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PREFACE

Forests provide a wealth of benefits to the sodbetlyare at the same time subject to numerous
natural and anthropogenic impacts. For this reaseweral processes of international
environmental and forest politics were establislaed the monitoring of forest condition is
considered as indispensable by the countries obgeurForest condition in Europe has been
monitored since 1986 by the International Co-opezaProgramme on the Assessment and
Monitoring of Air Pollution Effects on Forests (IGForests) in the framework of the Convention
on Long-range Transboundary Air Pollution (CLRTA&)der the United Nations Economic
Commission for Europe (UNECE). The number of caestmparticipating in ICP Forests has
meanwhile grown to 41 including Canada and the ddhitates of America, rendering ICP
Forests one of the largest biomonitoring networfikihe world.

ICP Forests has been chaired by Germany from th@miag on. It is coordinated by the Institute
for World Forestry of the Johann Heinrich von Thintestitute (vTIl). The vTI is the legal
successor of the former Federal Research Centredi@stry and Forest Products. The Institute
for World Forestry will continue to host the Progwae Coordinating Centre (PCC) of ICP
Forests.

Aimed mainly at the assessment of effects of aifupon on forests, ICP Forests provides
scientific information to CLRTAP as a basis of ligabinding protocols on air pollution
abatement policies. For this purpose ICP Forestgldped a harmonised monitoring approach
comprising a large-scale (Level 1) as well as aengive (Level II) monitoring approach laid
down in the ICP Forests Manual. The participatiogntries have obliged themselves to submit
their monitoring data to PCC for validation, stazagnd analysis.

The monitoring, the data management and the reygodi results used to be conducted in close
cooperation with the European Commission (EC). B&iranced the work of PCC and of the
Expert Panels of ICP Forests as well as the mongdoy the EU-Member States until 2006.
Whilst ICP Forests will continue to focus on airllpton effects on forests in fulfilling its
obligations under CLRTAP, its well developed monitg system will be useful also for the other
processes of international environmental polifidss holds true in particular for the provision of
information on several indicators for sustainaldee$t management laid down by the Ministerial
Conference on the Protection of Forests in Eurdp€RFE). It may also include the contribution
of urgently needed information on species diveraitg carbon sequestration as requested by the
United Nations Framework Conventions on Climater@@jgaand on Biological Diversity. For this
reason the EU-Member States are striving for aicoation and thematic widening of forest
monitoring in Europe in cooperation with EC for thenefit of a multitude of stakeholders
including ICP Forests.






SUMMARY

Of the 41 countries participating in ICP Fores3,c8untries reported national results of crown
condition surveys in the year 2007 for 193 4664ree 12 601 plots. The transnational result on
the European-wide scale relied on 104 399 trees &84 plots of the 16 x 16 km grid in 27 out of

35 participating countries.

Mean defoliation of all sample trees of the tratiemal survey was 20.5%. Of the main species,
Quercus roburand Q. petraeahad by far the highest mean defoliation (25.5%)oveed by
Fagus sylvaticd21.2%),Picea abieg19.5%) andPinus sylvestri§18.0%). These figures are not
comparable to those of previous reports becaudleattiations in the plot sample, mainly due to
changes in the participation of countries. Themftine long-term development of defoliation was
calculated from the monitoring results of thosertaas which have been submitting data since
1990 every year without interruption. In the peraddbservation the species groQpercus ilex
and Quercus rotundifoliashows the severest increase in defoliation, witB% in 2000 and
22.2% in 2007. A similar increase in defoliatiommmely from 11.1% to 20.4%, was experienced
by Pinus pinaster Defoliation of these Mediterranean species igdbr attributed to several
summer drought events in recent years. In the spem®d defoliation ofFagus sylvatica
increased from 17.9% to 20.9%. In contrast, crownddion of Pinus sylvestriscontinued its
recuperation. After having reached a peak in dafioin with 27.9% in 1994, defoliation
decreased to 20.2% in 2007. Being less sensitivdrdoght,Pinus sylvestrishowed no rise in
defoliation even after the dry summer of the ye2032Picea abiesas well aQuercus roburand
Quercus petraeaontinue their decrease in defoliation since thaghs in 2004 which constituted
a response to the drought of 2003.

As a basis of ongoing and future studies the dpartid temporal variation of bulk deposition and
throughfall of sulphate, nitrate, ammonium, calcjsodium and chlorine was analysed. Between
185 and 249 intensive monitoring plots were invdlve the study. Mean deposition of the years
2003 - 2005 shows spatial patterns reflecting pagtional emission situations. The temporal
variation was calculated for the period 2000 - 28%lk deposition and throughfall of sulphate
are highest but show the most pronounced decreagiphur throughfall decreased from
7.9 kg hd yr' in 2000 to 5.9 kg hayr' in 2005. Bulk deposition shows a similar decreaisa
lower level, namely from 6.0 kg Hayr™ in 2000 to 4.6 kg hayr™ in 2005. Nitrogen deposition is
lower than sulphur deposition in most years andvshmless pronounced rate of decrease.

The exceedances of critical loads for acidity artdogen presented in last year's report were
compared with defoliation and its temporal variatid-or Fagus sylvaticahigher defoliation
coincides with higher exceedances of nitrogen dépos No relationships between defoliation
and critical load exceedances were foundHRorus sylvestrisPicea abiesQuercus roburand
Quercus petraea

Passive sampler data collected from 91 Level kssivere used to compare mean summer
concentrations for the years 2000 — 2004. Highesarmconcentrations were observed in the
exceptionally hot year 2003. Based on the passingker data of a subset of these plots, AOT 40
values were modelled. In all years the UNECE ditlevel of 5000ppb*h was exceeded on more
than 75% of the plots. Occurrence of visible ozameary was evaluated for plots in Spain,
Switzerland and Italy. Positive but insignificaelationships were found between the proportion
of plant species with ozone symptoms and ozoneesurations as well as modelled AOT 40
exposures. Ozone flux was modelled for five sitéh wufficient monitoring data. Results show
that stomatal conductance ot @ay substantially differ from measured ozone cotreéinns.
Thus, flux modeling allows for a more precise ozask assessment. However, the extensive data
requirements are a severe constraint for this @gbro






Introduction 11

1. INTRODUCTION

The present Technical Report on Forest ConditioBurope refers to the results of the
large-scale transnational survey of the year 200F presents results of individual
studies of the intensive monitoring data made abl by the year 2005. The report is
structured as follows:

Chapter 2 describes the sampling of the plots ardirees, the assessment of crown
condition, the analyses of the monitoring data, #redresults of the large-scale (Level
[) survey. In the description of the spatial anchperal variation of crown condition at
the European-wide scale, emphasis is laid uporcdhent status and the development
of crown condition with respect to species andaesgi

Chapter 3 presents latest results of the interigeel II) monitoring. First of all, the
annually reported results of the measurements lfdeposition, throughfall deposition
and their trends are updated for ammonium, nitaaie sulphate. Depositions of these
substances as measured by ICP Forests are in adsestep compared with the
respective depositions modelled by the Co-operdfixagramme for Monitoring and
Evaluation of the Long-range transmission of Aitlitants in Europe (EMEP). Also in
Chapter 3, the exceedances of critical loads fadifaxation and eutrophication on
Level Il plots are compared with forest ecosystesponse including changes in species
diversity. Moreover, ozone concentrations, ozongaats on vegetation and the further
development of the flux approach are described.

Chapter 4 consists of national reports by the @agting countries, focussing on crown
condition in 2007 as well as its development asad#uses.

Maps, graphs and tables concerning the transnatiamé the national results are
presented in Annexes | and Il. Annex Ill providedisd of tree species with their
botanical names and their names in the official @REand some of the EU languages.
The statistical procedures used in the evaluattwasdescribed in Annex IV. Annex V
provides a list of addresses.
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2. LARGE-SCALE CROWN CONDITION SURVEYS
2.1 Methods of the surveys in 2007
2.1.1 Background

The following sections describe the selection ohgle plots, the assessment of stand and site
characteristics, the assessment of crown condatimhthe assessment of damage types within
the large scale survey (Level I). The complete w@shof forest condition monitoring by ICP
Forests are described in detail in the "Manual oetheds and criteria for harmonized
sampling, assessment, monitoring and analysis @fefifiects of air pollution on forests"
(ANONYMOUS, 2004a).

2.1.2 Selection of sample plots
2.1.2.1 The transnational survey

The transnational survey reveals the spatial anghoeal variation of forest condition at the
European-wide scale in relation to natural as vesll anthropogenic stress factors - in
particular air pollution. It is based on a largelscl6 x 16 km transnational grid of sample
plots. The coordinates of this grid were calculaed provided to the participating countries
by EC. In case of already existing plots in a coynthese were accepted if the mean plot
density resembled that of a 16 x 16 km grid, anithéf assessment methods corresponded to
those of the ICP Forests Manual and the relevantr@igsion Regulations. In many countries
the plots of the transnational grid constitute b-sample of a denser national grid (Chapter
2.1.2.2).

In 2007 crown condition was assessed on 4 834 plo2Y countries (Table 2.1.2.1-1). The
number of plots was by about one fifth lower than2D06 because some countries did not
assess crown condition in 2007. From Turkey, howedefoliation was reported for the first
time from 46 plots. These plots are part of thexI® km grid currently established in Turkey
(LORENZ et al. 2007). In addition, 13 plots wersessed on the Canary Islands. They are
shown in the respective maps, but not includedhénttansnational evaluation as they are not
located in those geoclimatic regions to which #hleo plots were assigned. These geoclimatic
regions are adapted from those defined by WALTERie{(1975) and by WALTER and
LIETH (1967). For an explanation of these regions seeesAmnl. Percentages of plots in the
10 different regions are given in Table 2.1.2.T8e spatial distribution of the plots assessed
in 2007 in these regions is shown in Figure 2.112.The figures in Table 2.1.2.1-1 are not
necessarily identical to those published in previoeports, because previous data may in
principle be changed due to consistency checkssabdequent data corrections as well as
new data submitted by countries.
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Table 2.1.2.1-1:Number of sample plots assessed for crown condit@mn 1995 to 2007.

Country Number of sample plots assessed
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria 76 130 130 130 130 130 130 133 131 136 136 135
Belgium 29 29 29 29 30 29 29 29 29 29 29 27 27
Bulgaria 119 119 119 134 114 108 108 98 105 103 102 97 104
Cyprus 15 15 15 15 15 15 15
Czech Republic 199 196 196 116 139 139 139 140 140 140 138 136 132
Denmark 24 23 22 23 23 21 21 20 20 20 22 22 19
Estonia 90 91 91 91 91 90 89 92 93 92 92 92 93
Finland 455 455 460 459 457 453 454 457 453 594 605 606 593
France 543 540 540 537 544 516 519 518 515 511 509 498 504
Germany 417 420 421 421 433 444 446 447 447 451 451 423 419
Greece 95 95 94 93 93 93 92 91 87
Hungary 63 60 58 59 62 63 63 62 62 73 73 73 72
Ireland 21 21 21 21 20 20 20 20 19 19 18 21 30
Italy 207 207 181 177 239 255 265 258 247 255 238 251 238
Latvia 94 99 96 97 98 94 97 97 95 95 92 93 93
Lithuania 73 67 67 67 67 67 66 66 64 63 62 62 62
Luxembourg 4 4 4 4 4 4 4 4 4 4 4 4
The Netherlands 3 12 12 117 112 11 11 11 11 11 11 11
Poland 432 431 431 431 431 431 431 433 433 433 432 376 458
Portugal 141 142 144 143 143 143 144 145 136 133 119 118
Romania 241 224 237 235 238 235 232 231 231 226 229 228
Slovak Republic 111 110 110 109 110 1121 110 110 108 108 108 107 107
Slovenia 42 42 42 41 41 41 41 39 41 42 44 45 44
Spain 454 447 449 452 598 607 607 607 607 607 607 607 607
Sweden 726 766 758 764 764 769 770 769 776 775 784 790
United Kingdom 63 79 82 88 85 89 86 86 86 85 84 82 32
EU| 4732 4809 4793 4732 4965 4963 4985 4978 4868 5020 5091 4919 3653
Andorra 3 3 3
Belarus 416 416 408 408 408 407 406 406 403 398 400
Croatia 82 83 86 89 84 83 81 8 78 84 85 88 83
Moldova 11 10 10 10 10 10 10
Norway 386 387 386 386 381 382 408 414 411 442 460 463 476
Russian Fed. 126
Serbia 103 130 129 127 125
Switzerland 47 49 49 49 49 49 49 49 48 48 48 48 48
Turkey 46
Total Europg 5384 5338 5740 5682 5897 5895 5941 5928 5914 6133 6216 6046 4834

Table 2.1.2.1-2:Distribution of the sample plots assessed in 20@&# the climatic regions.

Climatic region Number of plots | Percentage of plots
Boreal 718 14.9
Boreal (Temperate) 656 13.6
Atlantic (North) 214 4.4
Atlantic (South) 268 5.5
Sub-atlantic 1103 22.9
Continental 202 4.2
Mountainous (North) 321 6.6
Mountainous (South) 500 10.3
Mediterranean (Higher) 373 7.7
Mediterranean (Lower) 479 9.9
All regions 4834 100.0
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Figure 2.1.2.1-1: Plots according to climatic regions (2007).
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2.1.2.2 National surveys

National surveys are conducted in many countriegdlition to the transnational surveys. The
national surveys in most cases rely on densermaltigrids and aim at the documentation of
forest condition and its development in the respectountry. Since 1986, densities of
national grids with resolutions between 1 x 1 knd @2 x 32 km have been applied due to
differences in the size of forest area, in thecttme of forests and in forest policies. Results of
crown condition assessments on the national grelsabulated in Annexes Il-1 to 1l-7 and are
displayed graphically in Annex 11-8. Comparisonsvien the national surveys of different
countries should be made with great care becausdfefences in species composition, site
conditions and methods applied.

