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| nt roduction

1. The International Cooperative Progranme on Assessnent and Monitoring of
Air Pollution Effects on Forests (ICP Forests) established two different
nonitoring systenms to assess the changes in forest condition, and its relation
to air pollution:

(a) An extensive | arge-scale nmonitoring progranme on a systematically
selected grid of 16 kmx 16 km to nmonitor annually the crown condition on
sone 5700 plots, and also to assess the forest soil and forest foliar
condition (level 1); and

(b) An intensive nonitoring network for nore detail ed assessnents, on
sone 860 permanent forest plots, to nonitor tree crown, soil and foliar
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condition, and al so assess tree growth, ground vegetation, and measure

at nospheric deposition and neteorol ogical conditions (level I1).

The results of both are presented with special focus on level Il assessnents.

l. RESULTS OF THE | NTENSI VE MONI TORI NG OF FOREST ECOSYSTEMS | N EUROPE

(LEVEL 11)
1. Plots selected and surveys conducted
2. To better understand the effects of air pollution and other stress
factors on forests, a Pan-European Progranme for |ntensive
and Conti nuous Mnitoring of Forest Ecosystens (level 1) has been

i mpl ement ed. 863 observation plots have been selected. In the European Union
(EU) 512 plots have been installed. In several non-EU countries, including

Bel arus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia,

Li t huani a, Norway, Pol and, Romani a, Russian Federation (St. Petersburg
region), Slovakia, Slovenia and Switzerland, 351 plots have been sel ected, 250
of which have already been installed. In total 760 plots have been install ed.

3. The intensive nmonitoring programe assesses crown condition, increnent
and the chem cal conposition of foliage and soil on all plots. On a limted
nunmber of plots (at |least 10%, atnospheric deposition, neteorol ogica
paranmeters and soil solution chenmistry are assessed. The surveys take place as
fol | ows:

- Crown condition assessnent (at |east once a year);

- Chem cal analysis of the contents of needles and | eaves (at |east every 2
years);

- Soil analysis (every 10 years);

- Increment studies (every 5 years);

- Deposition measurenments (continuous);

- Soil solution (continuous);

- Meteorol ogy (continuous);

- Ground vegetation (every 5 years);

- Renote sensing/aerial photography (once).

4, Table 1 gives an overview of the nunmber of selected plots for the main

surveys. Several countries also plan to carry out additional surveys on, for

i nstance, phytopathology, litterfall, |ichens and/or npbsses, mycorrhiza and/or

fungi, intensive air quality neasurenents, etc.

Tabl e 1. Overvi ew of the nunber of selected plots for the main surveys

Country Selected Crown Soi | Fol i ar I ncrem At m Met eor . Soi | Ground
plots condit. analysis analysis depos. param solution veget

Total EU 512 512 512 512 510 269 138 188 2872/

Non- EU 351 351 343 344 350 227 18 31 211

Tot al 863 863 855 856 860 496 156 219 498

3 sjince ground vegetation assessnment is mandatory in EU, the nunber will

increase to 512 in the future.
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2. Spatial distribution of plots

5. The nost inportant stand characteristic of the forest ecosystemis the
tree species. A standard clustering of tree species was used to obtain
relatively honmpgeneous subsets with sufficient nunbers of plots [1]. The
spatial distribution of the tree species clusters shows (i) a strong
concentration of pine (nmostly Scots pine) and spruce in northern and centra
Europe (especially Poland); (ii) a rather even distribution of npst

br oadl eaves over Europe except for the northern part (Scandinavia); and (iii)
a strong concentration of other conifers and broadl eaves in southern Europe.

3. Strateqgy for a scientific evaluation

6. To evaluate the data in the intensive nonitoring database, a strategy
pl an has been devel oped based on an eval uati on of:

- Clear (long-tern) objectives based on the potentially available data in the
i ntensi ve nmonitoring database

- Studies/activities needed to reach the objectives of the level |1 progranme;

- Priorities for data evaluation, based on a review of key paraneters,
availability of data in tinme and available tools for data eval uation

4. Objectives in view of the potentially avail able data set

7. The level Il database will ultimtely contain data on

- Site factors: stand and site characteristics, stand history / managenent
(all plots);
- Stress factors: neteorol ogical data, air pollution/atnmspheric deposition
data and biotic stress/pests and diseases (a |imted nunber of plots);
“Ecol ogi cal ” ecosystem condition: crown condition, forest growth, ground
vegetation (all plots);
“Chemi cal ” ecosystem condition: foliar chem stry and soil chemstry (al
plots) and soil solution chemstry (a limted nunber of plots).

