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Introduction

1 Since 1986, the International Cooperative Programme on Assessment and Monitoring of Air
Pollution Effects on Forests (ICP Forests) and the European Union (EU) have been cooperating closaly
in monitoring the effects of air pollution and other stress factors on forests. The activities pursue the
objectives of resolutions of the Ministeria Conference on the Protection of Forests in Europe (resolution
S1 - Strasbourg, H1 - Helanki, L2 - Lisbon). Today 39 countries are participating in the monitoring
programme, which contributes to the implementation of clean air policies under the UNECE Convention
on Long-range Transboundary Air Pollution, EU legidation, aswell as nationd policies and legidation.

Documents prepared under the auspices or at the request of the Executive Body for the Convention
on Long-range Transboundary Air Pollution for GENERAL circulation should be consdered
provisond unless APPROVED by the Executive Body.
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2. The objectives of the monitoring programme are:

@ To provide aperiodic overview of the spatid and tempora variation in forest conditionin
relation to anthropogenic and natura stress factors for a European and national large-scale systematic
network (leve 1);

(b) To contribute to a better understanding of the relationships between the condition of
forest ecosystems and dress factors, in particular air pollution, through intensive monitoring of a number
of sdlected permanent observation plots spread over Europe (levd 11);

(© To contribute to the caculation of critica levels, critical loads and their exceedancesin
forests;

(d) To collaborate with other environmental monitoring programmes in order to provide
information on other important issues, such as climate change and biodiversity in forests, and thus
contribute to the sustainable management of Europesan forests,

(e To compile information on forest ecosystem processes and to provide policy makers and
the public with rdevant information.

3. The objectives of the programme are met through a systematic large-scale monitoring network
(leve 1) and an Intensive Forest Monitoring Programme (levd 11).

4, At leve | goproximatdy 6 000 permanent plots are systematicaly arranged in a 16 km x 16 km
grid throughout Europe. At these Sites crown condition is assessed annually. In addition, soil and/or
foliage surveys were conducted on most of the plots. A new soil survey is under discussion.

For intensve monitoring, more than 860 leve |1 plots have been sdected in the most important forest
ecosystems of the participating countries. A larger number of key factors are measured on these plots;
the data collected can be used for case studies of the more common combinations of tree species and
dtes. Key factors measured at both levels form the basis for an extrgpolation of results. The inclusion of
further parameters and surveysis currently being considered.

l. PRESENT DEPOSITION AND CRITICAL LOADS OF NITROGEN, ACIDITY AND
HEAVY METALSFOR FOREST ECOSYSTEMS

5. For most European countries, critica load maps for nitrogen and acidity are available based on
edimated data. The large number of leve 1l plots, their comparatively wide digtribution and the extensive
database offer the posshility of vdidating and improving existing models and contributing to the
development of new methods. A Europe-wide assessment of critical 1oads based on measured data of
intengive monitoring plots in comparison with measured present loads has not yet been avallableand is
presented for the first time in this report. As data collection, submisson and vaidation are rather time-
consuming, data up to 1999 were used. Evauations were conducted after intensve checks on data
reliability and consstency. Critical loads were calculated for gpproximately 230 intensive monitoring plots
for which dl rdlevant data on deposition, meteorology, forest growth and soil and soil solution chemistry
were available. Results for nitrogen are reported as the sum of nitrate (NOs) and ammonium (NHy).
Acidity is defined as the sum of suphate (SO,) and nitrogen.
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A. Definition of criticd limits and loads

6. Atmospheric inputs affect different parts of the forest ecosystems smultaneoudy. Therefore,
various related critical loads that take into account these different effects can be cadculated. The lowest of
theseisthe critical load relevant for the protection of the specific ecosystem. It has to be remembered
that the critica |oads presented refer to a steady state. An excessimplies an increase in the concentration
of nitrogen and acidity, ultimately reaching the criticd limit. In practice the time before effects become
visible can take several years or decades.