2.1.3 Assessment parameters
2.1.3.1 Stand and site characteristics

In addition to defoliation and discolouration thelldwing plot and tree parameters are
reported on the transnational plots:

Country, plot number, plot coordinates, altitudspect, water availability, humus type, soil
type (optional), mean age of dominant storey, trembers, tree species, identified damage
types and date of observation (Table 2.1.3.1-1).

The demonstration project “BioSoil” under the prrgme “Forest Focus” of EC at Level |
included a repetition of the soil survey using arendifferentiated classification of soil types
than the one reproduced in Table 2.1.3.1-1.

Table 2.1.3.1-1: Stand and site parameters given within the croata tase.

Registry and location| country state in which the plot is assessed [canieler]
plot number identification of each plot
plot latitude and longitude [degrees, minutes, secofwsigraphic)
coordinates
date day, month and year of observation
Physiography altitude elevation above sea level, in 50 m steps
[ma.s.l]
aspect [°] aspect at the plot, direction of stratgiecrease of altitude in 8
classes (N, NE, ..., NW) and "flat"
Soil water three classes: insufficient, sufficient, excessiager availability

availability to principal species
humus type mull, moder, mor, anmor, peat or other

soil type optional, according to FAO (1990) xx
Climate climatic 10 climatic regions according to AMTER et al. (1975)
region
Stand related data mean age gfclassified age; class size 20 years; class 1:¥ea#s, ..., class 7:
dominant 121-140 years, class 8 irregular stands
storey
Additional tree tree number number of tree, allows the identifmamf each particular tree
related data over all observation years
tree species species of the observed tree [code]
identified treewise observations concerning damage causedrbg gnd

damage typeg grazing, insects, fungi, abiotic agents, direcioactf man, fire,
known regional pollution, and other factors

Nearly all countries submitted data on water awdityg, humus type, altitude, aspect, and
mean age (Table 2.1.3.1-2). After having increagediually over the years, the numbers of
plots for which these site parameters were repdréetireached almost completeness in 2006.
It decreased in 2007, however, because of the nbmission of data by some countries.
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Table 2.1.3.1-2:Number of sample plots assessed for crown condéi@hplots per site parameter.

Country Number Number of plots per site parameter
of plots | Water | Humus| Altitudg  Aspect Age | Soil
Austria
Belgium 27 27 27 27 27 27 26
Bulgaria 104 104 104 104 104 104 85
Cyprus 15 15 15 15 15 15 0
Czech Republic 132 132 52 132 132 132 52
Denmark 19 19 19 19 19 19 19
Estonia 93 93 93 93 93 93 93
Finland 593 593 593 593 593 593 593
France 504 504 504 504 504 504 504
Germany 419 419 389 419 419 419 308
Hungary 72 60 40 60 60 72 60
Ireland 30 30 20 29 30 30 17
Italy 238 238 238 238 238 238 0
Latvia 93 93 0 93 93 93 93
Lithuania 62 62 62 62 62 62 62
Luxembourg 4 4 4 4 4 4 4
The Netherlands
Poland 458 458 458 458 458 458 370
Portugal
Romania
Slovak Republic 107 0 107 107 107 107 107
Slovenia 44 44 44 44 44 44 44
Spain 607 607 607 607 607 607 431
Sweden
United Kingdom 32 32 32 32 32 32 32
EU 3653 3534 3408 3640 3641 3653 2900
Percent of EU plot samplg 96.7 93.3 99.6 99.7 100.0 79.4
Andorra 3 3 3 3 3 3 3
Belarus 400 398 398 400 400 400 396
Croatia 83 83 83 83 83 83 64
Norway 476 0 443 476 476 476 369
Serbia 125 125 41 125 125 125 125
Switzerland 48 0 0 48 48 48 45
Turkey 46 32 2 46 46 46 0
Total Europe| 4834 4175 4378 4821 4822 4834 3902
Percent of total plot sampl{a 86.4 90.6 99.7 99.8 0.0 80.7
2.1.3.2 Defoliation

On each sampling point of the national and trangnak grids situated in forests, at least 20
sample trees are selected according to standardreegdures. Predominant, dominant, and
co-dominant trees (according to the system of Kifall species qualify as sample

trees, provided that they have a minimum heigh6@fcm and that they do not show sig-
nificant mechanical damage. Trees removed by manege operations or blown over by
wind must be replaced by newly selected trees. tDuilee small percentage of removed trees,
this replacement does not distort the survey resast has been shown by respective analyses.
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The variation of crown condition is mainly the risaf intrinsic factors, age and site condi-
tions. Moreover, defoliation may be caused by a emof biotic and abiotic stressors.
Defoliation assessment attempts to quantify foliagesing as an effect of stressors including
air pollutants and not as an effect of long lastitg conditions. In order to compensate for
site conditions, local reference trees are usefinatk as the best tree with full foliage that
could grow at the particular site. Alternativelypsalute references are used, defined as the
best possible tree of a genus or a species, regardf site conditions, tree age etc. depicted
on regionally applicable photos, e.g. photo guidadslONYMOUS, 1986). Changes in
defoliation and discolouration attributable to ailution cannot be differentiated from those
caused by other factors. Consequently, defoliatioe to factors other than air pollution is
included in the assessment results. Trees showedhamical damage are not included in the
sample. Should mechanical damage occur to a sanegleany resulting loss of foliage is not
counted as defoliation. In this way, mechanical agenis ruled out as a cause as far as
possible.

Defoliation is assessed in 5% steps. This permiidiess of the annual variation of defoliation
with far greater accuracy than using the traditi@ystem of only 5 classes of uneven width
(Chapter 2.1.4). Discolouration is reported bothtte transnational and in the national
surveys using the traditional classification.

In 2007 the number of trees assessed was 104 288 2.1.3.2-1 shows the total numbers of
trees assessed in each participating country sl®&5. The figures in the table are not
necessarily identical to those published in prewiceports for the same reasons explained in
Chapter 2.1.2.1.

Of the plot sample of the year 2007, 59.8% of tl@spwere dominated by conifers and
40.2% by broadleaves (Annex I-2). Plots in mixeahds were assigned to the species group
which comprised the majority of the sample tredse fiumber of species of the tree sample
was 100. Most abundant weRinus sylvestrisnith 28.5% followed byPicea abieswith
15.9%, Fagus sylvaticawith 8.3%, andQuercus roburwith 4.1% of the total tree sample
(Annex I-3).
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Table 2.1.3.2-1:Number of sample trees from 1995 to 2007 accorttirte current database.

Country Number of sample trees
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria 2101 3670 3604 3577 3535 3506 3451 3503 3470 3586 3528 3425
Belgium 678 684 683 692 696 686 682 684 684 681 676 618 616
Bulgaria 4772 4749 4748 5349 4344 4197 4174 3720 3836 3629 3592 3510 3569
Cyprus 360 360 360 360 361 360 358
Czech Rep 4933 4853 4844 2899 3475 3475 3475 3500 3500 3500 3450 3425 3300
Denmark 576 552 528 552 552 504 504 480 480 480 528 527 442
Estonia 2160 2184 2184 2184 2184 2160 2136 2169 2228 2201 2167 2191 2209
Finland 8754 8732 8788 8758 8662 8576 8579 8593 8482 11210 11498 11489 11199
France 10851 10800 10800 10740 10883 10317 10373 10355 10298 10219 10129 9950 7338
Germany 10907 10980 10990 13178 13466 13722 13478 13534 13572 13741 13630 10327 10217
Greece 2248 2248 2224 2204 2192 2192 2168 2144 2054
Hungary 1342 1298 1257 1383 1470 1488 1469 1446 1446 1710 1662 1674 1650
Ireland 441 441 441 441 417 420 420 424 403 400 382 445 646
Italy 5703 5836 4873 4939 6710 7128 7350 7165 6866 7109 6548 6936 6636
Latvia 2262 2368 2297 2326 2348 2256 2325 2340 2293 2290 2263 2242 2228
Lithuania 1776 1643 1634 1616 1613 1609 1597 1583 1560 1487 1512 1505 1507
Luxembourg 96 96 96 96 96 96 - 96 96 96 97 96 96
The Netherlands 257 237 220 220 225 218 231 232 231 232 232 230
Poland 8640 8620 8620 8620 8620 8620 8620 8660 8660 8660 8640 7520 9160
Portugal 4230 4260 4319 4290 4290 4290 4320 4350 4080 3990 3569 3539
Romania 5688 5375 5687 5637 5712 5640 5568 5544 5544 5424 5496 5472
Slovak Rep. 5091 5018 5033 5094 5063 5157 5054 5076 5116 5058 5033 4808 4904
Slovenia 1008 1008 1008 984 984 984 984 936 983 1006 1056 1069 1056
Spain 10896 10728 10776 10848 14352 14568 14568 14568 14568 14568 14568 14568 14568
Sweden 10310 10925 10910 11044 11135 11361 11283 11278 11321 11255 11422 11186
United Kingdom | 1512 1896 1968 2112 2039 2136 2064 2064 2064 2040 2016 1968 768
EU 107232 109201 108532 109783 115063 115306 115233 114804112141 114932 116109 109085 82467
Andorra 72 74 72
Belarus 9974 9896 9745 9763 9761 9723 9716 9682 9484 9373 9424
Croatia 1970 1974 2030 2066 2015 1991 1941 1910 1869 2009 2046 2109 2013
Moldova 263 236 253 234 259 234 234
Norway 3905 3948 4028 4069 4052 4051 4304 4444 4547 5014 5319 5525 5824
Russian Fed. 2991
Serbia 2274 2915 2995 2902 2860
Switzerland 824 854 880 868 857 855 834 827 806 748 807 812 790
Turkey 949
117185 116213 125697 126916 131991 132200 132307 131708131353 135372 136760 129875 104399

Total Europe

2.1.4
2141

Analysis, presentation and interpretation othe survey results
Scientific background

The interpretation of the results of the crown gboad assessments has to take into account
the following limitations:
Defoliation has a variety of causes. It would thame be inappropriate to attribute it to a
single factor such as air pollution without additb evidence. As the true influence of site
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conditions and the share of tolerable defoliatian not be quantified precisely, damaged trees
can not be distinguished from healthy ones onlyr@ans of a certain defoliation threshold.

Consequently, the 25% threshold for defoliationsdnet necessarily identify trees damaged
in a physiological sense. Some differences in ¢lvellof damage across national borders may
be at least partly due to differences in standarsbd. This restriction, however, does not

affect the reliability of trends over time.

Natural factors strongly influence crown conditidgtowever, in many countries the natural
growing conditions are most favourable in thosasmeceiving the highest depositions of air
pollution. As also stated by many participating minies, air pollution is thought to interact
with natural stressors as a predisposing or accoympa factor, particularly in areas where
deposition may exceed critical loads for acidificat(CHAPPELKA and FREER-SMITH,
1995, CRONAN and GRIGAL, 1995, FREER-SMITH, 1998).

It has been suggested that the severity of formsiagie has been underestimated as a result of
the replacement of dead trees by living trees. Hewedetailed statistical analyses of the re-
sults of 10 monitoring years have revealed thatrthember of dead trees has remained so
small that their replacement has not influenced¢iselts notably (LORENZ et al., 1994).

2.1.4.2 Classification of defoliation data

The national survey results are submitted to PCCoasitry related mean values, classified
according to species and age classes. These datarseaccompanied by national reports
providing explanations and interpretations. Alletrgpecies are referred to by their botanical
names, the most frequent of them listed in 12 lagga in Annex Il

The results of the evaluations of the crown cooditiata are preferably presented in terms of
mean plot defoliation or the percentages of thestrfalling into 5%-defoliation steps. How-
ever, in order to ensure comparability with pregiguesentations of survey results, partly the
traditional classification of both defoliation amliscolouration has been retained for com-
parative purposes, although it is considered antyitby some countries. This classification
(Table 2.1.4.2-1) is a practical convention, as pégsiological thresholds cannot be defined.

Table 2.1.4.2-1: Defoliation and discolouration classes according

to UNECE and EU classification In order to discount background

Defoliation class| needle/leaf los{ degree of defoin | Perturbations which might be
0 up to 10 % none considered minor, a defoliation of

1 >10-25 % slight (warning stage) >10-25% is considered a warning

2 > 25 -60 % moderate stage, and a defoliation > 25% is
3 > 00 - < 100% severe taken as a threshold for damage.
4 100 % dead _| Therefore, in the present report a

Discolouration foliage degree of discolouration . .. . i

class discoloured distinction has sometimes .or'lly

0 up to 10 % none been made between defoliation

1 >10 - 25 % slight classes 0 and 1 (0-25% defo-

2 >25-60% moderate liation) on the one hand, and

j > 60 % severe classes 2, 3 and 4 (defoliation >

25%) on the other hand.
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Classically, trees in classes 2, 3 and 4 are e as "damaged”, as they represent trees of
considerable defoliation. In the same way, the damppints are referred to as "damaged" if
the mean defoliation of their trees (expressed exsegmtages) falls into class 2 or higher.
Otherwise the sample point is considered as "undatdia

Attention must be paid to the fact th@uercusrobur and Quercuspetraeaare evaluated
together and referred to a®Quercus roburand Q. petraed Similarly, Quercus ilexand
Quercus rotundifolicare evaluated together and noted@sércus ilexandQ. rotundifolid.

The most important results have been tabulatedaghafor all countries having participated
(called "total Europe”) and for the 26 EU-Membeat8s.

