
52

M
ai

n
te

n
an

ce
 o

f F
o

re
st

 E
co

sy
st

em
 H

ea
lt

h
 a

n
d

 V
it

al
it

y

Criterion 2: Maintenance of Forest Ecosystem 
Health and Vitality

Lead author:

Authors of chapters on indicators:

Reviewer:

Data sources:

Marco Ferretti

Peter Waldner, Arne Verstraeten, Andreas Schmitz, Alexa Michel, Daniel 
Žlindra, Aldo Marchetto, Karin Hansen, Diana Pitar, Elena Gottardini, 
Vicent Calatayud, Marco Ferretti, Matthias Haeni, Marcus Schaub, 
Till Kirchner (2.1), Roland Hiederer (2.2), Nenad Potočić, Volkmar 
Timmermann, Mladen Ognjenović, Till Kirchner (2.3), Andreas Schuck, 
Alexander Held, Laura Nikinmaa (2.4), Michael Köhl, Marco Marchetti (2.5), 
Stefanie Linser (C.2)

Piermaria Corona

ICP Forests (2.1, 2.3), EC JRC (2.2), National reports on the pan-European 
indicators for SFM (2.4, 2.5, C.2)

Criterion 2 considers and quantifies the exposure, risk, and impact on forest health posed by biotic and abiotic 

stressors. Environmental conditions, such as air and soil quality, influence the health and vitality of forest ecosystem 

and, subsequently, the provision of forest products and services. Appropriate management practices can improve 

the condition of forest ecosystems, while inappropriate practices can lead to degradation of forests and forest land.

Key messages
• Generally, the condition of European forests is deteriorating, with increasing mean defoliation of the six most 

frequent tree species particularly obvious on 18.9% of the plots.

• Pests, diseases, wildlife (especially browsing by large ungulates) and grazing by domestic animals, fires and 

weather extremes such as storms were reported as important causes of damage. The frequency and intensity 

of storms is increasing over time. A geographical shift in disturbances is also observed. However, the report 

does not include the most recent developments in forest damage resulting from drought, storms, and bark-

beetle outbreaks indicated by some countries after the reporting year of 2015.

• Forests in Europe are still exposed to excessive levels of nitrogen deposition and tropospheric ozone – the 

latter being reported for the first time in the SoEF. Trends over recent decades, however, indicate a reduction 

in both, reflecting efforts in clean-air policies.

• Soil condition revealed distinct North-South gradients in several attributes, most pronounced for soil organic 

carbon, carbon-to-nitrogen ratio, and soil pH. An apparent increase in total nitrogen was detected between 

2009/2012 and 2015 in most of the countries.

• Maintenance of forest health and vitality is of high importance in national forest-related policies, as well as in 

establishing a system of risk prediction and prevention. The implementation of various forest fire prevention 

activities are the main achievements. The major challenges comprise the necessity to face the increasing risk 

of damage by harmful organisms and extreme weather events, mass dying of trees and whole stands, and the 

unclear adaptive potential of tree species to climate change.
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Indicator 2.1 Deposition and concentration 
of air pollutants 

Deposition and concentration of air pollutants on forest 
and other wooded land

Key findings

• Annual sulphur and nitrogen throughfall 
deposition were generally higher in central and 
some southern and eastern parts of Europe. For 
the first time, tropospheric ozone concentrations 
in forests were also reported, with higher levels in 
southern and eastern Europe. 

• Mean annual sulphur and nitrogen throughfall 
deposition decreased by about 60-70% and about 
20-40% from 1997 to 2017, respectively. Mean ozone 
concentrations over the growing season (April-
September) decreased by about 10% between 
2000 and 2013. 

• The thresholds for potential adverse effects on 
forests – critical loads and levels – are still exceeded 
at many ICP Forest monitoring plots, mainly in 
central parts of Europe for nitrogen, and over the 
majority of countries for ozone.

Introduction

Sulphur dioxide (SO
2
), nitrogen oxides (NO

x
) and 

ammonia (NH
3
) are emitted into the atmosphere 

by human activities such as fuel burning, industrial 
processes, traffic and agriculture. They can be 
transported over long distances as gases or particles 
(aerosols). Together with volatile organic compounds 
(VOC) and carbon oxide (CO), these emissions have 
also contributed to the mean global tropospheric 
ozone (O

3
) concentrations having approximately 

doubled comapared to the pre-industrial age. Ozone 
levels, trends and related potential risks for forests are 
reported for the first time after the indicator 2.1 has 
been revised in 2015.

Atmospheric deposition of sulphur (S) and reactive 
nitrogen (N) to forests and tropospheric ozone (O

3
) 

can all affect forest ecosystems. Sulphur and N mostly 
accelerate soil acidification, eutrophication and 
change nutrient availability in soils. Soil acidification 
may result in a loss of important nutrients (base 
cations, particularly calcium (Ca) and magnesium 
(Mg)) and an increase in aluminium toxicity impairing 
roots. Eutrophication, due to N in excess, may result in 
e.g. nutrient imbalances and increased vulnerability. 
Ozone can affect plants via foliar uptake, with effects 
ranging from visible foliar damage to reduced growth 
and carbon sink strength of forest trees.

The  risk  for  negative  effects  on  forests  can  be 
evaluated by comparing the actual atmospheric 
deposition loads and O

3
 concentration levels to 

Critical Loads  and Levels. Critical Loads are defined as 
“a quantitative estimate of an exposure to one or more 
pollutants below which significant harmful effects on 
specified sensitive elements of the environment do 
not occur according to present knowledge”. Critical 
Levels are defined as “concentration, cumulative 
exposure, or cumulative flux of atmospheric 
pollutants, above which direct adverse effects on 
sensitive vegetation may occur according to present 
knowledge”.

The International Co-operative Programme on 
Assessment and Monitoring of Air Pollution 
Effects on Forests (ICP Forests) under the UNECE 
Air Convention has measured the deposition of 
sulphate (SO

4
2-), nitrate (NO

3
-), ammonium (NH

4
+) and 

base cations (BC) in the open field and under the 
forest canopy (throughfall) since the mid-1990s, and 
growing season ozone O

3
 concentrations since 2000 

at hundreds of its Level II monitoring plots in Europe. 
Although the plots cannot be considered statistically 
representative for European forests, they cover the 
major forest types, and they likely reflect typical 
deposition and O

3
 exposure regimes in each country. 

All measurements are carried out according to the 
ICP Forests Manual1.

Status

For atmospheric deposition, in 2016 sea-salt 
corrected SO

4
2--S throughfall deposition was below 

8 kg S ha-1 year-1 on most forest plots. However, some 
forest plots with higher S deposition were scattered 
across Europe. In general, S deposition in parts of 
central Europe tended to be slightly higher compared 
to other regions (Figure 2.1-1). For N, in 2016 the highest 
throughfall deposition was measured mainly in the 
central part of Europe (Denmark, southern Sweden, 
Germany, Belgium, Poland, Switzerland, Austria, 
northern Italy). High N deposition was also measured 
on some plots in Spain,  Serbia and Romania (Figure 
2.1-2, Figure 2.1-3). The throughfall deposition of sea 
salt-corrected Ca and Mg was highest in southern, 
central and eastern parts of Europe (Figure 
2.1-4, Figure 2.1-5). For all measured compounds, 
the throughfall deposition was comparably low in 
northern Europe. For O

3
 concentration, harmonised 

data cover the years between 2000 and 2014.  Mean  
O

3
 concentrations over the period April-September

1 http://icp-forests.net/page/icp-forests-manual



54

M
ai

n
te

n
an

ce
 o

f F
o

re
st

 E
co

sy
st

em
 H

ea
lt

h
 a

n
d

 V
it

al
it

y

were 36.2 ppb, ranging from 14.5 to 71.1 ppb, varied 
spatially and showed a slight increasing spatial 
gradient from northern to southern Europe. The 
highest concentrations were registered in Italy, 
southern Switzerland, the Czech Republic, Slovakia, 
Romania and Greece (Figure 2.1-6). Between 2000 
and 2014, accumulated ozone exposure over a 
threshold value of 40 ppb (referred to as ‘AOT40’) 
ranged from 4.3 to 35.5 ppm h. The AOT40 threshold 
of 5 ppm h – set to protect sensitive tree species from 
adverse ozone effects – was exceeded in 13 out of 15 
countries providing data (approx. 87%) (Figure 2.1-7).

