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Key Findings by Indicator
2.1 Deposition of air pollutants
Mean annual sulphur inputs decreased by 30 percent 

between 1998 and 2007, with statistically significant reductions 

measured on half of the plots. For nitrogen compounds there 

is no clear tendency in measured deposition which increased 

on a number of plots yet decreased on others. However, modelled 

critical load exceedances for nitrogen suggest possible success 

of clean air policies. It is estimated that, until 2020, maximum 

technically feasible reductions could lead to 90 percent of 

the plots being protected from harmful effects. The continued 

exceedance of critical loads indicates a clear need for further 

nitrogen emission reductions.

2.2 Soil condition
Acidification and changes in chemical soil properties and 

related nutrient cycling directly or indirectly affect tree 

vitality, species composition and tree resistance to insect 

attacks and diseases. The tendency to acidification and 

eutrophication of forest soils in many parts in Europe is  

a potential area of concern. 

Between two European forest soil surveys, there was 

a mean increase in pH and base saturation in acid forest 

soils but a mean decrease of soil pH and base saturation in 

other forest soils. Additionally, it was found that there was an 

increase in organic carbon in the organic and upper soil layer 

for the majority of revisited sites. In the second soil survey, it 

was noticed that N deposition still causes disturbed organic 

matter and nutrient cycling on 14 percent of 2 738 observa-

tion plots, evidenced by a C/N index lower than 1. The plots  

in Central-Western Europe especially are severely affected.

2.3 Defoliation
About a fifth of the surveyed trees were assessed as damaged 

over the last five years. Tree crown condition remained 

unchanged on most plots, but on 29 percent of the plots forest 

health deteriorated between 1998 and 2009. In-depth assess-

ments point to insect attacks, fungal diseases and weather 

extremes as the most widespread influencing factors. These 

factors are assumed to still gain increased importance under 

accelerating climate change scenarios and more frequently 

occurring extreme events.

2.4 Forest damage 
Forests can be subject to abiotic, biotic and human-

induced damaging agents. While in natural forest eco-

systems biotic and abiotic damaging agents are essential 

components of forest ecosystem development, they can 

cause substantial economic losses in managed forest eco-

systems and are a threat to sustainable forest management 

at the local level. 

Insects and diseases as well as wildlife are the most 

frequently reported damaging agents in European forests, 

although the level of damage caused to forests is often 

unknown. Between 1990 and 2005 the forest area affected 

by those damaging agents nearly doubled in Europe without 

the Russian Federation. Damage caused by storm, wind, snow 

and fires shows regional patterns and can have devastating 

impacts on a local scale. Since 1990, Europe has faced several 

heavy storms that have led to substantial damage and have 

had impacts on timber markets. 
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Indicator 2.1 Deposition of air pollutants
Deposition of Air pollutants on forest and other wooded 

land, classified by N, S and base cations.

Introduction
Nitrogen, sulphur dioxide, heavy metals and ozone can 

be conveyed in the atmosphere over long distances. They 

cover distances of several hundreds to thousands of kilo-

metres as gases or microscopic particles (aerosols). Forests 

are exposed to particularly high inputs since their large 

crown surfaces are very effective at capturing deposition. 

Deposition can affect organisms or ecosystems either 

directly or by soil acidification and eutrophication. The 

nutrient status of trees may be influenced by the interaction  

of air pollutants with the foliage and also by changing 

availability of nutrients in the soil. Direct or indirect 

adverse effects of deposition on forest tree health and 

ground vegetation composition have also been demon-

strated. Air pollution may also make trees more vulnerable 

to the effects of drought and attacks by fungi or insects.

Critical loads – the thresholds for long-term deposition 

– are calculated to identify sites where deposition levels 

have reached a critical state. According to current knowl-

edge, inputs below critical loads do not lead to significant 

negative effects for the ecosystems concerned. The calcu-

lation of critical loads is based on a mass balance that takes 

into account stand structure, bedrock and soil chemistry.

Deposition of air pollutants has been measured 

jointly by the International Co-operative Programme 

on Assessment and Monitoring of Air Pollution Effects 

on Forests (ICP Forests) and the European Commission. 

Information is available from up to 300 intensive monitoring 

plots (‘Level II’) in the major European forest types.

Status
The highest sulphate inputs occur in central Europe and 

on some of the investigated plots in the Mediterranean 

region (see Figure 12). A proportion of the sulphate input 

to plots near the coast is of natural maritime origin; sea-

water contains sulphate which is transported to the land 

surfaces in spray. High inputs in central Europe are mostly 

due to human activities.

The highest atmospheric nitrogen deposition was 

measured in central Europe between the north of Italy 

and Denmark (see Figure 13). Very high nitrogen deposition 

loads were also measured in some regions in Spain and 

Romania. The deposition of calcium (Ca) is highest in 

Central and Mediterranean Europe, but for sodium inputs 

(Na) there is generally a very clear maritime-inland gradient 

showing that the natural origin of sodium deposition is 

from sea salt spray.

Trends and explanations
Between 1998 and 2007, mean sulphate inputs decreased 

by a statistically significant amount on 50 percent of the 

evaluated plots. Pollution from smelter operations results 

in a relationship between sulphur and calcium deposition. 

Mean nitrogen deposition remained mostly unchanged 

over time (see Figure 14) with a significant increase on 

around 5 percent and a decrease on around 10 percent of 

the plots (not depicted).

