forest Research Institute
www.metla.fi/eu/icp/phenology

mate and weather on trees. The timing
of spring ﬂushing, ﬂowering, autumn
coloration and leaf fall are highly correlated with temperature. Thus, longterm assessments, in combination with
meteorology, will give an indication of
changes in the duration of the growing
season and consequently in tree growth
as a result of climate change. Changes
in phenology may also aﬀect the occurrence of pests and diseases, water availability during summer and the uptake
of nutrients and/or air pollutants. This
may have a direct eﬀect on forest condition. Litterfall can be used to quantify the phenological parameters ﬂowering (fruiting) and leaf fall.
Monitoring of phenology started in 2000 on a few plots. Because of
the growing importance of climate
change, also within the ICP Forests
programme, the importance of phenology will increase, and as a result also
the number of plots with phenological
assessments.

is also closely related to biodiversity issues. A new litterfall manual was adopted by the ICP Forests Task Force in
2004 and is now a part of the Intensive
Monitoring Programme. According to
a survey carried out in 200, litterfall
has, however, been collected for several years on about 65% of the intensive
monitoring plots in Europe.

Litterfall
Litterfall is one of the most signiﬁcant
element ﬂuxes in the forest ecosystem,
playing a fundamental role in the nutrient turnover and in the transfer of
energy between the trees and the soil.
The primary net productivity of forest
vegetation is subject to environmental
factors such as climate and soil and to
inherent factors such as age and tree
cover. The amount of litterfall is related
to these climate-soil factors, as the total mass of shed litter is directly proportional to the fertility of the soil. Thus,
litterfall is closely related to both meteorology and phenology. Through its Meteorological measurement equipment in the open
eﬀects on ground vegetation, litterfall ﬁeld, Denmark.
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EXPERT PANEL ON GROUND VEGETATION AND
WORKING GROUP ON FOREST BIODIVERSITY
Mr. Dan Aamlid (Ground Vegetation)
dan.aamlid@skogforsk.no
Norwegian Forest Research Institute
Høgskoleveien 8, N-1432 Ås, Norway
www.skogforsk.no/ICP/Icp-for-veg/Default.html

Background information
The assessment of ground vegetation
has been part of the ICP Forests programme since 995, and was formally
adopted as one of the main parts of the
programme at the Task Force Meeting
in 997 in Farnham (United Kingdom)
where the EP on Ground Vegetation
Assessment was formally convened.
Ground vegetation assessments are
mandatory on all Level II plots. The
Expert Panel assembles the national experts responsible for these assessments.
The Expert Panel collaborates closely
with the ICP Forests Working Group
on Forest Biodiversity, established in
200 in line with the amended mandate of ICP Forests.
Ground vegetation is a major component of forest ecosystems.
Vegetation layers contain a large part
of total forest biological diversity. They
play a direct role in water and nutrient cycling, and strongly interact with
other biotic components like insects
and game. Vegetation is a good bioindicator of environmental changes and
certain species are known to react to
atmospheric deposition. The current
56

Mr. Pat Neville (Biodiversity)
pat.neville@coillte.ie
Coillte
Newtownmountkennedy
County Wicklow, Ireland

Vegetation surveys include the recording of ferns and mosses on the
forest ﬂoor.

knowledge of the ecological niche of
numerous plant species allows changes in underlying environmental factors
to be deduced from vegetation changes. Thus, the long-term study of vegetation dynamics at selected locations
will provide information on changes in
other forest ecosystem variables, such
as soil and microclimate.

ICP Forests network. A project known
as ForestBIOTA, which aims to test
methods in the ﬁeld at Level II plots,
is scheduled to begin in spring 2005,
while the Working Group is currently elaborating methods for use in the
BioSoil project which aims at monitoring forest biodiversity at Level I from
spring 2006 onwards.