Trends 
Within the twenty years from 1997 to 2017, the 
mean annual SO

4
2- throughfall deposition generally 

decreased by 60-70% and the decrease was 
statistically significant on most of the plots (Figure 

2.1-8). Throughfall deposition of oxidised and reduced 
N compounds generally decreased by 20-40% 
between 1997 and 2017 and the decrease was also 
statistically significant on many of the plots. For the 
reduced N compound ammonium (NH

4
+), however, 

the decrease was the highest during the first of the two 

decades, while its deposition of  has been stagnating 
from 2007 to 2017. For Ca and Mg, concentrations 
were relatively often below the determination limit 
and the reported fluctuations and apparent time 
trends might be partly caused by technical changes. 
An overall significant decreasing temporal trend 
of -0.35 ppb per year over the 2000-2013 period 
was observed for the mean growing season (April-
September) O

3
 concentrations (Figure 2.1-9). On 

average, this corresponds to about 10% reduction of 
the mean concentration levels recorded in 2000.

Exceedance of Critical Loads and Levels

The proportion of Level II plots, on which the critical 
loads for acidification were exceeded by the S and N 
deposition, decreased already from 57% in 1980 to 
18% in 2000 (see previous SoEF reports). In 2015, it 
was estimated that about 7% of the EU-28 ecosystem 
area (including a large proportion of forests) was still 
at risk of acidification (Slootweg et al. 2015). Regarding 
the deposition of N as a nutrient, a rough estimate 
suggests that there is still a rather high share of plots 
on which critical loads are exceeded, especially in 
central and parts of southern Europe (Figure 2.1-10). 
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Figure 2.1-1: Sea-salt corrected annual throughfall deposition of sulphate-sulphur (SO4
2--S; kg S ha-1 year-1), 2016 

Notes: Data source – ICP Forests Level II plots (stemflow not included; larger symbols indicate those where data passed the quality control 
checks). 
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Figure 2.1-2: Annual throughfall deposition of nitrate-nitrogen (NO3
--N; kg N ha-1 year-1), 2016

Notes: Data source -ICP Forests Level II plots (stemflow not included; larger symbols indicate those where data passed the quality control 
checks).



57

Figure 2.1-3: Annual throughfall deposition of ammonium-nitrogen (NH4
+-N; kg N ha-1 year-1), 2016

Notes: Data source - ICP Forests Level II plots (stemflow not included; larger symbols indicate those where data passed the quality control 
checks).
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Figure 2.1-4: Sea-salt corrected annual throughfall deposition of calcium (Ca2+; kg ha-1 year-1), 2016

Notes: Data source - ICP Forests Level II plots (stemflow not included; larger symbols indicate those where data passed the quality control 
checks).
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Figure 2.1-5: Sea-salt corrected annual throughfall deposition of magnesium (Mg2+; kg ha-1 year-1), 2016

Notes: Data source - ICP Forests Level II plots (stemflow not included; larger symbols indicate those where data passed the quality control 
checks).
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Figure 2.1-6: Spatial distribution of April-September mean ozone concentrations (ppb) 2000–2014 and occurrence 
of ozone-induced foliar symptoms 2002–2014

Note: Ozone concentrations interpolated from 18 464 passive samplers on 206 plots in 15 countries for the period 2000–2014 (background 
colour) and occurrence of ozone-induced foliar symptoms on 155 plots in 11 countries for the period 2002–2014 (coloured dots).

Figure 2.1-7: Mean AOT40 values based on April-September ozone concentrations (ppb), 2000-2014

Note: Data collected from passive samplers on 206 plots during 2000-2014 (Source: Schaub et al. 2018).
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Figure 2.1-8: Means for European regions of annual throughfall deposition of nitrate (NO3
--N) and ammonium 

(NH4
+-N) nitrogen, sea-salt corrected sulphate sulphur (SO4

2--S), calcium (Ca2+) and magnesium (Mg2+) (kg ha-1 year-1), 
1997-2017 

Note: Data collected from the Level II plots with almost complete time series between 1997 and 2017 (stemflow not included.

Figure 2.1-9: Scatter plot of April–September ozone concentration values (ppb), 2000-2013 

Note: Data collected from passive samplers exposed in 20 countries from 2000 until 2013 with a significant decrease of 0.35 ppb/year 
(n=29 356; p=0.000) (Source: Schaub et al., 2015).
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Figure 2.1-10: Tentative classification of ICP Forests Level II plots showing the estimated exceedance of the 
empirical Critical Loads for nutrient nitrogen (emp. CL) depending on the plot’s dominant tree species, 2016

Note: Emp. CL for broadleaved deciduous woodland: 10-20 kg N ha-1 year-1, coniferous woodland: 5-15 kg N ha-1 year-1 (Bobbink R, Hettelingh 
JP (eds), 2011: Review and revision of empirical critical loads and dose-response relationships, RIVM – CCE, www.rivm.nl/cce). It is assumed 
that total inorganic N deposition at Level II plots ranges between one and two times the locally measured inorganic N throughfall 
deposition. Example for a broadleaved deciduous forest plot on the map: Estimated total inorganic N deposition ranges between 12 and 
24 kg ha-1 year-1 on a plot with a measured inorganic N throughfall deposition of 12 kg ha-1 year-1. The corresponding emp. CL ranges between 
10 and 20 kg N ha-1 year-1 and results in a classification of 'within or above range of emp. CL’.
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Indicator 2.2 Soil condition 

2  FOREST EUROPE: https://foresteurope.org/ecosystem-services/
3 Forest Ecosystem Services: https://forest.jrc.ec.europa.eu/en/activities/forest-ecosystem-services/
4 Eurostat LUCAS primary data: https://ec.europa.eu/eurostat/web/lucas/data/primary-data/2015

Chemical soil properties (pH, CEC, C/N, organic C, base 
saturation) on forest and other wooded land related to 
soil acidity and eutrophication, classified by main soil 
types

Key findings

• The data uphold the distinct North-South gradient 
in soil organic carbon and carbon-to-nitrogen ratio, 
with higher values in north European forest soils, 
accompanied by higher acidity as indicated by soil 
pH.

• Less pronounced geographic patterns occur also 
for total nitrogen and extractable phosphorus, that 
increase from South to North in Europe. 

• A comparison of 2015 data with those from 2009- 
2012 revealed just minor changes, with only total 
nitrogen showing a generalised increase across 
Europe, which should be interpreted with caution. 
The comparison confirmed that to provide 
meaningful information on changes in forest soil 
conditions, consistent sampling and laboratory 
methods are indispensable for repeated surveys.

Introduction

Indicator 2.2 monitors chemical soil properties 
(organic carbon (OC), acidity (pH), nitrogen (N), 
phosphorus (P), potassium (K), cation exchange 
capacity (CEC) and carbon-to-nitrogen ratio (C:N ratio) 
on forest and other wooded (FOWL) land related to 
soil acidity and eutrophication. Chemical properties 
of the topsoil soil play a vital role in providing forest 
ecosystem services (FES)2,3. For example, forest 
biomass and soil form a cycle with the atmosphere 
and are key ecosystem compartments for absorbing 
and storing atmospheric CO2, thus acting as carbon 
sinks. Soil nutrients and organic matter governs 
the nutrient cycle and largely affects forest growth, 
and soil is an integral part of the forest water cycle, 
buffering, regulating and filtering water flow. 

Among the many soil functions, some are important 
in view of soil acidification and eutrophication. The 
relevant soil physical and chemical data are available 
at European scale from the soil samples collected 
during the 2015 Land Use/Cover Area frame statistical 
Survey (LUCAS) Soil Component survey (referred to 
as LUCAS Soil hereafter). The 2015 LUCAS Soil was 
the first assessment of this kind that covered all EU-28 
Member States at the time (Orgiazzi, et al., 2017). For 
information on geographic position and land cover 
data, the LUCAS micro-data of the primary data set 
was used4. For an assessment of changes in forest soil 

properties, the 2015 LUCAS Soil data were compared 
to results from the 2009 and 2012 LUCAS Soil surveys, 
albeit with partial coverage. 

The methods for collecting and analysing soil 
samples under the LUCAS Soil differ from dedicated 
forest soil surveys, such as those performed under 
ICP Forests and national soil inventories. In particular, 
as the method adopted for soil sampling under 
LUCAS Soil simplifies the in-field procedure, it does 
not include information of the overlaying litter and 
partially decomposed organic material. Therefore, 
the assessment of chemical properties and processes 
is limited to the underlying soil stratum. 

Organic carbon (OC) is the main constituent of 
organic matter (OM) in the soil (approx. 58%). OM has 
a wide range of functions, such as improving nutrient-
holding capacity and turnover, regulating water 
storage and climate change mitigation potential 
through carbon storage in the organic material. Soil 
OM acts as a source of slow release of nitrogen and 
phosphorus and thus supports long-term forest 
productivity. The pivotal role of the organic material 
in soils to perform ecosystem functions was the 
reason for adding a Soil Component to the LUCAS 
survey.

The soil pH can be used as an indicator of the degree 
of soli acidity. The soil pH was analysed by the 
laboratory from the suspension of the soil in H2O 
(pH

(H2O)
) and in 0.01 mol dm-3 solution of calcium 

chloride (pH
(CaCl2)

), with the latter considered more 
stable for repeated measurements. 

