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The European forest monitoring programme .............eeeeeeessvsveeeecssssnns 4

Close cooperation between the European Commission and ICP Forests has
led to standardised monitoring methods and field protocols being taught and
applied within European countries. Together with the harmonisation of exist-
ing monitoring programmes through the FutMon project, this will strength-
en and widen the scope of forest monitoring in Europe and so help meet the
need for better information on topics such as climate change and biodiversity.

Forest health and vitality remained stable in 2008 ................. R b

After a peak in defoliation during 2004 and 2005, crown condition in the most
frequent European tree species has improved. Around 21% of the trees as-
sessed in 2008 were classed as damaged. European oak and sessile oak have
consistently shown the highest levels of defoliation. Crown condition is bet-
ter in most evergreen species than deciduous species.

... but trends vary by species and region
Assessments based on harmonised data demonstrate wide-ranging differen-
ces in forest health for the different European forest types.

Partial success for ‘clean air’ policies ........ccccevvrervvvvrrreniissseccnreeeeeeennannes 8

Efforts to reduce the emission of contaminants known to affect the function-
ing of forest ecosystems have been very successful in the case of sulphur. Over

three-quarters of monitoring plots now receive below the critical load for acid-
ity. In contrast, the deposition of nitrogen has shown little change and critical

loads are exceeded on two-thirds of the monitoring plots.

European forests in a changing climate ...........uuvivivevviiiiiiiieieiiiiniinnnnn 10

Climate change is affecting forest ecosystems but forests are helping to miti-
gate the effects of climate change by acting as carbon sinks. Trees extract car-
bon dioxide from the air and store the carbon in woody biomass. Although
nitrogen deposition and higher temperatures are accelerating tree growth, car-
bon uptake by European forests corresponds to only 10 % of CO, emissions in
Europe. Emissions reductions for CO, are still urgently required.

Biodiversity indicators receiving much attention ......cccceeevvvvvvvvrnnnnnnnns 11

Managed forests are increasingly diverse and biodiversity indicators reveal
encouraging trends. But, demands on forests are increasing and biodiversity
must compete with other services. Biodiversity monitoring is increasing in
importance as this underlies a balanced use of the forests. The effects of cli-
mate change on forest biodiversity are still uncertain.



kgC/hain 2000

<500
500-999
1000 - 1499
1500 - 1999
2000 - 2499
>2500

(alculated net carbon sequestration (kgC/ha) in trees at 6000 Level | plots for the year 2000. Plots of the EU/ICP Forests offer a unique basis for modelling climate change effects and
mitigation for European forests.

mean annual deposition
(kgS/ha per year)

©  no measurements 25% 24%
07-33
34-42
® 43-57 9%
58-8.0
® 81-470 24%

18%

N

LY

s

Azores (Portugal)

Canary Islands (Spain)

&

Cyprus

Mean sulphate (S0,-S) deposition on Level Il plots for 2004-2006. Measurements of air pollution are a core activity of the programme.



TWO DECADES OF FOREST MONITORING FORM THE BASIS FOR
SUSTAINABLE FOREST MANAGEMENT, NOW AND IN THE FUTURE

How will forests respond to a chang-
ing climate? How will changes in air
pollution affect forests? Will forest
damage affect biodiversity and sus-
tainable forest development? And can
sustainable forest management and
carbon sequestration help mitigate
the effects of climate change? These
questions are being posed by scien-
tists, politicians, and the public alike.
Long-term systematic and intensive
forest monitoring provides a solid ba-
sis for answering such questions and
for taking political action. This report
presents the latest the results of for-
est monitoring in Europe in the con-
text of findings obtained over the past
20 years.

At the European-scale, forest con-
dition over the past two decades has
deteriorated far less severely than
was feared back in the early 1980s
(see page 5). In fact, since the mid-
1990s the health status of Scots pine
in central and north-eastern Europe
has even improved. Most of the de-
foliation which gave rise to concern
about the future of the European for-
ests is now known to have been due
to natural factors such as tree age, ex-
treme weather conditions, pests and
diseases. It is hard to establish the
contribution of anthropogenic im-

pacts like air pollution, but several
forest areas have experienced a se-
vere decline that cannot be explained
by natural factors alone. The quanti-
ties of nitrogen and acidity deposit-
ed from the air exceed the threshold
for the beginning of ecological dam-
age (the so-called ‘critical loads’) in a
large number of the forest monitoring
plots. Nevertheless, declining trends
in deposition illustrate the success of
the internationally agreed ‘clean air’
policies (see page 8). Models project
that the current level of air pollution
abatement will lead to a recovery of
forest soils, although soil acidity on
most plots will not have reached pre-
industrial levels even by 2050.

Air pollution has led to a num-
ber of negative effects of forest eco-
systems. Critical load exceedance for
acidification is partly linked to defo-
liation. Nitrogen deposited from the
air is leached from forest soils; nitrate
concentrations in soil water can ex-
ceed the groundwater quality criteria
for human health. The low aluminium
to base cation ratio in soil increases
the risk of root damage.