8. The ultimate objective of the intensive nonitoring programme is to gain
insight into the trends in and rel ati onshi ps between site/stress factors and
ecosystem condition on a | arge, European scale. Mre specifically, the

obj ectives focus on:

- Rel ationships between site and stress factors and the forest ecosystem
condition (correlative studies);

- Trends in stress factors and/or ecosystem condition ¢rend studies);

- The fate of atmospheric deposition in the ecosystemin terms of

accunul ation, release and | eaching (budget studies);

- Critical | oads of atnobspheric deposition, related to the chem cal ecosystem
condition, in relation to present |loads (critical |oad studies);
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- Future inpacts of atnospheric deposition on the chem cal ecosystem condition
(future imnpact studies);

- The relevance of the results for all investigated plots (at many plots
several data will be m ssing) and on a European scal e (pscaling studies).
9. The studies needed to reach the objectives are in parentheses. Exanples

of such studies are presented in [1l]. These exanples are based on previously
executed studies in various countries, using simlar data as those obtained on
level Il. They include exanples of (i) correlative studies with crown
condition in Norway, the Netherlands and al so on a European level; (ii) a
trend study on deposition, soil and soil solution chem stry on the national
level in Germany; (iii) input-output budget studies for forested sites in

Net herl ands; (iv) future inpact studies related to soil chem stry of
integrated nonitoring sites in Europe; and (v) an upscaling study related to
at nospheric deposition in Europe

5. Provisional tinetable for eval uations

10. A provisional tinetable for evaluations has been devel oped covering the
period 1998-2010, based on priorities in view of data availability and

eval uation possibilities. As a general rule, studies will first be perfornmed
with neasured data and the study will only take place when the data are
adequate for a reliable study. In a second stage, studies with both nmeasured
data and extrapol ated data, based on the results of upscaling studies, may be
perfornmed. Based on avail able data and the results fromthe past period(s) a
new eval uati on action plan will be defined each year. Priorities for data
eval uati on have been indicated for the short (1998-2000), medi um (2000-2005)
and | ong (2005-2010) term

11. In the period 1998-2000, the inmpact of atnospheric deposition on soi

sol ution chenm stry may be investigated and prelimnary investigations of

rel ati onships of site and stress factors with the available crown condition
data can be perforned. In the period 2000-2005 it will be possible to (i)
performcorrel ati ve studi es between the stress factors and the “ecol ogical”
ecosystem condition (crown condition, growth, ground vegetation); and (ii)
assess prelimnary trend studi es based on data from annual surveys for crown
condition, foliar chem stry (biannual), soil solution chem stry, neteorol ogy
and atnospheric deposition. In the period 2005-2010 it will be possible to (i)
assess nore in depth trend studies, including 10-year changes in forest growth
(based on two repetitions over 5-year intervals) and soil condition (based on
one repetition) and their relationship with site and stress factors; and (ii)
val i date and apply dynam c inpact nodels to predict future trends in soi
(solution) chem stry for many sites. These eval uations can only be carried out
with the active participation of external institutes.
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6. Rel evant aspects for data eval uation

(a) Selection of key paraneters

12. The number of paraneters assessed within the surveys is large, therefore
it is necessary to restrict the (first) evaluations to a nunber of sel ected
key paraneters. Key paraneters are those paraneters that give an adequate
description of (i) the ecological and chem cal condition of the ecosystem and
(ii) the stresses on that ecosystem The paraneters are all nmandatory, except
the contents of minor nutrients (Fe, M1, Cu and Zn) in the foliage and the
heavy netal contents in soil

(b) Representativeness of the data for the intensive nonitoring plots:
the contents of the database

13. The representati veness of the data set for the variation of the key
paraneters over the level Il plots depends on the coverage of the data and the
spatial distribution of the plots. A summary of the plots for which data have
been stored and eval uated (data coverage) for the five considered surveys is
given in table 2.

Tabl e 2. Revi ew of the nunbers of plots used in the evaluation of selected
key paraneters for the year 1995

Surveys Nunber of plots
Mandat ory data Optional data

Crown condition 422 ---
Soil (Organic |ayer) 312 112
Soil (M neral |ayer) 310 174
Fol i ar composition 437 318
I ncr ement 283 283
Deposi tion 91 ---

14. The nunber of plots for which data have been stored and evaluated for the
year 1995 varied from 283 to 422 in the surveys on crown and soil condition,
foliar conposition and increnent. This inplies that the results of selected
mandat ory (key) paraneters within these surveys give a reasonable indication

of the variation over the level Il plots. The nunber of plots for the optiona
key paraneters in the soil survey (hunus |layer and m neral topsoil: heavy
met al s) and the nmandatory key paraneters in the deposition survey is |ow (50-
100), which hinders the interpretation in ternms of effects of stand and site
characteristics.