Nitrogen is probably the most single growth-limiting 
nutrient, not only for forests. A system with a soil-
nitrogen deficit fails to fulfill growth potential, while 
a surplus can lead to nutrient imbalances, growth 
reduction, nitrogen leaching and groundwater 
pollution. In nitrogen-limited systems, nitrogen 
in the soil is almost exclusively held in organic 
form and bound to organic components. When 
surplus, nitrogen can be present in inorganic form 
as ammonium (NH

4
+), which is attached to cation 

exchange positions and can be trapped by clay 
particles. Where nitrogen leaching occurs as a result 
of its surplus, it is mostly present in the form of 
nitrate (NO

3
-), which is more moveable in the soil. The 

laboratory method determines total nitrogen content 
in the soil (ammonium-N, nitrate-N, nitrite-N and 
organic N). Therefore, the nitrogen available to plants, 
which is generally the mineral form of nitrogen, 
represents a very small portion (about 2%) of the total 
amount determined by the laboratory method.
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Phosphorus may be considered the second most 
limiting nutrient to forest production, after nitrogen. 

Phosphorus is an essential component for all 
energy-related processes in living organisms and 
photosynthesis in plants. Phosphorus has low 
mobility in soils, which results in a low leaching 
rate. Phosphorus is associated with oxides and soil 
OM. Plants take up phosphorus in mineral form 
of phosphate, which originates from weathered 
minerals (Fink, et al., 2016) or from mycorrhizal fungi 
that “mine” the soil for phosphorus and provide the 
nutrient to their host (Zavišić, et al., 2018). The amount 
of phosphorus in the samples is measured in the 
laboratory by a spectrophotometric method.

Potassium represents the third nutrient sustaining 
forest functions. Potassium is used by plants as a 
regulator of the osmotic balance in cells and helps to 
maintain general plant health. It regulates the uptake 
of CO

2
 through controlling the opening and closing 

of stomata and water in plants. In soil, potassium is 
generally classified into unavailable, slowly available 
and readily available potassium, which is absorbed 
on clay particles or in soil solution. Most of the 
potassium in soil is in the unavailable form.

The cation exchange capacity (CEC) is the number of 
negative charges on the surface of soil particles. The 
CEC is used as an indicator for soils to hold cations, 
which are many soil nutrients (Ca2+, K+, Mg2+, Na+, less 
Fe2+, Mn2+ and Cu2+) (Mengel, 1993). It is thus a major 

indicator of soil fertility. Commonly, clay soils and 
soils rich in OM also have higher CEC than sandy soils 
or soil with low OM content. 

The ratio of the carbon-to-nitrogen concentration (C:N 
ratio) is a suitable indicator for the decomposition 
rate of organic matter, the availability of nitrogen and 
turnover of nutrients. The C:N ratio in mineral topsoil 
generally ranges from 15-20 and decreases with soil 
depth. The rate of decay is an indicator of the extent 
to which nitrate and ammonium are immobilised 
to the soil OM (Bengtsson, et al., 2003). The C:N ratio 
presented here was computed from the OC content 
and total nitrogen in the soil samples. Following the 
sampling procedure of the LUCAS Soil the C:N ratio 
refers to the soil stratum of the forest soil profile. 
The samples should not contain litter or partially 
decomposed organic material. 

Status

Estimating the regional state of forest soils was 
based on data collected on 5 515 locations under 
the 2015 LUCAS Soil that are assigned to woodland. 
A summary of the status of the soil parameters 
evaluated for the 2015 LUCAS Soil data in forested 
areas, is presented in Table 2.2-1. The table contains 
the averages aggregated by regions from sample 
data with LUCAS coverage. The average valueas of 
soil properties (OC, pH, N, P, Mg, CEC, and C:N) are 
presented by countries in Figures 2.2-1 – 2.2-7).

Region

Organic 
carbon

pH (CaCl
2
)

Total 
nitrogen

Soluble 
phosphorus 

Extractable 
potassium

CEC C: N ratio

g kg-1 pH(CaCl
2
) g kg-1 mg kg-1 mg kg-1 cmol(+) kg-1 unitless

North Europe 133.8 4.0 6.3 36.0 123.9 15.7 20.2

Central-West Europe 61.8 4.7 4.1 28.7 137.3 19.2 14.8

Central-East Europe 42.6 4.5 2.9 31.0 106.3 18.9 13.6

South-West Europe 43.4 5.6 3.2 12.2 188.6 17.9 14.3

South-East Europe 34.9 5.7 2.6 9.8 164.5 20.0 13.3

EU-28 82.4 4.6 4.5 28.4 137.7 17.4 16.5

Table 2.2-1: Soil condition parameters on forest land, by region, LUCAS Soil 2015

Note: The table contains the averages from sample data of LUCAS Soil. Regions are not covered systematically. 
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Figure 2.2-1: Organic carbon in forest soils (g kg-1), LUCAS Soil 2015

Figure 2.2-2: pH in CaCl2 forest soil suspension, LUCAS Soil 2015

Note: The map shows the decreasing North-South gradient of soil OC. The largest OC on forest plots was sampled for Ireland (200.8 g C kg-1), 
while the lowest value is reported for the samples from Hungary (20.9 g C kg-1). 

Note: The map shows the gradient in  pH
(CaCl2)

 with latitude. This is to a large degree the result of the correlation between pH and OC content 
and the increase in OC with latitude in Europe. There are exceptions, mainly in southern European countries with forests soils with a 
relatively high carbonate content, such as Croatia or Greece. Part of this distribution may also be that forest is established or maintained 
in areas less favourable for agricultural use. The data on pH

(CaCl2)
 confirms to the expectation of  generally lower values for soils with higher 

OC content. 
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Figure 2.2-3: Total nitrogen in forest soils (g N kg-1), LUCAS Soil 2015

Note: The exceptionally high amount of total nitrogen in the samples from Ireland and uncommonly low amounts in Cyprus are visible in 
the map. The correlation of total nitrogen with OC content is visible in the general increase in total nitrogen with latitude. Lower amounts 
of total nitrogen in forest soils are prevalent in Eastern European countries and Belgium, Denmark and Portugal. 

Figure 2.2-4: Phosphorus in forest soils (mg P kg-1), LUCAS Soil 2015

Note: Because phosphorus is correlated with OC content a gradient along latitude is apparent in the map. Comparatively high values (> 50 
mg P kg-1) are present in the samples from Ireland, The Netherlands and the United Kingdom. Comparatively low values (< 10 mg P kg-1) are 
present in the samples from Cyprus, Greece and Croatia. 
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Figure 2.2-5: Extractable potassium in forest soils (mg K kg-1), LUCAS Soil 2015

Note: The map shows relatively low values of extractable potassium in Central and Northern Europe and relatively higher values in other 
countries. The average value of extractable potassium for the soil samples collected in EU-28 is 137.7 mg K kg-1. The potassium held in the 
organic material results in a content of 238.1 mg K kg-1 in the samples with high OC content, which is twice the content of mineral soils. The 
lowest average concentration was reported for mineral soil samples from Poland (53.8 mg K kg-1), the highest for soils from Bulgaria (570.1 
mg K kg-1). Unusually high are the values reported from Cyprus for mineral soils (531.0 mg K kg-1), which are based just on two samples and 
the presence of Illite. 

Figure 2.2-6: Cation exchange capacity (CEC, cmol(+) kg-1) in forest soils, LUCAS Soil 2015

Note: There is no obvious spatial pattern in the CEC data, and no correlation to soil OC or extractable potassium. The re-analysis of CEC of 
2009 samples during the analysis period of 2015 samples by the same laboratory suggested that possible problems may arise in providing 
consistent results for this soil property, either from a single survey or for an analysis of change between surveys. 
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Figure 2.2-7: C:N ratio (unitless) in forest soils, LUCAS Soil 2015

Note: The average EU-28 value for the C:N ratio of mineral soil is 15.2. This is well within the expected range of such soils. For soils high in 
OC the average for EU-28 is 23.0. The lowest overall C:N ratio of all samples collected in a country was reported for Hungary (10.0), while the 
highest values were reported for Finland (20.9) and Sweden (20.9). 

Changes in forest soil properties were assessed for 
2 417 soil samples from repeatedly visited sites and 
from the combined results of the 2009/2012 and 2015. 
The sampling interval is thus six years for 23 countries 
and three years for Bulgaria and Romania. 

The number of samples ranges from three in 
Luxembourg to 475 in Sweden. Results from countries 
with less than 30 sample pairs (Luxembourg 
(3), Ireland (4), Belgium (10), Denmark (12), The 
Netherlands (13), Portugal (15), United Kingdom 
(23) and Hungary (25)) should be interpreted with 
particular care. Results from Croatia, Cyprus and 
Malta are not included. For these countries, data from 
previous survey were either not available or could 

not be paired to samples from the 2015 LUCAS Soil. 