Critical loads are calculated to determine the effects 

of the atmospheric deposition on the specific forest 

stands. Out of the existing ICP Forests data base, Level 

II sites with best data availability located in 17 coun-

tries were selected for the application of a critical load 

approach based on recently updated soil, soil solution 

and deposition data. Deposition scenarios based on 

European Monitoring and Evaluation Programme (EMEP) 

data (www.emep.int) were provided by the ICP Modelling 

and Mapping programme (www.icpmapping.org) and 

were used to model deposition trends of nitrogen and 

sulphur. The critical loads for acidity or nutrient nitrogen 

are exceeded if sulphur or nitrogen inputs are above the 

biological demand and the storage capacity of the soil.

In 1980, critical loads for acidity were exceeded on 

56.5 percent of the plots. On a number of plots there were 

no exceedances due to the fact that, on the one hand, 

acidic sulphur inputs do not lead to critical load exceed-

ances on calcareous soils (like in many Mediterranean 

sites) and, on the other hand, there are low deposition 

areas (like in Scandinavia). In general, exceedances were 

reduced until the year 2000, when critical loads were only 

exceeded on 17.6 percent of the plots. Deposition scenarios 

that are based on present national legislation predict that 

in 2020 sulphur deposition will hardly exceed critical 

loads for acidity (see Figure 15). Critical loads for nutrient 

nitrogen were exceeded on 59.7 percent of the plots in 

1980. Some emission reduction based on current legisla-

tion will reduce the share of plots with exceedances to 

30.6 percent in 2020 according to the models. The remain-

ing critical load exceedances in 2020 are thus expected to 

be nearly exclusively caused by nitrogen deposition (see 

Figure 16). Maximum technically feasible nitrogen emission 

reductions (not depicted) could, however, bring down the 

exceedances to below 10 percent of the plots.

The deposition reduction, especially for sulphur, 

shows the success of the clean air policies of the UNECE 

and the EU. However, previous soil acidification is still a 

burden to forest soils as recovery takes decades. In addition, 

emissions of nitrogen compounds affect the forests. Both 

nitrogen and ammonia depositions indicate the need for 

further emission reductions.
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Pan-European Quantitative Indicators for Sustainable Forest Management

Figure 14: Development of mean plot deposition of sulphur, nitrogen compounds and base cations (in brackets: number of 

plots) from 1998 to 2007 (kg/ha/year)
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Figure 12: Mean annual sulphur deposition measured below 

the forest canopy of intensive monitoring plots; mean values 

2005-2007 (kg/ha)

Figure 13: Mean annual nitrogen deposition measured below 

the forest canopy of intensive monitoring plots; mean values 

2005-2007 (kg/ha)
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Figure 15: Exceedance of critical loads for acidity in 1980 

(top), 2000 (middle), and 2020 (bottom) assuming deposition 

scenarios based on current national legislation (eq/ha/year)

Figure 16: Exceedance of critical loads for nutrient nitrogen in 

1980 (top), 2000 (middle), and 2020 (bottom) assuming deposition 

scenarios based on current national legislation (eq/ha/year)
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Indicator 2.2 Soil condition
Chemical soil properties (pH, cation exchange capacity, C/N 

ratio, organic C, base saturation) on forest and other wooded 

land related to soil acidity and eutrophication, classified by 

main soil types.

Introduction
The data used in the assessment of this indicator are 

based on two forest soil surveys, each including more  

than 5 000 plots, spread across Europe. The first soil con-

dition survey took place in the period between 1986 and 

1996. The second survey was conducted between 2004 

and 2008 in the course of Forest Focus (EC 2152/2003), 

within the BioSoil Project. This project was carried out to 

investigate how a large-scale European study can provide 

harmonized soil and biodiversity data and contribute to 

research and forest-related policies. One of the main objec-

tives of the project was the evaluation of changes in forest 

soils in Europe. The BioSoil soil survey was performed in 

23 Member States2. For estimating forest soil properties 

at regional and European scales, the sample sites of the 

second survey were arranged systematically on the  

16 x 16 km ICP Forests grid to coincide with the locations  

of the first forest soil condition survey. 

The ratio of the carbon-to-nitrogen concentration  

(C/N ratio) in organic layers and soils is a suitable indicator 

for the decomposition rate of organic matter, the availability 

of nitrogen and turnover of nutrients. As forest litter with 

a C/N ratio between 20 and 100 is decomposed, its ratio 

decreases gradually and stabilizes at 15-20 in mineral 

topsoil (0-10 cm) and about 10-15 in subsoil. Organic matter 

with a low C/N ratio will require less energy for decompo-

sition, and the released nitrogen is sufficient to meet the 

demands of the micro-organisms, facilitating rapid decay 

and nutrient release. Decomposition rate is also influenced 

by climatic conditions and species specific litter quality, 

among other factors. 

In healthy forests the C/N ratio of the forest floor is  

distinctly higher than in the mineral soil (see Table 7). and 

it further narrows with depth. However, in areas with a high 

nitrogen deposition load, the C/N ratio of the forest floor,  

C/NFF; may become smaller than the C/N ratio of the mineral 

topsoil, C/NMIN. Hence, the proportion of the C/NFF over  

C/NMIN, referred to as the C/N-index, is a useful indicator 

for the imbalance induced by excess nitrogen input. If this 

index is less than 1, the organic matter and nutrient cycling 

is most likely disturbed and forest health and vitality may 

be at risk. 

2 No BioSoil soil survey carried out in Bulgaria, Malta, The Netherlands, Luxemburg, Wallonia (S. Belgium) and Romania. Data submitted by Poland 
was later withdrawn on request from MS.