Main results
The main results from the Expert Panel
and Working Group are the development and harmonization of ﬁeld methodologies, including harmonisation of
ﬁeld work and non-destructive sampling procedures. Much eﬀort is put
on the enhancement of a list of species
codes to be used at the European scale.
The Expert Panel on Ground Vegetation
maintains a web page where users can
ﬁnd up-dated information on topics
that are related to the main issues of
the Expert Panel.
The Working Group on Forest
Biodiversity has been mainly focusing on the development of simple and
practical methods of monitoring forest biodiversity components within the

Outlook
Main activities in the future are:
• to enhance quality control of the assessments mainly through international inter-calibration courses
• to further develop the harmonised methods as laid down in the
Manual
• to strengthen the exchange of information between the participating countries on ground vegetation
questions
• joint evaluation of ground vegetation
data
• joint evaluation of the ﬁeld methodology for forest biodiversity monitoring
• joint evaluation of gathered data on
diﬀerent biodiversity indices.

WORKING GROUP ON SOIL
SOLUTION
Mr. John Derome
John.Derome@metla.fi
Rovaniemi Research Station
Etelärant 55
FIN-96300 Rovaniemi
Finnish Forest Research Institute

Background
Monitoring the chemical composition
of the soil solution is an extremely important tool when investigating the interactions between the input of nutrients and other elements from microbial
decomposition and weathering in the
soil, nutrient uptake by the trees and
other vegetation, and the input of ions
into the ecosystem from deposition.
The techniques of soil lysimetry are also
well suited for monitoring long-term
changes in site fertility and the eﬀects
of acidifying deposition on forest ecosystems. Although the monitoring of
soil solution quality has a relatively long
history in a number of countries, the

Lysimeters extract water from the soil (soil solution).

and Denmark on the lysimeter techniques employed in monitoring soil
solution quality in the European
Level II intensive plot network, and
assessment of the future comparability of the soil solution data.
- An Ad Hoc Soil Solution Expert
Panel was set up to modify and develop the sub-manual in accordance
with the ﬁndings of the evaluation
project.
- The Ad Hoc Expert Panel is currentﬁrst steps in establishing a European
ly concentrating on improving the
soil solution monitoring network did
quality of the soil solution data, in
not take place until 994, when the
co-operation with the Expert Panel
ICP Forests Level II network was set
on Deposition, by participating in
up. Since then, soil solution monitorWorking Ring Tests and joint working has formed an integral part of the
shops.
Level II activities.
Outlook
Main activities
In the future it is expected that soil so- The first sub-manual covering the lution monitoring will play an imporcollection, analysis and reporting tant role in research on the eﬀects of
of soil solution data was completed climate change on forest ecosystems.
in 996 by the soil solution experts The ﬂux of carbon in the soil solution
working within the Expert Panel on is an important and relatively sensitive
Soils.
indicator of changes taking place, for
- During 998-2000 an evaluation instance, in the rate of decomposition
project was carried out by Finland of organic matter on the forest ﬂoor.
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7. ACID DEPOSITION MONITORING NETWORK IN
EAST ASIA (EANET)
NETWORK CENTER FOR EANET
Acid Deposition and Oxidant Research Center (ADORC)
1182 Sowa
Niigata 950-2144, Japan
eanet@adorc.gr.jp
www.eanet.cc
Wet and dry deposition monitoring site in Terelj,
Mongolia.

Background information
ICP Forests closely cooperates with the
Acid Deposition Monitoring Network in
East Asia (EANET). This network started its preparatory phase activities in
April 998 with ten participating countries, namely, China, Indonesia, Japan,
Malaysia, Mongolia, the Philippines,
the Republic of Korea, Russia, Thailand
and Viet Nam. After a successful com-

Wet deposition monitoring sites of EANET.
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pletion of the preparatory phase it was Documents adopted by the participatdecided to start the EANET activities ing countries. Major achievements in
on a regular basis from January 200 the regular phase activities:
onwards. Cambodia and the Lao P.D.R. • The number of monitoring sites is injoined the network in 200 and 2002
creasing year by year. As of January
respectively. In EANET, wet and dry
2005, monitoring is carried out at 47
deposition monitoring, soil and vegesites for wet deposition, at 34 sites
tation monitoring, and monitoring of
for dry deposition (air concentrathe inland aquatic environment are
tions), at 29 forest sites for soil and
carried out according to the Technical
vegetation, and at 2 lakes/rivers for
the inland aquatic environment. No
obvious relationship between air pollution and tree decline has been reported yet.
• The Data Report on the Acid
Deposition in the East Asian Region
has been issued annually by the
Network Center since 200. Presently,
the latest Data Report available is for
2003.
• Inter-laboratory comparison projects on wet deposition (rainwater),
soil, and the inland aquatic environment (lake water) are annually carried out among the analytical laboratories of EANET in order to improve
the analytical precision and accuracy
in the respective laboratories.
Outlook
The first periodic report of EANET
based on the data of the regular phase
activities is under peparation. A submanual on forest monitoring is under
development for the further elaboration of the methodologies in cooperation with ICP Forests, and will be ﬁnalized in 2006.