(c) Reliability of the data: the nunber of observations

15. The reliability of the data depends strongly on the data assessnent
met hods. In this context, the nunber of observations or sanples is very
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i nportant. In general, the nunber of observations needed to derive a reliable
pl ot - mean val ue of a selected key paraneter increases as the spatial variation
over the plot increases. An indication of the variation, in terms of relative
standard deviation, for the various surveys has been derived fromthe data on
i ndi vidual trees (crown and increnment survey) and fromthe literature (soil
foliar and deposition survey). This information can be used to derive a plot-
mean value with a certain reliability or margin of error.

16. A first conparison of the nunbers of observations required to derive a
reliable plot-nmean value with a maxi rum standard error of 20%relative to the
mean and the actual nunbers used, showed that both ranges coincide very wel

for nost of the surveys. For increnment paranmeters, the standard error of the
pl ot -mean value is generally |ower (an error below 20% due to the relatively
| arge nunber of observation trees. Mre work, however, needs to be done to
gain better insight into the adequacy of the nunber of observations or sanples
in each survey. This includes an evaluation of the relative standard devi ati on
for the soil, foliar and deposition data, to inprove the estimates of required
sanpl e numbers.

(d) Conparability of the data: the data assessnent nethods

17. The conparability of data is influenced by the conparability of data
assessment nmethods in terms of, for instance, the definition of the assessable
crown (defoliation, discolouration), the type (Kraft classes) of trees that
were used for the assessnents (crown, foliar, increnment), the sanpling devices
(specifically deposition) and the digestion and analysis methods (specifically
soil and foliar conposition). There are clear differences in, for instance,
the definition of the assessable crown, Kraft classes of trees and in sanpling
devices. It is, however, not always clear what the effects of these
differences are on the conparability of data

18. Wth respect to the digestion and anal ysis nethods, in npst cases
reference methods were used, or nethods that nost likely will lead to
conparabl e results. Results of interlaboratory conparisons for the soil
foliar composition and major ions in deposition generally indicate a
reasonabl e to good transnational conparability of the digestion and anal ysis
met hods. Not abl e exceptions are the total contents of Ca, My, K and Na and
heavy netals in soil and the foliar S content, for which the

i nterconparability appears to be problematic.

7. Results of key paranmeters in single surveys

19. For each of the five core surveys, the results of selected key paraneters
are presented. The results of soil solution and meteorol ogy are not yet given,
since the first data of these new assessments were subnitted only at the end

of 1997 and are now under validation. G ound vegetation has not yet been
submitted as it only starts in 1998. It should be kept in mind that the
results are based on part of the intensive nonitoring plots. This holds
specifically for the deposition data and the optional soil and increnment data,
whi ch are nostly based on fewer than 100 plots (see table 2). Even though the
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other data sets are nore representative of the intensive nmonitoring plots, the
results do not give a statistically representative overvi ew of Europe

(a) Crown condition

20. Table 3 presents the assessed defoliation in 1995 on plot |evel for
br oadl eaves and conifers.

Tabl e 3. Di stribution of the plot-nmean defoliation values over the
traditional defoliation classed

Speci es Nunber Proportion per defoliation class (%
of
pl ots 0-10% 10- 25% 25-60% 60- 100%
All conifers 346 32.4 48. 3 18.5 0.9
Al | broadl eaves 196 20. 4 41. 3 35.7 2.6
Al trees 542 28.0 45. 8 24.7 1.5

3 The results may be affected by the differences in assessnent standards in
the various countri es.

21. Most defoliation values (74% occurred in the 0-25% range.

Di scol ouration occurred only at ca. 10% of the plots. The percentage of plots
with conifers with a defoliation >25% was 19.3, which is | ower than the
percent age observed in 1995 at the level | plots (25.5%. Inversely, the
percentage of plots with broadl eaves with a defoliation >25% stood at 38. 3,
which is higher than the percentage of the level | plots observed in 1995
(25.09 . These deviations show that the Iimted nunber of level Il plots
shoul d not be used to obtain a Europe-w de perspective because of (i) the non-
systematic character of intensive nonitoring; and (ii) the different
distributions of the plots over the various tree species and countries.

(b) Soil condition

22. The results that are presented focus on the major nutrient ratios (C/ N
and C/P), the acidity status (pRag2 and base saturation) and the heavy netal
contents (Pb, Cd, Cu and Zn) of the hunus layer and mneral soil. C/ N and C P
rati os give sone indication of the availability of N and P by net

m neralization. The acidity status is relevant in ternms of the availability of
base cation nutrients versus toxic alum nium The heavy netal contents are

rel evant because of their potential toxic effects on soil organisnms that are
responsi bl e for the deconposition of organic matter and the mineralization of
nutrients, anong other reasons.

