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ICP Forests data comprise data taken from two networks: Level I and Level II. Level I consists of approx. 6000
large-scale monitoring plots selected on a systematic basis across Europe with the aim of providing represen-
tative data on the spatial and temporal variability of forest condition. Level II consists of 250-800 (depending
on the set-up) intensive monitoring plots selected on a purposive basis across the range of the most frequent
forest tree species in Europe, with the aim of providing data on forest condition, air quality, deposition of
pollutants, the chemical and physical status of soil, the biomass and chemistry of litterfall and
foliage, biodiversity, tree growth and productivity, and climate. These data are used for correlative studies,
and are requested by scientists both within and outside the ICP Forests community, with more than 80 data
requests having been received over the last few years.

The strength of ICP Forests is in its focus on (i) the long-term and broad geographical and ecological coverage
of European forests; (ii) the long-term process of harmonisation and standardisation, initiated as early as the
1980s; and (iii) the continuous efforts being made in Quality Assurance and Quality Control. Methods for each
investigation are detailed in the ICP Forests Manual, available at http://icp-forests.net/page/icp-forests-manual. 

ICP Forests networks, data and methods
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Forests are a valuable resource for humanity and as such they must be protected and preserved for future
generations. The long-term monitoring of forests is a valuable tool for assessing the impact of climate
change on forest ecosystems, but monitoring is not restricted to that activity alone. Plant diseases, insect
attacks and anthropogenic effects such as high levels of nitrogen deposition and ozone as well as the
interactions between abiotic and biotic factors are written down and assessed statistically to give us a
better understanding of forest health in Europe.

Forest monitoring started in the decade beginning in 1980, when the concern about a possible sudden
death of forests in central Europe alarmed both scientists and the general public. It was at that time that
the plot grid we now call Level I was first created. In Greece that grid consisted of approximately 100
plots. In 1995, the intensive monitoring programme known as Level II was launched. Within the
framework of thisprogramme, four experimental plots of representative forest ecosystems in Greece were
established by the personnel of the Forest Research Institute of Athens.

Here I would like to add that Greece is one of the most mountainous countries in Europe and hosts rich
biodiversity within its forests. In the past, a whole population lived out of the forests. Unfortunately, after
World War II, young people left the mountains and went to live in big cities, or emigrated in their quest
to find a better future. Today, under the financial crisis and the threat of unemployment, young people
are returning to their parental villages in the country. This means that forest management is taking on a
new role.

Going back to the monitoring programme, I would like to stress that never in the past has Europe had se-
rial forest science data collected over a long period. Results derived only from laboratories give us indi-
cations, but without field observations they lack the concreteness of evidence. It is our obligation to
preserve and hand on the experimental plots to future generations of scientists.

George Amorgianiotis

Hellenic Republic
Ministry of Environment, Energy and Climate Change
Special Secretariat for Forests

FOREWORD

George Amorgianiotis
Special Secretariat for Forests
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ACTIVITY UNDER THE UNECE CONVENTION
ON LONG-RANGE TRANSBOUNDARY AIR POL-
LUTION (LRTAP) focuses on developing and imple-
menting clean air policies across Europe and North
America. There has been great success in reducing
sulphur emissions over the past decades, but the
concentration of nitrogen (N) compounds in the
atmosphere, the level of N deposited in forest eco-
systems, and tropospheric ozone (O3) concentra-
tions are still high. These are threats to forest
health, productivity and diversity, and therefore to
the sustainability of European forests.

MEASURING NITROGEN DEPOSITION AND THE
EXPOSURE TO OZONE OF EUROPEAN FO-
RESTS is one of the core activities of ICP Forests.
The measurements provide site-specific open field
and throughfall deposition estimates for N (and
other relevant atmospheric inputs), and O3 concen -
tration. Data are of considerable value to fores ters,
ecologists, vegetation scientists and modellers,
and provide policy makers with key information on
topical environmental issues.

ORGANISMS WITHIN FOREST ECOSYSTEMS
SHOW WIDE-RANGING RESPONSES TO NITRO-
GEN. Mosses and lichens may have little relevance
in economic terms, but for forest biodiversity and
as bioindicators, these organisms have consider -
able value. The response of key organisms like
mycorrhizal fungi towards N input is particularly
impor tant. Mycorrhizal fungi represent the inter-
face between forest trees – most of which are of
considerable economic value – and the soil.
Changes shown by these organisms may have
con siderable influence on ecosystem services.
Data are thus of great relevance, not only for
conservation reasons (in the conservation of rare
lichen or moss species, for example), but in a much
broader societal context.