2.1.4.3 Mean defoliation and temporal development

For all evaluations related to a particular treecggs a criterion had to be set up to be able to
decide if a given plot represents this speciesotr This criterion was that the number of trees
of the particular species had to be three or mergjot (N>3). The mean plot defoliation for
the particular species was calculated as the mefiation of the trees of the species on that
plot.

The temporal development of defoliation is exprdsse maps as the slope, or regression
coefficient, of a linear regression of mean detaia against the year of observation. It can be
interpreted as the mean annual change in defaliafidhese slopes were considered as
“significant” only if there was at least 95% prolday that they are different from zero.

Besides the temporal development, also the chamghe results from 2006 to 2007 was
calculated (Annex I-7). In this case, changes inamelefoliation per plot are called
“significant” only if both,

» the change ranges above the assessment accueacyhigher than 5%,

* and the significance at the 95% probability levakwproven in a statistical test.

For detailed information on the respective calcatasee Annex IV.
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2.2
221

Results of the transnational survey in 2007

Crown condition in 2007

In 2007 crown condition was assessed on 4834 platsprising 104 399 sample trees. Of
these trees a share of 21.8% was scored as damagdwd a defoliation of more than 25%
(Table 2.2.1-1). The share of damaged broadleaxeseded with 25.9% the share of
damaged conifers with 18.8%. In Annex |-4 the petages of damaged trees are mapped for
each plot. Table 2.2.1-1 shows also the mean andhddian of defoliation. Mean defoliation

in total Europe in 2007 was 20.5%. Annex I-5 sh@auwap of mean plot defoliation for all

species. Because of different numbers of partizigatountries (Chapter 2.1.2.1), defoliation
figures of 2007 are not comparable to those of iptesv reports. The development of
defoliation over time is derived from tree and pg#tmples of defined sets of countries
(Chapter 2.2.2).

Table 2.2.1-1: Percentages of trees in defoliation classes anch de#oliation for broadleaves, conifers and

all species.
Species Percentage of trees in defoliation class efollation No. of
type 0-10% >10-25%)]| 0-25%| >25-60% >60% dead >25% | Mean | Median trees
EU Broad-leaves 22.5 49.4 72.0 24.4 2.7 0.9 28.0 23.620 35950
Conifers 32.1 47.3 79.4 18.6 1.3 0i7 20.6  1p.7 1546517
All species 27.9 48.2 76.] 21.2 1.9 0.8 289 21420 82467
Total [ Fagus sylv. 27.9 47.9 75.8 22.2 1.4 0.4 2412 212 20 86684
Europe | Quercus robuf 17.1 47.7 64.8 31.8 2.3 1L 35|12 2§85 20 6818
+ Q. petraea
Broadleaves 26.7 47.4 74.1 22.4 2.6 0.9 25.9 22.520 45258
Picea abies 37.1 37.5 74.6 23.3 1.7 0.4 25|14 195 15 15756
Pinus sylv. 34.5 51.2 85.7 12.9 0.9 0.p 14{3 18.0 15 29724
Conifers 34.2 47.0 81.2 16.8 1.3 0i7 18.8 1B.0 1559141
All species 31.0 47.2 78.2 19.2 1.9 0.8 21.8 20.515 | 104399

Frequency distributions of the sample trees in ¥ses are shown for the broadleaved trees,
for the coniferous trees and for the total of edes in Figures 2.2.1-1a and 2.2.1-1b for each
climatic region as well as for the total of all i@gs. Also given are the number of trees, the
mean defoliation and the median. Mean defoliati®rhighest with 23.9% in the Atlantic
(south) region and is lowest with 14.2 % in the&region.

Figures 2.2.1-2 to 2.2.1-5 show maps of mean p&fbldtion for Pinus sylvestris Picea
abies Fagus sylvatica and Quercusrobur and Q. petraea The maps reflect partly the
differences in crown condition between species gegions seen in Table 2.2.1-1 and in
Figures 2.2.1-1a and 2.2.1-1b: Defoliation is hgjHer Quercus roburandQuercus petraea
and it is lowest foPinus sylvestrisFor Pinus sylvestrishe map shows large and partly well
defined regions of both high and low defoliationamy plots with less defoliateRinus
sylvestristrees are situated in the Boreal and Boreal (teat@eregions.

In contrastPicea abiesand especially the main broadleaved speé&iagus sylvaticaas well
asQuercus robuandQuercus petraeashow highly defoliated plots throughout their habi
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Figure 2.2.1-1a: Frequency distribution of trees in 5%-defoliatsiaps.
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Figure 2.2.1-1b: Frequency distribution of trees in 5%-defoliatgiaps.
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Figure 2.2.1-2:Mean plot defoliation oPinus sylvestris.

Note that some differences in the level of def@iatacross national borders may be at least pduly to

differences in standards used.
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Hamburg, March 2008

Figure 2.2.1-3:Mean plot defoliation oPicea abies.

Note that some differences in the level of def@iatacross national borders may be at least pduby to
differences in standards used.



26 Large-scale crown condition surveys
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Figure 2.2.1-4:Mean plot defoliation oFagus sylvatica.

Note that some differences in the level of def@iatacross national borders may be at least pduby to
differences in standards used.
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Figure 2.2.1-5:Mean plot defoliation oQuercus robuandQuercus petraea.

27

Note that some differences in the level of def@iatacross national borders may be at least pduly to

differences in standards used.
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For 102 403 trees discolouration was assessedgTaPl1-2). A share of 7.8% of the trees
was discoloured, i.e. had a discolouration of méran 10%. A map of mean plot
discolouration is shown in Annex I-6.

Table 2.2.1-2: Percentages of trees in discolouration classesraaoh defoliation for broad-leaves, conifers and

all species.
Species Discolouration No. of
type 0-10%  >10-25% >25-60% >60% dead >10% tregs
EU Broad-leaves 90.1 6.1 2.3 0.4 11 9.¢ 35706
Conifers 93.0 4.6 1.4 0.2 0.8 7.0 45859
All species 91.8 5.3 1.7 0.2 1.0 8.2 81%65
Total Broad-leaves 90.0 6.2 24 0.4 1.0 10.¢ 44855
Europe | Conifers 93.8 4.2 1.2 0.2 0.6 6.2 57548
All species 92.2 5.0 1.7 0.3 0.8 7.8 102403
2.2.2 Development of defoliation
2.2.2.1 Approach

The development of defoliation is calculated assgnthat the sample trees of each survey
year represent forest condition. Studies of previpears show that the fluctuation of trees in
this sample due to the exclusion of dead and feifeds as well as due to inclusion of

replacement trees does not cause distortions akthdts over the years. But fluctuations due
to the inclusion of newly participating countriesish be excluded, because forest condition
among countries can deviate greatly. For this read® development of defoliation can only

be calculated for defined sets of countries. Déferlengths of time series require different

sets of countries, because at the beginning aduheeys the number of participating countries
was much smaller than it is today. For the preseatuation the following two time series and

respectively, the following countries were seledtadracing the development of defoliation:

* Period 1990-2007:
Belgium, Denmark, Germany (west), Hungary, Irelabatvia, Poland, Slovak Republic,
Spain, and Switzerland.

* Period 1997-2007:
Belgium, Bulgaria, Croatia, Czech Republic, Denmé&s$tonia, Finland, France, Germany,
Hungary, Ireland, Italy, Latvia, Lithuania, Norwalpland, Slovak Republic, Slovenia,
Spain, Switzerland, and United Kingdom.

These two sets of countries deviate from thoseyagdlin previous years because several
countries did not assess crown condition in 2008nséquently, the development of

defoliation deviates partly from the one presenitedarlier reports. The development of

defoliation is presented in graphs and in mapspl&ahow the fluctuations of either mean

defoliation or shares of trees in defoliation césssver time. Maps indicate trends in mean
defoliation calculated as described in Chapte231.
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The spatial pattern of the changes in mean deifmhgrom 2006 to 2007 across Europe is
shown in Annex I-7. The pie diagram shows that rmsraase in defoliation was found on

12.8% of the plots, whereas only 8.9% of the pébisw a decrease. The plots with increasing
defoliation are particularly abundant in Norwayvea| as in parts of the Mediterranean area
and of the Balkan.

Chapter 2.2.2.2 presents trends in defoliationtliersix most frequent tree species. For each
of these species, Chapters 2.2.2.3 to 2.2.2.8idedtre trends in different climatic regions. In
each of these chapters the development of defmtiadf the respective species is visualised
for the total tree sample of all climatic regions ane graph. Additional graphs reflect
particular developments in selected climatic regioRach chapter contains also a map
indicating trends of mean plot defoliation. Annexé&® and 1-9 provide for each of the two
time series and each of the six species the nuofbeample trees and their distribution over
the defoliation classes for each year. This infaromais given for the total of all climatic
regions and for each region separately. In additioe same information is provided for three
more species, namelfbies alba Picea sitchensisand Quercus subeibecause of their
ecological and economical importance in some region

2.2.2.2 Main tree species

Of the main tree specieRinus pinastershows the severest increases in defoliation in the
period from 1990 to 2007 (Figure 2.2.2.2-1). In tcast, Pinus sylvestrisis the only species
with clearly decreasing defoliation since 1990.réisovery particularly in Poland and in parts
of the Baltic States since the mid 1990s rendesssitecies in 2007 in a better condition than
at the beginning of the time series. Being lesseptible to droughtPinus sylvestrishowed

no rise in defoliation even after the dry summethef year 2003®icea abiesFagus sylvatica
as well axQuercus robuandQuercus petraeaontinue their recuperation since their highs in
2004 which constituted a response to the drougl008. The impact of and the recovery
from the drought in 2003 is less pronounced intthee series from 1997 to 2007 (Figure
2.2.2.2-2). The reason is that the underlying sia@aple covers a large number of countries, in
many of which no drought occurred in 2003.

Trends in mean plot defoliation for the period 12907 are mapped in Figure 2.2.2.2-3. This
map is not confined to the main species but indudk species. The share of plots with
distinctly increasing defoliation (28.7%) surmourttsee share of plots with decreasing
defoliation (10.2%). Plots showing a deterioratase scattered across Europe, but their share
is particularly high in southern Finland, Francenadl as in parts of Germany and Spain.
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Figure 2.2.2.2-2 Mean defoliation of main species 1997-2007.
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2.2.2.3 Pinus sylvestris

Among all sample trees investigated in the perif@@0-2007 and 1997-20@inus sylvestris
constitutes the largest share. It is still preserdll climatic regions but less frequent in the
Boreal region as data from Sweden were not availfasl2007.

In the total of all regions, the portion of damaddus sylvestrigrees shows a pronounced
decrease from a peak at 46.7% in 1994 to 18.290Q7Y 2This reflects the improvement of
health status mainly in the Sub-Atlantic region ethiepresents by far the largest share of the
trees. Also in the Atlantic (North) regidPinus sylvestridas recovered since 2001 (Figure
2.2.2.3-1).

In the Mediterranean (Higher) region the time serslhow a continued increase in the
percentage of the trees damaged between 2000 &&df@bwed by a marked improvement
in 2007 (Figure 2.2.2.3-1).

The spatial distribution of the damage shows thatghare of deteriorated plots (24.3%) is
much higher than the plots experiencing improvem@2t2%) between 1997 and 2007
(Figure 2.2.2.3-2). The map shows the high numbeleteriorating plots in the Boreal region
(mainly in Finland). Small clusters of plots witktdriorated health status since 1997 lie in the
eastern part of Germany and in Spain close to teedh border. A marked improvement can
be seen in the north of Finland and in Norway. ther highest share of plots, namely 63.5%
no clear trend in forest condition Bfnus sylvestrisvas found.
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Figure 2.2.2.3-1:  Shares of trees of defoliation 0-10% and >25%vm periods (1990-2007 and 1997-2007).
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2224 Picea abies

In both time seriesPicea abiesconstitutes the second largest share of treesatbéhnus
sylvestris In the period 1990-2007, the share of damagesstine the total of all regions
decreased from its peak of 38.2% in 1994 to 29.1%@2007 (Figure 2.2.2.4-1). This
development reflects largely the situation in thééaitic (North) and Sub-Atlantic regions
where the share of the defoliated trees diminishdx$tantially in the period mentioned above.
The latter comprises the largest sharPioka abiegrees.

The Sub-Atlantic and Mountainous (South) regionewsta sudden increase in defoliation
from 2003 to 2004 with a subsequent decrease i» 20@ 2006. In 2007 the share of the
damaged trees rose again not only in these twomediut also in the boreal forestsPotea
abies.This development can be interpreted as an effeitteoflry and hot summer of 2003 and
more favourable weather conditions in 2005.