Country No Plots

Forest floor C/NFF Mineral topsoil C/NMIN C/N-index C/NFF to C/NMIN

median 95% range median 95% range median 95% range

n
o

rt
h

 e
u

ro
p

e

Denmark (DK) 28.2 22.2 – 39.8 25.5 15.0 – 40.5 1.09 0.75 – 2.39

estonia (ee) 26 28.9 22.4 – 103 16.5 11.4 – 27.8 1.70 0.80 – 5.10

finland (fi) 493 30.1 18.8 – 44.7 22.2 14.4 – 31.4 1.31 0.94 – 2.45

latvia (lV) 70 24.2 16.1 – 47.2 19.6 9.21 – 61.9 1.02 0.44 – 2.15

lithuania (lT) 43 27.6 15.2 – 38.1 14.6 9.28 – 23.9 1.72 1.03 – 3.02

Sweden (Se) 216 26.1 14.3 – 44.4 19.0 10.5 – 30.4 1.28 0.91 – 2.64

C
en

tr
al

-W
es

t 
e

u
ro

p
e

Austria (AT) 128 26.0 19.5 – 32.5 18.4 12.8 – 25.3 1.40 1.05 – 2.38

belgium (be) 9 26.7 18.6 – 33.9 22.7 11.5 – 33.8 1.01 0.84 – 1.46

france (fR) 133 22.5 16.7 – 39.0 16.6 12.0 – 34.8 1.12 0.74 – 1.56

Germany (De) 208 24.7 18.7 – 34.9 19.0 12.0 – 32.5 1.12 0.75 – 1.89

ireland (ie) 28 28.5 18.1 – 41.2 19.3 13.2 – 33.3 1.18 0.94 – 1.69

united Kingdom (uK) 115 22.4 16.3 – 37.1 15.4 10.7 – 28.2 1.26 0.78 – 1.73

C
en

tr
al

-e
as

t 
e

u
ro

p
e

Czech Rep. (CZ) 145 21.7 14.3 – 30.8 18.6 11.1 – 27.3 1.14 0.90 – 1.78

hungary (hu) 19 22.3 13.8 – 31.6 13.2 10.3 – 20.1 1.42 1.05 – 1.97

poland (pl) 382 24.0 16.7 – 35.6 17.6 10.3 – 30.2 1.26 0.79 – 2.00

Slovakia (SK) 70 22.5 16.1 – 31.0 14.3 10.3 – 21.6 1.49 1.02 – 2.23

So
u

th
-W

es
t 

e
u

ro
p

e

italy (iT) 112 21.1 14.1 – 29.2 12.6 7.48 – 19.9 1.62 0.97 – 2.82

portugal (pT) 89 31.6 16.8 – 57.4 16.4 11.0 – 33.1 1.61 1.12 – 3.24

Spain (eS) 384 26.8 14.0 – 47.9 14.6 6.00 – 29.3 1.70 0.94 – 7.07

So
u

th
-

e
as

t 
e

u
ro

p
e Cyprus (Cy) 15 32.3 24.3 – 53.9 17.2 12.3 – 27.2 1.87 1.30 – 3.08

Slovenia (Si) 28 24.1 17.4 – 30.6 16.3 12.1 – 22.2 1.31 1.02 – 1.81

All countries 2738 25.3 15.9 – 43.4 17.4 9.75 – 32.4 1.32 0.80 – 2.82

Table 7: Country specific median and 95 percent range of C/N ratios in forest floor (C/NFF of the forest floor) and in mineral top-

soil (C/NMIN 0-10 cm) and their respective proportion (C/N-index). The 95 percent range is comprised between the 2.5 and 97.5 

percentiles. Data relate to soil samples taken during the second survey
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Figure 17: Kriged map of European areas with forest soil C/N-index based on the second soil survey. Affected area, where C:N 

index is less than 1, is indicated in orange

The soil pH is an indication of the degree of acidity or 

alkalinity of a soil. In both surveys the ‘potential’ pH was 

measured in a CaCl2 extract which is more stable than 

the ‘actual’ pH measured in water. The base saturation, 

calculated as the proportion of basic exchangeable cations 

(Ca2+, Na+, Mg2+ and K+) to the cation exchange capacity of 

the soil, is considered a measure of the buffering capacity 

of the soil against soil acidification. The buffering capacity 

indicates how resistant the soil is to conditions that might 

change its pH. When the base saturation is depleted below 

levels of 10–20 percent, the remaining basic cations are 

more tightly held and are less available for counteracting 

soil acidification (Reuss and Johnson, 1986; Ulrich, 1995). 

Status
C/N ratio
Country-based values for C/N ratios and index of the forest 

floor and mineral topsoil are given in Table 7. The median 

and range values of the C/N index for the Central-Western 

European countries are low compared to those of the 

South-West. Austria, Cyprus, Hungary, Lithuania, Portugal, 

Slovakia and Slovenia have minimum range index values 

above 1 and consequently less than 5 percent of their 

plots are considered disturbed by N deposition during 

the second survey. The affected area (illustrated in red in 

Figure 17) is mainly situated in Central-Western Europe 

and parts of Central-Eastern Europe and the Baltic States. 

Forest growth is strongly stimulated by N deposition 

and by smaller C/N ratios in the forest floor. However, if the 

forest soil cannot supply other nutrients (especially base 

cations like calcium and magnesium) in a balanced and 

sustainable way, impaired tree health is likely to occur. 

Furthermore, when C/N ratio in the forest floor is 

small and N deposition is high (> 20 kg N ha-1 yr-1), nitrates 

leach from the soil into ground- and surface waters, leading 

to eutrophication.
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Base saturation
The gradient from low base saturation in Northern and 

Central-Eastern Europe, over moderate base saturation 

in Central-Western Europe to higher values in Southern 

Europe, is natural in origin rather than induced by atmos-

pheric pollution. Geology is the main driver behind the 

location of acidic Podzols in Northern Europe, sandy soils 

(Arenosols) in the Central-East of Europe (mainly Poland) 

and calcareous soils in Southern Europe. Figure 18 shows 

the status of the base saturation in the upper 10 cm of the 

mineral soil in the second soil survey. Figure 19 shows 

the trend in soil pH in the upper 10 cm of the mineral soil 

between the two surveys. The classes with base saturation 

below 10–20 percent indicate forest soils with low buffer-

ing capacity against soil acidification.