ASSESSING THE DIRECT AND INDIRECT RE -
SPONSES OF FORESTS to N deposition and O3 is
another core activity of ICP Forests. Forest health
and productivity are key elements of sustainable
forest management. Trees are long-living organ -
isms and may cope with changing environmental
conditions and complex interactions with a range
of biotic and abiotic factors. There are, however,
crucial questions to be answered if we are to fully
understand the responses of individual trees to the
entire forest ecosystem. This challenge is increas -
ingly being addressed by scientists, and distinct
evidence has emerged for the impact of N on forest
health, growth and diversity, while the response to
O3 is less clear. 

OVERVIEW
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WHAT HAPPENS TO NITROGEN AS IT MOVES
FROM THE ATMOSPHERE, THROUGH THE
TREE CANOPY, INTO THE SOIL AND DOWN
INTO THE GROUNDWATER has become much
better known over the past decades. Many differ -
ent biologically- or chemically-driven processes
occur during this passage, and N is a key element
for all types of soil organisms. As ICP Forests con -
tinues with its intensive measurements of nitrogen
levels in open field and throughfall fluxes, forest
soils and soil solution, more details will become
known. This work is of major importance for future
decisions relating to silviculture, particularly in
combination with the projected future climate
changes. 
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Tree of heaven (Ailanthus altissima) forest in Hungary.



DRIVERS FOR FOREST CONDITION IN A CHANG-
ING CLIMATE

The quantification of forest ecosystem responses to
environmental changes with respect to both climate
(page 10) and air pollution (page 18) is fundamental
for sustainable forest management and the goods
and services provided by forest ecosystems.

Climatic impacts on crown condition seem to be
easier to detect, quantify and interpret than air pol-
lution impacts. The crown condition of European
beech (Fagus sylvatica), for instance, is signifi-
cantly influenced by drought. While there has not
been any clear trend for defoliation on the majority
of ICP Forests Level I monitoring plots, there are
regions (e.g. southern and eastern part of France,
clusters of plots in Spain, Italy, Croatia, Czech
Republic, Slovakia, Poland, and Baltic countries)
that have shown deteriorating crown condition
over the past few years.

Species-specific responses to climate change-
driven drought underlying a complex geographical
mosaic have been revealed in a study from Spain.
The sensitivity of Norway spruce (Picea abies) to
variations in climate conditions has been docu -
mented in Lithuania. A study from France reported
precipitation deficiency as the main factor affecting
defoliation trends over time. In Turkey, drought
seems to be one of the main drivers for
defoliation, especially in broadleaves. Climatic
factors, and in particular drought stress, appear to
be primary drivers for changes in forest crown
condition, while the effects of air pollution seem to
be species-specific and limited in time and space.

ABIOTIC AND BIOTIC DAMAGING AGENTS AND
INVASIVE SPECIES

Damage to forests is an important aspect for sus-
tainable forest management. Studies conducted on
data from the ICP Forests monitoring networks
point out the importance of both biotic and abiotic
damaging factors (page 14) in the light of a chang -
ing climate.

In 2014, damage cause assessments were carried
out throughout Europe on almost 100,000 trees in
the ICP Forests Level I network, and approx. 40%
of the trees showed signs of damage, mostly
caused by insects, fungi and abiotic factors. Among
the biotic factors, non-native, invasive species are
a cause of considerable concern, also for sustain -
able forest management. An example of such a
species is the ash dieback fungus Hymenoscyphus
fraxineus, which is threatening European ash (Fra-
xinus excelsior) on a continental scale.

ÜBERSCHRIFT
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1. FOREST HEALTH AND VITALITY IN EUROPE

Participants at inter-comparison course in Norway assess crown condition.
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NITROGEN – STILL AN ISSUE
Research based on a large set of soil, foliar and de-
foliation data from the ICP Forests Level I network,
paired with both modelled climate, and deposition
data (page 18), has shown the significant impor-
tance of both N deposition and climatic parameters
as predictors for defoliation in certain tree species.
The intensive monitoring plots (Level II) permit
more direct comparisons of crown condition with
measured N deposition data, and recently published
results show that N-related variables improve defo-
liation models. Higher N throughfall correlates with
a higher proportion of European beech and Norway
spruce trees displaying more than 25% defoliation
(the opposite effect is true for Scots pine, Pinus syl-
vestris). Furthermore, the proportion of trees with
defoliation above 25% increases with increasing
ratios of foliar N to other nutrients for all tree
species considered, indicating nutrient imbalances.