Figure 2.2.2.4-2 shows the spatial distribution #yelpercentage of plots with improved and
worsened trend in crown condition Bicea abiesOf all plots in the map 60.7% do not show
any trends. On 24% of the plots investigated ameese of defoliation was found, whereas
only 15.3% of them showed a distinct trend towdsd#er health status. According to the
trend calculations the health statusFo€ea abiesimproved in Southern Norway and the
Slovak Republic. Regions of deterioration occuFimand and Estonia.
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Figure 2.2.2.4-1:Shares of trees of defoliation 0-10% and >25% im p@riods (1990-2007 and 1997-2007).
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Figure 2.2.2.4-2Trend of mean plot defoliation (slope of linear negpion) of Picea abies over
the years 1997 to 2007.
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2.2.2.5 Fagus sylvatica

Fagus sylvaticais the most frequent tree species among all beaaels. After a distinct
increase in the share of damaged trees betweenal®@0995 to a total of 30.1% the number
of defoliated trees became rather stable from 16086 A substantial improvement was
observed in 2007 with 21.7% defoliated trees as pawad with 2006 showing 25.7%
damaged trees (Figure 2.2.2.5-1). A worsened croamdition was found in 2004 in all
climatic regions except for Mountainous (South)eTause for the deterioration of the health
status was the dry and hot summer in 2003. Mogietrees heavily damaged in 2003 by hot
weather conditions obviously recovered from theedetated crown condition as the share of
defoliated trees decreased substantially alread0@5. This reflects in particular the
development of crown condition in the Sub-Atlantgion which constitutes the majority of
the Fagus sylvaticatrees. Both the drought damage and the followinguperation are
especially pronounced in the Atlantic (North) regiovhere the share of damaged trees
decreased by 13.6 percent points from 45.8% in 20R.2% in 2005, and decreased again
to 30.7 % in 2007. Another obvious increase in lilgion occurred between 1990 and 1997
in the Mountainous (South) region. There, the sldrdamaged trees rose from 10.0% in
1990 to 19.4% in 1997. The overall deterioratiorcimiwn condition ofFagus sylvaticaver
the whole period of 1997-2007 observed particularlfhe Sub-Atlantic region is evident in
Figure 2.2.2.5-2. The map shows the spatial digiiob of the trends between 1997 and 2007
across Europe. The portion of plots with increadledpliation is 25.3% against a share of
10.0% of plots showing improving crown condition.
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Figure 2.2.2.5-1:  Shares of trees of defoliation 0-10% and >25%vm periods (1990-2007 and 1997-2007).
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2.2.2.6 Quercus robur and Q. petraea

In the species grouQuercus roburandQuercus petragathe share of damaged trees across
all regions recovered from its peak at 48.1% in4l3%ter a steady state from 1999 onwards,
it increased markedly in 2004 and 2005. This réflemainly the development of crown
condition in the Sub-Atlantic region which constésl the largest share of the sample trees of
this species group. There, the share of damaged inethe time period 1990-2007 increased
by 10.3 percent points from 32.7% in 2002 to 43.0%62005, followed by a marked
recuperation in 2006. The improved crown conditionthis region shows a pronounced
decrease in damaged trees to 29.6% in 2007. A eegof Quercus roburand Quercus
petraeaoccurred also in the Mountainous (South) regionemtthe share of damaged trees
dropped between 2006 and 2007 by 4.3 percent pditgs in the Continental region the two
oak species recuperated in the last two years.rBedapatially, defoliation of 60.3% of oak
plots did not show a clear trend (Figure 2.2.2.6FRg highest number of plots with increased
defoliation is situated in France.

A deterioration in health of both oak species wastl on 31.5% plots in the map whereas on
only 8.2% plots health status improved in the Y387 to 2007.
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Figure 2.2.2.6-1:  Shares of trees of defoliation 0-10% and >25% im p&riods (1990-2007 and 1997-2007).
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Figure 2.2.2.6-2:Trend of mean plot defoliation (slope of linearneggion) ofQuercusrobur and
Quercuspetraeaover the years 1997 to 2007.
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2.2.2.7 Quercus ilex and Q. rotundifolia

Across all regionsQuercus ilexand Quercus rotundifolisshow an increase in the share of
damaged trees to a peak of 32.8% in 1995. Thisrideton was followed by a clear
recuperation to 12.1% in 1998 (Figure 2.2.2.7-1)c& then the share of damaged trees of
both samples (1990-2007 and 1997-2007) fluctuatednal 18% until the year 2004. The
subsequent sharp increase in 2005 is explainedxbgpdonal summer drought. A slight
improvement was found in 2006 across all regionbetame more apparent in 2007, which
may be explained by the favorable weather conditigorted from Spain. However, the
interpretation and significance of the resultstfe both oak species is difficult as data from
Portugal for 2007 are not available. Consequeniiy, analysis of the temporal and spatial
development for both oak species is based onljhemata from Spain and on the few plots in
Southern France and Italy. Nevertheless, (arcus ilexand Quercus rotundifoliaplots
were found in the database. The analysis of telsréor these plots revealed improvement on
only 10 plots (6.4%) compared with 59 plots witkereasing defoliation in the period 1997 —
2007. Because of the high temporal variation obligion in this time span for 55.8% of all
plots no clear trend could be identified (Figur2.2.7-2).
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Figure 2.2.2.7-1:  Shares of trees of defoliation 0-10% and >25% im p@riods (1990-2007 and 1997-2007).
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Figure 2.2.2.7-2Trend of mean plot defoliation (slope of linear negpion) of Quercus ilex and
Quercusrotundifolia over the years 1997 to 2007.
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2.2.2.8 Pinus pinaster

Over the entire period of observation, the shardamhaged trees &finus pinasteracross all
regions changed only slightly. The long term deration of the health status &finus
pinastercan be recognized more distinctly and easily rm#eof decreasing percentage of
healthy trees (Figure 2.2.2.8-1). The share of madged trees fell from 78.5% in 1990 to
33.6% in 2007. This development reflects largely time in the Mediterranean (Lower) and
Mediterranean (Higher) regions, where almost 75%lld?inus pinastetrees occur.

In the Mediterranean (Higher) region a striking nmgement of crown condition occurred in
2007. There, the share of damaged trees decreasae®®.5% in 2006 to 11.7% in 2007. As
with the Quercus ilexand Quercus rotundifoliathis result may largely be influenced by the
fact that data from Portugal with a substantialrshat Pinus pinasteplots are not available
for the evaluation. The spatial variation of tremushe period 1997-2007 is based only on 89
plots (Figure 2.2.2.8-2). Most of them do not shany trends (70.8%). As only on two plots
mean defoliation decreased linear between 199728F this trend category can not be
considered as reliable trend estimationRorus pinaster
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Figure 2.2.2.8-1:  Shares of trees of defoliation 0-10% and >25% im pe@riods (1990-2007 and 1997-2007).
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3. INTENSIVE MONITORING
3.1 Introduction

For assessments of cause-effect relationshipsedbtlst ecosystem scale more than 860
plots were (Level Il) were selected in the most am@nt forest ecosystems of 28
participating countries. The intensive monitorirggnprises 11 surveys, but not all of them
are conducted on every plot. Also, not all survanesconducted continuously or annually,
but need to be conducted only every few years.eBoh of the surveys Table 3.1-1 shows
the number of installed plots, the number of pladsessed in 2005, and the assessment
frequency. The map in Annex I-7 shows the locatiohthe installed plots. The complete
methods of the intensive monitoring are laid downhie “Manual on methods and criteria
for harmonized sampling, assessment, monitoring andlysis of the effects of air
pollution on forests” (ANONYMOUS, 2004a).

Table 3.1-1:Surveys, numbers of Level Il plots installed asdesssed in 2005, and assessment frequencies.

Survey Number of plots Assessment frequercy

Installed Assessed in

2005

Crown condition 800 671 Annually
Foliar chemistry 770 552 Every two years
Soil condition 738 0 Every ten years
Soil solution chemistry 254 197 Continuously
Tree growth 772 287 Every five years
Deposition 548 434 Continuously
Ambient air quality 114 110 Continuously
Ozone induced injury 99 44 Annually
Meteorology 216 217 Continuously
Phenology 149 152 Several times per year
Ground vegetation 723 235 Every five years
Litterfall 114 128 Continuously

Chapter 3.2 of the presents the spatial and terhpariation of sulphur, ammonium, and
nitrate deposition as assessed at Level Il by gae 2005. These results do not only give
evidence of the effectiveness of CLRTAP clean alitigs but also constitute the basis for
further assessments of critical loads exceedafitesexceedances calculated for last years
report (Lorenz et al. 2007) are compared with creandition data in Chapter 3.3.

Chapter 3.4 deals with ozone concentrations, oraheced plant injury and the further
development of the flux approach.
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3.2 Deposition and its trends
3.21 Method

Deposition data are collected and analysed on Liéy#bts according to the ICP Forests
Manual (ANONYMOUS 2004a), both in the open fieldulb deposition) and under
canopy (throughfall). Bulk deposition reflects floeal air pollution situation. Throughfall
and in some cases stemflow constitute element $luxt® forest ecosystems. Throughfall
is mostly larger than in the open field as wet dgjomn is additionally polluted by dry
deposition washed off the foliage. With respectleEment fluxes in the forest canopy, two
major processes can be observed during the pasttdgedeposition through the canopy:

1. Canopy leaching: The solution of an element, mastlgutrient cations, from the tree
crown into the precipitation water, which leadsao enrichment of the particular
element in the throughfall deposition comparedulk lbleposition.

2. Canopy uptake: The absorption of an element, maestipgen compounds, from the
precipitation water by the leaves which leads torel@sed deposition of the particular
element in the throughfall deposition comparedutk lbleposition.

For the present study, throughfall and bulk depmsitof nitrate (NQ), ammonium
(NH,4"), sulphate (S¢), calcium (C&"), sodium (N4), and chlorine (C) were calculated
as the arithmetic mean of the yearly sums of tlposigion in the years 2003-2005 for each
Level Il plot in kg h& yr. Changes over time were calculated over the p&@@®d-2005.

In the light of data availability the choice of shperiod permitted the inclusion of a
maximum number of plots. Only those plots were Imgd in the study on which
deposition had been measured continuously overpdabd, with maximally 30 days of
measurements missing per year. Data of missing ways replaced by the average daily
deposition of the respective year. Table 3.2.Thdws the numbers of plots included in the
study for each substance according to the abovdiomed criteria. Depending on the
pollutant considered, throughfall data were avéddbr 215-249 plots. For a large share of
these plots bulk deposition was also available.

Table 3.2.1-1:Number of plots which fulfilled the selection efiia.

Variation Deposition N&a o} Ca&* | N-NH,” | N-NO; | S-SQ*
Temporal Bulk | 193 193 | 193 192 193 185
(2000-2005) [ throughfall| 223 223 | 223 222 223 215
Spatial Bulk | 216 216 | 216 216 216 216
(2003-2005) [ Throughfall| 249 249 | 249 249 249 249

For mapping and quantifying temporal developmetits, slope of plot specific linear
regression over the years of observation was uBmaks, with the years of assessment as
predictor and annual deposition as target variédneeach plot, linear relationships were
obtained. The slopes of the linear equations wetesscally tested and depicted in maps
according to the following classification:

» Decrease: negative slope, error probability lowezgqual 5% (green)

* No change: negative slope with error probabilitgager than 5%, or same deposition
in each year, or positive slope with error probgbgreater than 5%
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* Increase: positive slope, error probability loweequal 5% (red)

Given the time span of only six years, results niiestinderstood as a mere description of
the changes over time rather than a trend analfsish would require a longer period. For
the interpretation of the results several restiidihave to be watched. In the present study
canopy exchange was not taken into account sottimatghfall does not reflect total
deposition under canopy. Moreover, throughfall d#gan may have been underestimated
especially in beech stands because stemflow wataken into account as it had not been
measured continuously from 2000 to 2005 on mostspldhese restrictions are not in
conflict with the aim of the present study to assepatial and temporal variation of
depositions. However, care must be taken when congpéhe results of the study with
results published in the literature. Bulk and thyliall depositions expressed in kg*ha™

in the text and in the figures refer to the chemaament considered, e.g. to sulphur
(S-SQ?) instead of sulphate (S©). No attempt is made to compare the depositions
assessed in the study with threshold values, becafispoor comparability due to
individual site and stand properties. Instead, deéjoms measured by ICP Forests are used
to calculate exceedances of critical loads (Lowred. 2008).

3.2.2 Results
3.2.2.1 Spatial variation

For S-SQ%, bulk and especially throughfall deposition shamugh spatial patterns across
Europe (Figures 3.2.2.1-1 and 3.2.2.1-2). Manyhef plots with highest deposition are
situated close to coastlines. This holds partityleue for Greece, Italy, and Sweden.
Most of these plots show also sodium depositiongjirs from 13.1 to 194.7 kg Ha*
which indicates seaspray input carrying sulphaté. d plots remote from any coastlines
sulphur deposition of more than 5.7 kg'f&l were measured, indicating mainly an
anthropogenic origin. This holds true for the CzB&public, central and eastern Germany,
and for the Slovak Republic. The throughfall deposi of sulphur is higher than bulk
deposition. On 44.4% of the plots a throughfallhieigthan 5.7 kg hha* was found.
These plots are mostly located in central EuropetsRvith lowest sulphur throughfall
ranging from 0.7 to 3.3 kg Haa' are mainly situated in the Nordic countries andhie
Alps.

Also for bulk and throughfall deposition of therogen compounds (Figures 3.2.2.1-3 and
3.2.2.1-6) rough spatial patterns are discern&uaethe majority of the plots throughfall is
clearly higher than bulk deposition, indicating tingportance of dry deposition filtered
from the air and washed off the leaves.
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F|gure 3.2.2.1-1:Mean annual sulphate sulphur
(S-SQ?) bulk deposition 2003 to 2005.

F|gure 3.2.2.1-2: Mean annual sulphate sulphur

(S-SQ?) throughfall deposition 2003 to 2005.
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F|gure 3.2.2.1-3:Mean annual nitrate nitrogen
(N- NO3) bulk deposition 2003 to 2005.

F|gure 3.2.2.1-4: Mean annual nitrate nitrogen
(N- NOg) throughfall deposition 2003 to 2005.
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Due to the higher number of plots with throughfaeasurements, spatial patterns are
better discernable for throughfall than for bulkpdsition. Plots with lowest N-Nand

N- NH," throughfall are located in the nordic countries anthe Alps. Plots with highest
N-NOs" throughfall were found mainly in central Europegiabundance of such plots in
central Germany and northern Italy may reflectlgaateas of high vehicle exhaust due to
dense traffic. Also highest N-NHthroughfall is most abundant in central Europé,less

so in northern ltaly.