Organic carbon storage in European forest soils
Under the BioSoil project, soil samples from 4 033 sites 

were collected. The majority of the samples were taken in 

2006 (45.4 percent) and 2007 (31.4 percent). The survey 

dates for the remaining samples show a steady decrease 

in number going back as far as 1992.

In the sampling procedure for soil properties a distinc-

tion was made between the organic layer (forest floor) 

and the mineral soil material. An organic layer over soil 

material was reported for 3 202 sites (79.4 percent). Only 

soil material without an organic layer was reported for 

478 sites (11.9 percent). For the remainder only data on 

organic layers or organic soil material (e.g., peat soils) were 

reported. The distribution of the average OC content in the 

organic layer and the mineral topsoil (0 – 20 cm) by major 

region is presented in Figure 20.

The maps show a distinctly diverse regional distri-

bution of OC content in the organic layer and in mineral 

topsoil. The highest OC contents in the organic layer 

were reported for sites in the West EU region (384.8 g 

kg-1) and lower contents in the southern regions of the 

Mediterranean basin (300.5 g kg-1). For the upper 20 cm 

mineral soil, the mean OC content for a region is highest 

under forests in the North EU region (77.1 g kg-1), followed 

by soils of the West EU region (62.1 g kg-1). The OC content 

is lowest in forest soils in South-East EU (18.6 g kg-1). The 

average OC content for the survey area is 366.5 g kg-1 

for the organic layer and 61.7 g kg-1 for the upper soil 

substrate. For all estimates the figures for the South-

East EU region are highly biased by the values reported 

for Cyprus, since no data were reported for sites of the 

large-scale monitoring survey by Bulgaria, Greece and 

Romania. Regional estimates of OC densities and, sub-

sequently, stock depend on the combination of several 

parameters. For the organic layers, the weight and OC 

content directly provide the OC density in the layer. For 

the soil material the procedure for determining the OC 

density is more elaborate. The major parameter is dry 

bulk density, which is difficult to determine for organic 

substrates. The more parameters that are needed for the 

determination of OC density, the more important it is that 

the data set be complete with reliable data. Therefore, 

where values for parameters are not reported the effect 

is cumulative and results in a distinct decrease in the 

number of useful observations. 

The density of the OC in the organic layer could be 

computed for 2 658 sites (83.0 percent of sites with organic 

layer). For the upper soil substrate the parameter could be 

computed for 3 204 sites (87.1 percent of sites with soil sub-

strate). Summaries of mean regional OC densities for the 

organic layer, the upper soil material and the combined 

strata are presented in Table 8.

Region

Organic Layer Soil 0 – 20 cm Combined Strata*

OC Density 
Confidence 
Limit (95%) OC Density

Confidence 
Limit (95%) OC Density

Confidence 
Limit (95%)

t/ha

South-West eu* 6.6 ± 0.62 58.8 ± 3.03 64.2 ± 3.2

South-east eu** - - - - - -

West eu 17.3 ± 1.36 70.5 ± 3.03 80.3 ± 3.3

east eu 18.3 ± 2.59 56.2 ± 2.91 67.5 ± 4.0

north eu 34.3 ± 2.40 35.2 ± 1.88 63.6 ± 2.9

All 23.2 ± 1.27 54.1 ± 1.51 70.1 ± 1.8

* Sum may differ from individual strata due to data availability for combined strata.
** Incomplete parameters to compute OC density.

Table 8: Regional Mean of Organic Carbon Density (t ha-1) in Organic Layer, Upper Soil Material and Combined Strata
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Figure 18: The base saturation measured in the top mineral soil layer (0 – 10 cm) in the second soil survey (percent)
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Figure 19: Trend in soil pH in the top mineral soil layer (0 – 10 cm) between the two surveys. Missing points compared to 

Figure 18 are mainly due to a change of observation plots
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Figure 20: Mean Organic Carbon Content (g/kg) in Organic Layers and in Mineral Layers (0-20cm) of forest soils
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Figure 21: Mean Regional Organic Carbon Density (t/ha) in Combined Organic Layer and Soil Material 0-20cm in Soils under Forest
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The summary table shows that the mean regional densities  

of OC only loosely follow the distribution of the OC content. 

The organic layers of the North EU region contain twice as 

much OC (34.3 t ha-1) than the layers in West EU (17.3 t ha-1). 

The situation is reversed when looking at the upper soil 

material where the highest mean regional OC density is 

reported for West EU (70.5 t ha-1). The OC density of forest 

soils in the North EU region (35.2 t ha-1) is even lower than 

in South-East EU (58.8 t ha-1). A further investigation into 

the differences of the distribution of OC between the 

organic layer and the soil material identified regionally 

specific variations when separating the material bounda-

ries. Such differences should be largely offset in the 

combined strata density. From the data reported, only the 

forest soils in the West EU region have significantly higher 

OC densities (80.3 t ha-1) than in other regions covered by 

the survey. At a confidence level of 95 percent, there is no 

significant difference among the mean OC densities for 

the other regions.

A graphical presentation of the mean OC density by 

region is given in Figure 21.