8. SUMMARY OF MULTINATIONAL RESULTS
Over its twenty years of existence, the
active participation of a large number of
countries has underpinned ICP Forests.
This participation has not been conﬁned
to monitoring and data submission, but
has also comprised a wealth of national evaluations, as shown in Chapter 4.
However, the success of the programme
is based as well on its numerous evaluations of multinational data assessed by
means of harmonized methods across
Europe. The results of these multinational evaluations have been published
in a series of Technical and Executive
Reports. The main ﬁndings from twenty years of multinational evaluations of
forest condition in Europe are highlighted in the present chapter.
Concern about forest condition at the European-wide scale resulted from the alarming deterioration
of tree crowns in many forest areas in
Europe in the early 980s. This gave
rise to the continuous monitoring of
crown condition. Crown condition reﬂects tree vitality, is useful as a fast reacting indicator for numerous environmental factors and can be assessed with
reasonable eﬀort at the European-wide
scale. Nineteen years of annual monitoring of crown condition have revealed
high spatial and temporal variation in
defoliation. Forest damage has developed far less dramatically than predicted by some scientists two decades ago,
but defoliation has increased in general for most main tree species. However,
in some regions of central and eastern Europe a transient recuperation of
Scots pine was observed from the mid
990s on. The variation in defoliation
is mainly explained by tree age, weather extremes and biotic factors. The recent response of crown condition to the
summer heat and drought of the year
2003 in large areas of central Europe
proves the value of the monitoring programme as an early warning system. Air
pollution was also found to be correlated with defoliation, but less highly
than the above-mentioned natural factors. More pronounced eﬀects of air
pollution on forest ecosystems, in particular on soil condition, foliage chemistry and tree growth, were shown by

multinational evaluations including the
numerous further parameters assessed
besides defoliation.
Sulphate deposition, both in the
open ﬁeld (bulk deposition) and especially under the canopy (throughfall),
decreased clearly on most of the intensive monitoring plots in northern, central and western Europe over an evaluation period from 996 to 200. Soil
solution shows the ﬁrst signs of a recovery from sulphur impact on many
of the plots. However, in certain regions sulphate deposition is still high.
Ammonium and nitrate deposition
has decreased as well on a number of
plots but is still ﬂuctuating at too high
levels at other sites. Despite some decrease, deposition of nitrogen and acidity still exceeds critical loads at a large
number of forest sites. The concentrations of ground level ozone exceed critical levels on the majority of plots in
southwestern Europe. Scenario analyses show that the emission reductions
expected from clean air policies under
CLRTAP will on average result in a recovery of soil solution. The reactions
of the soil solid phase and especially
of fauna and ﬂora will be considerably
slower and take decades.
High nitrogen deposition, reduced sulphur deposition, enhanced
temperatures and concentrations of
carbon dioxide, and improvements in
silviculture have probably all contributed to a clear increase in forest growth.
The monitoring results conﬁrm a general increase in growth by up to 25% compared to earlier decades. However, trees
with high defoliation show reduced increment in comparison to trees with no
or little defoliation. The growth and soil
analyses of the programme help to estimate to which degree carbon sequestration in forests can decrease atmospheric carbon dioxide concentrations.
To a small extent, nitrogen deposition
has been shown to enhance carbon sequestration by means of a stimulation
of forest growth. Atmospheric deposition was also found to have an impact
on ground vegetation. Plant diversity
was found to be lower on acid forest
soils.
59