23. The results are classified in terms of |ow, mediumand high values for
the various key factors in tables 4, 5 and 6. Approxi mately 40% of the hunus
| ayers had a C/Nratio above 30 (table 4). It is likely that Nis largely
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retained, and that N leaching is strongly limted at those sites. Inversely,
the G/ Nratio was |less than 20 in approximately 15% of the sites, which
inplies a risk of high Nleaching. Simlar results were obtained for the |evel
| plots [2].

Tabl e 4. Percentage of sites in the classes ‘low, ‘nedium and ‘high of
the C/N and C/P ratio in the hunus |ayer

d ass? C/Nratio (N = 312) C/Pratio (N = 161)
Cl ass % Cl ass %
Low < 20 15. 4 < 100 0.0
Medi um 20 - 30 44.9 100 - 200 6.8
Hi gh > 30 39.1 > 200 93.2

al

£ Low = high risk for NQ |eaching; Medium = risk for N@ | eaching; High = |ow
risk for NQ | eaching.

24. Approximately 22% of the soils are in a range where the acid input is
mai nly buffered by the release of toxic Al (base saturation < 10% . Another
29% of the soils are in a range with a high risk of Al buffering (10% < base
saturation < 25%, whereas the risk of Al release is |likely to be lowin
approximtely half the soils (base saturation > 25% table 5). Again, the

results are conparable to those obtained for approxi mately 3000 |level | plots
[3].
Tabl e 5. Percent age of observations in the classes ‘low, ‘nmedium and
“high” of the pHpyg 2 and the base saturation in the m neral
t opsoi |
d ass? pH(Cad ,) (N=310) Base saturation (N=283)
Cl ass % Cl ass %
Low < 3.5 13.2 <10% 21.6
Medi um 3.5 - 4.5 59.0 10- 25% 28. 7
Hi gh > 4.5 24.5 >25% 48. 6

3 Low = hi gh risk for toxic Al release; Medium= risk for toxic Al release;

High = (very) lowrisk for toxic Al release.

25. Pb and Cu contents were high, conpared to background | evels, at nore
than 90% of the plots. For Cd and Zn, this nunber was |ower: 59% and 83%
respectively. The area exceeding the critical value for effects on soil

organi snms was negligible for Cd but quite substantial for Cu (24% . There were
al so a few plots whose Pb and Zn contents exceeded the critical value (table
6). It has to be noted that sites of high |Ieaching of heavy netals are not
consi dered here. Specifically Cd and Zn may be nobil e under acidic

ci rcunst ances.
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Tabl e 6. Percent age of observations in the classes ‘low, ‘nornal’ and
“high’ of the heavy nmetal contents in the hunus |ayer

d ass? Po (N=91) Cd (N=69) Cu (N=289 2Zn (N = 86)
Low 4.4 37.7 3.4 17. 4
Nor rral 83.5 59. 4 69. 7 77.9
Hi gh 8.8 0.0 23.6 4.7

3 Low background | evel; Normal: between background and critical |evel;

Hi gh: above critical |evel.

26. The risk classes indicated above are just an indication as they depend
on the critical levels used. Nevertheless, the results indicate that the data
set contains plots for which it is worthwhile to study inpacts of (i) N
deposition on N cycling and |l eaching; (ii) acid deposition on the alunm nium
release; and (iii) netal inputs on the accumul ati on and rel ease of heavy
metal s. These studies are also inportant because conparable results with
respect to C/ N ratios and acidity status were found at 3000 | evel | plots.

(c) Eoliar conposition

27. Wth the exception of P, the contents of all major nutrients (N, S, Ca,
My and K) were generally higher in the broadl eaves (beech, oak) than in the
conifers (pine, spruce). This is a common observation, related to the higher
nutrient demands of broadl eaves conpared to conifers. To classify the results
of foliar contents of major nutrients in terms of |ow, normal or adequate and
hi gh availability for forest growth, use was nade of criteria given in [3].
The results for the major nutrients show that:

- High N contents in foliage were observed in ca. 28% of the plots, whereas
the N contents were lowin ca. 14% of the plots. High values were nore often
observed in the broadl eaves (46% than in the conifers (15%;

- High S contents were hardly observed (4% . Instead, nost S contents in the
foliage of conifers (67% appeared to be | ow

- Low foliar contents of P and of the base cations Ca, My and K were observed
inonly 3-12% of all plots, depending on the el enent considered. Relative
deficiencies were less frequent in conifers than in broadl eaves.