The mean OC density of all sites of the BioSoil survey 

is 70.1 t ha-1 (1.8 t ha-1, 95 percent confidence level). Under 

the assumption that the mean OC density for areas with-

out data can be estimated from the regional mean (i.e. for 

The Netherlands from West EU and for Poland, Austria and 

Hungary from East EU), the OC stock in soils to a depth of 

20cm is estimated at 9.6 Gt. No suitable survey data from 

the demonstration project are available to estimate OC 

stocks for South-East EU.
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Figure 22: Percentage of total plots per country for which the C/N ratio of the mineral topsoil (0-10 cm) exceeds that of the 

forest floor. The percentages of the first survey are indicted in dark green; the percentages of the second survey are indicated 

in light green. Plots do not necessarily coincide between surveys

Trends 
C/N index
When compared with the status of the first survey, the per-

centage of affected plots (index < 1) increased for Belgium, 

Finland, France, Germany, Ireland and Italy, but this might 

be slightly biased by differences in the observed set of 

plots (see Figure 22). For instance for Belgium (Belgium), 

only Flanders was resampled in the second survey and 

these plots are more severely affected than in Wallonia. 

For the United Kingdom, none of the plots coincide 

between the surveys. The percentage of affected plots 

decreases in the Czech Republic, Lithuania, Portugal, 

Sweden and United Kingdom.

pH
Figure 19 shows the evolution of pH on revisited observation 

plots across Europe. From the 2 182 plots, 4 percent have 

become more acidic by more than 0.75 pH units, 21 per-

cent between 0.25-0.75 units, 57 percent remained stable, 

15 percent recovered between 0.25-0.75 units and 3 per-

cent recovered by more than 0.75 pH units. Considering all 

observations, soils are slightly acidifying by 0.03 pH units 

on average. However, pH increased in the acid forest soils 

(with pH below 4.0), but it decreased in forest soils with pH 

above 4.0. Both changes were statistically significant. This 

finding confirms the modelled recovery of the pH in the 

previous report on State of Europe’s Forest 2007 where the 

recovery was indeed more pronounced at low pH values. 

Base saturation
Following the trend in pH, the base saturation increased 

significantly in the acidified forest soils (with a base 

saturation below 20 percent) and decreased in forest soils 

with initial (first survey) base saturation values above 20 

percent. The percentage of plots with low buffering  

capacity decreased from 48 percent in the first observation 

period to 28 percent in the second observation period. 

This again indicates a recovery from soil acidification at 

the European level. Classified by the major reference soil 

groups according to the soil classification system of the 

World Reference Base for Soil Resources (IUSS Working 

Group on WRB, 2006), there has been a statistically 

significant decrease in base saturation in the topsoil of 

Regosols, Arenosols and Stagnosols whereas a statistically 

significant increase was found in Luvisols and Gleysols 

(see Figure 23).

Organic Carbon
Compared to the first forest soil condition survey, the 

BioSoil Demonstration Project found an increase in 

organic carbon in the organic and upper 20 cm soil layer 

for the majority of revisited sites. However, changes 

in sample analysis methods between the two surveys 

hinder quantifying this trend in the data unequivocally. 

The changes in OC quantity in the combined organic 

layer and soil material to a depth of 20 cm are presented 

in Figure 24.

The changes in OC density from the FSCC/ICP Forest 

survey to BioSoil are limited to plots common to both 

surveys and they may due to differences in the field sam-

pling and soil analysis methods between both surveys.. 

A clear trend of an increase in OC is only found on plots 

in Portugal and on the few plots in Sweden common to 

both surveys. Only on plots in the Slovak Republic was 

there a general trend of a decrease in OC between surveys. 

On plots in other participating countries, both increases 

and decreases are reported. Methodological divergences 

between countries and between the surveys, such as 

separating the organic layer from the mineral soil material, 

played a significant role in producing the differences in  

OC quantity obtained from the two datasets.
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Figure 23: Mean change in percentage base saturation between the first and the second forest soil survey. When the error bars 

(95 percent confidence interval of the mean change) do not cross the 0 line, the change is statistically significant
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Figure 24: Change in Organic Carbon Density in Combined Organic and mineral topsoil( 0-20 cm) Layer from FSCC- ICP 
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Indicator 2.3 Defoliation
Defoliation of one or more main tree species on forest  

and other wooded land in each of the defoliation classes  

“moderate”, “severe” and “dead”.

Introduction
The health status of forest trees in Europe is systematically 

monitored by surveys of tree crown condition. Defoliation 

is an indicator of tree health and vitality. It reacts to 

many different factors, including climatic conditions and 

weather extremes as well as deposition and insect and 

fungal infestations. The assessment of defoliation represents 

a valuable early warning system for the response of the 

forest ecosystems to change. Trees that are fully foliated, i.e. 

that do not show any signs of leaf or needle loss, are rated 

Figure 25: Mean plot defoliation of all tree species 2009 (percent). Note: some differences in the level of damage across 

national borders may at least be partly due to differences in standards used. This restriction, however, does not affect the 

reliability of trends over time

with 0 percent defoliation and are regarded as healthy; 

those with more than 25 percent of leaf or needle loss are 

classified as damaged. Defoliation of 100 percent indicates 

dead trees. For 2009, crown condition data were submitted 

for 7 193 plots in 30 countries. In total, 136 778 trees were 

assessed including more than 100 different tree and 

some tall growing shrub species. The 20 most frequent 

tree species accounted for 85 percent of the sample. 

Time trends for main tree species were calculated for 

plots in 14 countries with 19 years of continuous data 

submission. Changes on a per plot basis are depicted 

for the larger number of 20 countries that continuously 

submitted data over a 12-year period. The survey is 

annually carried out under ICP Forests and the European 

Commission.