Air pollution is closely related to
a loss of biodiversity. Nitrogen and
sulphur deposition influence the spe-
cies composition of ground vegeta-

tion and the abundance of epiphytic
lichens (see page 11). Nitrogen de-
position enhances tree growth (see
page 10) and, on the basis of model
results, accounts for 5% of carbon up-
take by forests over the last 40 years
in Europe. The annual carbon seques-
tration in trees is currently about five
to seven times higher than in forest
soils. But, the carbon pools in forest
soils are much bigger than in forest
trees.

The unusual heat and drought of
summer 2003 caused a severe reduc-
tion in water availability and transpi-
ration in the forest trees of central
Europe. This led to a peak in defolia-
tion for several tree species as well as
to reduced tree growth. High levels
of insolation in 2003 increased ozone
concentrations. Critical ozone con-
centrations for sensitive forest vegeta-
tion were frequently exceeded. Under
the changing climate, the frequency
of extreme events is predicted to in-
crease.

Long-term forest monitoring pro-
vides the basis for assessing the im-
pact of changing environmental con-
ditions on the status and health of
European forests as well as for devel-
oping strategies for future sustainable
forest management.

Litterfall and deposition sampler on an intensive monitoring plot in the Slovak Republic
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Alexey Savinov

PREFACE

It is my pleasure to introduce and
present the 2009 Executive Report
of the International Co-operative
Programme on Assessment and
Monitoring of Air Pollution Effects
on Forests (ICP Forests) on be-
half of the 41 countries current-
ly participating in the programme.
ICP Forests is among the larg-
est bio-monitoring programmes
in the world. It was established
by the United Nations Economic
Commission for Europe (UNECE) in
1985 under the Convention on Long-
range Transboundary Air Pollution
(CLRTAP). To date, the CLRTAP
Convention has been signed by 51
parties, including the Soviet Union
in 1979. At that time, forest decline
in Europe was mainly attributed to
the adverse effects of air pollution.
However, we are now aware that the
assessment of air pollution effects
on forests must also take into ac-
count other disturbance factors, such
as fires, cuttings, and insect pests.
Furthermore, air pollution can also
interact with climate change, and ei-
ther enhance or mitigate the effects
of climate warming.

Today, the ICP Forests monitor-
ing programme is of considerable
relevance for many policy processes
related to clean air, climate change,
biodiversity, and sustainable forest
management. ICP Forests provides
reliable, scientifically sound infor-
mation on the spatial and temporal
variation of forest condition to pol-
icy makers, scientists and the public.

As the legal successor to the Soviet
Union, the Russian Federation has
taken over the liabilities arising from

the CLRTAP Convention. While ac-
knowledging the global ecological
significance of the Russian forests,
and thereby undertaking to safe-
guard biodiversity and the vital func-
tioning of forest ecosystems and, at
the same time, aiming for the success-
ful development of multi-function-
al forestry, the Ministry of Natural
Resources of the Russian Federation
and the Federal Agency of Forestry
made the decision to co-operate
with other European countries in the
field of forest monitoring within the
framework of ICP Forests. As a re-
sult, ICP Forests monitoring is cur-
rently carried out in the Leningrad,
Pskov, Novgorod, Kaliningrad and
Murmansk oblasts, and the Republic
of Karelia, in the 500 km-wide zone
along Russia’s western borders. So
far, 569 monitoring plots have been
established in this zone, and the first
results on defoliation, discolouration
of trees, their damages, biodiversity,
carbon cycle, and nutritional status
of soil and plants have recently been
presented.

I hope that continued fruitful in-
ternational cooperation within the
framework of ICP Forests will allow
us to obtain harmonized data on the
state of European forests for use in
decision making aimed at their sus-
tainable management.

~7
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Alexey Savinov,
Head of Federal Agency of Forestry,
Russia



PREFACE

Around one third of the European
Union’s land surface is covered by
forests. Throughout Europe, forests
provide goods and services that are
not only valuable economically, but
also play a significant role in the de-
velopment of rural areas, and for rec-
reational purposes. Forests also play a
major role in nature conservation and
environmental protection and are ex-
tremely relevant in the context of cli-
mate change mitigation.

For these reasons the European
Commission has been supporting for-
est-related activities in cooperation
with the EU-Member States for many
years. The European Commission’s
engagement in forest monitoring is
an important part of this support.
The LIFE+ Regulation, adopted in
2007, provides a financial basis for
assessing policy relevant information
on forests, specifically in relation to
climate change, biodiversity, forest
condition and the protective func-
tions of forests.

Against this background, the
European Commission agreed to
co-finance the FutMon (Further
Development and Implementation
of an EU-level Forest Monitoring
System) project. The FutMon proj-
ect builds on and further develops
existing forest monitoring activi-
ties. It is the continuation of 20 years
of fruitful cooperation between the
European Commission and ICP
Forests. The new FutMon project
started in January 2009. This will pro-
vide information on the health status
of forests and aims to provide insight
into threats arising from air pollution,
soil acidification and nitrate leaching.