3.2.2.2 Temporal variation

Figure 3.2.2.2-1 shows the changes in throughfalltzulk deposition of S-S@, N-NH,",
and N-NQ  from 2000 to 2005. The distinctness of the changeies greatly among the
three substances within the five years observaieriod.

Bulk and throughfall deposition of S-§Oare highest but show the most pronounced
decrease. S-S© throughfall decreases by about a quarter fromt@ 29 kgha' a’. Bulk
deposition of S-SE shows a similar decrease at a lower level, narinely 6.0 to 4.6 kg
ha'a’. Bulk and throughfall deposition of S-$Odecrease by a nearly uniform rate every
year but show an exceptionally strong decreaskdrdty year 2003. This reflects the high
dependence of bulk deposition and throughfall &&= on precipitation. The deposition
of N-NH;" and N-NQ' is mostly lower than that of sulphate. The ratel@frease in bulk
deposition and throughfall of N-NfA and N-NQ is smaller than that of s-sh
Moreover, the response of N-yHand of N-NQ' deposition to the low precipitation in
2003 is lower than that of S-$0 Although the influence of precipitation on depiosi is
considerable, the observed decrease in depostiamt a result of mainly decreasing
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precipitation (LORENZ et al. 2008). The spatialtpats of the changes in deposition over
time are shown in Figures 3.2.2.2-2 to 3.2.2.2-7.

kg / hfaLS a’] N-NH4 througfall (222)
- -A& - N-NO3 throughfall (223)
- - - S-SO4 throughfall (215)

9 N-NH4 bulk (192)
—— N-NO3 bulk (193)
) T —A— S-S04 bulk (185)
“A- .
7 A T A

2000 2001 2002 2003 2004 2005
Year

Figure 3.2.2.2-1: Mean annual bulk and throughfall deposition opsulr, nitrate nitrogen and ammonium
nitrogen
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Figure 3.2.2.2-3:Trends in sulbhur (S-SO) in
throughfall deposition from 2000 to 2005.
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'Figure 3.2.2.2-5:Trends in nitrate nitrogen (N-NQ
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3.2.3 Conclusions

Intensive forest monitoring at Level Il shows clgmtterns in the spatial distribution of
depositions of N-N@, N-NH," and S-S@. Obviously the spatial patterns of depositions
often vary over large distances, so that even #wekll grid is dense enough to reveal
them, although designed for monitoring on the estesy scale rather than on the
European-wide scale. The spatial patterns of daposireflect partly regional emission
situations. N-N@ depositions are particularly high in some regiohslense traffic and
high vehicle exhaust like central Germany and resrthitaly. S-SGF reflects partly
regional industrial air pollution, but can as wedl caused by sea salt, specifically in areas
close by the sea. The spatial patterns of depasitid N-NQ', N-NH," and S-S& shown

in the present study partly confirm those foundamalyses of data measured in earlier
years (Lorenz et al. 2008). In addition to the spagiatterns, S and N depositions also
show clear temporal patterns, namely a decreasetloedive years period of observation.
All in all, the results of deposition measuremeatsLevel 1l reflect the reduction of
sulphur emissions (by 70% since 1980) under CLRPARics over the last years and the
less pronounced reduction of nitrogen emissiorsuiope (Sliggers and Kakebeeke 2004).
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3.3 Exceedances of critical loads for acidity and nitrgen and
forest ecosystem responses

3.3.1 Background and aim of the study

Clean air policy by CLRTAP and EC relies inter aba critical loads assessment as an
appropriate tool to evaluate long-term ecosystesparses to deposition of acidifying and
eutrophying pollutants. Budgets of relevant chetwoapounds are the main basis for the
respective calculations. Biological responses @& tbrest ecosystems are much more
difficult to assess. In this respect the Level Ibtp provide a unique basis to contribute
information to the related policy processes. Tha af the present study is to evaluate
statistical relationships between exceedances it€airloads for nutrient nitrogen and
acidity on one side and reactions of the foressgstems on the other side. Hypotheses to
be tested are that

o critical load exceedances are related to foresdition in terms of recent tree
crown condition;

» critical load exceedances are related to changderest condition in terms of
temporal developments of tree crown condition;

It has, however, to be considered that the criticatls concept is a long-term model for
ecosystem development. Therefore, exceedancegioéldoads may not evoke immediate
responses within particular ecosystems. Only ifcsje critical thresholds (limits) of
organisms (e.g. trees) within certain ecosysteraseaceeded, a respective response is to
be expected.

3.3.2 Methods
3.3.2.1 Critical load exceedances, deposition andils properties as
predictor variables

Based on the results of deposition measuremeriteva I, critical loads for acidity and
nitrogen as well as their exceedances were prasémtihe previous report (Lorenz et al.
2007). The methods of these critical loads caladatare laid down in the Manual of ICP
on Modelling and Mapping (Anonymous 2004b). Theical load exceedances from the
previous report are related to response variahlése present study.

In order to achieve an adequate set of parametéinsminimal intercorrelation between
the parameters, within both considered domainsoglgépn and soil solid phase) domain-
specific principal component analyses (PCA) waggpered. Only those parameters were
used, which gained high scores on the first thdepdsition) respectively four (soil solid
phase) PCA-axes. Additionally stand age - a vasiabdell-known for its positive
relationship with defoliation (Kap et al. 2000, BDLING & MUES 2005) - and exceedances
of CL for nutrient nitrogen and acidification wereluded.

3.3.2.2 Response structure crown condition

Crown condition is regarded as a widely availabl#idgator for forest condition in Europe.
There are some statistical relationships to dejposivhich are, however, limited by the
fact that they do not take into account the spesifatus of the concerned ecosystem. This
recent status of soil and stand is, however, reghvdthin the calculation of critical loads.
First results from Germany and Canada show thatioglships between defoliation and
critical loads are closer than relationships betwekefoliation and deposition. No
transnational evaluations have yet been carriedhatis field.
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3.3.2.3 Statistical approach

In a first step intercorrelations between differesgposition measures (throughfall
deposition, total deposition, critical load exceasmk) were investigated by suitable
correlation analyses and by principal componentyara, performed with SAS. Data were
provided by ICP Forests. The results provide arr@ppate basis for more sophisticated
interference analyses between deposition estinaaigsesponse variables.

Besides general relationships, for plots stockettdxy species which gain sufficiently high
numbers of cases (Figure 3.3.2.3-1), relationshgtsveen crown condition on one side
and deposition, stand as well as site parametetBeoather side have been investigated in
more detail. The two oak speci@siercus roburand Q.petraeaas well as the two beech
speciesFagus sylvaticaand F. moesiacahave been pooled. Together with the two
coniferous specieBinus sylvestrimndPicea abieshese are the main tree species, which
are also used in most comparable evaluations. therotree species do not deliver
sufficiently high number of cases for any separataluation and should not be merged
due to their considerable ecological differences.

Other broadleaves
Phillyrea latifolia

Alnus incana

OOoo0ono

Tilia platyphyllos

Tilia cordata

Sorbus aucuparia [

Acer pseudoplatanus |

Quercus suber [0
Quercus robur
Quercus petraea
Quercus ilex
Quercus frainetto
Populus canescens

Fraxinus exclesior

Main tree species

Fagus sylvatica
Fagus moesiaca

Pinus sylvestris
Pinus nigra

Pinus mugo

Ooo0oo

Pinus halepensis
Picea sitchensis

Picea abies
Larix decidua
Abies borisii-regis

0 5 10 15 20 25 30 35 40

number of plots

Figure 3.3.2.3-1 Number of plots per main tree species with alddlaalculations of exceedances of critical
loads for nutrient nitrogen and exceedances atatitoads for acidity; species with red (dark) dar
have been used for all species-specific evalugtiBagus sylvatica and F. moesiaea well as
Quercus roburnd Q. petraeahave been pooled.
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3.3.3 Results and Discussions
3.3.3.1 Simple interference analyses with defoliath as response variable

Interrelation structure of crown condition in terwisdefoliation was screened along with
important parameters from the deposition and soilesy and calculations of critical loads
exceedances for those Level Il plots with availatdéa by a series of bivariate correlation
analyses.

Table 3.3.3.1-1 Correlation coefficients (Pearson) and degresigiificance (pr > |r| under HQ: =
0.05) between defoliation, exceedances of acidity eutrophying nitrogen and soll
and deposition parameters; n = 148 - 303.

ExEutro | ExAcid | N_through| NO3 butk NH4 bulk stargea| BCE [ c o | No CIN o
Defoliation | 0.046 | 0.020 0.136 0.083 0046 |0.325% |0.034 |0247+ 0204+ |o0.114
ExEutro 0.608* |0.824** [0.360%* |0513** |-0.03L |-0.173* | -0.121 | 0.003 |-0.177*
ExAcid 05377+ |0.3517* |0.309%* |-0.177* |-0.171* | -0.077 | -0.063 -0.057
N_through 0.6817* |0.648"* |0.091 0144 | 0104| 0104 |-0.304%
NO3_bulk 06517 |0.111 0064 | 0158| 0123 |-0.412%
NH4_bulk 0.049 0.106 | -0.120] 0069 |-0.312%
stand age 0.032 |0.215+ [0.270% | -0.032
BCE 0093 | 0009 |0.114*
C o 0.716%* | 0.340%
N_o -0.350%%*

Defoliation: mean defoliation over all tree speciEsEutro: exceedances of critical loads for eutgdpg nitrogen; ExAcid:
exceedances of critical loads for acidity; N_troughnual nitrogen thoughfall deposition, NO3_bwdknual nitrate N bulk
deposition, NH4_bulk: annual ammonium N bulk defiosj BCE: exchangeable basic cations; C_o: Carbotenbin org.
layer, N_o: nitrogen content in org. layer, C/N_oNatio in org. layer.

Table 3.3.3.1-1 corroborates stand age with a Wigliginificant correlation coefficient as a
relevant predictor of defoliation even within thisiited sample of Level Il plots. Other
bivariate relationships for crown condition are #mount of carbon respectively nitrogen
within the organic layer, which may indicate thatless productive soils characterised by
impeded mineralization trees reveal more transpanewns. Table 3.3.3.1-dlso shows
that all deposition parameters are intercorreldfegn 68% (R = 0.8235) of the variation

of the exceedances of critical loads for eutroppyiitrogen can be predicted by nitrogen
throughfall deposition. Another obvious cluster safnificant negative relationships is
found for all measured deposition parameters a$ agefor the C/N ratio of the organic
layer. The latter is in accordance with a respeatesult found by AGUSTIN et al. (2005).

Results of bivariate species-specific evaluatiores displayed by Figure 3.3.2.3-2 and
Figure 3.3.2.3-3 as two examples of the relatigmsbietween defoliation and critical loads
for nutritional nitrogen. While in beech higher didition estimates coincide with higher

exceedances of nitrogen deposition, for Scots pinsystematic relationship is found. The
latter result applies also for oak and Norway seruls typical for the use of highly

aggregated parameters in interference analyses,nbt easy to identify an underlying

causal mechanism for the relationship found in be@&espective interference analyses
between defoliation and exceedances of criticaldofor acidity did not reveal any

significant statistical relationships for the fayrecies respectively species aggregates.
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Beech: Defoliation vs Exceedance of CLnut(N)
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Figure 3.3.2.3-2 Beech Fagus sylvatica et Figure 3.3.2.3-3 Scots pineRinus sylvestris
moesiac Linear regression (incl. 95% Linear regression (incl. 95% confidence intervals
confidence intervals for predicted values) with for predicted values) with defoliation as response
defoliation as response parameter and parameter and exceedances of critical loads for
exceedances of critical loads for nutritional nutritional nitrogen as predictor (n = 37> R
nitrogen as predictor (n = 272R 0.24,p>F = 0.001, p > F = 0.865).

0.0099).

3.3.3.2 Multiple interference analyses with defoli@gon as response variable

Information on natural or anthropogenic driversmatural phenomena like foliage density
of forest trees is seldom complete. Within any eioai approach with statistical means
for a sound selection of sets of predictors attldasfollowing two preconditions are to be
met: hypotheses about possible dependences andddgmwabout results of earlier similar
approaches. A typical result of data sets from ewgadi transboundary evaluations with
considerable influence was the affiliation of pltdsa country, often called country bias
(INNEs et al. 1993, DBBERTIN et al. 1997, Kap et al. 1997, SDLING & MUES 2005).
Most of the cited papers are partly or totally lnhea data from the much denser Level |
monitoring network. Nonetheless, this relationshpght also exist for Level Il sites.
Therefore ‘country’ was chosen as a categoricaupater within covariance models with
a mixed predictor structure.

Results given in Table 3.3.3.2-1 reveal the smiatlespective influence for Scots pine with
42% explained variance by ‘country’. Oaks show with% the highest amount of
explained variance. Foremost due to the small nurabéotal plots and the unbalanced
numbers of plots from different countries, interactterms between country and age or
other predictors cannot be carried out. It is teuase that a certain share of variance
explained by ‘country’ is covered by interactingriebles like stand age, however, a
considerable degree might be left to country-spe@étimation practices (cf. S &
SEIDLING 2003).

In joint Moesian and European beech, besides thiekwewn influence of country-
specific peculiarities (e.g.E®LING & MUES 2005), an influence of different components
of measured and derived deposition parameters foara. All of these relationships are
positive, which means higher defoliation estimateshe included Level 1l plots coincide
with higher deposition of nitrogen and/or sulphdone of the substrate related parameters
were found to influence directly crown conditionaech.
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In sessile and pedunculate oak only parametersecel® the soil acidity status give
significant signals besides a very strong coungtgted influence. All concerned soil-
related parameters are closely related to thetg@thtus of the substrates and the sign of
the relationship denotes oak stands on more asiili€ as those with higher defoliation.