28. Hi gh ratios of N conpared to P, Ca, My and K were observed only in
approximtely 1-6% of all plots, depending on the ratio considered. Foliar
contents of mnor nutrients were predom nantly normal (85-90% . These results
are conparable for 1400 level | plots, except for the relatively |arge nunber
of plots with high N contents. Because of this conparability, the results of
studi es of foliage on intensive nonitoring plots mght also be val uable for
the level | nonitoring programme.
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(d) Deposition
29. Because nost countries started their deposition nonitoring in 1995 or

even later, the nunber of plots with deposition data is |imted (about 50-60).
The computed el enment fluxes of S and N conpounds in bul k deposition and
t hroughfall are given in figure 1.

30. On nost plots, the observed total N fluxes in bulk deposition were

hi gher than the S fluxes. Even though for throughfall the reverse was true
this does not necessarily inply that total S inputs are generally higher than
total N inputs, since both N4 and NO; are taken up by the forest canopy. In
general, both N and S fluxes were relatively low (nostly below 25 kg . hat .
yr'l), since nost of the investigated plots were not | ocated in high-deposition
areas. It should be kept in mnd that the data set for 1995 was |linmted to a
smal | nunmber of plots. Mre in-depth evaluations with respect to deposition
can be made in the future when nore data becone avail abl e.

8. Rel ationships between selected paraneters in various surveys

31. A first investigation was made of the influence of various stand and
site characteristics on the selected key paraneters in the five mandatory
surveys. Its results supported the hypothesis that it is relevant to include
those characteristics in any correlative study. Tree species appeared to be
highly significant for all selected key paraneters. The sane is true for the
climatic region, with the exception of certain foliar contents. The effect of
soil type, altitude and stand age (when included) on the key paraneters
appeared to vary frominsignificant to highly significant. As expected, the
variation in key paraneters that was explained by the considered stand and
site characteristics was |lower for crown condition (for defoliation

approxi mately 25% than for the chem stry of soil foliage and deposition

(40-80% , since crown condition is influenced by many nore stress factors.

32. N and S deposition appeared to be highly significant predictor variables
for the foliar N and S contents and the N content on the hunus |ayer. Unlike N
and S, the influence of base cation (Ca, My, K) deposition on the base cation
contents in foliage and in the hunus |ayer was nostly insignificant or
slightly significant. Instead, there was a highly significant relationship

bet ween the base cation contents in the foliage and in the hunmus | ayer. These
findings indicate that N and S deposition have a strong influence on the
availability of these nutrients, whereas the soil is a dom nating source of
base cations. This is consistent with the fact that nost N and S in the soi

is ultimately derived fromthe atnosphere.

. RESULTS OF THE LEVEL | MONI TORI NG OF FOREST CONDI TI ON | N EUROPE

1. Soil

33. After the level | soil condition report of 1997 [4], data from nore
pl ot s became avail able. These data were used for further evaluations of the
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soil condition in Europe, and to analyse the rel ationship between soil and
crown condition.

(a) Acidity status

34. The pH is an inportant paranmeter characterizing the acidity status of a
soil, and the site quality for tree growth. Extrenely acid topsoil conditions
(pH < 3.0) occur mainly in the countries of central and eastern Europe, in
Germany, Poland, in the nmountains in the north of the Czech and Sl ovak
Republics, in the Carpathian nountains in Romania and in southern Estoni a.
Acid conditions with pH between 3.0 and 3.5 are frequently found in the sanme
regions but also in central Sweden and sout hern Norway. Al nost half of the
forest soils in Europe fall in the pH 3.5 - 4.5 range. Values between pH 4.5
and pH 6.0, indicating weathering of silicate mnerals as the major source for
buffering of acids [5] — produced internally or from deposition - are rare.
Thi s suggests that silicate weathering, although it constitutes a |arge poo
for buffering of acids, is rarely the buffer nmechanismthat determ nes the pH
in forest soils, due to its slow reaction. Hi gh pH values (pH$ 6.0),

i ndi cating the presence of cal careous parent nmaterials or sem-arid climatic
conditions, are |located nostly around the Alps, in southern France, eastern
Spain and Italy, but also in Hungary, southeast Romaenia and near the Baltic
coast of Estoni a.

(b) Soil conditions in relation to tree species

35. For the evaluation of differences in soil conditions in relation to tree
species, plots were selected which are conmon to the crown condition and soi
condi ti on dat abases, having Norway spruce (Picea abies), Scots pine (Pinus
sylvestris), Conmon beech (Fagus sylvatica) or oak (Quercus robur and Q_
petraea) as dom nant species, covering at |east 50% of the stand, and where
the crown condition was nonitored continuously between 1992 and 1997. This
procedure ascertains a sufficiently |arge nunber of observations for
statistical analysis.