A summary of the changes of the soil parameters 
from 2009/2012 and 2015 LUCAS Soil data in forest 
land are presented in Table 2.2-2. Changes 2009-2012 
to 2015 reported in Table 2.2-2 are compiled from 
results of re-visited LUCAS Soil locations below 1 000 
m in altitude, which remained classified as forest land 
in all LUCAS surveys (thus excluding the effects of 
land use change on a soil parameter) and whose soil 
has been classified consistently between the surveys. 
The changes of soil properties (OC, pH, N, P, K, CEC, 
and C:N) are presented by countries in Figures 2.2-8 – 
2.2-14).

Changes and trends

Region

Organic 
carbon

pH (CaCl2)
Total 

nitrogen
Soluble 

phosphorus 
Extractable 
potassium

CEC C:N ratio

g kg-1 pH(CaCl2) g kg-1 mg kg-1 mg kg-1 cmol(+) kg-1 unitless

North Europe -2.3 0.1 0.6 12.8 2.4 -0.2 -3.4

Central-West Europe 4.9 0.0 1.0 11.9 10.6 6.0 -1.8

Central-East Europe 1.8 0.1 0.2 8.4 -4.9 6.5 -1.6

South-West Europe 0.3 -0.0 0.4 5.2 -22.0 2.2 -1.5

South-East Europe -2.8 0.0 0.2 2.7 -30.7 -4.8 -1.3

EU-25 0.9 0.1 0.6 10.6 -0.6 2.5 -2.4

Table 2.2-2: Average changes of soil condition parameters between LUCAS Soil surveys 2009/2012 and 2015 on 
forest land, by region

Note: Average regional values were calculated from repeatedly sampled LUCAS Soil locations, not from country-aggregated data. Change 
estimates were obtained from the samples classified consistently in both surveys.
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Figure 2.2-8: Changes in organic carbon content in forest soils (g C kg-1) between LUCAS Soil 2009/2012 and 2015, 
by country

Note: The results from the samples do not indicate a common trend for EU-25. The strong decrease in OC reported for Ireland can be 
considered coincidental and may reflect possible inconsistency in sampling locations in the 2009 and 2015 surveys (Hiederer, 2019). In 
general, the country-wide changes in OC content in forest soils remain lower than 10 g C kg-1. The more pronounced change occurred in 
the Central-West European region and is seemingly due to changes in the share of high OC soils. When the comparison is carried out on 
the basis of samples classified consistently both in 2009 and 2015, the estimated change  in OC is +4.9 g C kg-1 in this region (see Table 2.2-2).

Figure 2.2-9: Change in pH(CaCl2) of forest soils between LUCAS Soil surveys 2009/2012 and 2015, by country

Note: The graph reflects the relatively large changes in some countries, but also the lack of a general trend in changes within countries. 
Generally, stronger than average decreases in pH for Bulgaria, Italy and Romania are offset by increases in Hungary and Lithuania. The 
variability in pH for the samples from Bulgaria and Romania is conspicuous. Within three years, the values for pH would not be expected 
to change notably and certainly not more than in areas that were sampled with an interval of six years. While soil pH is correlated with 
soil OC in the data, there are no apparent trends between changes in pH and those of OC. There is no difference in changes between 
pH

(CaCl2)
 and pH

(H2O)
 between surveys. This suggests that the analysis method for pH is solid and, as the re-analysis of data shows, provides 

consistent results. 

-1



70

M
ai

n
te

n
an

ce
 o

f F
o

re
st

 E
co

sy
st

em
 H

ea
lt

h
 a

n
d

 V
it

al
it

y

Figure 2.2-10: Change in total nitrogen (g N kg-1) in forest soils from LUCAS Soil 2009/2012 to 2015, by country

Note: The content of total nitrogen in the samples generally increased between the 2009/2012 and 2015 surveys. A negative change 
in total nitrogen is present only in the samples for Belgium and Spain. The change observed in Ireland may be not representative.  In 
the absence of a systematic factor in the analysis, one may conclude that there has been a general increase in total N in forest soils for 
analysed countries between 2009 and 2015.

Figure 2.2-11: Change in soluble phosphorus in forest soils (mg P kg-1) between LUCAS Soil 2009/2012 and 2015, by 
country

Note: There is a very marked and common increase in the amount of soluble phosphorous from 2009/2012 to 2015. A small decrease is 
only reported for Greece and Luxembourg. From the evaluation of the data for soluble phosphorous, it may be concluded that the findings 
on changes between the surveys have to be interpreted carefully. The changes in the sample sites in Ireland are caused by a single sample, 
for which the amount in soluble phosphorus increased from 32.2 mg P kg-1 in 2009 to 328.5 mg P kg-1 in 2015. The magnitude of the change 
in phosphorus over the relatively short period of six years is unexpected. The nutrient is quite immobile in the soil and over short periods 
provides a stable pool. A possible explanation of the observed change is that the laboratory instrument has changed before the analysis 
of the 2015 soil samples.

-1
-1
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Figure 2.2-13: Change in cation exchange capacity (CEC, cmol(+) kg-1) in forest soils between LUCAS Soil 2009/2012 
and 2015, by country

Figure 2.2-12: Change in extractable potassium in forest soils (mg K kg-1) between LUCAS Soil 2009/2012 and 2015, 
by country

Note: There is no clear tendency for the changes in extractable potassium, the average decreased in 13 countries while it increased in 11. 
The average extractable potassium in the soil samples of 2009/2012 was 130.2 mg K kg-1, whereas the average for 2015 soil samples is 137.5 
mg K kg-1, for repeatedly sampled points it was 130.3 mg K kg-1 for 2009/2012 and 129.6 mg K kg-1 for 2015.  Whatis notble, average extractable 
potassium decreased in all four countries with averages > 200 mg K kg-1 in the samples collected in 2009/2012. Yet, there is no apparent 
link of the changes in extractable potassium with the changes in the samples of any other soil parameter. The increase in extractable 
potassium in Ireland is based just on two of the four repeated samples, where there was an increase (75.90 mg K kg-1 to 734.40 mg K kg-1; 
72.50 mg K kg-1 to 537.70 mg K kg-1). 

Note: The values of CEC for the samples of the 2009/2012 surveys were within the expected range. However, the changes between the 
surveys are notable and variable between national averages.An evaluation of re-analysed samples by the laboratory suggests that the data 
on changes in CEC between surveys may not provide consistent results.

-1
-1
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Figure 2.2-14: Change in C:N ratio (unitless) in forest soils between LUCAS Soil 2009/2012 and 2015, by country

Note: The general trend for changes in C:N ratio between 2009/2012 and 2015 is a decrease in mean values (2009/2012: 18.6; 2015: 16.3 for, 
repeated, paired samples). The C:N ratio increased only for the samples from Romania (+0.1). This is a direct result of the changes in total 
nitrogen, and not in OC, which remained stable between the surveys. Any reservations about the changes for total nitrogen, therefore, also 
apply to the C:N ratio. Notable is that the changes between the surveys relate to those of total nitrogen. The lower ratios are not a direct 
indication of an increase in plant-available mineral nitrogen in the soil, nor for an increase in nitrogen leaching from the soil.
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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

Key findings

• In the period 2010-2018, the health of forest trees, 
measured by defoliation, remained unchanged on 
about 72% of the monitoring plots, deteriorated on 
19% and improved at 9%.

• In 2018, 26% of more than 100 thousand assessed 
forest trees were moderately to severely defoliated, 
and 0.6% were dead.

• Insect attacks, weather extremes and fungal 
diseases were reported as the most common and 
widespread factors associated with tree defoliation

Introduction

The health of forest trees in Europe is systematically 
monitored by annual surveys of tree crown condition 
of individual trees, including attributes as defoliation 
and symptoms of biotic and abiotic agents. The crown 
condition survey is the core activity of the large-scale, 
Europe-wide monitoring system (Level I) of ICP 
Forests, based on the harmonised methodologies5 
under the UNECE Convention on Long-range 
Transboundary Air Pollution (Air Convention). 

Tree crown defoliation is defined as leaf or needle loss 
as compared to a reference optimum and is used as an 
indicator of tree health and vitality. A decline in tree 
health, reflected in fine root dieback, reduced growth 
and ultimately tree mortality, is often associated 
with increasing defoliation. Based on the degree of 
defoliation, trees are grouped into five classes: no 
defoliation (0-10% defoliation), slight defoliation/
warning stage (>10-25%), moderate defoliation (>25-
60%), severe defoliation (>60–<100%) and dead (100% 
defoliation). 