Table 3.3.3.2-1 Summarized results of a series of multiple linsadels with mixed predictor
structures (Proc GLM in SAS) and defoliation agporse variable; *: partially statistically
significant at p < 0.05, **: p < 0.01, ***: p < 0001; (+), (-): sign of the relationship
(checked by adequate regression analyses withiyecmitrected defoliation estimates).

Fagus sylvaticg Quercus robur et Picea abies Pinus sylvestris
et moesiaca petraea

N of cases 27 31 35 37

Country *k*k *k*k *%* ek

explained variation | 0.471 0.711 0.534 0.416

Numeric parameters, with are additionally affilcitey covariance models

[N] min01 * ()

[C] min01 *(+)

pH org * ()

pH min01 *(+)

BCE min *(9)

CEC

base saturation ** ()

C/N ratio min

C/N ratio org ** (+)

N bulk * ()

NH,-N bulk

NOy-N bulk ** (4)

N throughfall *(+) *(9)

NH,-N throughfall *(-)

NOs-N throughfall | ** (+) *(+)

SO,-S throughfall *(+)

exacid

exeutro *(4)

mean stand age

Crown condition on Level Il plots mainly stocked INorway spruce shows — again
besides country specific effects — relationshipghwarameters of soil condition and
deposition. It responds negatively towards nitrogelk and throughfall deposition, which
means that defoliation values are higher at lovegéesr of N deposition and vice versa.
Since the model covers a broad scale of deposites, this outcome embraces an
obviously broad avenue of the reaction norm of spragainst plant available nitrogen
even emphasising its stimulating part. The C/Norawithin the organic layer is
concurrently positively correlated with depositiohhe C/N ratio shows a negative
relationship with all components of depositiontdyl and both N compounds within bulk
as well as in throughfall deposition and S throagiideposition). This outcome is in full
agreement with the previous one, as lower C/N ratimcide with higher N deposition
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(Table 3.3.3.1-1) The relationship between N ddmosiand the C/N ratio of the litter
layer was similarly found for spruce stands bycASTIN et al. (2005) for Germany and
interpreted there as an ecosystem response towioigen deposition.

In Scots pine stands defoliation adjusted towaodstry specific levels (PAD according to
SEIDLING & MUES 2005) is higher at sites with higher N (and interelated C)
concentrations in the upper mineral soil layer. Sistently nitrogen throughfall deposition
is also positively correlated with defoliation. Tfaet that pH within the upper mineral soll
layer is also positively related with defoliatiom pine is factually not consistent with the
remaining results for this species within this gtud

3.3.3.3 Muliple interference analyses with changa idefoliation over
time as response variable

The behaviour of defoliation over time is rathemgbex. For a typical time series analysis
a length of 15 years are considered as minimum.gitodinal approaches can be
performed with shorter time series, however, a ictemable number of synchronous cases
is needed for it. Additionally, adequate predicter® needed in the same temporal
resolution as the response variable. This is net ¢hse for critical loads and its
exceedances. Therefore the development of defmiiais described by its average
behaviour in time, which can be expresses by tbpesbf the mean annual defoliation
regressed over time mainly for the period from 18972001 (cf. [ORENZ et al. 2006).
Differences from year to year, which can be comsible, can not be regarded by such an
approach. Additionally, the values can stronglyridkienced by extreme values especially
at the beginning or at the end of the observatienod. Table 3.3.3.3-1 displays basic
information about the statistical ranges of thisapzeter.

Table 3.3.3.3-1 Basic statistics of slopes of plot-related def@ia of main tree species; values can
be red as increase / decrease of defoliation par, yember of cases per species confer to
Figure 3.3.2.3-1.

species mean minimum maximum
Picea abies 0.265 -2.017 10.013
Pinus sylvestris 0.712 -1.522 4.081
Fagus sylvatica et moesiaca 0.191 -1.562 3.073
Quercus robur et petraea -0.374 -5.258 4,965

The strongest mean increase on the regarded Lewtbts over the underlying period
reveals Scots pine with 0.7% per year, which isosnb% over 7 years. The highest
maximum exist for a spruce plot in Germany withadiation values around 18% until
1999 and around 50% from the year 2000 onwards.tWbemerged oak species are the
only taxon with an average decrease of defoliation.

In contrast to the relationship between defoliatma country there is no such strong and
continuous relationship for the average changeaatefoliation and country (results not
explicitly shown). This is in full agreement witlespective statements in the Technical
Reports of ICP Forests (e.goReNz et al. 2006). Only in Scots pine there is a weak
respective relationship. This hearkens back tostindit positive relationship between the
slope of defoliation over time and the absolutegheiof defoliation, which means that
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trees with higher defoliation estimates at the beigig of the evaluation period reveal an
even higher increase in defoliation.

Generally ambiguous relationships between the sbbpkefoliation over time and selected
predictors are indicated by the fact that differsatection mechanisms within multiple
regression models reveal comparatively differeedmtor structures (Table 3.3.3.3-2 and
Table 3.3.3.3-3). While the average change of ddfoh per plot in beech is not related to
any of the predictors, decreasing defoliation coies with higher carbon concentrations
within the organic soil layer in oak stands, foumith the backward selection strategy. At
the same time there is a trend that higher C/Nosaith the organic layer coincide with
increasing defoliation. While the first result foak indicates possibly a hint that higher
carbon concentrations within the organic layer rst@pilise crown condition on a medium
time scale, the latter finding supports the ideat thss productive soils with a high C/N
ratio may enhance defoliation. Interestingly thensaelationship between an increasing
defoliation and sites with higher C/N ratios is riduin spruce, even with both predictor
selection strategies. For spruce in the backwardirtion strategy model besides this
relationship a whole bunch of predictors were keiphin the model. Most significant is a
positive relationship with nitrogen throughfall a@ejtion and at the same time a negative
relationship with exceedances of critical loads noitritional nitrogen respectively its
exceedances. These somewhat contradictory resaitbmbased on the integrating nature
(soil, stand) of Critical Loads estimates in costreo mere deposition measurement. For
Scots pine, the stepwise model revealed exchamgdmddic cation capacity within the
mineral soil as the only statistically significgaredictor: At base-rich soils an increase in
defoliation is more probable than at more acidssdilowever, in the backward model this
variable is eliminated from the predictor set. éag&t N throughfall deposition and
exceedances of CL for nutritional nitrogen are keghe model, again with opposite signs.

Table 3.3.3.3-2 Summarized results of a series of multiple regjosmodels with stepwise
selection (selection limit: p = 0.05, Proc REG WS, slope of defoliation over time as
response variable, predictors selected by factalyaes (PCA) with soil and deposition
related data; *: partially statistically signifidaat p < 0.05, **: p < 0.01, ***: p < 0.0001;
(+), (-): sign of the relationship.

Fagus sylvatica ef Quercus robur ef Picea abies Pinus sylvestris
moesiaca petraea

Model R 0 0 0.223 0.124

n of cases 23 29 34 33

[N] org layer

[C] org layer

BCE min *(4)

C/N ratio org ()

NH,-N bulk

NOs-N bulk

N throughfall

Exacid

Exeutro

stand age
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Table 3.3.3.3-3Summarized results of a series of multiple regjosmodels with backward
elimination algorithm (elimination threshold: p ZL0Proc REG in SAS), slope of
defoliation over time as response variable, predscselected by factor analyses (PCA)
with soil and deposition related data; #: trend at0.1, *: partially statistically significant
at p <0.05, **: p<0.01, ***: p <0.0001; (+),X-sign of the relationship.

Fagus sylvatica ef Quercus robur ef Picea abies Pinus sylvestris
moesiaca petraea

model R 0 0.148 0.689 0.334

n of cases 23 29 34 33

[N] org layer ** (-)

[C] org layer * ()

BCE min

C/N ratio org #(+) R (4)

NH,-N bulk * ()

NO;-N bulk

N throughfall % (4) ** (+)

S throughfall ** (2)

Exacid

Exeutro *xE(-) ** (-)

stand age *(-)

3.34 Outlook

3.34.1 Crown condition as response structure withiinterference analyses

All statistical evaluations concerning the relasbip between crown condition and
exceedances of critical loads for nutrient nitroger for acidity have been performed
with plots spread over a large part of Europe aatdthe same time - with a comparatively
thin and irregular coverage. Apart from the lackaopeculiar specifity of defoliation as
biological response parameter for impacts of immiss (e.g. NNES 1991), this may cause
generally problems for all kinds of interferencelgses, as boundary conditions for forest
trees are quite different over such a large ardws may result in a high amount of
deterministic (and stochastic) noise, which carbetompensated by any comprehensive
and at the same time adequate structure of intemtlgovariates. At the same time the
number of valid cases (plots) is low, which limggrongly the number of variables
introduced within each of the applied statisticabdmls. Even the well-known positive
relationship between stand age and defoliationccoot always be established, which is
partly based on a narrower range of ages of Léwtahds in comparison to Level | stands,
where most of the comparable evaluations have pedarmed so far.

Further combined evaluations with crown conditierother parameters from the intensive
(Level 1) monitoring as response structure and odépn parameters including
exceedances of critical loads calculations as predi are definitely promising in
combination with data from the large-scale monitgriLevel ). Up-scaling (cf. SHALL &
SEIDLING 2004) and down-scaling approaches should suppoiit evaluations.
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3.34.2 Change in crown condition as response withinterference analyses

The largely inconsistent results of the differemd®ls with slopes of defoliation estimates
over time are not satisfying in substantial terites may be due to different reasons:

- The observation time is generally short. Thaefannual peculiarities especially at
the beginning or the end of this period may strgngfluence the slope. For instance the
outlaying value of 10% &for spruce is not the result of a constant inaezfdefoliation,
but rather a sudden rise of mean defoliation frd8fbo1to 48% from 1999 to 2000 as
consequence of a considerable number of dead(ttetgiation = 100%) in 2000.

- Change in defoliation might be a long-term pss;eprobably characterised by
different phases, which is not adequately represebly a slope over the comparatively
short period from 1997 to 2001.

- The rather erratic geographic distribution oé thevel Il plots with estimates of
Critical Loads respectively its exceedances issgmall and therefore not random enough
to perform rather bias-free analyses. For instamfkiences by different climatic factors
(cf. SEIDLING 2007) etc. should additionally be regarded.

- The use of slopes alone as response variabletlhe@generally problematic, since

the starting value is also of great importancetsPlath high defoliation at the beginning

might have a decreasing development, however, tetm®ds might still be in a bad

condition at the end of a medium-term observatienga in comparison to a forest stand
starting with no defoliation and with slightly highvalues at the end of the observation
period. Models with two response values (slopes agblute mean defoliation value) at
the same time (canonical correlation) might theneete an adequate option.

- The number of case is generally low to perforrorensophisticated analyses
especially with the inclusion of categorical vatesband respective interaction terms.
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3.4 Ozone concentration, exposures, and visible ury
3.4.1 Introduction*

Ozone (Q) is the most pervasive and dangerous regiongdutant for forest vegetation
in Europe and elsewhere and its potential impaldtea$y to increase in the near future (e.qg.
Fowler et al., 1999; Emberson et al., 2001; Percyle 2003). When attempting to
estimate the risk to forests due tgi® Europe, the status of the needed informationbza
summarized as follows:

)] measurement-based, consistent and harmonigetbentration data, which is a
basic requirement for a risk assessment, are inérggat remote forest sites. This situation
even prevented the estimation of a potential resseasment to forests, which — in Europe —
is based on cumulative exposure in terms of AOREz@mulated Over a Threshold of 40
ppb Q) (UN/ECE 2004; Directive 2002/3/ EC).

i) A concentration-based approach for risk analysianmiguous in itself and site-
based estimates of stomatal flux for a more bialaigy sound risk analysis is very much
data intensive. Reported exceedance of criticaléew Europe are not easy to interpret in
terms of effects on forests (Matyssek and Inne891.9This is becauses@ffects on forest
vegetation depend on a variety of factors that méyence the uptake of {by the foliage
(the G stomatal flux, e.g. Emberson et al., 2000) andplhets’ response (Reich, 1987).
Since high exposures do not automatically lead tehwsiologically active, high dose
absorbed by plants, an approach based on {Huinto the plant/forest ecosystem has
been promoted (e.g. Karlsson et al., 2002; 2007%tyséek et al., 2007). However, flux
calculation is data intensive (Emberson, 2002) arfekn data are not available, the use of
defaultvalues (see e.g. UN/ECE 2004, p. 11I-39) may peshatroduce more uncertainty
than benefits in site-related risk assessment @eesmd Anfodillo, 2003). In addition,
while stomatal flux is measured in (few) dedicafedtid experiments (e.g., Nunn et al.,
2002), and large scale meteorological angnaddels may provide input data for flux
estimates (e.g. Zierl, 2002), the lack of datadbdate these models’ outputs is a limiting
factor. On the other hand, to our knowledge very &atempts have so far explored the
feasibility of the flux approach under the routinendition of the forest monitoring
programs, at the large-scale and on the basidefaated, measurement-based data (e.qg.
Schaub et al., 2007a).

i) Field evidence of @effects on forests is limited and extrapolatioregperimental
results tahe real worldis problematic. In addition, investigations in fiedd carried out in
the framework of routine forest monitoring usuatigncentrate on non-specific response
indicators such as tree defoliation and tree growtiich are subject to many other
stressors than {)(Spiecker et al., 1996; Braun et al., 1999; Pemg &erretti, 2004;
Ferretti et al., 2003b). Visible£lke symptoms were considered only recently aporse
indicators in Europe (Innes et al., 2001; EC andEIE, 2003).