7. In this report critica loads for nitrogen which am at no further net accumulation of nitrogen in the
soil were calculated. The calculations are based on anitrogen threshold in the soil solution of 0.28 g.ni®
(0.02 mol..m®). For sites with higher values, increased leaching is to be expected. In addition, critical
nitrogen loads which am at ensuring that concentrations of nitrogen in the foliage of trees stay below a
critica limit of 18 g.kg™* are indluded. Above this limit, effects on trees such as an increased vulnerability
to drought stress, frost, pest and diseases can be expected. Another approach ams at determining the
effects of nitrogen deposition on ground vegetation. Here, the limits are based on empiricd data.

8. The critica loads for acidity take into account the impact on tree roots of free duminium in the
s0il solution. They were caculated by aming for ratios of toxic duminium to base cationsin the soil
solution staying below acritical limit of 0.8 for pine and spruce and 1.6 for oak and beech. Other critical
loads for acidity assume no further loss of exchangeable base cations in base-rich forest soils (loess, clay
and peat s0ils) and no further loss of readily available auminium in base-poor sandy forest soils.

9. Criticd loads for heavy metas which ultimately lead to concentrations in soil solution that may
affect soil organisms were calculated. For cadmium a concentration of 0.8 mg.ni® was used; for lead the
limit was 8 mg.ni°.

B. Nitrogen

10.  Theaverage nitrogen deposition from 1995 to 1999 on al 234 plotsis 19 kghat.yr™. The
lowest loads were found for pine, followed by spruce, reflecting their location in mostly low-deposition
areas, such as Scandinavia (table 1). High nitrogen inputs above 22.4 kgha™.yr™* (1 600 mol.hatyr™)
occur only on plotsin Central Europe. Tota nitrogen input is generaly found to be much lower on plots
in Northern and Southern Europe.

11.  Theaverage critical load aming & no further nitrogen accumulation in the soil was near 8 kg.hal
! yr*. These critical loads were exceeded on 92% of the evaluated level-11 plots (tables 1 and 2). Critical
loads are lower for pine, which has alower nitrogen uptake, than for the other tree species. High critical
loads characterize ecosystems which are less senstive to high nitrogen inputs. Such plots are mainly
located in Southern Europe, where forest ecosystems, specifically broadlesf forests, have a higher
nitrogen uptake. Results confirm that forests in Northern Europe are more senditive to nitrogen inputs as
the net uptake of nitrogen by treesislow in these regions.

12. Critica nitrogen loads related to effects on tree foliage were higher. Thus reactions of trees
are expected a higher nitrogen inputs only. The average was near 14 kg.ha*.yr™ for pine and near
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20 kg.hat.yr™ for spruce. These loads were exceeded on 45% of the evaluated conifer plots,
indicating an increased vulnerability to drought stress, frost, pests and disease.

13.  Ciritical loads requiring no changes in the ground vegetation were exceeded on 58% of the plots.
This showsthat changes in plant diversty are very likdly in European foredts.

Tablel. Average total present hitrogen deposition load (PDL kg) and critical load (CL kg) in kg.ha™.yr™
and percentage of plots with excess deposition (CLex %). Critical loads are related to effects in the
soil. Values in brackets are given in mol..ha.yr?

Species | Number | PDL kg | CLkg | ClLex

of gtes (%)
Fine 57 15 (1074) | 6 (419) 96
Spruce 96 19 (1359) | 9(618) 86
Oak 28 21 (1476) | 9 (623) 93
Beech 42 22 (1540) | 9 (659) 98
Other 11 17 (1198) | 9(670) 91
All 234 | 19(1329) | 8(580) 92

Table2. Levd-1l plotswith deposition above critica loads related to different compartments of the
forest ecosystem

Ecosystem | Per cent of leve-11 plots with excess of
compartment Critica nitrogen | Criticd acidity loads

loads
Sail 92 64
Tree 45 33
Ground 58 -

vegetation

C.  Addty

14.  Theaverage acid load (nitrogen plus sulphate) on 226 plotsis nearly 2 100 mol.hatyr™. Aswith
nitrogen, the lowest loads were found for pine, followed by spruce (table 3). Rdatively high acid inputs
can be found everywhere in Europe, except in central and northern parts of Scandinavia, but most sites
with the highest acid inputs (up to 3 000 mol.ha™.yr™) are situated in Central Europe.