The regular monitoring of defoliation represents 
a valuable early warning system on the responses 
of forest ecosystems to environmental changes. 
Defoliation is influenced by many different factors, 
including climatic conditions and weather extremes 
as well as insect attacks and fungal infestations, and 
deposition/uptake of pollutants. Defoliation data 
for 2018 were submitted from 27 countries, for 5 634 
plots. In total, 103 797 trees were assessed comprising 
more than 130 species, while 15 the most frequent tree 
species accounted for 75% of the sample.

Status

In 2018, 26.4% of all trees assessed had defoliation 
above the warning stage (25%), and 0.6% were dead. 
This represents a slight increase compared to the 
previous year. Defoliation varies regionally, by 
species, and by a combination of both. High mean 
defoliation was observed on plots in Central Europe 
and in the Mediterranean parts of Italy, France and 
Spain. Plots with low mean defoliation were found 
across Europe, mainly in Northern Europe but also in 
Romania, central Serbia and Turkey (see Figure 2.3-1). 

On the trees assessed in 2018, signs of insect attacks, 
abiotic causes (particularly drought) and fungi were 
reported as the main factor for crown defoliation 
(Figure 2.3-2). 

Trends

Defoliation increased on 18.9 % of the plots monitored 
from 2010 to 2018 and decreased on 8.9% of the 
plots (see Figure 2.3-3). There has been no change 
in defoliation on 72.2% of the monitored plots. Of 
the main tree species, Quercus robur and Quercus 
petraea (temperate oaks) and Quercus ilex have 
had the highest mean defoliation over the past two 
decades (see Figure 2.3-4). While there is no clear 
trend in defoliation of Pinus sylvestris, Picea abies 
and Fagus sylvatica, the defoliation of Quercus ilex 
and Pinus pinaster has deteriorated since 1992 (note: 
the high mean defoliation values in 2015 for these 
species were due to temporary discontinuation of 
assessments on Spanish plots in that year).

Climatic factors, and in particular drought stress, 
appear to be primary drivers for changes in forest trees 
defoliation. Droughts and water shortages triggered 
an extreme increase of Quercus ilex defoliation in the 
mid-1990s. Picea abies, Fagus sylvatica and temperate 
oaks showed clear reactions to the drought in 2003. 
These reactions are even more pronounced at 
regional level – as was the case with early beech 
autumn  senescence due to the drought in Central 
and Northern Europe in 2018. 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 near future. Climate change is 
also interlinked with other factors affecting forest 
health such as soil acidification and foliar nutritional 
imbalances. Furthermore, the spread of non-native, 
invasive pests and pathogens due to climate change 
increases the risk to tree health and vitality. 

5 https://www.icp-forests.org/pdf/manual/2016/ICP_Manual_2017_02_part04.pdf



74

M
ai

n
te

n
an

ce
 o

f F
o

re
st

 E
co

sy
st

em
 H

ea
lt

h
 a

n
d

 V
it

al
it

y

Figure 2.3-1: Mean defoliation of trees at monitoring plots (all tree species), 2018 

Note: The percentage of plots in each defoliation class is given in the pie chart in the upper right corner.

Figure 2.3-2: Number of symptoms other than defoliation recorded on trees at monitoring plots, 2018

Note: Multiple symptoms can be recorded on the same tree. “All” refers to all symptoms in certain agent groups.
“Atmospheric Pollutants” refers to visible symptoms of the direct impact of air pollution only. All these symptoms may relate to defoliation.
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Figure 2.3-3: Trend in mean plot defoliation of all species over the years 2010-2018 

Note: Plots were included if assessments were available for at least 80% of the time period. Due to changes in plot location in some 
countries, this evaluation is not based on the full set of data.

Figure 2.3-4: Mean defoliation of main tree species, 1992–2018 

Notes: Minimum and maximum number of trees per species: Fagus sylvatica (8 671 - 13 400), Picea abies (10 028 - 26 818), Pinus pinaster 
(668 - 3 841), Pinus sylvestris (15 483 - 36 768), Quercus ilex (683 - 3 985), Quercus robur et petraea (6 363 - 9 369). Trees were included 
if assessments were available for at least 80% of the time period. Due to changes in plot locations in some countries, this evaluation is 
not based on the full set of data. The peak values in mean defoliation for Pinus pinaster and Quercus ilex in 2015 are due to the missing 
assessments on Spanish plots that year.
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Indicator 2.4 Forest damage

Region
Forest area with damage Percent of total forest area

1 000 ha %

North Europe 2 716.3 4.6

Central-West Europe  99.4 6.9

Central-East Europe 1 045.2 2.4

South-West Europe - 0.0

South-East Europe  572.6 2.0

EU-28 3 767.4 4.2

Europe 4 433.5 3.3

Table 2.4-1: Forest area with damage, by region, 2015

Note: Data coverage as % of total regional forest area: NE 83%, C-WE 4%, C-EE 100%, S -E 0%, S -EE 71%, EU-28 56%, Europe 59%.

Forest and other wooded land with damage, classified 
by primary damaging agent (abiotic, biotic and human 
induced) 

Key findings

• The most damage to the European forests has 
been caused by windstorms and snow, insects and 
diseases, wildlife (particularly large ungulates) and 
grazing by domestic animals. The damage caused 
by forest fires and forest operations was well below 
1% in most countries. 

• The damage caused by insects, diseases and fire 
has decreased since 1990 whereas the damage by 
wind and snow has increased. 

• Fires mostly affect the Mediterranean region and 
storm, wind and snow more the North, South-East 
and Central-East European regions. The influence 
of ungulate browsing can be considered European-
wide.

Introduction
Several disturbance agents affect forests in Europe. 
The agents can be biotic or abiotic, natural or human-
induced. Biotic agents include insects and diseases, 
wildlife (especially browsing by large ungulates), 
and domestic grazing in woodland. Abiotic agents 
may include fire, wind, snow, drought, air pollutants, 
mudflows and avalanches. Certain degree of damage 
is an essential component in natural forest dynamics  
as it fosters processes such as regeneration, 
selection, adaptation and evolution. In managed 

forest ecosystems, however, damage often results 
in economic losses. It can furthermore hinder the 
provision of ecosystem services. Human-induced 
long-range impacts on the environment, such as 
air pollution and climate 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 impacts can reinforce damage 
by droughts, fires, storms and insect outbreaks.

Status

Damaged forest area

A forest can be affected by more than one damaging 
agent, for example by insects following storm damage, 
drought or fire. Therefore, in order to avoid double-
counting, the reporting countries were requested 
to specify both the total area of damaged forests, 
regardless of the damaging agents, and areas subject 
to individual damaging agents.

Information on the total area of forests with damage 
(Table 2.4-1) was provided by 22 countries repre-
senting 59% of the total forest area in the region. Based 
on the information available, about 3% of the total 
forest area of reporting countries is affected by some 
type of damage. The largest proportions of forest area 
with damage were reported for Republic of Moldova 
(19.5%) and Sweden (9.4%), followed by Ireland (7.3%), 
Belgium (6.4%) and Denmark (5.5%). In the remaining 
17 countries, the proportion of damaged forest ranged 
from 4.3% (Croatia) to less than 0.1% (Latvia).
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Heavy attacks by insects and phytopathogens 
(bacteria, viruses, fungi) may cause major impacts 
on forests, resulting not only in weakening of forest 
ecosystem health and vitality but also considerable 
economic losses. Insects and micro-organisms 
are likely to react to impacts of climate change. 
Symptoms of a certain damage may usually remain 
visble for more years. Substantial wind damage and 
drought can contribute to the mass propagation of 
bark beetles. Such effects have not been so visible 
in the reporting year 2015 but show very prominent 
in recent years (2018 and 2019) and will most likely 
impact forests in the years to come.

Information on the area of forests damaged by 
insects and diseases (Table 2.4-2) was provided by 
29 countries (74% of the forest area of Europe). 1% of 
the forest area of reporting countries in Europe and 
the EU-28 respectively is damaged by insects and 
diseases. In European regions, it ranges from 13.2% 
in South-West Europe (only Portugal has reported 
damage  from  this  region)  to  0.3%  in  South-East 
Europe. The highest proportions of forest area 
damaged by insects and diseases were reported 
by Republic of Moldova (19.5%) where all forests 
are reported to be in protected areas, Liechtenstein 
(15.8%) and Portugal (13.2%).

Insects and diseases

Region
Forest area with damage Percent of total forest area

1 000 ha %

North Europe 609.8 1.0

Central-West Europe 146.6 0.5

Central-East Europe 399.5 0.9

South-West Europe 436.0 13.2

South-East Europe 92.4 0.3

EU-28  1 366.4 1.1

Europe  1 684.3 1.0

Table 2.4-2: Area of forests damaged  by insects and diseases, by region, 2015

Note: Data coverage as % of total regional forest area: NE 83%, C-WE 81%, C-EE 100%, S-WE 11%, S-EE 73%, EU-28 76%, Europe 74%.