Table 7. Avail ability of soil condition data at the common plots with > 50%
of the main tree species

pH Exchangeabl e CNratio Tot al

base cations My

Speci es @) ML e ML e 0] ML we O
Fagus syl vatica 162 204 198 130 125 196 203 194 195
Q robur, Q petraea 98 189 182 150 141 180 189 181 179
Pi nus sylvestris 554 573 551 516 496 578 559 535 420
Pi cea abies 539 576 558 524 507 554 565 548 448
Total conmon plots 1353 1542 1489 1320 1269 1508 1516 1458 1242

Total reference plots 2802 3327 3315 2543 2446 3178 3388 3264 2738

O organic layer (consisting of litter and hunus); ML: mneral surface |ayer
(0-5 or 0-10 cm |l ayer); M: mneral subsurface |ayer (10-20 or 10-30cm | ayer)
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36. The aci d/ base status in ternms of pH val ues and exchangeabl e base cati ons
(Ca, My, Kand Na), and the My content and the C/ N ratio are conpared between
these plot groups individually, and with the average European forest soi
conditions, used as reference. Because national differences in assessnent

met hods affect the data conparability, the average European situation is
derived fromresults in those countries that are also represented in the
common plots’ data set (all EU countries except Sweden, and Czech Republic,
Hungary, Lithuania, Norway, Poland, Romania, Slovakia, and Switzerl and).

(c) Acidity
37. I nherent differences in base content of the litter of tree species have
a marked influence on soil acidity. On the other hand, trees w th higher
nutrient requirenments, |ike broadl eaves, are planted on those sites where

their demands can be net. In the surface mneral |ayer, but nore so in the
organi c |l ayer, significant differences in acidity between species becone
evident. For all layers the presentation according to buffer ranges was chosen
for comparison purposes, although they are not valid for organic |ayers, where
buffering occurs through dissociation of organic acids. About 80-90% of the
organic |layers of coniferous stands have a pH of 4.2 or less, while this |evel
of acidity occurs only in 50% of the oak stands and in 39% of the beech
stands. In conifer stands the 0-10cm | ayer of the mneral soil was simlarly
acidic, whereas in beech and oak stands the surface mineral |ayer was nore
acidic (60% < pH 4.2) than the organic layer. The distribution of pH values in
subsurface mneral |ayers does not differ greatly anmong the species groups,

but nore or less corresponds to the average European situation.

38. The statistical significance of differences between the paired species
groups was tested with the non-paranetric Mann-VWhitney test. Significant
differences in organic |ayer pH could be detected between all paired groups
except beech-oak and pine-spruce. In the subsurface |ayer only the oak-pine
and pine-spruce pairs showed significant pH differences. Soil reaction at the
soil surface is strongly influenced by the plant comunity.

(d) Base cations

39. Figure 2 indicates that beech and oak stands occur on soils with a w de
range of base saturation (BS)(percentage of base cations at the exchange
conplex = BSin 9% in the surface, as well as in the subsurface m neral |ayer.
Medi an val ues are around 60-70% and 40-60% respectively. Soils grow ng

coni ferous forests have generally a |l ower and narrower (50% of the values are
within the box) range of base saturation, wi th medi ans around 20% BS. Wil e
the difference in BS between surface and subsurface mneral |ayers is
negligible in coniferous stands, a considerable increase in BS towards the
soil surface occurs in broad-leaved stands. Median values for oak stands
increase from37%in the subsurface layer to 70% in the surface |layer (figure
2a). The differences in base saturation are always insignificant between the
br oadl eaves and between the conifers, whereas broadl eaf — conifer pairs differ
significantly.
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40. Al so the contents of exchangeabl e base cations (base cation contents =
BCE in cnulc-kg‘l) show hi ghly significant differences anpobng species,

i ndicating the varying nutrient requirenments of the species considered. Only
the differences between beech and oak in the upper mineral |ayers are not
significant. Median values of BCE in the subsurface |ayer steeply increase in
the sequence: pine (0.6 anIC-kg’l) < spruce (1.4 anIC-kg'l) < oak (3.8 cmol,
-kg'l) < beech (5.7 anIC-kg'l). On conifer sites nearly no differences are
found between upper mineral |ayer and subsurface |ayer, whereas under

deci duous forest the base contents in the 0-10 cmlayer tend to be slightly
hi gher, which may be attributed to differences in base cation input through
litterfall between broadl eaves and conifers.