With this background, and despite their limitatiolegge-scale monitoring programs are
highly relevant for both scientists and policy makas they offer the chanceliok forest
health monitoring to @ monitoring (Karnosky et al., 2003). In this chapter, the main

1 Out of Ferretti et al., 2007



62 Intensive monitoring

results obtained by the investigations on troposplozone carried out at the Level Il plots
are evaluated. Specific emphasis is put on

(1) information on ozone concentration at the Levelldits;

(i) estimates of AOT40 for the same plots;

(i)  a synthesis of ozone visible injury assessment;

(iv)  an evaluation of relationships between visiblemnjand exposure to ozone; and

(v)  an evaluation on the feasibility of the flux apprbavith standard Level Il data.

34.2 Methods
3421 Measurement of ozone concentratién

The number of plots with available ozone passivemer data varied among countries and
years (Table 3.4.2.1-1). The analyses of the pezi@@D-2004 conducted in the present
report are however based on data subsets whicli falfre restrictive requirements for
data coverage (Tables 3.4.2.1-2 and Table 3.4)2.3-1

Table 3.4.2.1-1 Number of plots per country and year with avd#apassive sampler

ozone data.
2000 2001 2002 2003 2004

Denmark 2 2 - - -
France 26 26 27 - 25
Germany 8 10 40 35 19
Greece 4 - 3 3 3
Italy 22 26 26 25 27
Luxembourg 2 2 2 - 2
Lithuania - - - - 2
Spain 12 12 12 13 13
Sweden 20 25 25 26 1
Switzerland 6 6 16 16 15
UK - - 13 9 -
Total 102 109 164 127 107

Ozone concentrations were measured using diffenetihods of passive sampling systems
and following the recommendations of the SubmariaalMonitoring of Air Quality
(Lovblad et al., 2000). Details of the types ofg@as samplers used are provided in Sanz et
al. (2007). The seasonal period selected for thisyswas from T April to 3" September,
according to the vegetative period of trees, anel time window recommended for
calculating the AOT40 for forests (Fuhrer et aP917). Although under Mediterranean
conditions the vegetative period may be longer. (@.&pain passive samplers are exposed
during the entire year), only measurements frorm @month period have been taken into

2 Out of Sanz et al., 2007
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account for this study. For most countries, passamplers were collected on a regular
basis every 2 weeks, but also 1-week (Italy) oretkv (Germany, Sweden) exposure
periods were carried out. Measured ozone concerisaaire weighed using the number of
exposure days, so that slight differences in domdbetween exposure periods (e.g. a given
period with 16 days instead of the regular 14-dagrsod) in a given plot are taken into
account to calculate the 6-month average. This medspossible for the data submitted
under deposition (DEA) format (Sweden, Germany-@D01 and 2004-, and Greece -
2000-). In these cases, simple means were usezhthdEor every year, only plots with a
data coverage of >70% during the April-Septembeiode were taken into account.
Differences in the frequency of ozone classes antbeglifferent years (Figure 1) were
based on the only 30 plots with complete data wexe available over the 5 years. For
spatial representation of the 5-year mean ozoneerdrations (Figure 2) and altitudinal
trends (Figure 3.4.3.1-3), less restrictive requiats were applied: plots having at least 4
out of the 5 years (a total of 91 plots, Table3%2) were considered.

Table 3.4.2.1-2 Number of plots with 5 years (2000-2004) of meaments with a data
coverage of >70% during April-September (commong)locand summary of the
number of plots per country and year fulfilling tregjuirement of having at least 4
out of the 5 years with >70% data coverage.

Plots with 4- Common

2000 2001 2002 2003 2004 5 years 5-years plots
2000-2004 2000-2004

France 24 24 24 - 24 24 -
Germany 4 4 4 4 - 4 -

Greece 3 - 3 3 3 3 -

Italy 19 23 24 24 24 24 18
Luxembourg 2 2 2 - 2 2 -

Spain 11 12 12 12 12 12 11
Sweden 18 18 18 18 - 18 -
Switzerland 2 3 4 4 4 4 1

Total 83 86 91 65 69 91 30
3.4.2.2 Estimation of hourly ozone concentrationsral AOT40 by

means of passive samplirg

There were several attempts to estimate hourlyegaland cumulative or summation
indices (as the AOT40) starting from integrated mé&a concentration obtained from
passive samplers (Gerosa et al., 2001; Krupa et28D1; Krupa and Nosal, 2002;
Tuovinen, 2002; Krupa et al., 2003; Mazzali et 2002; Gerosa et al., 2007). Recently,
Gerosa et al. (2003, 2007) estimated AOT40 at 8ZlL# monitoring plots located in
France, Italy, Spain and Switzerland, and on wiidglwas measured by passive sampling
in 2000, 2001 and 2002. The technique is basedodsi &t al. (1994) and Loibl and Smidt
(1996). They reported a function describing therlyo®@3; concentration as a function of
the relative altitude ¢hof the site, i.e. the difference between thduwale of the concerned
site and the lowest altitude within a 5 km radius:

% Out of Gerosa et al., 2007
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2
0,(h,,t)=a, +a,e ™) h, ., blzt +b,t +b, ot "
100 b,t° +b,t +10000

where

h; is the relative altitude in meters (see below),

t is the daytime,

a1, &, a, & andby, by, bs, b4, bs, bg are coefficients obtained from the fitting.

The function was obtained as the best fit of aeseaf Q measurements carried out at
more than 100 sites distributed over a range,oh ustria. Although the function was

proven to fit well also for forest sites in southdturope (Gerosa et al., 2003; 2007), it
should be considered that the best fit representgean, an ideal value which may be
subjected to interferences such ag &lvection from areas with high photochemical
production and @ depletion by nearby NQOemissions. For this reason, deviations in
hourly concentrations can be expected accordirtgeaituation of individual sites, and, at
the same site for individual days.

The pattern of the £daily profile was modeled for each site accordmgquation (1) and
using the hcalculated for each site. Then, the @aily profile was adjusted in order to
match the mean {xoncentration measured by the passive samplersmasisas the 24-
hour daily average over the measurement window reavdy passive sampling. The
resulting Q daily profile was replicated for each day of theasurement window (i.e. 7 or
14 days). The underlying, simplifying assumptiorthat the invariance of the daily;O
profile, which is considered to be the same evay af the measurement period (Mazzali
et al., 2002). Thus, deviations between measurddranteled hourly @concentrations for
individual days are implicit in the assumption dketmodel, but they are expected to
compensate over the April-September period (e ,computational period of AOT40). In
this respect, passive sampling on a weekly basisoie suitable than on a fortnightly or
monthly basis. This is because the strength of aegsumption needed is somewhat
proportional to the length of the measurement wimdAs a consequence, the uncertainty
of estimates is expected to increase with the kemjtthe exposure period of passive
samplers.

The modeled @concentration of the hours with global solar rédia>50 Wm™ were
considered to estimate AOT40 values (AOJ4for each site. When direct radiation
measurements were not available, assumed glokal reliation > 50 Wh was assumed
occurring between dawn and sunset, and the nunidesurs was estimated by means of
an astronomic model based on latitude, longitudhefite, the calendar date and the time
of the day (Strahler, 1984; Scire et al., 1989)otder to avoid underestimation of the
AOT40 in the case of missing data, the “raw” AOTdélculated on the basis of the
available measurements was weighted by a coeffigeen by the reciprocal of the ratio
between the number of the valid days of measuresnawailable (Na) and the total
number of the days () of the measurement period (equation 2).
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3.4.2.3 Data completeness for the 2000-2004 anadysi
The following rules were considered:

- consider only plots for which start-end of eachasyre period is known
- consider only plots with 1 and 2 week long expogeeods
- consider only plots with at least 80% of the AiB#ptember period covered

For the 2000 - 2004 ozone data, countries with vie2ks exposure periods and a data
coverage >80% included Denmark, France, Italy, olxeurg, Spain and Switzerland for
a total of 85 Level Il plots. Table 3.4.2.3-1 refsaihe percentage of plots that comply with
the 80% data coverage. However, only 18 of thespfotfill the data completeness
requirements for each year. The major reason isrwias the lack of data from France in
2003.
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Table 3.4.2.3-1:Frequency (%) of plots with data coverage >-80%e¢ach country over
the 2000-2004 period; n is the total number of ploperational in each country; n.a. data
not available. Only countries providing data witi2 weeks sampling frequency were
considered.

Vear Denmark France Italy Luxembourg Spain Switzerland
(n=2) (n=24+27) (n=22+26) (n=2) (n=12) (n=5+15)

2000 100 96.2 85.7 100 100 n.a.

2001 100 100 96.2 100 100 n.a.

2002 n.a. 100 96.2 100 100 33.3

2003 n.a. n.a. 91.7 n.a. 100 66.6

2004 n.a. 100 91.7 100 25 46.7

3424 Assessment of ozone visible injury

Since ozone pollution leaves no elemental residst tan be detected by analytical

techniques, visible injury on needles and leavethesonly easily detectable evidence in
the field (Innes et al., 2001; Schaub et al., 20B8@)wever, the diagnosis must be accurate
and requires skilled surveyors. In addition, witBpecies sensitivity may vary as well as
symptom’s expression, and other factors (e.g. leafiescence) may mimic ozone

symptoms, thus rendering the assessment subjectadrny constrains (e.g. Bussotti et al.,
2003). Within the ICP Forests Program for the Assesnt of Ozone Injury on European

Forest Ecosystems, number of species and numbeyroptomatic species have been
assessed at the Level Il forest edge (i.e. Lighgdsed Sampling Site LESS;), once a year
during late season of 2002-2004.

Based on The Submanual for the Assessment of Ohgney on European Forest
Ecosystems (see http://www.gva.es/ceam/ICP-forette)following definitions and rules
were applied for the analyses of the 2001-2004: data

1. Symptomatic species: any plant species classiiesy/mptomatic in terms of ozone
visible injury as described in the Submanual.

2. Symptomatic quadrate: any sampled quadrate whereast one symptomatic
species was recorded.

3. Only data sets from years and countries with védidaymptomsvere considered.

In 2000 — 2003 the forest edge was treated as tmeapd all plants and species were
assessed, in 2004 a new monitoring method waseabphis described in the Submanual
for the Assessment of Ozone Injury on European $tdfeosystems, the forest edge, i.e.
Light Exposed Sampling Sight (LESS), was dividedoira number of x sampling
quadrates, depending on the total length of theS.E®pending on the preferred precision
level (adjusted sample size allowing a 10 or 20%rgra number of y quadrates were
randomly selected and sampled allowing the ste#istianalysis of frequency for
symptomatic species.
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Therefore, the 2002-2003 data are not comparabth thie 2004 data and analyzed
separately from each other.

For all sampling units, simple univariate statistieere applied as follows:

. mean and standard deviation of total plant spewésess collected within
each plot (i.e. LESS);

. mean and standard deviation of symptomatic spéardbe randomly selected
set of sampled quadrates within each plot;

. mean and standard deviation of the ratio symptanvati total species for the
randomly selected set of sampled quadrates witich elot;

. mean and standard deviation of symptomatic quasiaithin the plot;

For the number of symptomatic species per quadvdten each plot and for the number
of symptomatic quadrates per plot, asymmetric clamfce intervals (Cl, confidence level
= 95%) were evaluated. In order to calculate G2, aesumption on the probability density
function (p.d.f.) from which observed data werewdrashould be assessed. The first step
of fitting distributions consists of choosing thatimematical model or function to represent
data in a statistical appropriate way. Considerithgtt symptomatic species and
symptomatic quadrates (count data) occurred at le@ryfrequencies (most of the obtained
values were 0), the Poisson distribution was adpéie the reference p.d.f. The Poisson
distribution is classically used to model countaddtypically, such data are the numbers of
occurrences of a given event during a defined tpagod and within a defined space,
when the probability of an event occurring duringexy short time (or within a small
space) is low and the events occur independertdiy ach other.

According to equation 3, the density function of93on shows the probability of obtaining
a count ofx when the mean count per unitli€Crawley 2007):

flrd)=e?= (3)
wherex=0, 1, 2, ...

In order to test whether or not it is reasonablagsume that the random samples follow
the specified Poisson distribution, a “distributiivee” test was applied with the following
null- and alternative-hypotheses:

Ho: Sample data follow the stated distribution
Hi: Sample data do not follow the stated distribution
For this, the X test was used.

Finally, the Cls were calculated with respect teaheamean. As expected for count data
which are following the Poisson distribution, estied Cls were asymmetric. In fact, it
should be considered that the lower CI could nobhégative and that it equaled O in those
cases where the number of occurrences (e.g., pesérsymptomatic species with respect
to total number of plant species) was very low.

All analyses were performed using the R softwar®gelopment Core Team, 2008)
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3.4.3 Results
3.43.1 Ozone concentration at the intensive moniiog plots

The analysis of the 2000-2004 ozone data showerdiftes in the seasonal (April-
September) ozone concentrations among the fivesyeansidered (Figure 3.4.3.1-1).
Some of the highest ozone levels in forest aredsuobpe were measured during 2003, a
season with one of the hottest summers on recoilmope; relatively high levels were
also recorded in 2001 and 2004. During 2002, aoseebaracterized by a rainy summer,
and also during 2000, lower ozone values were medsitylean seasonal ozone levels for
the years 2000-2004 are represented in Figure.3-2:3hey increased from Atlantic and
Northern Europe to the Mediterranean region. IntBeun Europe, levels ozone formation
is particularly favoured by the intense solar rdig high temperatures, and re-circulation
processes of the polluted air masses (Sanz e2@0D7). Based on a 5-year dataset, a
tendency to increase t80.54, P<0.001) ozone levels with elevation is oaméd within
the plots of the monitoring network covering Eurapé-orests (Figure 3.4.3.1-3).

o 80% m 0.5 pob
o - pp
E— 60% | 45-50 ppb
-
o O 40-45 ppb
& 2% = 35-40 ppb
g 0 [ 30-35 ppb
E 0% - W 25-30 ppb
0 . | 20-25 ppb
. B 5 o W B

2000 2001 2002 2003 2004
Years

Figure 3.4.3.1-1: Frequency of plots belonging to 8 classes of ozooecentrations (April-
September) for each year, based on N=30 commos (jiits where data completeness
>70% was met during the 5 years).