Forests are the natural habitat for a wide range of 
wildlife. In the case of unnaturally high populations, 
some herbivore species can pose a threat to the 
regeneration of forests, reduce the number of tree 
species and call for often costly protection measures. 
With the exception of rather local occurrences, 
grazing by domestic animals is not considered a 
problem.

19 countries reported information on damage by 
wildlife and grazing. These countries cover about 
47% of the European forest area (Table 2.4-3). The 

forest area damaged by wildlife was highest in North 
Europe (1.3%) and lowest in South-East Europe (0.1%), 
while no information was provided for South-West 
Europe. 

In summary, 1% of forest area of reporting countries in 
Europe and EU-28 respectively suffer from damage 
caused by wildlife. Ireland (4.5%), Belgium (3.9%) and 
Sweden (2.8%) had the most considerable damage by 
wildlife in terms of affected forest area. For the rest of 
the reporting countries, proportions ranged from 1.5% 
to less than 0.1%.

Wildlife and grazing



78

M
ai

n
te

n
an

ce
 o

f F
o

re
st

 E
co

sy
st

em
 H

ea
lt

h
 a

n
d

 V
it

al
it

y

Region
Forest area with damage Percent of total forest area

1 000 ha %

North Europe 790.2 1.3

Central-West Europe 71.5 0.5

Central-East Europe 81.2 0.3

South-West Europe - -

South-East Europe 5.5 0.1

EU-28 948.4 1.0

Europe 948.4 0.9

Table 2.4-3: Area of forests damaged by wildlife and grazing, by region, 2015

Note: Data coverage as % of total regional forest area: NE 83%, C-WE 37%, C-EE 56%, S-WE 0%, S-EE 17%, EU-28 59%, Europe 47%.

Fires increasingly  occur in most European countries, 
but particularly affect forests in the Mediterranean 
region. While controlled burning can support forest 
resilience against fires and may have positive effects 
on ecosystem biodiversity, uncontrolled forest 
fires, especially mega-fires, which some European 
countries have experienced during the recent years, 
can have major negative consequences for forest 
ecosystems (e.g. desertification, soil erosion, impact 
on water supply), result in the tragic loss of life and 
property and cause major economic losses for forest 
owners.

In 2015, data were available for 31 countries covering 
about 87% of the total European forest area. Fires 

were reported on less than 0.1% (161 540 ha) of the 
forest area of reporting countries in Europe and on 
92 120 ha in EU-28 (0.1%) (Table 2.4-4). The largest areas 
damaged by forest fires are reported in South-West 
Europe (54 670 ha) and South-East Europe (52 630 
ha). Those two regions account for more than 66.4% 
of the fire-affected area in Europe. 

In recent years, southern European regions were 
severely impacted by forest fires. Fires have also 
become more frequent in European regions, which 
have so far been only little affected. Due to the 
exceptionally hot and dry summers 2018 and 2019, 
these regions are now also being confronted with 
more severe forest fires and their impacts.

Forest fires

Region
Forest area with damage Percent of total forest area

1 000 ha %

North Europe 0.5 0.0

Central-West Europe 25.8 0.1

Central-East Europe 28.0 0.1

South-West Europe 54.7 0.2

South-East Europe 52.6 0.2

EU-28 92.1 0.1

Europe 161.5 0.1

Table 2.4-4: Area of forests damaged by forest fires, by region, 2015

Note: Data coverage as % of total regional forest area: NE 83%, C-WE 81%, C-EE 100%, S-WE 89%, S-EE 81%, EU-28 91%, Europe 87%.
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Windstorms and heavy snowfalls represent a serious 
threat to forests. They may have considerable 
financial impacts, negatively affect landscape quality 
and wildlife habitats. More than 130 such events have 
caused notable damage to forests in Europe since the 
1950s, with two such destructive storms, on average, 
each year (Gardiner et al., 2013). Some windstorms 
(e.g. Lothar, Gudrun, Kyrill, Klaus) were very severe. 
They resulted not only in high economic losses but 
also deprived many forest owners of their livelihoods. 
They disrupted timber markets and were often 
followed by bark beetle infestations. More recently, 
Slovenia faced an unprecedented ice storm in 2014, 
in 2015 storm Niklas caused considerable damage in 
Germany, while in 2016 Belarus was hit by a powerful 
windstorm, and devastating storms continue to 
occur. 

In October 2018 in the north-eastern Italy, the 
windstorm Vaia affected 2.3 million ha of land area 
and with it nearly 500 municipalities. It destroyed at 

least 42 500 ha of forest including some of the most 
beautiful and productive forests in Italy located 
in the Dolomites. It downed more than 8.5 million 
m³ of timber causing timber prices to collapse and 
forest owners to lose their livelihoods. In the cases 
of poorly adapted forest stands, such storm events, 
despite all their negative impacts, may also provide 
an opportunity to establish new,  site-adapted and 
resilient forest stands for the future.

In Europe, 1.8 million ha (1.1% of the forest area of 
reporting countries) of forests were damaged by wind 
and snow (Table 2.4-5). 25 countries reported on this 
damaging factor, representing 73% of the forest area 
of reporting countries in Europe. The most affected 
regions were North and South-East Europe. The 
most affected country was Sweden (3.4% of the forest 
area), followed by Romania (2.9%), Bulgaria (2.8%) 
and Croatia (2.6%).  In the majority of countries, the 
affected area was smaller than 1% of the total forest 
area. 

Storm, wind and snow

Region
Forest area with damage Percent of total forest area

1 000 ha %

North Europe 970.9 1.6

Central-West Europe 35.6 0.1

Central-East Europe 291.1 0.7

South-West Europe - -

South-East Europe 464.6 1.6

EU-28 1 435.5 1.2

Europe 1 762.2 1.1

Table 2.4-5: Area of forests damaged by storm, wind and snow, by region, 2015

Note: Data coverage as % of total regional forest area: NE 83%, C-WE 81%, C-EE 99%, S-WE 0%, S-EE 73%, EU-28 74%, Europe 73%.

Direct human-induced factors include damage by 
harvesting and forest operations. They can cause 
economic losses, the reduction in tree health 
and vitality, and other negative effects to forest 
ecosystems.

Tourism and recreational activities are an important 
ecosystem service that forests provide and it 
continues to grow.  However, this can result in a variety 
of negative impacts to forest ecosystems ranging 
from massive disturbances of forest wildlife, erosion, 
extensive networks of trails to littering and vandalism. 

Human-induced damage by unidentifiable causes 
may include impacts e.g. of air pollution (see Indicator 
2.1) or traffic.

Damage by forest operations and other human-
induced factors is presented in Table 2.4-6. 
Approximately 0.2% or 184 480 ha of the forest area 
of reporting countries were damaged by forest 
operations. For the majority of regions, the area 
affected was very minor (0.1% of the forest area), with 
the value slightly higher for North Europe (0.2%).

Human-induced damage
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Region
Forest area with damage Percent of total forest area

1 000 ha %

North Europe  137.4 0.2

Central-West Europe  12.7 0.1

Central-East Europe  29.4 0.1

South-West Europe - -

South-East Europe  5.0 0.1

EU-28  179.6 0.2

Europe  184.5 0.2

Table 2.4-6: Area of forest damaged by forest operations, by region, 2015

Note: Data coverage as % of total regional forest area: NE 83%, C-WE 51%, C-EE 45%, S-WE 0%, S-EE 15%, EU-28 58%, Europe 46%.

Unspecified and/or mixed damage was reported by 
16 countries, representing 60% of the total European 
forest area. The affected areas ranged in size from 40 
ha (Latvia) to 210 000 ha in (Poland). 

Comparison of damage sources
Figure 2.4-1 presents a holistic view of the different 
reported damaging agents. Among the individual 
agents, the most prominent are windstorms, insects 

and diseases, wildlife and grazing by domestic 
animals. Damage by forest fires, forest operations and 
unspecified mixed damage follow at a considerable 
lag. The higher abundance and severity of some 
damaging agents may have resulted from changed 
climate conditions in the past decade. They may 
be influenced by human intervention to a certain 
degree and are thus linked to policy measures and 
forest management practices.

Unspecified and mixed damage

Figure 2.4-1: Percentage of forest area damaged by different agents, 2015

Note: For data coverage see tables 2.4-1 to 2.4-6.

The year 1990 was omitted here due to lower number 
of the reporting countries for the trend analysis. No 
consistent trends could be identified in the extent 
of forest areas affected by the different damaging 

agents between 2000 and 2015. This may be due to 
the limited number of countries that provided data 
for each of the considered points in time (Table 2.4-7). 