15.  Criticad loads, which take into account the impact on tree roots through free duminium in the soil
solution, are clearly lower for pine and spruce. These species are more sendtive to auminium than oak or
beech. In generd, the critical acid load increases from the northern borea regions to Southern Europe,
which shows that forest ecosystems in the South are less senditive to acidic inputs. Thisisfirgly dueto
higher neutralizing base cation inputs from the atmaosphere and from soil weathering and secondly to a
higher nitrogen uptake by the vegetation in the South. The critica |oads are exceeded on 33% of the
plots (tables 2 and 3).
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16.  Critical loads rdated to base cation and aluminium poolsin the soil are lower. They are exceeded
on 66% of the plots.

Table3. Averagetota present acid depostion load (PDL mol) and criticd load (CL mal) in - mol..ha
! yr* and excess deposition (CLex %). Critical |0ads are related to effects on tree roots

Species | Number | PDL mol | CL mol | CLex (%)
of gtes
Fne 55 1749 2906 40
Spruce 9 2146 2726 34
Oak 27 2272 4721 25
Beech 40 2346 4624 31
Other 10 2032 5282 18
All 226 2094 3469 33

D. Heavy metds

17.  On average the present lead deposition is much higher than the critical |oad, wheress the excess
issmall for cadmium. The share of plots where critica loads were exceeded was 91% for lead and 29%
for cadmium (table 4). These results are, however, based on very stringent criteriarelated to possible
impacts on soil organiams.

Table4. Averagetotd present deposition load (PDL), critical load (CL) and excess deposition
(CLex excess) of lead and cadmium (in g.ha-1.yr-1)

Number of sitesfor | PDL (gha'yr?) | CL (gha’yr?) CLex (%)
al tree species Lead Cadmium |Lead Cadmium |Lead Cadmium
242 26 0.38 3.8 0.33 91 29

E. Outlook

18.  Apart from critica loads, present deposition thresholds were also calculated. They take into
account the present plot-specific Stuation and - in contrast to critical loads - do not assume a steady
gate. Thusthey are amore precise ingrument to evauate risks to the forests. Preliminary calculaions
indicate that present deposition thresholds are higher than critical loads for nitrogen, wheress the reverse
istrue for acidity. This aspect will be consdered in greater detail in next year’ s executive report, when
dynamic models will be gpplied to predict impacts of acid deposition scenarios on forest soils. The
further development of critical |oads needs continuation of the close cooperation with other bodies and
programmes under the Convention.
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. GROUND VEGETATION AND FOREST BIODIVERSITY

19.  The gpecies compaogition of the ground vegetation assessed at intendve monitoring plotsisan
indication of the plant diversity of forest ecosystems. Leve 11 offers a unique opportunity to relate the
species composition of the ground vegetation to environmenta factors, including amaospheric deposition.
Thiswas done to identify, where possible, those environmenta factors that most strongly determine the
plant diverdty of the ground vegetation, specificdly in view of the hypothesis that the deposition of
nitrogenous compounds is an important threat. If such factors are known, it may be possible to assess
more precisely the threats to plant diversity so that loca governments might respond proactively.

A. Plant diversity &t plot levd

20.  Anevduation of plant diversty, indicated by the Smpson index, was carried out with the
available datafrom 674 plots. The value of thisindex is higher where there are more species. The results
show that there are large differences between the plots throughout Europe.

21.  Rdationships between plant diversity and species numbers of the ground vegetation on the one
hand and environmentd factors on the other were evaluated for gpproximately 200 plots for which
combined data sets were available, including soil and tree species information, climatic data, and
amospheric depostion (throughfal).