Canary Islands (Spain)
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Status
In 2009, 20.2 percent of all trees assessed had a needle or 

leaf loss of more than 25 percent and were thus classi-

fied as either damaged or dead. The status and trends in 

forest condition vary regionally and for different species. 

Defoliation averaged across all tree species was higher 

in central Europe and along the Mediterranean coast in 

Croatia, Italy and France. Plots with lower mean defoliation 

were clustered in Northern Europe (see Figure 25).

Figure 26: Change in defoliation for all tree species over the period 1998 to 2009. Only plots with continuous 12 years 

assessment. For some countries and regions changes in plot location prevent this assessment

decrease

no clear trend 

increase of mean plot defoliation

60.7%
14.9%

24.4%

Canary Islands (Spain)

Trends and explanations
Defoliation increased on 24.4 percent of the plots continu-

ously monitored over the last 12 years and decreased, 

indicating an improvement in crown condition, on only 

14.9 percent. There has been no change in tree health on 

around two thirds of the plots monitored (see pie diagram, 

Figure 26).

60.7%
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no clear trend
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Figure 27:  Mean percentage defoliation for the most frequent tree species in European forests. Note: samples are based on data 

from countries with continuous data submission

Of the main tree species, Quercus robur and Quercus pet-

raea had the highest levels of damaged and dead trees in 

2009 and have shown the highest mean defoliation over 

the past decade. Crown condition for Pinus sylvestris has 

shown a clear improvement over the last 18 years. Picea 

abies, Fagus silvatica and Quercus ssp. showed clear reac-

tions to the extremely dry and warm summer in 2003. 

These reactions are still more pronounced in regional 

and national evaluations from central Europe. Drought 

and water shortages as well triggered an extreme 

increase of Quercus ilex defoliation in the mid 1990s. 

With some fluctuations, Pinus pinaster shows a worrying 

deterioration since the beginning of the evaluations (see 

Figure 27).

Insect attacks and fungal diseases, in combination 

with increased vulnerability caused by deposition loads, 

weather conditions, and other anthropogenic factors, 

are linked to these trends. The observed high levels 

of defoliation may therefore indicate that trees have a 

reduced potential to withstand adverse environmental 

impacts. This is particularly relevant as climatic extremes 

are predicted to occur more frequently in the relatively 

near future and as nitrogen deposition has hardly been 

reduced in recent years.
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Indicator 2.4 Forest damage 
Forest and other wooded land with damage, classified 

by primary damaging agent (abiotic, biotic and human-

induced) and by forest type. 

Status 
Several damaging agents affect forests in Europe. The 

agents can be biotic or abiotic, of natural origin or human-

induced. Biotic agents include insects and diseases, wild-

life and cattle grazing in woodland. Abiotic agents include 

fire, storm, wind, snow, drought, mudflow and avalanche. 

Damage by biotic and abiotic sources is an essential com-

ponent of natural ecosystems, since it fosters processes 

such as regeneration, selection, adaptation and evolution. 

In managed forest ecosystems, however, damage often 

results in economic losses. Human-induced, long-range 

impacts on the environment, such as air pollution or cli-

mate change, expose forests to aggravated risks; reduced 

health and vitality of forests may promote a cascade of 

damaging effects and hinder the sustainable management 

of forests. Future climate change could reinforce damage 

by drought, fire, storm, and insect calamities. 

Damaged forest area
A forest can be affected by more than one damaging 

agent, for example by insects following storm damage 

or drought. Therefore the total area of damaged forests, 

regardless of the damaging agents, was requested by the 

questionnaire in addition to areas subject to individual 

damaging agents, in order to avoid double counting.

Region
Reported forest 
area (1 000 ha)

Reported forest 
area (in % of total 
forest area)

Total forest area 
with damage 
(1 000 ha)

Percent of forest 
area damaged (%)

Russian federation 809 090 100 4 152 0.51

north europe 59 028 85 3 663 6.20

Central-West europe 2 881 8 11 0.38

Central-east europe 24 939 57 592 2.37

South-West europe 30 794 41 2 808 9.12

South-east europe 7 273 24 210 2.89

europe 943 005 92 11 436 1.21

europe without the Russian federation 124 915 59 7 284 5.83

eu-27 108 547 69 6 990 6.44

Table 9: Reported forest area and forest area with damage

Information on total area of forests with damage (see 

Table 9) was provided by 20 countries representing 943 

million ha or 92 percent of the total forest area in the 

European region (excluding the Russian Federation, 124 

million ha or 59 percent). Most data, except for forest fires, 

refer to the period up to 2005. Data provision was highest 

for the Russian Federation (100 percent) and Northern 

Europe (85 percent) and lowest for Central-West Europe 

(8 percent), where only United Kingdom provided data 

on total forest area with damage. 1.2 percent of the forest 

area in the European region is affected by damage, while 

in Europe,  without the Russian Federation, damage was 

reported for 5.8 percent of the total forest area. The largest 

proportions of area of forests with damage were reported 

for Portugal (24.5 percent) and Italy (22.5 percent), followed 

by Sweden (12.2 percent), Hungary (12.1 percent), Cyprus 

(5.8 percent) and Lithuania (4.7 percent). In the remaining 

14 countries the proportion of forests with damage ranged 

from 3.4 percent (Croatia, Bulgaria) to less than 0.1 percent 

(Finland, Iceland, Ukraine). 

Insects and diseases
Heavy attacks of insects and phytopathogens (bacteria, 

viruses, fungi) may cause major impacts on forests, resulting 

in a weakening of forest ecosystem health and vitality, and 

economic losses. Insect populations are also likely to react 

to long-term change processes such as climate change. 