GROUND-LEVEL OZONE – OF RISING
CONCERN FOR ITS IMPACT ON FOREST HEALTH

Ground-level O3 is an air pollutant (page 22) with
harmful effects on sensitive species. Current O3
lev els are substantially higher than in pre-industrial
times. According to climate scenarios, O3 levels
can be expected to rise in future, thereby increas -
ing the risk of damage to forest trees. A meta -
database study of European forest monitoring
networks revealed that ground-level O3 is probably
underestimated, both in terms of levels, and harm-
ful effects. While concern is justified, findings from
ICP Forests data are not univocal in identifying the
impact of O3 on forest health and growth. 

Tree of heaven (Ailanthus altissima) forest in Hungary.

Forested valley in Austria.

Field equipment on a Level II plot.
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The map presents an overview on the trends in mean plot defoliation (Mann-Kendall test) of all species between 2006 and 2014 on plots with a mini-
mum assessment length of 5 years.
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Tree of heaven (Ailanthus altissima) forest in Hungary.
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Across Europe, more than 200 intensive forest
monitoring (Level II) plots are equipped with mete-
orological stations, permitting measurements of air
temperature, relative humidity, precipitation, wind
velocity and direction, and solar radiation.

Meteorological data from forest sites are highly
valuable  in relation with national weather stations,
which may be situated in urban or agricultural
areas. They are used to evaluate forest climate and
the effects of forest stands on airflow or tempera-
ture, for example. This is useful for a range of
scientific evaluations, including the calibration of
models and the validation of model outputs.

Climate is the main natural driver for forest ecosys-
tems. It influences health, productivity, species
composition, nutrient cycling and phenological
cycles, among other things. Climate change may
affect plant-insect interaction, causing a mismatch
between plant and insect development and chang -
ing the occurrence of biotic damaging agents. But
the direct impact of meteorological events such as
storms and extreme drought and precipitation is
also reflected in increasing and often large-scale
damage to the forest. Furthermore, interactions
between the atmospheric deposition of pollutants
and climate influence the biogeochemistry of the
forest soil.

2. FORESTS IN A CHANGING CLIMATE
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Current results show the influence of a changing
climate on future forest productivity and highlight
the significant role of drought for crown condition.
The influence of the interaction between atmo -
spheric deposition and climate on crown condition
and soil biogeochemistry plays a crucial role. The
analysis of tree species occurrence within their cli-
matic niche shows that between 33% and 65% of
the target species will be outside their current
niche by 2100. Severe consequences on the
economic value of forest land were predicted as a
consequence of climate change.

Under-growth dominated by oak (Quercus robur) and birch (Betula pendula) in a Scots pine forest in Denmark.

Phenological observations help to identify changes in the vegetation period; here the leaf unfolding of sycamore (Acer pseudoplatanus).

Temperature/humidity sensor in a German beech forest.
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The map provides an overview on the percentage of trees per plot with a recorded abiotic damage in the year 2014 on the systematic ICP Forests
Level I network.
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Under-growth dominated by oak (Quercus robur) and birch (Betula pendula) in a Scots pine forest in Denmark.
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Climate change can alter pest and disease out -
breaks, as well as the resilience of forest ecosys-
tems. The Intergovernmental Panel on Climate
Change (IPCC) has identified a need for research to
“improve [the] understanding of the role of distur-
bance regimes, i.e., frequency and intensity of
episodic events (drought, fire, insect outbreaks,
diseases, floods and wind-storms) […] to climate
change itself and pollution […]”.

Within ICP Forests, damage cause assessments
were performed on 5 400 plots across Europe in the
year 2014. A total of 40% of the trees were affected
by one or more damaging agents, with insects
being the most important agent group (28%), fol-
lowed by abiotic factors (16%) and fungi (12%).
This standardised assessment is one of the key
components of the annual crown condition survey,
which is now in its 30th year. Data are used for na-
tional and international reporting (e.g. FOREST
EUROPE State of the European Forests) and in
scientific publications. It is also crucial for the fur -
ther development and validation of forest models. 

3. ROLE AND DISTRIBUTION OF ABIOTIC AND BIOTIC DAMAGING
AGENTS 
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Senescent oak tree in a German beech forest.

Avalanche damage in the Swiss Lötschental valley.



The main objective of the assessment of damage
causes is to provide information about their impact
on tree health and vitality. An increase in the
frequency of drought episodes and other weather
extremes such as storms is predicted to occur in
the future as a consequence of a changing climate.
At the same time, damaging insect and fungal
spec ies might expand their distribution range.

Studies conducted using data from ICP Forests
have pointed out the importance of both biotic and
abiotic damaging factors for a proper understand -
ing and interpretation of the current role of air pol-
lution and climate change.