22.  Pat of the variation in the abundance of the various species occurring in the ground vegetation
could be explained by tree species, actud soil Stuation and dimate, mainly in terms of precipitation and
temperaure (table 5). “Rich” soils with high pH, high base saturation and high availability of base cations,
aswell as southern climates and oak forests, seem to determine high plant diversity. The impact of
nitrogen deposition was lower but satisticaly significant. Deposition effects may partly be hidden
because of the relationship between acid deposition and actud soil pH on the plot, which was an
important variable explaining ground vegetation composition. In addition, the results are related only to
the spatid distribution of species. Related studies show that tempora changes in ground vegetation
compoasition can be influenced by atmospheric deposition. This suggests a stronger influence of
deposition on ground vegetation than presented in these results. Future data collection will dlow amore
appropriate assessment of deposition impacts on vegetation changes.

Table5. Explained variance of the species abundances that could be ascribed to the four main groups of

variables based on 194 plots
Variable group Explained variance
Actud soil Stugtion 7.6%
Temperature, precipitation 5.6%
Tree species 4.1%
Deposition 3.3%
Tota 20.6%
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B. Single species in rddation to environmentd factors

23. Relationships between the occurrence probability of individua species and environmentd factors
were investigated for 332 different species. This was done by relating the species occurrence to more
than 10 000 possible combinations of measured leve 1l data. The results show a predominant influence
of soil chemidiry, in particular pH, on the occurrence of single species and confirm the previous findings.
Most species occur in dkaline conditions whereas for acid sites only afew specidly adapted species will
predominate. Thisisin line with current views which accept acidification as afactor that negatively affects
biodiversity. Models are to be developed in the coming years based on the evauations presented. They
will dlow smulations that predict changes in ground vegetation composition under changing
environmenta conditions.

[I. CROWN CONDITION IN 2001 AND PAST DEVELOPMENTS

24.  Theannud crown condition survey isthe main tool of the programme to obtain alarge-scae
overview of the condition of forests in Europe. In 2001 the assessments were conducted in al EU
member States and in 15 non-EU countries on the transnationd 16 km x 16 km grid. Some 132 000
trees were assessed on nearly 6 000 plots during the summer months. Quality assurance measures were
routinely gpplied in the countries and extensve plausibility and consstency checks were carried out by
the Programme Coordinating Centre in Hamburg, Germany. Due to changes in the assessment methods,
French and Italian data sets were excluded from the time series.

25.  The crown condition was assessed in terms of defoliation. This parameter describes the lack of
foliage for each sample tree. Defoliation depends on many stress factors and is, therefore, avaluable
measure to describe the overdl forest condition.

A. Crown condition in 2001 and trends

26.  Almost aquarter (22.4%) of al trees assessed in 2001 were classified as moderately or severdly
defoliated or dead. Crown conditions in the EU member States were dightly better than in Europe asa
whole. Of the plots' four most frequent tree species, European and sessile oak were gtill the most
severely defoliated and aso showed the highest proportion of dead trees (figurel).

27.  Thetemporad development of defoliation was andysed for a sample of al continuoudy monitored
trees. With the exception of the holm oak, mean defoliation of al main tree speciesincreasad in 2001
(figure11). The share of damaged and dead trees (defoliation classes 2-4) of dl specieswas highest in
1995 (25.8%) and decreased in the following two years. Since then a steady but dow increasein
damage has been recorded.

28.  Themid-term development of defoliation varies not only between tree species, but also between
regions. Plot-wise mapping shows that the number of plots with asgnificant increase is dightly larger than
the number of plots with a decrease in mean defoliation.

29.  Regionswith prevailing improvements of crown condition are southern Poland and south
western France. Deterioration took place mainly in eastern Bulgaria and southern Italy. Loca
experts explain the observed deterioration in Southern Europe mainly by unfavourable weather
conditions. For Bulgaria, extensve forest fires were aso reported and the damaged areasin
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southern Italy are among the regions with the highest ozone concentrations in Europe during the
observation period. In addition, beech and chestnut plots suffered from severe insect and fungd
attacks. The improvement in southern Poland is ascribed to areduction in ar pollution and
favourable weather conditions, especidly in the period from 1994 to 1999.