In cooperation with national forest
inventories it further develops a sys-
tematic grid of forest plots as the ba-
sis for regular monitoring of many
parameters, including ground vege-
tation and deadwood. In addition, we
expect detailed answers as to how in-
creasing temperatures and more fre-
quently occurring extreme events
like storms or insect infestations af-
fect forest ecosystems. The project
assembles 38 partner institutions in
24 European countries and relies on
the knowledge and expertise of more
than 300 experts. Close collaboration
between the various scientists, insti-
tutions and networks will enable the
creation of a multifunctional infor-
mation base serving the information
needs of policy, as well as research
and forest management.

Good communication and a well-
informed general public is a partic-
ular focus of the LIFE+ Regulation.
I thus welcome the timely prepara-
tion of the first layman’s report of the
FutMon project. It clearly shows that
the sustainable management and pro-
tection of our forests is in the inter-
est and responsibility of the whole
European community. I acknowledge
the motivated engagement of the ex-
perts involved and wish the FutMon
project every success.

Joaquim Capitdo,
Acting Head of LIFE Unit

Directorate General Environment
European Commission

Joaquim Capitao



International excursion to a monitoring plot in Russia. Harmonized methods form the basis for assessments.

THE EUROPEAN FOREST MONITORING PROGRAMME

Close cooperation forms the basis for successful

forest monitoring

Forest monitoring dates back to the early 1980s when a se-
vere decline in tree crown condition occurred across large

parts of Europe. Concern that the decline was triggered

by air pollution led to the International Co-operative

Programme on Assessment and Monitoring of Air Pollution

Effects on Forests (ICP Forests) in 1985. Close cooperation

between the European Commission and ICP Forests over

the next 20 years led to the project Further Development

and Implementation of an EU-level Forest Monitoring
System (FutMon) in 2007. ICP Forests and FutMon are co-
ordinated by the Institute for World Forestry at the Johann

Heinrich von Thiinen-Institute in Hamburg, Germany.

Survey Plot numbers
Crown condition 822/662
Foliar chemistry 795/150
Soil chemistry 742/0
Tree growth 781/77
Ground vegetation 757/119
Deadwood 90/0
Epiphytic lichens 90/0

Soil solution chemistry 262/241
Atmospheric deposition 558/437
Ambient air quality 121/121
Meteorology 235/235
Phenology 152/152
Litterfall 145/145
Remote sensing National data/o

ICP Forests ensures continuous and harmonized
forest monitoring

ICP Forests is the only field-based monitoring system pro-
viding continuous and trans-nationally harmonized data
on forests for most countries in Europe. Monitoring oc-
curs at two levels of intensity: ‘Level I’ (~ 6000 systemati-
cally selected plots in 38 participating countries) and the
more intensive ‘Level II" (~ 800 plots located in some of
the most important forest ecosystems in 29 participating
countries). ICP Forests is one of the largest and longest
running forest monitoring programmes in the world, cov-
ering over 200 million hectares.

FutMon widens the scope of forest monitoring

across Europe

The new FutMon project further develops forest moni-
toring in the EU-Member States. It builds on and sup-
ports the existing set of monitoring plots. It creates a pan-
European system that will provide information on a range
of different topics, including forest health, biodiversity
and climate change. The number of Level II plots moni-
tored will fall to 300 within EU countries (plus 90 in non-
EU countries). In turn, new and more intensive surveys
are developed and tested within so-called ‘demonstration
projects’ At the large scale, FutMon supports the inte-
gration of National Forest Inventories with ICP Forests
Level I plots in a number of countries.

Level Il monitoring. The number of plots for each survey ranges from 9o (deadwood, epi-
phytic lichens) to 822 (crown condition). Variations in the number of plots for which data

were submitted in 2006 (the second number) reflects differences in sampling frequency;

not all surveys are carried out each year.
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Healthy cedar forest in Cyprus. Tree health is indicated by the extent of needle or leaf loss in tree crowns; fully foliated trees are considered healthy.

FOREST HEALTH AND VITALITY REMAINED STABLE IN 2008 ...

Long-term monitoring underlies sustainable

forest management

Forest condition has been assessed over long periods in

many European countries. Defoliation has been the main

parameter monitored. Changes in forest condition are

used to assess the response of forest ecosystems to envi-
ronmental change. They also provide the basis of sustain-
able forest management. The Ministerial Conference on

the Protection of Forests in Europe uses defoliation as one

of four indicators of forest health and vitality.

One fifth of trees are considered ‘damaged’

After a peak in defoliation during 2004 and 2005, crown
condition in the most frequent European tree species im-
proved. Crown condition on 5000 plots in 25 countries,
led to 21 % of the trees assessed in 2008 being classed as
damaged. Of the species monitored, European oak and
sessile oak have consistently shown the highest levels of
defoliation. Beech has reacted strongly to the extreme
heat and drought that occurred in central Europe in 2003
but has recuperated in subsequent years. There have been
slight overall improvements in the condition of Scots pine
and Norway spruce since the late 1990s.

Insect pests, fungi, drought, snow, and storms are
among the most frequent causes of direct damage to
trees. Their impacts can be exacerbated by air pollution
and changes in climate.

Crown condition in the most frequent tree species (as indicated by the extent of needle or

leaf loss) appears to have improved over the past two years. Crown condition is better in

evergreen species than deciduous species. Data from 1990 onwards are based on a small-
er number of countries.