Furthermore, biotic damage may result in deterioration 

of tree condition, not only in the year of occurrence, but 

also in later years. In particular, heavy storm damage and 

drought increase the risk of a mass propagation of bark 

beetles. 
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Region
Reported forest 
area (1 000 ha)

Reported forest 
area (in % of total 
forest area)

Total forest area 
with damage 
(1 000 ha)

Percent of forest 
area damaged (%)

Russian federation 809 090 100.0 n.s. n.s.

north europe 69 278 100.0 1 854.0 2.7

Central-West europe 3 246 8.8 3.0 0.1

Central-east europe 31 126 70.8 108.2 0.3

South-West europe 12 605 40.9 367.1 2.9

South-east europe 10 762 36.0 114.2 1.1

europe 936 107 12.5 2 446.5 0.3

europe without the Russian federation 127 017 60.2 2 446.5 1.9

eu-27 102 728 65.4 2 288.1 2.2

Table 11: Damage by wildlife

Information on the area of forest damaged by insects and 

diseases (see Table 10) was provided by 29 countries (95 

percent of the forested area of the European region). Due 

to the low percentage of forest area damaged by insects 

and diseases in the Russian Federation (0.04 percent) 

and the large weight of this region in the European forest 

area, less than 1 percent of the forest area in the European 

region was affected by damage caused by insects and 

diseases. In Europe,  without the Russian Federation, 

3.2 percent of the forest area was adversely affected by 

insects and diseases and 2.8 percent in the EU-27 region. 

Except for southwest Europe, where 13.4 percent of the 

area was subject to damage by insects and diseases, 

less than 5 percent of the respective forest area was 

affected in the other European regions, ranging from  

4.8 percent in the Central-Eastern region to 0.7 percent in 

the Northern region. The highest proportions of forest 

area damaged by insects and diseases were reported by 

Portugal (20 percent), Romania (20 percent) and Italy 

(10 percent).

Wildlife and grazing
Forests are the habitat for different forms of wildlife. Large 

abundance of herbivore populations can become a major 

threat to the regeneration of forests. With the exception 

of local incidences, grazing is generally not a problem in 

European forests.

For the Central, North, South-West and South-East 

European regions, as well as for the Russian Federation, 

sufficient information on forest damage caused by wild-

life was provided (see Table 11). The forest area affected by 

damage from wildlife was highest in the Nordic region (2.7 

percent) and the South-Western region (2.9 percent). Data 

provided for the European region, without the Russian 

Federation, indicated that approximately 2 percent of the 

forests are facing damage by wildlife. In the EU-27 countries 

the corresponding proportion was slightly higher (2.2 per-

cent). Albania (13 percent), Sweden (6.2 percent), and Italy 

(3.5 percent) faced the largest areal proportions affected by 

wildlife; in all other countries that provided data, the corre-

sponding proportion was well below 2 percent. 

Region
Reported forest 
area (1 000 ha)

Reported forest 
area (in % of total 
forest area)

Total forest area 
with damage 
(1 000 ha)

Percent of forest 
area damaged (%)

Russian federation 809 090 100.0 288.7 0.04

north europe 69 278 100.0 476.2 0.7

Central-West europe 14 051 38.1 447.9 3.2

Central-east europe 40 831 92.9 1 951.4 4.8

South-West europe 12 605 40.9 1 685.1 13.4

South-east europe 23 094 77.1 509.9 2.2

europe 968 949 95.0 5 359.2 0.6

europe without the Russian federation 159 859 75.8 5 070.5 3.2

eu-27 157 193 100.0 4 429.8 2.8

Table 10: Damage by insects and diseases
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Forest fires
Fires are affecting forests particularly in the 

Mediterranean area. While controlled burning increases 

ecosystem biodiversity, uncontrolled forest fires might 

have major negative consequences for the ecosystem, 

such as desertification, soil erosion, loss of water supply  

or economic loss. 

The largest areas damaged by forest fires (see Table 

12) are found in the Russian Federation, where 1.1 million 

ha were burned. However, the proportion of forest area 

burned is slightly above 0.1 percent and thus within the 

range of all other European regions, except South-West 

Europe, where countries reported that 0.6 percent of the 

forest area was damaged by fire. The largest area damaged 

by fire was found in Portugal (104 000 ha or 3 percent of 

the total forest area), while in Italy, Spain and France less 

than 1 percent of the forest area was burned. 

The data on burned areas for the EU-27 countries 

(see Figure 28) has been elaborated from the European 

Forest Fire Information System (EFFIS) developed jointly 

Region
Reported forest 
area (1 000 ha)

Reported forest 
area (in % of total 
forest area)

Total forest area 
with damage 
(1 000 ha)

Percent of forest 
area damaged (%)

Russian federation 809 090 100.0 1 081.3 0.1

north europe 69 278 100.0 5.3 0.0

Central-West europe 36 882 100.0 27.3 0.1

Central-east europe 43 959 100.0 18.7 0.0

South-West europe 30 778 99.9 196.1 0.6

South-east europe 23 094 77.1 37.3 0.2

europe 1 013 082 99.3 1 366.0 0.1

europe without the Russian federation 203 992 96.7 284.7 0.1

eu-27 153 290 97.5 251.2 0.2

Table 12: Damage by forest fires

by the European Commission and European countries 

and hosted by the Joint Research Centre. This resulted in 

additional information and changes to the data provided 

through FOREST EUROPE.