EU Member States Total Europe
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Figurel. Treesin different defoliation classes for main tree species (-groups). Tota Europe and
the European Union, 2001
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continuoudly monitored trees. Sample sizes vary between 1 215 trees for European and
sessile oak and 3 012 for spruce
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B. I nfluences on crown condition

30. In-depth eva uations for Scots pine and beech were carried out for those level-1 plots for which
data on at least three pine or beech trees were continuoudy reported from 1994 to 1999. The evaluation
period ended in 1999, as later deposition data were not available.

3L Defaliation field estimates throughout Europe are strongly influenced by stand age (older trees are
usualy more defoliated) and by the country in which the level-1 plot is located (assessment methods
sometimes vary between countries).

32.  Thelevesof defoliation presented were therefore eva uated as differences between field
estimates and modd led plot vaues which take into account the “stand age”’ and “country” variables and
hence compensate for their influence. The development of defoliation was calculated as the plot-wise
linear gradient of aregresson through al annua mean plot vaues of the years 1994 to 1999. Age and
country influences were negligible for time trend evauations.

33.  Thegeodatigtica method kriging was used to interpolate levels and trends of defoliation, based
on the available leve-1 plots. Interpolated values were caculated only for grid points with more than four
plots avallable in aradius of 100 km. Multivariate models were used to explain defoliation by different
environmenta influences. A coincidence of high defoliation with certain stress factors can be interpreted
as adamaging effect.

1. Scots pine

34. In Estonia, southern Poland and north-eastern Spain, there are regions with relatively high mean
defoliation. However, crown condition hasimproved in these regions. Also, in central Norway a
decrease in the rather high mean defoliation has been observed, whereas in southern Norway the
relatively good crown condition has deteriorated.

2. Common beech

35.  Southern Germany shows ardatively high mean defoliation of beech, which worsened towards
the end of the observation period. Romaniais characterized by high fluctuations in beech crown
condition. The high defoliation in centra Romania decreased until 1999, whereas the relatively low
defoliation in the mid-east and mid-west of the country clearly increased. Other European regions with
deteriorating crown condition for beech trees are north-western Germany and the region aong the
border between Soveniaand Croatia. Improvements were registered for Sovakia and regionsin
Germany.

3. Multiple influences on crown condition

36. Modd results show that high precipitation is related to relatively hedthy tree crowns (table
6). In addition, pine plots show apossble interaction of Ste characteristics and precipitation: on
plots with low and medium water availability there is a postive corrdation between precipitation
and crown condition. It ssems that on these plots an increased water supply improves forest
condition, whereas the reverse is true for Stes with more than enough water available in the soil.
With respect to biotic damage factors, insects (and on beech plots aso fungi) are related to high or
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increasing defoliation. Sulphur deposition was dso corrdated in dl four modds with high or
increasng defoliation. This supports research results on the damaging effects of sulphur inputs. The
correlations between nitrogen inputs and forest condition are not significant and reved ambiguous
conditions. This might confirm current knowledge, as nitrogen inputs on the one hand eutrophy
forest ecosystems but on the other may have acidifying effects. Interaction terms of deposition and
s0il pH in the model (not depicted) show that the effects of depodition in generd depend on the
acidity status of the soil. A linear trend could explain parts of the tempora variation of defoliation
for pine aswdll asfor beech. This shows that there are linear trends which are independent from
the other explanatory variables of the moddl. As dready shown on the maps, however, thereisno
uniform Europe-wide trend, but varying conditions on different plots.