Harmonising national forest inventories

National forest inventories — used by many European
countries to assess their national forests — produce da-
tasets that are rarely comparable between countries.
Although shorter and less comprehensive, datasets gen-
erated by the harmonised Level I monitoring are com-
parable across national boundaries. Through FutMon,
the trans-national Level I monitoring grid (16 x 16 km
throughout Europe) is being restructured and national
forest inventories are partly merged with it. The Level I
grid can thus serve as a reference grid for the further har-
monisation of national forest inventories.
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Bark beetle infestation in the Arkhangelsk region, Russia.

««« BUT TRENDS VARY BY SPECIES AND REGION
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Oak leaf, damaged by drought.

Adverse effects on boreal forests

in Russia

Boreal forests cover large areas of
northern Europe: across Scandinavia,
the Baltic states, Belarus and Russia.
The cool climate and harsh winters
favour the dominance of Norway
spruce and Scots pine, partially mixed
with birch.

Russia is currently developing a for-
est monitoring system. Although this
is not yet in place, a number of for-
est damage events have been report-
ed. One began in the hot dry summer
of 1997, with the widespread defolia-
tion and discolouration of spruce. The
weakened trees went on to suffer from
windthrow and massive bark beetle
infestations; over 600 km” were even-
tually affected. Huge clear cuttings
over recent years have exacerbated the
problem by altering drainage and light
regimes. Forest ecosystems across vast
areas of the Murmansk region and
northern Europe have been affected
by pollutants emitted over the past
60 years from the two non-ferrous
metal smelters (Pechenganikel and

Level | plots classified according to forest types of the
European Environment Agency. Forest types form the basis
for assessing trends in European forest ecosystems.



Holm oak is an important broadleaved evergreen species in Spain. Overgrazing often constitutes a major pressure.

Severonikel) on the Kola Peninsula.
The critical load for sulphur (3kg/
ha/y) has been exceeded over more
than 90 ooo km?®. Signs of visible dam-
age occur over 39 000 km?, and forest
ecosystems have been completely de-
stroyed over more than 1000 km®.

In contrast, low levels of defolia-
tion in the Baltic countries, Finland
and Norway indicate good overall
health. However, there have been
regional outbreaks of fungal diseas-
es, such as Scleroderris canker in
Sweden and Finland in 2001. Large
areas were affected by windthrow
in 2005 and bark-beetle infestations
resulted in 700 0oo m® of timber in
Sweden in 2008.
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The low proportion of damaged trees within the boreal
forests of the Baltic states, Finland and Norway, indicates
good overall health.

Extreme drought in Central
European mixed deciduous forests
Mesophytic deciduous forests in cen-
tral Europe typically comprise mixed
forests on soils with a good nutrient
supply. The main species are sessile
oak, European oak, ash, maple and
lime. Oak has been the most severe-
ly damaged tree species in Europe for
many years. Oak forests were badly af-
fected by the extremely dry and warm
summer of 2003 and took until 2006
to begin recovering. A similar pat-
tern occurred in beech forests. The
increase in extreme climatic events
predicted under most climate change
scenarios is likely to have strong ad-
verse effects on most forest types.

Damaged trees (%) Central deciduous forests
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Mixed deciduous forests, occurring mostly in central Europe,
reacted strongly to the extreme drought of 2003. The forests
are now recovering.

Remnants of natural broadleaved
evergreen forests now protected
Broadleaved evergreen forests are
one of the most common natural for-
est types in southern Europe. Holm
oak is the dominant species. Today,
large areas have been transformed
into low density agro-silvicultural
systems. In Spain, these have suf-
fered from ‘seca’ syndrome, triggered
by a series of dry years, although in-
sects, fungal infestations and over-
exploitation were also important.
Wetter summers have helped recov-
ery since 2006. Forest fires are a con-
stant threat. Dense, natural forests
with close canopy are less at risk than
open woodlands.

Damagedtrees(%)  Southern broadleaved forests
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Drought and insect and fungal diseases in evergreen broad-
leaved forests across southern Europe led to higher levels of
defoliation in 2005 and 2006.



PARTIAL SUCCESS FOR ‘CLEAN AIR’
POLICIES

Air pollution affects ecosystem stability

Atmospheric deposition of contaminants can affect the
functioning of forest ecosystems. Fluxes of nutrients, con-
taminants and other elements within forest ecosystems
are important indicators of ecosystem functioning and
stability. Important fluxes include uptake by plants, flux-
es associated with soil processes, and leaching into sur-
face waters and ground waters. Data on soil, soil water,
forest growth and foliage chemistry are important for as-
sessing the impact of atmospheric deposition. These data
are obtained at Level II plots and used for establishing
the maximum levels of deposition that the ecosystem can
tolerate — the so-called ‘critical loads’

Lower sulphur deposition but no change for nitrogen
Sulphur emissions in Europe have been reduced by 70 %
since 1981. This reflects the success of clean air policies
adopted under the UN Economic Commission for Europe
and the EC. Based on measurements conducted under the
forest canopy on around 200 monitoring plots, mean an-
nual sulphur inputs fell by 20 % between 2001 and 2006.
Sulphur deposition was generally higher on plots in cen-
tral Europe than in northern and southern Europe.
There has been little change in nitrogen deposition
since 2001. Ammonium and nitrate are the main nitro-
gen compounds deposited from the air. Measurements
at the same 200 plots show mean annual inputs of about
skg per hectare. Inputs across Europe vary widely, how-
ever, with the highest levels measured in central Europe.
Inputs range from just above zero to 36 kg ammonium per

Deposition samples are collected weekly, fortnightly
or monthly and are analyzed by national experts. Data
are validated before submission to the Programme
Coordination Centre for evaluation.