Trends
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Damages
Number 

of countries reporting

Forest area 
in reporting countries

1 000 ha

Share of European forest 
area covered by data 

%

Insect and diseases 20  85 588.5 38.0

Wildlife and grazing 14  43 695.3 19.4

Storm, wind and snow 18  82 508.3 36.6

Forest operations 9  23 703.4 10.5

Human-induced 10  34 592.8 15.3

Fires 26  145 195.0 64.4

Fires human induced 7  71 500.9 31.7

Unspecified 10  56 048.3 24.9

Table 2.4-7: Data available for assessment of the trends on forest damage between 2000-2015

The number of countries reporting observations 
diverge between survey intervals. This makes it 
difficult to analyse results in a time series. Therefore, 
trends are presented only for damage types, for which 
continuous time series are available for at least 20% 
of the European forest area (i.e. insects and diseases, 
storm, wind and snow, and fires; Figure 2.4-2). Note that 
the presented results only reflect a part of the actual 
situation and can be highly influenced by the figures 
of individual countries. Therefore, it is recommended 
not to use them as a basis for generating trends for the 
entire European forest area.

Figure 2.4-2 presents the development of forest area 
affected by damaging agents for countries that have 
made available trend data for the years 2000 to 
2015. Forest areas affected by fire decreased slightly 
between 2000 and 2010. From 2010 to 2015, a 

minimal increase can be observed. 

The areas damaged by insects and diseases, for which 
20 countries provided a complete time series, has 
decreased since 2005. The damaged areas more than 
halved between 2000 and 2015 with a strong decline 
between 2005 and 2010. This development can be 
mainly assigned to data reported by Romania, where 
the area of forests affected by insects and diseases 
decreased from 1.3 million ha in 2000 to 37 680 ha 
in 2015. In contrast, the respective areas increased for 
Portugal, Republic of Moldova and Ukraine.

The area damaged by, wind and snow showed a slight 
increase in 2005 and then a more visible one in 2015. 
Out of the 18 countries providing a complete data set, 
this development can be explained by data provided 
from Turkey, Romania and Bulgaria for the year 2015.

Figure 2.4-2: Trends in damaged forest area by agents, 2000-2015

Notes: n – number of countries which provided information on all years.
Data coverage as % of total regional forest area: Insect and diseases: 38%, Wildlife and grazing 19%, Storm, wind and snow 37%, Fires 64%.
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Indicator 2.5 Forest land degradation

Trends in forest land degradation 

Key findings

• Forest land degradation can be assessed as the 
number and intensity of relevant land degradation 
processes, or as the extension of the degraded land 
area resulting from these processes. 

• On the other hand, forestry activities can restore 
formerly degraded forest and other land and 
reduce the area affected by forest land degradation.

• Missing data in actual pan-European reporting 
render the quantitative analysis and presentation 
of the indicator in this report impossible.

Forest land degradation can be understood as 
reduction or loss of the biological or economic 
productivity and complexity of forest resulting 
from land use or from a process or combination of 
processes, including processes arising directly or 
indirectly from human activities and habitation 
patterns such as:

• soil erosion caused by wind and/or water,

• deterioration of the physical, chemical and 
biological properties of soil and

• long term loss of natural vegetation or permanent 
modification towards regressive stages.

The degradation of forest resources can have serious 
environmental, social and economic impacts and 
reflects a reduction of provided goods and services, 
such as productivity, biomass, or biological diversity. 
The term refers to a process of change that negatively 
affects forest functions. The process of change is 
caused by disturbances, which can vary in type, 
extent, effect, severity, cause and frequency. The 
disturbances can be natural (e.g. fire, wind, drought, 
massive erosion), human-induced (overexploitation, 
forest pasture exceeding carrying capacity, mining, 
inappropriate land-use change) or a combination of 
these two causes. Also, indirect causes as chemical or 
nuclear contamination, long-range trans-boundary 
air pollution, exposure to ammunition or changes of 
site conditions can contribute to degradation. The 
perception of forest land degradation depends on the 
drivers of degradation and the goods and services of 
most interest. A pilot study was conducted to develop 
and implement this indicator (FOREST EUROPE, 
2019c), which is also reflected in the formulation of 
the indicator definition.

The full text of indicator 2.5 (trends in land 
degradation) can be interpreted as either (1) processes 
contributing to forest land degradation or (2) the 
change of land areas that meet degradation criteria. 
The two approaches require different assessment 
concepts. The first approach requires the assessment 
of a defined number and intensity of processes and 
allows the early detection of progressive degradation 
long before a final and possibly irretrievable state is 
reached. However, there are operational problems 
with implementation. Since many of the processes 
concerned are present on practically every piece of 
land, reasonable threshold values must be defined 
for each process. The acceptable intensity of any 
process could be set differently depending on the 
perspectives and interests involved and must be 
seen in the field of tension between degradation and 
(positive) development. The majority of degradation 
processes are difficult to record, and therefore data for 
larger areas are usually incomplete. In contrast to the 
monitoring of processes, the assessment of degraded 
areas is much easier and could be integrated 
into national forest inventories, for example. This 
makes an irretrievable final state the subject of the 
assessment, which may not permit the introduction 
of early measures to prevent degradation. In addition, 
degradation processes generally proceed slowly, so 
that five-year changes in the area of degraded land 
may be small and therefore be difficult to monitor 
with sufficient accuracy. The definition of degraded 
forest land proposed by FOREST EUROPE expert 
group is area-based and not process-based. 

Forest land degradation has been added as a new 
indicator to the updated pan-European indicators 
for sustainable forest management. Its definition was 
developed just before data collection and limited 
information were available at the country level. 
Therefore, no quantitative information on the status 
and trends of forest land degradation or forest land 
restoration can be presented.

Definition of degraded forest land used for the pan-
European reporting 2020:

Forest land severely damaged, e.g. by the 
desertification, fires, grazing, air pollution, erosion, 
unsustainable management, etc., that lost tree 
cover and with soil damaged to such a degree, that 
severely hampers or delays the re-establishment of 
the stocking.

Note: After stocking is re-established, the area can 
still be considered as a degraded forest, but not 
degraded forest land.
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Indicator C.2: Policies, institutions and instruments 
to maintain forest ecosystem health and vitality

Most countries have policy objectives on the 
maintenance of forest health and vitality but also 
funding of damage prognosis and respective 
prevention is of high importance. Various quantitative 
targets related to the policy objectives were indicated 
by about one-fifth of the reporting countries focusing 
mainly on forest fires, ungulate browsing and insect 
outbreaks. The institutional measures implemented 
to achieve these objectives relate to policies and 
strategies for the prevention and control of hazards, 
crisis management, distinctive services for damage 
monitoring and reporting, forest-fire prevention and 
protection as well as reduction of soil degradation. 
Policy tools put in place to achieve these objectives 
include financial support mainly through the Rural 
Development Programme, amendments of related 
laws and information programmes on forest health 
and vitality issues. Systematic restoration of forests 
affected by abiotic and biotic damage and the 
implementation of various forest-fire-prevention 
activities are the main achievements over the past 
five years. The major challenges and obstacles to 
maintain forest health and vitality comprise the 
increasing threat of damage to forests by harmful 
organisms and extreme weather events, mass dying 
of trees and whole stands and an unclear adaptive 
potential of tree species.

The majority of countries have policy objectives on 
the maintenance of forest health and vitality; funding 
of damage prognosis and respective prevention is 
also of high importance.

Almost all reporting countries (27 of 30) reported on 
national policy objectives to maintain forest health 
and vitality. They focus on the following topics in 
their national reports:

• reducing the susceptibility of forest ecosystems 
to  threats  and  adapting  management  towards 
healthy and resistant forests was mentioned by 
19 countries due to their raising concern about 
increasing climate change-induced damaging 
events, 

• monitoring and reporting of forest health and 
condition to obtain precise information on forest 
damage, pests, diseases and invasive species was 
stated by eight countries from all over Europe, 

• funding the development and modernisation of 
systems for prognosis and respective prevention 
of damaging agents and damaging events, 
distinctively forest fires, was reported by 13 
countries from all European regions, 

• securing regeneration after disturbances and 
damaging events was mentioned by three 
countries, 

• guaranteeing the necessary forest-wildlife balance 
was stated by three Central-West European 
countries, 

• developing and applying the latest science 
and evidence of the full range of threats to tree 
health and strengthening resilience as well as 
communicate this also to forest owners was 
reported by three countries, 

• achieving biosecurity was reported by two 
countries which are islands, 

• forest demining and related restoration of degraded 
forest areas is a prerequisite for sustainable 
forest management in former war zones and was 
reported as policy objective by two countries from 
Central-East and South-East Europe, 

• creating legal and economic preconditions to face 
calamities in protected forest areas was highlighted 
by one Central-East European country.

Quantitative targets related to these policy objectives 
were indicated by about one-fifth of the reporting 
countries, focusing mainly on forest fires, ungulate 
browsing and insect outbreaks. 