Storm, wind and snow
Storm damage is also a serious threat to forest and other 

wooded land, causing a possible loss of timber yield, 

landscape quality and wildlife habitat. According to a 

recent study on the impact of storms (Gardiner et al. 2010), 

since 1950 more than 130 storms have caused notable 

damage to forests in the current European Union and, on 

average, there are two destructive storms in Europe each 

year (see Table 13). In December 1999, catastrophic storm 

Lothar felled 165 million m3 of timber, mainly in France, 

Germany, Switzerland and Scandinavia, equivalent to 

43 percent of the normal harvest. In 2005, 75 million m3, 

equivalent to one year’s cutting, were damaged by storm 

Gudrun in Sweden. The economic consequences of storm 

damage can be severe. After the storm damage in 2007 

Region
Reported forest 
area (1 000 ha)

Reported forest 
area (in % of total 
forest area)

Total forest area 
with damage 
(1 000 ha)

Percent of forest 
area damaged (%)

Russian federation 809 090 100.0 1 351.0 0.2

north europe 69 278 100.0 1 333.8 1.9

Central-West europe 31 888 86.5 70.5 0.1

Central-east europe 40 831 92.9 563.1 1.4

South-West europe 30 778 99.9 635.5 2.1

South-east europe 25 999 86.8 37.4 0.1

europe 1 007 865 98.8 3 991.3 0.4

europe without the Russian federation 198 775 94.3 2 640.3 1.3

eu-27 152 207 96.8 2 517.9 1.7

Table 13: Storm, wind and snow damage
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Figure 28: Forest area affected by fire
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(storm Kyrill), the German Forestry Council estimated 

that the storm toppled some 20 million m3, which would 

cost the country's forestry industry about EUR 1 billion 

in lost revenue. In 2009 and 2010, the storms Klaus and 

Xynthia hit forests in France and Germany and caused 

timber losses of approximately 50 million m3. In the case 

of badly adapted forest stands, however, the impacts may 

be considered as less serious than in the case of natural, 

semi-natural or site-adapted forest stands, since necessary 

reforestations may lead to site-adapted forests in the future.

For Europe without the Russian Federation, 2.6 million 

ha (1.3 percent) of forests were damaged by storm, wind 

and snow. The largest proportion damaged by storm 

is found in southwest Europe (2.1 percent) and north 

Europe (1.9 percent). In the majority of countries, the area 

affected by storms was below 2 percent of the total forest 

area, while higher proportions were reported for Italy (6.4 

percent), Sweden (4.3 percent), Romania (3.5 percent, and 

Poland (2.7 percent).

Human-induced damage
Direct human-induced damage factors include harvesting 

and forest operations damage, which can cause economic 

losses and decrease of the ecosystems’ health and vitality  

(for example decrease in timber quality, rot, decay, destruction 

of natural regeneration, soil degradation). 

Intensive tourism and recreational activities can also 

have an impact on forests and other wooded land, causing 

negative side effects such as contamination and vandal-

ism. Human-induced damage by unidentifiable causes 

includes damage from air pollution (see indicator 2.1),  

traffic and cattle breeding. 

Damage by forest operations and other human-induced 

sources was reported by only a few countries and affected 

less than 0.5 percent of the forest areas. Given the low 

response rates, no differences between regions could be 

found.  

 

Overall forest damage trends, 1990–2005 
No consistent trends could be identified in the size of 

forest areas affected by the different damaging agents 

between 1990 and 2005 (see Table 14). In the European 

region the forest area with damage by insects and diseases 

doubled between 1990 and 2000 and decreased again 

between 2000 and 2005; it showed a constantly increas-

ing trend in Europe, without the Russian Federation. 

Information on forest area damaged by wildlife and 

grazing in Europe, without the Russian Federation, 

indicates that between 1990 and 2005 the forest area 

subject to damage by wildlife and grazing doubled but did 

not exceed 2 percent of the total reported area. The area  

damaged by snow, wind and storms increased moderately. 

In 2005 forest fires affected a larger area in theEuropean 

region than in 1990, whilst in Europe without the Russian 

Federation the trend was reversed. Regional trends could 

not be observed for any of the damaging agents. 

The forest area with damage caused by the different 

agents is comparatively small. The largest proportion was 

3.2 percent, observed for insects and diseases in 2005. 

Changes in the proportions of areas affected only partially 

reflect trends. As the number of countries reporting obser-

vations varies between the points in time, changes might 

be an artefact due to differences in the national forest 

areas represented in the tables. 

Country

Insects & disease Wildlife & grazing Storm, wind & snow Fires

1990 2000 2005 1990 2000 2005 1990 2000 2005 1990 2000 2005
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forest area with damage 
(million ha)

5.2 10.3 7.9 1.0 1.0 2.4 1.2 2.4 4.0 1.0 1.5 1.4

Represented forest area 
(million ha)

928.1 968.4 968.9 93.7 107.8 127.0 944.8 978.9 985.8 987.4 1 019.4 979.1

Represented forest area 
(%)

91.0 94.9 95.0 9.2 10.6 12.5 92.6 96.0 96.7 96.8 99.9 96.0

forest area with damage 
(%)

0.6 1.1 0.8 1.1 0.9 1.9 0.1 0.2 0.4 0.1 0.2 0.1
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forest area with damage 
(million ha)

3.4 4.4 5.1 1.0 1.0 2.4 1.0 1.9 2.6 0.3 0.3 0.3

Represented forest area 
(million ha)

119.0 159.3 159.9 93.7 107.8 127.0 135.7 169.9 176.7 178.3 210.3 170.0

Represented forest area 
(%)

56.4 75.6 75.8 44.5 51.1 60.2 64.3 80.6 83.8 84.6 99.8 80.6

forest area with damage 
(%)

2.8 2.8 3.2 1.1 0.9 1.9 0.8 1.1 1.5 0.2 0.1 0.2

Table 14: Overall forest damage trends 1990-2005 (1000 ha)
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