9. CONCLUSIONS AND OUTLOOK
More than two decades ago, Europe was
alarmed by evil tidings of air pollution
causing catastrophic forest death. The
situation has changed in the meantime.
Forest condition has deteriorated far
less dramatically at the European-wide
scale than was feared in the early 980s
and forests are growing faster than before. But how great is the extent of forest damage in Europe actually, how is
it developing and what are its causes?
How is air pollution involved and
does clean air policy pay? For twenty
years, ICP Forests has been working on
these questions under the Convention
on Long-range Transboundary Air
Pollution (CLRTAP) under the United
Nations Economic Commission for
Europe (UNECE) and in close cooperation with the European Commission.
Twenty years of ICP Forests stand for
the development and international harmonization of methods and standards,
for the implementation of data management and data quality control as
well as for scientiﬁc evaluations of the
monitoring data and for continuous reporting of results. With 4 participating countries, a systematic grid of more
than 6,000 sample plots and some 860
intensive monitoring plots, the programme constitutes one of the world’s
largest biomonitoring networks.
The results published by ICP
Forests in the last two decades provide
a realistic picture of the extent and development of forest damage and contribute to the elucidation of the complex causes and eﬀects involved. They
constitute a part of the scientiﬁc basis
of the legally binding protocols on air
pollution abatement of the countries of
UNECE under CLRTAP. The considerable reduction of sulphur emissions in
particular, and the resulting notable
improvement of air quality in Europe
testify to the success of the work of
ICP Forests and all other ICPs under
CLRTAP.
In the future, the provision
of relevant scientiﬁc information to
CLRTAP will remain of highest priority
for ICP Forests. This will comprise the
veriﬁcation of the eﬃciency of air pollution abatement policies. A positive
response of forest ecosystems to emis60

sion control can be veriﬁed already now,
and further positive eﬀects are predicted by scenario analyses. Nevertheless,
in-depth assessments of air pollution
eﬀects on forests will remain of the utmost importance, given the enduring
exceedance of critical loads, especially
of acidity and nitrogen, the exceedance
of critical levels of ozone, particularly
in many forest areas of south western
Europe, and the continuing accumulation of heavy metals in forest soils.
Besides fulfilling its obligations under CLRTAP, ICP Forests will
use its well-established infrastructure,
its multidisciplinary monitoring approach and its comprehensive database
to also contribute to other international environmental policy processes. The
programme pursues the objectives of
Resolutions S, H and L2 and already
provides information on several of the
indicators for sustainable forest management of the Ministerial Conference
on the Protection of Forests in Europe.
Moreover, it will contribute urgently
needed information on species diversity
and carbon sequestration to the United
Nations Framework Conventions on
Climate Change and Biological Diversity.
The close cooperation of ICP Forests
with the scientiﬁc community will continue to be of mutual beneﬁt: the programme proﬁts from advice provided by
scientists regarding the continuous improvement of methods and data quality, and scientists are increasingly beneﬁting from ICP Forests’ multinational
data. The manifold results of evaluations
of national data give evidence of the relevance of the programme for each individual country too.
Programme homepage:
www.icp-forests.org

Field excercise at the ICP Forests Crown Condition
Intercalibration Course 2002, Spain.
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Map of Level I and Level II plots, 2004.
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“

FORESTS AND THEIR SUSTAINABLE MANAGEMENT
ARE HIGH ON THE AGENDA OF MANY INTERNATIONAL
AND NATIONAL POLICIES. IN ORDER TO BE
SUSTAINABLE, FOREST MANAGEMENT NEEDS
INFORMATION ON THE FACTORS INFLUENCING
FOREST CONDITION.
LONG-TERM, LARGE SCALE AND INTENSIVE
MONITORING OF FOREST CONDITION HAS BEEN
CARRIED OUT FOR 20 YEARS JOINTLY BY
ICP FORESTS UNDER THE CONVENTION ON
LONG-RANGE TRANSBOUNDARY AIR POLLUTION
AND THE EUROPEAN UNION.

WITH 4 PARTICIPATING COUNTRIES, A SYSTEMATIC
GRID OF MORE THAN 6,000 SAMPLE PLOTS AND
SOME 860 INTENSIVE MONITORING PLOTS, THE
PROGRAMME CONSTITUTES ONE OF THE
WORLD’S LARGEST BIOMONITORING NETWORKS.

”

www.icp-forests.org
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