Although most countries have policy objectives 
related to Criterion 2, only six countries reported on 
related quantitative targets (see Table C.2-1).

Key findings
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Country Target

Austria
10% reduction in the number of stems affected by bark peeling in forests available for wood supply 
(FAWS) by the year 2025 (reference year 2000/2002).

Austria Reduction of peeled stems in protective forests (less than 5%)

Croatia To clean up 404 km² of mine suspected areas until 2025

Estonia 100% of spring and summer fellings treated with antagonists of root rot

Poland Construction or modernisation of 150 forest fire observation stands

Poland
10% reduction of forest areas (State Forests Holding) affected by forest fires compared to the period 
2012-2014

Slovakia
Support of about EUR 20 million in 2015-2020 for forest regeneration after wind and insect calamities 
as well as tending of subsequent stands in line of adaptation measures

Slovenia Protective measures against browsing on 800 ha

Slovenia 2 700 working days per year to be spent on prevention and control of insect outbreaks

Table C.2-1: Country-specific targets on forest ecosystem health and vitality 

The institutional measures implemented to achieve 
these objectives relate to policies and strategies 
for the prevention and control of hazards, crisis 
management, particular services for damage 
monitoring and reporting, forest-fire prevention and 
protection as well as reduction of soil degradation.

Six countries, mainly in Central-West Europe, 
developed or strengthened measures, policies and 
strategies for the prevention and control of abiotic 
and biotic hazards including the development of 
crisis management within their existing institutional 
framework. Eight countries, mainly in Central-West 
and Central-East Europe, established State forest 
departments or services which monitor damaging 
agents including negative effects of climate change 
on forests. Another eleven countries from all 
European regions informed on damage monitoring 
and reporting including conducting tree pathogen 
surveys and the participation in the International 
Co-operative Programme on Assessment and 
Monitoring of Air Pollution Effects on Forests (ICP 
Forests). Four countries developed or updated 
programmes for forest fire prevention focusing 
on  e.g.  the  improvement  of  forest  fire  protection 
systems, automated forest fire detection systems, 
establishment of forest fire observation stands 
and the procurement of specialised fire-fighting 
vehicles. Six Central European countries have 
implemented various measures to improve the soil 
quality and nutrient balance in the forest and to 
reduce soil degradation. One South-West European 
country developed a National Action Plan Against 
Desertification. Further institutional measures 

of single countries comprise the establishment 
of a working group on holm oak decline and a 
reconstitution scheme to address the Ash dieback. 
Specific education for forest owners and employees 
for the identification and management of abiotic 
and biotic hazards and damaging agents in the forest 
were reported by three countries. Three countries 
from North and Central-West Europe reported on 
an implemented control of timber and other woody 
imports as well as the inspection of imported living 
plants.

Policy tools put in place to achieve these objectives 
include financial support, mainly through the Rural 
Development Programme, amendments to related 
laws and information programmes on forest health 
and vitality issues.

Various financial tools were reported by 13 countries 
from all over Europe. This comprises financial support 
mainly through the Rural Development Programme 
in eleven European countries provided for 
adaptation, prevention e.g. against browsing, insects, 
pests, diseases, landslides, avalanches, floods and 
restoration measures e.g. for airborne liming in areas 
affected by air pollution to improve the soil. In two 
countries public investments for forest fire protection 
systems were provided. Funding of research related 
to Criterion 2 was granted in two countries. In a South-
East European country, the payments for forest 
ecosystem services are being used for afforestation, 
reforestation, protection, prevention and demining. 
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Legal tools applied for the protection of forests against 
diseases, pests and other damage were mentioned by 
nine countries from all over Europe. In three of these 
countries, the National Forest Acts were amended on 
forest protection issues. In one Nordic country, large-
scale forest damage prevention was amended in the 
Forest Damages Prevention Act. A new plant health 
act, as well as the implementation and assessment 
of a Tree Health Strategy and the establishment of a 
plant health risk register, was reported by a Central-
West European country. Statutory plant health 
notices and legal tools to ensure that diseased trees 
are removed as soon as possible to restrict spread 
were reported by two countries. 

Information tools applied have been reported by ten, 
mainly Central European countries. Communication 
programmes on forest health and vitality issues were 
elaborated in five of those countries resulting in 
public information campaigns and awareness-raising 
for foresters and forest owners. Single countries 
reported on: maintaining close cooperation with the 
meteorological service and with local authorities for 
fire warning and for winter storms; a publication on 
forest protection modules; a biosecurity plan “keep 
it clean”, an electronic atlas of harmful agents and 
strengthened communication methods which are 
obligatory in high fire risks periods.

Systematic restoration of forests damaged by 
abiotic and biotic agents and the implementation of 
various forest-fire-prevention activities are the main 
achievements in the area of Criterion 2 over the past 
five years.

20 European countries reported on achievements to 
maintain forest health and vitality over the past five 
years. It was reported that the staff responsible for 
plant health across Europe and further afield liaise 
to keep abreast of the latest threats, monitor their 
progress and act to prevent their spread. In this regard, 
it was also reported that pest and disease control of 
wood imports was effectively implemented. 

The successful implementation and improvement of 
forest fire prevention and suppression activities were 
highlighted by six countries comprising, inter alia, fire 
observation towers, forest fire-prevention belts, IT-
based automated forest fire detection systems, a geo-
information system for forecasting and monitoring 
forest fires, modern fire-fighting equipment or maps 
for finding water resources. The average forest fire area 
was being kept small in those countries. Eight mainly 
Central European countries reported on ensured 
financial support for prevention or reconstitution 

schemes introduced for forests affected by abiotic 
and biotic damaging agents and related systematic 
forest restoration or recovery activities. 

Three countries reported general public awareness-
raising and targeted reporting for decision-makers. 
Good cross-administrative sector cooperation and 
coordination on the maintenance of forest health 
and vitality was also mentioned as an achievement 
by six Central-West European countries. Two of them 
reported in detail on dialogues between the highest-
ranking hunting and forestry representatives and 
authorities to develop solutions for game induced 
damage. Two South-West European countries 
informed about recent improvements to fulfil forest 
health and vitality related national and international 
reporting requirements.

The major challenges and obstacles to maintain 
forest health and vitality comprise the increasing 
threat of damage caused to forests by harmful 
organisms and extreme weather events, intensive 
mass dying of trees and whole stands and an unclear 
adaptive potential of tree species.

The spread of new pests, diseases or invasive species 
due to imports from abroad and other biotic and 
abiotic hazards are on the increase. The main causes 
of this development include climate change and 
the rise in global trade. These developments might 
become even more pronounced in future. Hence, 15 
European countries from all regions see it as a major 
challenge to increase the stability and the reduction 
of vulnerability of forest ecosystems and to secure 
continuously all forest functions and services. 

Six countries pointed that more extreme climatic 
events (e.g. storm, ice break, droughts, insect 
calamities) require significant financial investments 
for early detection and identification as well as rapid 
and efficient sanitary cutting, timber processing 
and restoration of the forest areas. In this regard, 
the low predictability of climate change-based 
natural phenomena in terms of type, amplitude and 
duration as well as their economic and ecological 
(social) impacts were mentioned by one Central-West 
European country. Five Central European countries 
highlighted that further knowledge and experience 
will be needed to conduct the most effective climate 
change-related adaptive forest management. The 
size of game populations adapted to the habitat and 
optimised hunting methods to ensure an ecologically 
viable game impact require increased efforts in four 
Central-West European countries. 

Reaching a generally good quality of the site
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conditions (quality of air, water, soil) in combination 
with increased quality conditions for specific sites 
with high conservation values were reported 
challenging by two Central-West European countries. 
Further on, particularly challenging for a few 
countries are seen: forest-related biosecurity; to 
organise a feasible early warning system for invasive 
species; to combat the progress of desertification and 
soil erosion. The challenge for transformation at all 
levels and the urgent and comprehensive need to 
respectively act and to operate also in other sectors 
like transport, industry, energy, etc. to mitigate climate 
change and thus to avoid climate change-induced 
damage was highlighted by three Central-West 
European countries. 

Obstacles to maintaining forest health and vitality 

have been reported by ten countries and focus 
on intensive mass dying of forest tree species (e.g. 
ash) and unclear adaptive potential of tree species. 
Together with biotic and abiotic forest damage, 
this is leading to worsening sanitary conditions in 
forests. Emissions from other sectors are leading to 
pollutant accumulation (e.g. nitrogen, lead, nuclear 
contamination). 

Human-induced forest fires and increasing impact 
on and disturbance of the wildlife habitats caused 
by recreational use and tourism was also reported 
as respective obstacles. Further, the diffusion of 
invasive plant species was considered difficult to 
halt. One South-Eastern non-EU country reported 
as an obstacle the lack of disease and pest control 
mechanisms for traded wood-based  products. 