(e) Magnesium content in organic |ayer

41. The humus types differ between forests with broadl eaves and conifers.
Wher eas pine and spruce sites have nostly unfavourable types |ike nor or
nmoder, indicating a slower deconposition of organic materials, sites with
beech and oak have nore frequently mull humus. The magnesi um contents of the
organic layer reflect this relation. The influence of litter conmposition is
denonstrated by differences observed in the range between 25" and 75"
percentile values of plots clustered by vegetation type. Organic |ayers of
beech stands (1200-2600 ng . kgl) are usually high in My, oak (1000-1900 ng .
kg’l) and spruce (650-1800 ng . kgl) stands occupy intermedi ate sections of
the overall range, while organic |layers of pine stands (450-1200 ng . kgl) are
particularly poor in My. Cccasionally val ues above 10,000 ngy . kg1 may occur
at plots on My-rich parent material s.

(f) G Nratio

42. The quality of the hunus, described by a low C N ratio, is the highest
in beech stands, internmediate in oak and spruce stands and the | owest in pine
forests. All species pairs show highly significant differences in

di stribution, except the oak-spruce pair for the organic |ayer and the beech-
oak pair for the surface and subsurface mneral layer. It is remarkable that
differences in hunus quality between forest types, expected in the organic

| ayer, also persist in the mneral soil

Tabl e 8. Conpari son of percentile values of the C/Nratio in organic,
surface and subsurface mineral |ayer under different vegetation
types

Percentile values of the C N ratio (organic/surface/subsurface)

Speci es 5th 25th 50th 75th g5th

Beech 10/ 9/ 7 18/ 13/ 11 22/ 15/ 13 27/ 18/ 17 40/ 23/ 26
Oak 15/ 11/ 8 20/ 13/ 11 24/ 16/ 13 32/ 19/ 18 40/ 30/ 27
Pi ne 20/ 12/ 9 25/ 18/ 15 31/ 23/ 21 40/ 29/ 28 53/ 45/ 47

Spruce 16/ 12/ 9 22/ 16/ 13 25/ 19/ 18 30/ 23/ 22 39/ 35/ 34
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2. Forest foliar condition

43. After the Foliar Condition Report of 1997 [3], data of additional plots
becane avail able. These data were used to evaluate further the nutrient status
of common beech (Fagus sylvatica). Since the foliar survey was carried out in
the various countries in different years, only the nitrogen and magnesi um
concentrations in beech | eaves for the years 1992-1995 were assessed.

44. The nitrogen and magnesi um val ues for common beeches vary wi dely. The
hi ghest nitrogen contents, exceeding the class Iimt of 25 ng/g, are found in
the United Kingdom Germany (Lower Saxony) and partly in Spain; the |owest
mostly in Bulgaria and Sl ovaki a.

45, Low My concentrations were found in Bel gium (Wallonia), Germany (Lower
Saxony) and Spain (nmean of these plots was < 1.3 ng/g; according to [6]

opti mum My supply can be assumed only if My contents of |eaves exceed 1.5

mg/ g). The | owest My concentrations are nostly conmbined with nedi umrange
nitrogen contents. High nitrogen contents are in general connected to
magnesi um concentrations in the nedi um and hi gher ranges. Due to the | ow data
availability, only tendencies can be discerned and any further interpretation
is Iimted.

[11. CONCLUSI ONS AND RECOMVENDATI ONS

46. The common nonitoring of UNVVECE (I CP Forests) and EU ainms to detect the
i npact of air pollution on forest condition. |ICP Forests now represents one of
the I argest biononitoring systens worldwi de. The two | evels of nonitoring —
the I arge-scale nonitoring of relatively sinple key paranmeters on the

systematic 16 kmx 16 kmgrid net (level 1) like crown condition, soi
condition and el enent contents in the trees’ needl es and | eaves, and the
i ntensive nmonitoring programe (level 11) — have different ains.

47. The | arge-scal e extensive nonitoring provides the identification of

spatial -tenporal trends in crown condition. The results of soil and foliar
anal yses on nostly the sane plots provide additional possibilities for

conmbi ning the information and relating the detected trends to certain
environnental factor conbinations. This yields a noreholistic picture of the
forest condition on the large scale and the probable processes invol ved
However, the quality of the relations found depends largely on the kind and
quality of the data available, as well as on the spatial scale. Al studies
have in common that the dependency of crown condition on natural and/or

ant hr opogeni ¢ stressors could be verified on each scal e considered.

48. The presentation of the 1997 results of the crown condition survey
focused on tine series. On the European scale, different devel opnents of crown
condition can be discerned, depending on regions, species, or various
subsanpl es of species groups and ecol ogical site conditions. All assessed
speci es show a general deterioration in crown condition, even if recent
recuperations were found for Scots pine (Pinus sylvestris) and Norway spruce
(Picea abies) in parts of central Europe.
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49. As regards the foliar survey, the highest N contents in conmon beech in
the years 1992-1995 were found in the United Kingdom Germany and Spain. The
results from beech (1992-1995) are consistent with the results fromthe other
tree species foliage report of 1997.