Dynamic soil chemistry models rely on historical
deposition data from the literature, on present mea-
surements and on future deposition scenarios. They
model key processes such as element fluxes in depo-
sition, nutrient uptake by trees, nutrient cycling in-
cluding mineralization, weathering processes for base
cations and aluminium, and leaching to groundwater.

Critical loads define thresholds for the effects of air
pollution. They are derived by comparing inputs on
the one hand and the removal, acceptable storage and
outputs of pollutants on the other. Critical loads are
not exceeded as long as inputs do not exceed out-
puts. Any additional input of pollutants may cause
harmful effects.



hectare and 16 kg nitrate per hectare. The main sources of
nitrogen emissions are fossil fuel combustion and inten-
sive animal husbandry.

Forest ecosystems are still affected

Nitrogen enrichment in the soil can accelerate forest tree
growth. However, it can also affect the composition of
the vegetation and the amount of nitrate leaching into
groundwater. Over the past few decades, deposition
from the air has led to increasing storage of nitrogen in
plants and soil. On forest floors that are already nitrogen-
enriched the soil and the plants can retain little extra ni-
trogen and so it passes relatively quickly through to the
groundwater.

Atmospheric deposition is the main factor underlying
widespread soil acidification in Europe. Acidified soils
affect the rooting systems of trees, can impair balanced
nutrition of plants and reduce soil biodiversity. Soil acid-
ification is confirmed using direct measurements and dy-
namic soil models. Models suggest that soil acidification
increased until 1990. They also predict a slight recovery up
to 2030. Observed reductions in soil acidification reflect
the success of emission reductions policies. Nevertheless,
soil acidity levels assumed for 1900 will not be regained
on many plots for many decades.

Critical loads are exceeded on two-thirds of plots
Information on deposition alone is not enough for pre-
dicting the possible effects of air pollution on forest eco-
systems. This is achieved by comparing measured inputs
against ‘critical loads! Critical loads are thresholds de-
rived from ecosystem models below which environmen-
tal damage is not expected to occur. Ecosystem stability is
maintained as long as inputs are below the critical loads.
Success in lowering sulphur emissions has reduced the
area with critical load exceedance for acidity: over 75%
of plots now receive below the critical load for acidity. In
contrast, over 65% of nearly 200 ICP Forests and EU plots
show critical load exceedance for nitrogen, especially in
central Europe.

Left: Deposition sampler in Greek mountain forests. ICP Forests began measuring depo-
sition on Level Il plots in the 1990s. The field protocols require 20 to 40 samplers for each
plot depending on the structure of the forest canopy.

Top right: Mean ammonium (NH,-N) deposition below the forest canopy for 2004-2006.
Atmospheric inputs are comparatively high in central Europe.

Middle right: Mean annual atmospheric deposition of sulphur (in sulphate) and nitrogen
(in ammonium and nitrate) on the European forest monitoring plots. There is a clear fall
in sulphur inputs but little change in nitrogen inputs.

Bottom right: Exceedance of critical loads for acidity and nitrogen deposition for 1999 to
2004. The critical load for nitrogen was exceeded on around two thirds of the plots.
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Woody biomass is about 50 % carbon. Forest growth extracts large amounts of carbon dioxide from the air and so helps mitigate climate change.
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EUROPEAN FORESTS IN A CHANGING CLIMATE

Nitrogen deposition and higher temperatures
accelerate tree growth

Changes in temperature and precipitation, as well as more
frequent extreme events, can affect ecosystem function-
ing in European forests. In a study co-financed by the
European Commission, data were assessed from 382 plots
across Europe.

Nitrogen deposition increased tree growth in the four
species studied. The effect was smallest on soils that
were already well supplied with nitrogen. An annual ni-
trogen deposition of 1kg/ha corresponds to an average

Tree growth (cm?/tree) M European and sessile oak
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increased tree growth of ~1%, which corresponds to an

average carbon fixation in tree stems of about 20kg/ha

per year. Sulphur and acid deposition did not cause nega-
tive effects on tree growth, possibly because any negative

effects were outweighed by the positive effect of nitrogen

deposition. Above-average temperatures during the grow-
ing season increased tree stem growth in common beech

and Norway spruce.

Forests take up and store vast quantities of carbon.
But emissions reductions are still urgently required
Forests can help mitigate the effects of climate change by
acting as carbon sinks. Trees extract carbon dioxide (an
extremely important greenhouse gas) from the air and
store the carbon in woody biomass. In areas that were
previously overexploited or which have an otherwise
low nitrogen status, human-derived nitrogen deposition
increases tree growth which in turn increases carbon up-
take. Continued nitrogen deposition, however, may even-
tually lead to nutrient imbalances and in the long term to
a destabilisation of forest stands.