15

Light needle blight on pine in Denmark.

Tortrix and mildew infestations of oak in the United Kingdom.
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The map provides an overview on the percentage of trees with a recorded damage per plot in the year 2014 on the systematic ICP Forests Level I
network.
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Light needle blight on pine in Denmark.
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This graph shows the frequency (%) of recorded damage types on main tree species in 2014.
(1 Visible symptoms of direct atmospheric pollution impact only.)



Nitrogen (N) deposition is, beside O3, of particular
concern on political and scientific agendas and has
considerable implications for the climate change
mitigation potential of our forests. At global level,
total atmospheric emissions of NOx and NH3
increased from 23 Tg N yr-1 (1 teragram, Tg = 1
million tons) in 1860 to 93 Tg N yr-1 by the early
1990s, and they are projected to rise to 189 Tg N
yr-1 by 2050, with a three- to five-fold increase in
deposition of reactive N, and deposition projected
to increase by a factor of 2.5 by the end of this
century.

Recent modelling studies suggest that NH3 emis-
sions in Europe will remain quite stable until 2050
(4.04 Tg yr-1 in 2050 against 3.99 Tg yr-1 in 2005),
while NOx emissions will be reduced (4.1 Tg yr-1 in
2050 against 12.5 Tg yr-1 in 2005). The potential
effects of high N deposition on forests embrace
almost all aspects of the forest ecosystem, includ -
ing vegetation, soil, soil biota, soil water chemistry,
and run-off. Nitrogen availability governs the pro-
ductivity of many ecosystems and its role in
stimulating growth and enhancing carbon (C)
uptake is considerable. Nitrogen deposition is
considered an essential driver of the residual ter-
restrial C sink of 2.4±0.8 Pg C yr-1 (1 petagram or
Pg = 1000 million tons).

The effects of N deposition on growth and C se-
questration are related to three main mechanisms:
accelerated photosynthesis, C allocation shift
(decreased allocation to roots and increased wood
formation), and decreased respiration and
decom position, which leads to the accumulation of
surface litter and soil organic matter.

Throughfall measurements for the year 2013 are
available for 237 Level II plots across Europe.
Deposition rates of N (derived from nitrate and am-
monium) are calculated by multiplying the yearly
amount of precipitation by the volume-weighted
mean concentration of the respective element.
Distinctly high levels of ammonium deposition are
frequent in central Europe. 

NITROGEN: ESSENTIAL NUTRIENT AND HARMFUL POLLUTANT
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Collection of precipitation on a Hungarian Level II plot.

Although atmospheric deposition levels have been reduced, local indus-
tries can still have an effect on trees.
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Surface waters recover from acidification but depositions are still stored in the soils.

Deposition data are used in national and interna-
tional reporting (e.g. the FOREST EUROPE State of
the European Forests), for model calibration and
validation (e.g. ForSAFE), in research, and for
political advisories. 

The effects of N deposition on soil chemistry, tree
nutrition, and tree growth and health were clearly
demonstrated, although multiple interacting fac-
tors were also identified (e.g. management/thin-
ning practices, forest/tree age, climate). Further
effects were reported on the development of my-
corrhiza and biodiversity, including macro-lichens
and ground vegetation. A gradual replacement of
oligotrophic species by eutrophic species was ob-
served at high N deposition level.

Nitrogen deposition may alter nutrient limitations
and lead to increased tree growth and C seques-

tration, at least in the short-term. In Finland, where
N deposition is relatively low compared to the rest
of Europe, the N enrichment of the forest ecosys-
tem was found to have a positive effect on tree
growth. In boreal coniferous forests, N deposition
accumulating during a rotation period is able to
compensate for the export of N caused by conven-
tional stem-only-harvest in final felling. Positive ef-
fects of N deposition on growth were also observed
in Italy and Switzerland.

Excessive input of N, however, accelerates eutro-
phication effects in soils, with e.g. loss of nutrients
by leaching and elevated nitrate levels in percola-
tion and run-off water.

European forests seem to be moving from N
towards phosphorus (P) limitation. Phosphorus,
sulphur and potassium in foliar nutrition have
deteriorated in comparison to N nutrition over the
past 20 years.

Research based on a large set of soil, foliar and
defoliation data paired with modelled climate and
deposition data has shown N deposition and
climatic parameters to be important predictors of
defoliation in several tree species. Higher defolia-
tion and discolouration were also related to a high
foliar N:P ratio. Nitrogen deposition was found to
influence the foliar N:P ratio, supporting the idea of
enhanced defoliation (or discoloration) with higher
N deposition above a certain threshold.