Table 6. Reations between temporal and spatia variation of defoliation of Scotspineand  common
beech and various explaining variables as results of multivariate regresson analyses. The R value
indicates the percentage of variance explained by the model

Variables
Defoliation R* | No. Precipit.| Site*precipit?| Insect | Fungi Deposition® Linear | Age |Country
plc())fts index | interaction S | NH, | NO, trend
Spatia |Pine 60.9 | 1313 - * ++ ++ + - i **
variaion |geech | 41.1 | 399 | - + e wr |
Temporal [Pine 44.5 | 1313 - * + ++ + - *
vaiation |Beech | 393 | 399 | - + S I B *
Notes:
negative -- | significant negative | + | positive ++ | significant positive | * | correlation ** | ggnificant
correlation correlation correlation correlation correlation

& Source: Global Precipitation Climatology Centre (www.dwd.de/research/gpcc).
P Source: EMEP 150 km x 150 km grid (www.emep.int).

IV.  CONCLUSIONS

37.  Approximately athird of Europeis covered by forests. These extensive ecosystems are partly
affected by the deposition of atmospheric pollutants. These inputs act within a complex of other
anthropogenic and natural stressfactors.

38.  Themonitoring programme of EU and |CP Forests joins experts from 39 countries. It operates
nearly 7 000 plots throughout Europe and maintains effective communication with policy makers and the
public. It has become an essentid source of information on clean air policy and impacts of atmospheric
pollution, and its relaion to sustainable forest management, biodiversity and climate change.

39.  Timetrends of itslarge-scale data on forest condition again show an overal deterioration in
crown condition over the past five years, dthough the level of damage is lower than the pesk in the
mid-1990s. More than 20% of al trees assessed in 2001 were classified as damaged. For the first
time correlaions between deposition and deteriorating crown condition were clearly shown in large-
scale evaluations based on 1 300 plots of pine trees and nearly 400 beech plots. Furthermore,
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insect and fungi attacks and unfavourable westher conditions have had an impact on forest
condition.

40.  Under the Intensve Monitoring Programme, total deposition was calculated for more than 200
plots. Inputs of nitrogen from 1995 to 1999 mostly range between 3.5 and 39 kg per hectare per year,
with an average vaue of 19 kg. Average sulphur inputs are around 12.5 kg and range mostly between 3
and 29 kg. The effects of these depositions depend on the sengitivity of the ecosystems. Critica loads for
nitrogen and acidity, which express the highest quantity of inputs tolerable for specific plots were
caculated. Results show that the forests in Scandinavia are particularly sengtive. Critica loads for
nitrogen and acidity were exceeded by present depositions on many plots. These results, calculated
according to the Manual on Methodologies and Criteriafor Mapping Critica Levelg/Loads usng the
measurement data from intensive monitoring plots, may provide an additiona important tool for verifying
models applied and maps produced by other ICPs, in particular by ICP Moddling and Mapping.

41.  TheUnited Nations Conference on Environment and Development convened in Rio de Janeiro in
1992 expressed serious concern about the worldwide loss of biodiveraty and considered atmospheric
deposition as one of the factors that might be responsible for it. The ground vegetation data of the
monitoring programme in relation to the measured environmenta influences now show that the present
acidity atus of the soil is clearly related to the species occurrence. Impacts of nitrogen deposition were
found for some species. Additiona important environmentd influences were precipitation, temperature
and the tree species growing on the plots. The programme has recognized the importance of the
biodiversty issues and its newly established working group is now respongible for intensfied assessments
and evduations that might in the future make it possible to quantify environmenta impacts on florigtic
biodiverdty in forests.

42. Inits 16 years of existence the forest monitoring programme of 1CP Forests and EU has been an
effective promoter, supporter and creator of awareness in the scientific, political and public aress. Its
growing data sets and its infrastructure have become increasingly interesting for other organizations and
projects. At the same time the widened scope of activities requires competent partners. In particular in
the Nordic countries the programme’ s monitoring data are linked to the nationd forest inventories. Also,
their use for monitoring of Natura 2000 habitat typesis under discussion. The work of |CP Forests and
EU takesinto account international processes like the Convention on Biologica Diversity and the
Framework Convention on Climate Change and benefits, for example, from cooperation with the
Minigterid Conference on the Protection of Forestsin Europe and with deposition monitoring networks
in other parts of the world.