In terms of the total CO, emissions in Europe the miti-
gating effects of forests are small: forest uptake is thought
to represent only 10 % of emissions. This may even de-
crease in future because forest growth cannot be end-
lessly accelerated and forest carbon pools that are gener-
ally increased by nitrogen deposition will come to a new
equilibrium.

Higher levels of nitrogen deposition lead to higher levels of tree growth which results in
higher levels of carbon storage.



Cranberries and deadwood. Ground vegetation and deadwood are important indicators of biodiversity.

BIODIVERSITY INDICATORS RECEIVING MUCH ATTENTION

Forests among the most natural ecosystems in Europe
Forest biodiversity indicators reveal encouraging trends.
Total forest area and standing wood volumes have both
increased over the past decades. And more forests are be-
ing allowed to grow into older development stages, which
has a positive effect on forest biodiversity. Managed for-
ests are increasingly diverse, often with a mixture of co-
niferous and broadleaved tree species. However, forest
fragmentation is often a problem for viable populations.
Demands on forests are increasing and biodiversity is
competing with other services. The effects of climate
change on forest biodiversity are not yet fully under-
stood. Forest ecosystems were disturbed in 2004 and
2007 across central and southern Europe after intense
heat waves and drought.

Biodiversity monitoring is increasing in importance
Trans-national harmonisation of monitoring methodology
is a focus for the European forest monitoring programme.
With co-financing from the European Commission, a bio-
diversity project was completed on 96 Level I plots in 2006
(ForestBIOTA), with a related project (BioSoil) on ~4000
Level I plots completed in 2007. Methods were developed
for monitoring forest stand structure, deadwood, epiphyt-
ic lichens and ground vegetation; a first implementation
of these methods has been successful; the existing plots
proved to be suitable for biodiversity assessments; and new
projects involving a larger number of plots are underway.

Epiphytic lichen species monitored on Level Il plots within the ForestBIOTA project; a pilot
project, preparing assessments on larger numbers of plots in Europe.

Monitoring data underlie a balanced use of forests
Biodiversity reflects the variety of all living organisms. It
is thus impossible to monitor comprehensively. Under
the lead of the European Environment Agency, a pan-
European initiative, SEBI2010, was launched in 2004 to
develop a European set of biodiversity indicators. These
include a ‘Forest Status Indicator’ which relies on the data
of the forest monitoring programme. Further large-scale
implementation of the related monitoring is a priority. The
data provided will form the basis for balancing demands
for ecological services, timber, and cultural services.

Species richness
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CONCLUSIONS AND OUTLOOK

In its present form, forest moni-
toring in Europe meets the infor-
mation needs of the relevant in-
ternational bodies. For example,
the Convention on Long-range
Transboundary Air Pollution
(CLRTAP) and the Ministerial Con-
ference on the Protection of Forests
in Europe (MCPFE). Data are also
submitted to the Global Forest Re-
sources Assessment (FRA) and the
Convention on Biological Diversity
(CBD). But, information needs and
reporting obligations are increasing.
Plus, large-scale forest survey systems
exist in parallel in many countries.
Together, these call for a further in-
tegration of existing large-scale pro-
grammes, namely ICP Forests and the
national forest inventories (NFIs).

Complex interplay between climate
change, forests and deposition
Continued recovery of crown con-
dition from the very warm and dry
summer of 2003 occurred across
large parts of central Europe. The
new forest type classification devel-
oped by the European Environment
Agency has proved suitable for as-
sessing large-scale crown condition
data. In general, boreal forests show
lower levels of defoliation, while for-
est condition in southern Europe re-
flects the impacts of a range of stress
factors. These include overexploita-
tion, fire, drought, and higher ozone
levels, and many interact with insect
infestations and fungi.

Lower levels of sulphur deposition
are a direct result of the clean air pol-
icies adopted under the UNECE and
the EC. This is not the case for nitro-
gen, where little or no fall in depo-
sition and the continued exceedance
of critical loads across large parts of
Europe indicate a risk to ecosystem
stability. Nutrient enrichment re-
mains a threat to plant diversity, and
to the quality of surface waters and

groundwater. One effect of nitro-
gen deposition is accelerated forest
growth and thus increased carbon
uptake and storage — at least in the
short term. This can help mitigate the
effects of climate change attributed to
increasing concentrations of carbon
dioxide and other greenhouse gases,
but will only compensate for a small
proportion of anthropogenic carbon
dioxide emissions.

FutMon is on its way to meeting
increased information needs

The multidisciplinary monitoring ap-
proach implemented by ICP Forests
in cooperation with the EC consti-
tutes a solid basis for the further de-
velopment of forest monitoring in
Europe, especially in relation to meet-
ing the increasing needs for informa-
tion on biodiversity, climate change
and carbon uptake and storage. These
issues must be studied in conjunction
with air pollution, owing to the com-
plex interrelationships between the
two. FutMon began the work on in-
tegrating the large-scale monitoring
approaches (Level I and NFIs) and
consolidating the intensive monitor-
ing plots (Level II). FutMon will pro-
vide policy relevant information on
forests in Europe by the end of 2010.