50. The soil condition survey reveals that a wi de range of pH values in
subsurface mneral layers is tolerated by both conifers and broadl eaves, and
that broad-|eaved stands usually grow on soils rich in exchangeabl e basic
cations. Naturally, the influence of vegetation on chem cal soi
characteristics is nost apparent in the organic layer. The acidifying effect
of organic matter on the soil surface is stronger for hunus derived from
conifers than for humus under broad-|eaved stands, often leading to very acid
conditions in organic |ayers at coniferous stands. Inputs of basic cations
through litterfall result in relatively high base saturations in surface

m neral |ayers as conpared to subsurface |layers, particularly in broad-I|eaved
forests. Vegetation type affects humus quality in both organic and m nera

| ayers. Beech forests seemto produce the highest humus quality, indicated by
a low C/ N value and a high My content, foll owed by oak and spruce forests.
Organic |ayers of pine stands are usually associated with high C/ N val ues and
low My contents, pointing to low site quality.

51. In 1998 the first results of theintensive nmonitoring (level 1) for the
year 1995 were eval uated and presented. The mmj or concl usi ons and
reconmendati ons can be sunmarized as foll ows:

(a) The intensive monitoring programre currently consists of 760
plots, which forns a good basis for future evaluation studies. Even for
eval uations that include neteorol ogical and soil solution a sufficient nunber
of plots is likely to be avail abl e;

(b) The current evaluation strategy conprises several phases.

Eval uations will include effects of site and stress factors on all rel evant
parts of the ecosystem such as forest growh, ground vegetation and the
chem cal status of soil and foliage. The evaluation plan will be subject to

further devel opnent, depending on new insights and results fromstudies. It is
i nportant that key paranmeters are carefully selected and their conparability
is ensured. Studies on conparability of nethods by the relevant expert panels
are inportant and reconmended;

(c) Results fromthe soil survey indicate that (i) at l|east 15% of the
plots have C/ N ratios that indicate high N |leaching; (ii) at |least 20 to 50%
of the plots are in a base saturation and pH range where the rel ease of toxic
Al may be significant; and (iii) 5-25% of the plots have contents of either
Pb, Cu or Zn above a critical level related to effects on soil microbiota.
This indicates that the data set contains plots for which it is worthwhile to
study inpacts of N deposition on N cycling and | eaching and of acid deposition
on the alum niumrel ease. Furthernore, it is also relevant to consider the
accunul ati on and rel ease of heavy netals. These studies are also inportant
because conparable results with respect to C Nratios and acidity status were
found at 3000 Il evel | plots;

(d) The foliar contents of nmgjor nutrients are mainly (50% 90%
dependi ng on the elenent) in the normal range. Hi gh values were relatively
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often observed for the foliar N, Ca and My contents and | ow val ues for the
foliar S contents. Foliar contents of mnor nutrients were predom nantly in
the normal range (85-90% . Results are conparable for 1400 level | plots
except for the relative |arge nunmber of plots with high N contents. Because of
this conparability, results of studies with respect to foliage on intensive
moni toring plots mght also be valuable for the level | nonitoring programe;

(e) The npst inportant paraneters for forest growth were assessed on
273-478 plots. On nost plots, the observed total N fluxes in bulk deposition
were higher than the S fluxes. Even though for throughfall the reverse was
true. This does not necessarily inply that total S inputs are generally higher
than total N inputs, since both NJ and NO; are taken up by the forest canopy.
It should be kept in mnd that the data set for 1995 was |linted to a smal
number of plots. Mre in-depth evaluations with respect to deposition can be
made in the future when nore data becone avail abl e;

(f) Results fromthe various surveys indicate a need to study the
i npact of N deposition on N availability in soil and foliage. This can be
derived from (i) the conparatively high N deposition fluxes conpared to S
(ii) the relatively high nunber of plots with C/ N ratios indicating N
saturation and elevated N@ | eaching; and (iii) the significant inpact of N
deposition on foliar N contents. Wen soil solution data beconme available in
the com ng year, studies between N deposition and N output based on soi
sol ution concentrations can be made. In this context, it is relevant to
conbi ne such studies with literature information on the relevance of increased
N contents in foliage as an indicator of stresses on the ecosystem Exanples
are: (i) increased sensitivity to drought, frost and fungal diseases; and (ii)
adverse effects on the N nmetabolism

(9) It is reconmended that studies for the level Il plots in the near
future focus on the assessnment of critical loads for S and N (acidity) based
on the evaluation of the fate of these pollutants by nmeans of input-ouput
budgets. This inplies the use of data fromthe surveys on atnospheric
deposition, neteorology and soil solution.
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