Lichens fix nitrogen and can therefore be analysed for received nitrogen
load.
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The map provides an overview on the measured throughfall and, where applicable, stemflow deposition of ammonium nitrogen (NH4 -N) on the Euro-
pean intensive forest monitoring plots (Level II) in 2013.
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Surface waters recover from acidification but depositions are still stored in the soils.
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Tropospheric ozone (O3) is a gaseous air pollutant
that can impact forest vegetation, causing effects
ranging from visible injury to the reduced growth
and C sink strength of forest trees. As such, it
represents a priority for the UNECE LRTAP Conven-
tion and a threat to the sustainable management
of European forests. Emissions associated with
fossil fuels and the burning of biomass mean that
global mean tropospheric O3 concentrations have
approximately doubled, and further increases are
predicted for the twenty-first century.

As a strong oxidant, O3 causes several types of
visible symptoms, including chlorosis and necrosis,
and it decreases photosynthetic activity, resulting
in reduced plant growth and impairment to water-
use efficiency and other functions. It has been
estimated that increased ozone levels have led to
a 7% decrease in forest biomass growth in the
northern hemisphere. Plants weakened by O3 may
also be more susceptible to pests, disease, and
drought.

Ozone injury was assessed on 87 plots in 17 coun-
tries and ozone concentration was measured on
166 plots in 18 countries between 2009 and 2013.
Data are used in the reporting to the UNECE Work -
ing Group on Effects and in scientific evaluations.

5. GROUND LEVEL OZONE AND ITS IMPACT ON EUROPEAN
FORESTS
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Ozone visible injury on wayfaring tree (Viburnum lantana).

Ozone visible symptoms on European dwarf elder (Sambucus ebulus).



The AOT40 threshold of O3 exposure, set to protect
forests from adverse effects, was exceeded in
almost all countries from 2000-2013. However,
there was a decreasing trend of 0.35 ppb per year
overall during the time period from 2000 to 2013.
This decreasing trend matches the latest findings
from the European Monitoring and Evaluation
Programme (EMEP). It is also consistent with a
number of studies reporting a flattening out or
even reduction in levels. However, there are also
European reports showing no downward trends in
ground-level O3. Unlike the spatial distribution of
mean concentrations with an apparent north-south
gradient, the temporal trend analyses did not
reveal any uniform patterns across Europe, indicat -
ing strong, site-specific annual variation.

While the effects of O3 were reported in terms of
visible foliar injury to a variety of species across
Europe, their impact on growth and health was less
univocal, and general conclusions on this cannot –
on the basis of ICP Forests data – be drawn for
mature forest trees across Europe. Here, the role
of interacting factors is even more pronounced.
Future studies will focus on trend analyses based
on more extended data series, and on the rela-
tionships between O3, O3-induced symptoms, tree
health, and growth.

Ozone data may be combined with extensive me-
teorological data series in order to apply and test
it for ozone flux modelling, and to compare it with
the respective EMEP outputs.
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Beech (Fagus sylvatica) is considered as ozone sensitive.

Bronzing as typical ozone visible symptom on beech (Fagus sylvatica).  Ozone visible symptoms on black cherry (Prunus serotina).
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Spatial distribution of April-September mean ozone concentrations (ppb) from passive samplers on 203 plots and 20 countries during 2000-2013.
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Beech (Fagus sylvatica) is considered as ozone sensitive.
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THE WEALTH OF DATA COLLECTED BY ICP
FORESTS DATA SUBSTANTIATE THAT

(i) air pollution, namely N deposition and ground-
level O3, has an impact on the health, productivity
and diversity of European forests, thus presenting
a challenge to be overcome for sustainable forest
management,

(ii) European environmental policies seem effec-
tive in reducing air pollution levels and loads,

 (iii) the Level I and II networks are able to track
changes in the status of European forests, provide
proof of measurable effects, and supply the politi -
c al and scientific communities and processes with
high quality data.

Long-term ecological monitoring is acknowledged
as an important tool for policy-making (provision of 

key data and information), intergovernmental rela-
tionships (standardising processes and methods,
formalising information flows and activities, and
developing shared concepts), and for ecological
research (provision of consistent long-term data
series). ICP Forests can be considered exemplary
in this respect, having worked internationally for 30
years now at political and inter-governmental level,
de livering information and data to various different
communities, from policy- and decision-makers, to
scientists and society at large.

As demonstrated by the main chapters of this
report, evidence of environmental impact on
forests can be identified only by means of
long-term observation work carried out on a
large scale. The main future objective of the ICP
Forests is to continue serving the UNECE LRTAP
Convention, science, and society by performing
this essential task.
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