CONTACTS

Albania: Ministry of the Environment, Tirana. (info@moe.gov.al)

Andorra: Ministry of Agriculture and Environment, Andorra la Vella.
Ms Anna Moles / Ms Silvia Ferrer (Silvia_Ferrer_Lopez@govern.ad)

Austria: Bundesamt fiir Wald, Wien. Mr Ferdinand Kristofel (ferdinand.
kristoefel@bfw.gv.at)

Belarus: Forest Inventory republican unitary company ,Belgosles®,
Minsk. Mr V. Krasouski (olkm@tut.by, belgosles@open.minsk.by)

Belgium:

Flanders: Research Institute for Nature and Forest, Geraardsbergen.
Mr Peter Roskams (peter.roskams@inbo.be)

Wallonia: Ministere de la Région Wallonne, Namur. Mr C. Laurent
(c.laurent@mrw.wallonie.be)

Bosnia Herzegovina: University of Sarajevo, Sarajevo. Mr Tarik Trestic
(trestict@yahoo.com)

Bulgaria: Executive Environment Agency at the Ministry of Environment
and Water, Sofia. Ms Genoveva Popova (forest@nfp-bg.eionet.eu.int)

Canada: Natural Resources Canada, Ottawa. Ms Brenda McAfee (bm-
cafee@nrcan.gc.ca)

Quebec: Ministére des Ressources naturelles, Quebec. Mr Rock Ouimet
(rock.ouimet@mrnf.gouv.qc.ca)

Croatia: Sumarski Institut, Jastrebarsko. Mr Nenad Potocic (nenadp@
sumins.hr)

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

Czech Republic: Forestry and Game Management Research Institute
(VULHM), Prague — Zbraslav. Mr Bohumir Lomsky (lomsky@
vulhm.cz)

Denmark: Forest and Landscape Denmark, University of Copenhagen,
Horsholm. Mr Lars Vesterdal (lv@life.ku.dk), Mrs. Annemarie
Bastrup-Birk (ab@life.ku.dk)

Estonia: Estonian Centre of Forest Protection and Silviculture, Tartu.
Mr Kalle Karoles (kalle.karoles@metsad.ee)

Finland: Finnish Forest Research Institute (METLA), Rovaniemi. Mr
John Derome (john.derome@metla.fi)

France: Ministére de lagriculture et de la péche, Paris. Mr Jean-Luc Flot
(jean-luc.flot@agriculture.gouv.fr)

Germany: Bundesministerium fir Erndhrung, Landwirtschaft und
Verbraucherschutz, Bonn. Ms Sigrid Strich (sigrid.strich@bmelv.
bund.de)

Baden-Wiirttemberg: Forstliche Versuchs- und Forschungsanstalt
Baden-Wirttemberg, Freiburg. Mr Klaus von Wilpert (Klaus.
Wilpert@forst.bwl.de)

Bavaria: Bayerische Landesanstalt fiir Wald und Forstwirtschaft
(LWE), Freising. Mr Hans-Peter Dietrich (Hans-Peter.Dietrich@lwf.
bayern.de)

Brandenburg: Landesforstanstalt Eberswalde, Eberswalde. Mr
Reinhard Kallweit (Reinhard Kallweit@lfe-e.brandenburg.de)

Hesse, Lower Saxony and Saxony-Anhalt: Nordwestdeutsche
Forstliche Versuchsanstalt, Géttingen. Mr Hermann Spellmann
(Hermann.Spellmann@NW-FVA.de)

Mecklenburg-Western Pomerania: Ministerium fiir Landwirtschaft,
Umwelt und Verbraucherschutz, Schwerin. Mr Jan Martin (Jan.
Martin@lfoa-mv.de)

North Rhine-Westphalia: Landesamt fir Natur, Umwelt und
Verbraucherschutz NRW, Recklinghausen. Mr Joachim Gehrmann
(Joachim.Gehrmann@lanuv.nrw.de)

Rhineland-Palatinate: Forschungsannstalt fiir Waldokologie und
Forstwirtschaft Rheinland-Pfalz, Trippstadt. Mr Hans Werner
Schréck (schroeck@rhrk.uni-kl.de)

Saarland: Ministerium fir Umwelt, Landesamt fiir Umwelt- und
Arbeitsschutz, Saarbriicken. Mr Karl Dieter Fetzer (KD.Fetzer@lua.
saarland.de)

Saxony: Staatsbetrieb Sachsenforst, Pirna OT Graupa. Mr Henning
Andreae (Henning.Andreae@smul.sachsen.de)

Schleswig-Holstein: Ministerium fiir Landwirtschaft, Umwelt und
landliche Rdume des Landes Schleswig-Holstein, Kiel. Mr Claus-G.
Schimming (cschimming@ecology.uni-kiel.de)

Thuringia: Thirringer Landesanstalt fir Wald, Jagd u. Fischerei
(TLW]JE), Gotha. Mrs Ines Chmara (Ines.chmara@forst.thueringen.de)

Greece: Institute of Mediterranean Forest Ecosystems, Athens-Ilissia. Mr
George Baloutsos, Mr Anastasios Economou (mpag@fria.gr, oika@
fria.gr)

Hungary: State Forest Service, Budapest. Mr Lészl6 Kolozs (aesz@aesz.
hu, kolozs.laszlo@aesz.hu)

Ireland: Coillte Teoranta, Newtownmountkennedy. Mrs. Fiona
Harrington (Fiona.Harrington@coillte.ie)

Italy: Corpo Forestale dello Stato— Servizio CONECOFOR, Rome. Mr
Enrico Pompei (e.pompei@corpoforestale.it)

Italy: Agricultural Research Council CRA-MPF, Trento loc. Mrs Patrizia
Gasparini (patrizia.gasparini@entecra.it)

Italy: C.N.R. Institute of Ecosystem Study, Verbania Pallanza. Mr Rosario
Mosello (r.mosello@ise.cnr.it)

Latvia: State Forest Service of Latvia, Riga. Ms leva Zadeika (ieva.za-
deika@vmd.gov.lv)

Liechtenstein: Amt fiir Wald, Natur und Landschaft, Vaduz. Mr Felix
Nischer (felix.naescher@awnl.llv.1i)

Lithuania: State Forest Survey Service, Kaunas. Mr Andrius Kuliesis
(vmt@lvmi.lt)

Luxembourg: Administration des Eaux et Foréts, Luxembourg-Ville. Mr
Claude Parini (claude.parini@ef.etat.lu)

FYR of Macedonia: University St. Kiril and Metodij. Skopje. Mr Nikola
Nikolov (nnikolov@sf.ukim.edu.mk)

Republic of Moldova: State Forest Agency, Chisinau. Mr Anatolie
Popusoi (icaspiu@starnet.md, icas_md@bk.ru)

The Netherlands: Ministry of Agriculture, Nature and Food Quality, Den
Haag. Mr Alfred Boom (a.j.boom@gegevensautoriteitnatuur.nl)

Norway: Norwegian Forest and Landscape Institute, As. Mr Dan Aamlid
(dan.aamlid@skogoglandskap.no)

Poland: Forest Research Institute, Raszyn. Mr Jerzy Wawrzoniak
(j.wawrzoniak@ibles.waw.pl)

Portugal: National Forest Authority, Lisboa. Ms Maria Barros (mbar-
ros@afn.min-agricultura.pt), Mr José Rodrigues (jrodrigues@afn.min-
agricultura.pt)

Romania: Forest Research and Management Institute (ICAS), Voluntari,
jud. Ilfov. Mr Romica Tomescu / Mr Ovidiu Badea (biometrie@icas.
ro, obadea@icas.ro)

Russian Federation: Centre for Forest Ecology and Productivity (RAS),
Moscow. Ms Natalia Lukina (lukina@cepl.rssi.ru)

Serbia: Institute of Forestry, Belgrade. Mr Radovan Nevenic (neven-
ic@Eunet.yu)

Slovak Republic: National Forest Centre, Zvolen. Mr Pavel Pavlenda
(pavlenda@nlcsk.org)

Slovenia: Slovenian Forestry Institute, Ljubljana. Mr Marko Kovac (mar-
ko.kovac@gozdis.si)

Spain: Ministerio de Medio Ambiente, y Medio Rural y Marino (SPCAN-
DGMNyPF), Madrid. Mr Gerardo Sanchez (gsanchez@mma.es), Ms
Paloma Garcia (at_pgarciaf@mma.es)

Spain: Fundacién CEAM, Centro de Estudios Ambientales del
Mediterrdneo, Paterna (Valencia). Mr Vicent Calatayud (vicent@
ceam.es)

Sweden: Swedish Forest Agency, Jonkoping. Mr Sture Wijk (sture.wijk@
skogsstyrelsen.se)

Switzerland: Eidgendssische Forschungsanstalt fiir Wald, Schnee und
Landschaft (WSL), Birmensdorf. Mr Norbert Krauchi (kraeuchi@
wsl.ch)

Turkey: General Directorate of Forestry, Orman Genel Miidirliugd,
Ankara. Mr Ali Temerit (NFCTurkey@gmail.com, temeritali@yahoo.
co.uk)

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

United Kingdom: Forest Research Station, Alice Holt Lodge, Farnham-
Surrey. Mr Andrew J. Moffat (andy.moffat@forestry.gsi.gov.uk)

United States of America: USDA Forest Service, Riverside, CA. Mr
Andrzej Bytnerowicz (abytnerowicz@fs.fed.us)



For further information please contact:

Johann Heinrich von Thiinen-Institute

Institute for World Forestry

Programme Coordinating Centre of ICP Forests
Dr. Martin Lorenz, Richard Fischer
Leuschnerstrasse 91

21031 Hamburg

Germany

European Commission

Directorate-General for the Environment

* LIFE Unit — BU-9 02/1

+ Agriculture, Forests and Soil Unit — BU-9 04/29

B-1049 Brussels
http://www.icp-forests.org

http://www.futmon.org
http://ec.europa.eu/life