Intensive monitoring 69

@ 20-25 poh
@® 25-30 pob
@ 30-35oph
® 3540 pob

40-45 oph
@ 45-50 pob
@ 50-55 pob
® >=55 pob

Figure 3.4.3.1-2: Mean ozone concentrations (April-September) foe #000 — 2004
seasons, based on N=91 plots with 4-5 measureneans$ yith data completeness
>70%.
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Figure 3.4.3.1-3:Correlation between altitude and seasonal ozoneerdrations for the 2000 —
2004 seasons, based on N=91 plots with 4-5 measuteyears with data completeness
>70%.

3.4.3.2 Ozone exposure (AOT40)

Table 3.4.3.2-1 and Figure 3.4.3.2-1 report thellApeptember AOT40 estimates obtained
from the plots which fulfilled the data requirem&ntThe number of sites varies from year
to year. The UN/ECE critical level for a potentredk for sensitive forest species under
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sensitive conditions set at 5’000 ppb.hrs is frediye— and largely — exceeded at many
sites and years.

However, considerable variation exists betweenssdaad years. As far as the time
development is concerned, relatively low values lbambserved in 2002 (characterized by
a cool summer) and high peaks during in 2003 arid ZBigure 3.4.3.2-1). The same trend
applies at the sub-set of common plots (Table 2413

The performance of the estimates was evaluated pnegious paper by Gerosa et al.
(2007): measured and estimated values were highéyed (R=0.90, P<0.0001, standard
error of estimate=3'271 ppb.hrs). In general, thEugs below 10’000 ppb.hrs are
underestimated where as the values above 40’00(hqsphre overestimated. Estimated
and measured data are not significantly differgvildoxon matched pair test, P=0.054).

Table 3.4.3.2-1 Descriptive statistics of AOT40 (ppb.hrs) at thevel 1l plots. Plots considered
are those where passive sampling is carried out #i2 weeks sampling frequency and
data completeness wa80%. All plots: all plots where requirements weretncommon

plots: plots where requirements were met at foyedirs.

2000 2001 2002 2003 2004
All plots
N 58 68 71 46 58
Min 1’908 2'048 2'639 1'408 2'814
25th 7702 9'642 7'391 12982 9'503
50th 13'970 18’306 13'845 28’253 20’056
75th 22'663 36’003 19'486 41’806 42’060
Max 60221 83'091 54'737 97'440 123'577
Common plots
N 18 18 18 18 18
Min 8'858 8'407 3277 8’383 6'041
25th 17'002 32'440 12’756 29'241 26’952
50th 23'449 36’608 16'438 36'846 41'639
75th 29'193 47'370 21'706 43'725 55’420
Max 42'474 58'843 42’009 82’905 123'577
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Figure 3.4.3.2-1 AOT40 (ppb.hrs) estimates obtained for individuaVel Il plots over the period
of 2000 — 2004. The number of plots and the nunaberountry differ from year to year
(see Table 3.4.3.2-1).

3.4.3.3 Visible injury and correlations to ozone aacentrations
and AOT40 exposures

Symptom data were available from 2002 — 2004 subthiby seven countries. Three out
of seven countries made use of the available tmol&glidate symptoms. Four countries
submitted data of symptoms which were not validaléte original data contained errors
such as misspelled species names. For example pgheies Fagus sylvaticawas
represented in three different versiong&agus sylvatica’ (correct version), Fagus
silvaticd and ‘Fagus silvatica’ The latter version contained two spaces betwEagus
and silvaticd which was registered by the data base as a diftespecies.

Each species and genus was designated to a urpquies code from the Flora Europaea
data base, including approximately 13’000 differentles for both, species and genus.
Among the codes, the submitted data sets contamaaexisting codes such as

‘072.010.7?7? for the speci@&edum spFor data analyses, the above indicated errore wer
corrected and only the countries which submittdaigged symptom data were considered.

For 2002 - 2004, three countries assessed a tb2A%different species for ozone visible
injury. In 2002, Spain delivered data for both, ggomatic (2) and non-symptomatic (23)
species, whereas Switzerland delivered data of symgtic (23) species only (Figure
3.4.3.3-1).

In 2003, Spain delivered data with 1 species beyrgptomatic and 19 species being non-
symptomatic, whereas Switzerland delivered datayofiptomatic (19) species only. For
2002 an 2003 Italy delivered no data for ozoneblesinjury.

The new sample approach including the establishmehESS and quadrates, as applied
from 2004 on, allows descriptive statistics for fanpled plots.
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Figure 3.4.3.3-1 Total number of symptomatic and non-symptomgtiecges assessed at the LESS
for Spain (11), Switzerland (50) and Italy (5) @02 — 2004.

Considering the new assessment approach with amagdselected number of quadrates
per LESS in 2004, the average proportion of symptarspecies per plot varied between
0 and 15%. Data from a total of 3 countries, 189lmcluding 389 quadrates fulfilled the
data requirements. On average, 28 different spgmesplot were assessed of which 2
species (7%) were symptomatic.

There is a positive and non-significant trend betwethe average proportion of
symptomatic species per quadrate and the averagersd ozone concentration for 2004.
The transformation of ozone concentration into A@T40 exposure indices results in a
stronger but still non-significant trend betweenmgyom development and ozone
exposures (Figures 3.4.3.3-2 and 3.4.3.3-3).
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Figure 3.4.3.3-2:Correlation between mean proportion (%) of totainber of symptomatic and
non-symptomatic species vs. average seasonal eapogentrations (ppb) per plot in 2004.
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Figure 3.4.3.3-3:Correlation between mean proportion (%) of totainber of symptomatic and
non-symptomatic species vs. average, seasonal A@XgOsures (ppm.hrs) per plot in
2004.
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3.4.3.4 Feasibility of the flux approach at the Lesl Il sites’

Data sets of the EU and ICP-Forests monitoring atvare examined regarding their
suitability for the modeling of ozone uptake inesein the view of risk assessment. The
objective of this study was to establish whether &l ICP-Forests monitoring data
provide i) the variables necessary to apply thg&-Based modeling methods and ii) meet
the quality criteria necessary to apply the fluxddxd critical level concept.

The stomatal conductance term, which is centrah&leaf Q flux model, is calculated
using the multiplicative algorithm in equation (4)

gsto = gmax X lmln(f phen’ f03)] x flight X ma%f min? (f temp X fVPD X fSWP)} (4)

where gy is the actual stomatal conductance foy @d gmax is the receptor-specific
maximum stomatal conductance, (both in mmehT PLA s%).

The required input parameters, as they are mouxitbyethe routine EU and ICP-Forests
monitoring procedures, are shown in Table 3.4.3.4Hese parameters necessary to run
the @ flux model were derived using standard technigfresn meteorological data
collected according to the EU and ICP-Forests monig guide lines (EU/UN-ECE,
2004). Further details as how the various parametare derived from field data are
described by Schaub et al. (2007a).

Table 3.4.3.4-1:Input parameters required for stomatal fldx modeling according to the UN-
ECE Mapping Manual (UN-ECE, 2004).

Input parameters Units

Hourly O3 concentration (O3) ppb

Hourly wind speed (WS) ms™

Hourly photosynthetic photon flux density (PPFD) (umol m?s™)
Hourly and daily air temperature (tempa;) T

Hourly relative humidity (RH) %

Daily precipitation (P) mm

4 Out of Schaub et al., 2007.
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Application of this model has been possible usingirenmental data collected from the
EU and ICP-Forests monitoring network in Switzedlamd Italy for 2000—2002. The test
for data completeness and plausibility resulted iout of a possible total of 2Bagus
sylvaticaL. plots being identified as suitable from Switaed, Italy, Spain, and France.
Each of these plots was represented by data s#tsawiompleteness af 97% for at least
one of the years between 2000 and 2002. For mateoflata sets that did not meet the
criteria, irradiance (PAR) or wind speed were fhating factors, i.e. not monitored. Most
data sets were only available for 2002 and the rnomeplete input data set of the Italian
plot Calabria 1 provided data from 1 May — 30 Seqiter, allowing a comparison of all
three seasons (2000-2002).

The modeling results show that the collected d#itavathe identification of different
spatial and temporal areas and periods as havgigehrisk to ozone than those identified
using the AOT40 approach (Figure 3.4.3.4-1).

However, it was also apparent that the quality eowipleteness of the available data may
severely limit a complete risk assessment acrossdeuSchaub et al., 2007a).
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Figure 3.4.3.4-1 Monthly means for stomatal conductance af (%3), vapor pressure deficit

(VPD) and Q concentration (ppb) at four Swiss and one ltal@R-Forests monitoring
plot for June 2002.

3.4.4 Conclusions

For the AOT40 exposure analysis, considerable edases of the critical level were

detected at the majority of sites over the peri6822004. Exceedances are by far larger
in southern plots, namely in Italy and Spain. Hogrevt should be pointed out that our

findings are based only on part of the plots forichhozone concentration data were
available. This is because many sites did notlfdife data requirements as set to limit the
assumption needed to apply the estimation meth®dssive sampling across Europe is
still not fully harmonized in terms of frequency sdmpling, and considerable gaps were
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obvious in the data coverage. Considerable progreise translation of the given guide
lines into the field is necessary.

The analyses of the 2002-2004 data for ozone irtlsgmptoms demonstrate that elevated
ambient ozone exposures harm the plant and casiddevsymptoms on natural vegetation,
every season. Although not significant and basea ¢ew data, a positive trend between
symptom development and increasing ozone concemtsatould be detected and even
more so for the AOT40 exposure values. However pibar coverage of the data which
fulfilled the data requirements does not allow awmyclusions for temporal or regional
trends. Based on the available data sets, it tuonédhat the countries do not make use of
the available tools for symptom validation. The ®alnual for the Assessment of Ozone
Injury on European Forest Ecosystems (see httpwigwa.es/ceam/ICP-forests) offers
and recommends the following tools which allow tlaidation of ozone-like symptoms
on a broad scale such the ICP-Forests network:

. Pictorial atlas

. On-line data base at www.ozone.wsl.ch

. Pictorial field guide by Innes et al., 2001

. Guide lines for the microscopic differential diagso

. Annual intercalibration courses

. Contact addresses of Co-ordination and regionad¥@abn Centres

Considerable progress is needed to convince theipating countries of the importance
of data quality in general, and symptom validapamticular.

There is a general agreement that cumulative oaptake, the instantaneous rate at which
ozone is absorbed via the stomatal opening, woedd o a biologically more relevant

estimate of ozone risk as compared to external xpgoindices such as AOT40, SUMO,

and mean ambient ozone concentrations (e.g. Matystsd., 2004).

It has been demonstrated that a risk assessmestt basozone flux to receptor sites within
the leaf, rather than ozone exposure, could proaiémproved estimate of the relative
degree of risk of ozone damage to vegetation oacal las well as European scale. A
comparison of estimated flux values with plant etfifesuch as visible ozone injury or
reduced growth is very much needed to confirm thypothesis and further apply this
approach.

This study did not only assess the suitability lué data collected by the EU and ICP-
Forests monitoring program for making flux-basesk rassessments but, through these
initial attempts to apply the flux-based methotlglentified and may initiate development
of methods to derive the necessary input data #mat not directly available from
observations made at the monitoring sites. Thig pvdvide information on the necessary
procedures for data acquisition, data processingd, @uality assurance that European
countries will need to implement in order to penfdfitux-based @risk assessments in the
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future and help to identify data requirements asmmmendations as how to proceed with
the data collection in the future.

As such, the establishment of methods to utilizedfld ICP-Forests monitoring data for
O3 flux modeling may be useful for those countriesiochhintend to undertake £risk
assessments using the flux-based approach in catidninwith the EU and ICP-Forests
monitoring procedures, i.e. withs@assive samplers, for future analyses at remtgs si
and wider geographical scales.

Species specific differences in ozone sensitiuifferences in microclimatic conditions
and species composition (number of ozone sensfeeies) are the main factors making it
difficult to relate visible injury with ozone expa®s or flux to determine critical levels or
fluxes. The use of a bio-indicator plant speciea esference across all plots may solve the
difficulties caused by species specific differenace®zone sensitivity and differences in
species composition. Furthermore, the assessmemtf@f, well-known and investigated
plant species as bio-indicators may help to resohe encountered issues with data
coverage, harmonization and validation. A harmahiz®-indicator approach would be in
line with approaches so far chosen for non-foregjetation by ICP-Vegetation. A test
campaign with the ozone sensitive genotype Bbpulusspp.clone planted in the vicinity
of a subset of Level Il plots was initiated by Seh@2007). The experiences which will be
gained from the establishment of bio-indicatorstlom ICP Forests Level Il plots will be
important for the improvement of the UNECEC/ICP-€3is 0zone symptom assessment
program in particular and will provide importanttador the validation of ozone risk
assessment modeling.
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4, NATIONAL SURVEY REPORTS IN 2007

Reports on the results of the national crown caoonlisurveys at Level | of the year 2007
were received from 32 countries. For these cowittlee present chapter presents summa-
ries. Besides that, numerical data on crown camdiin 2007 were received from 30
countries. These results are tabulated in AnnebklAnnex IlI-1 basic information on the
forest area and survey design of the participatmgntries is given. The distribution of the
trees over the defoliation classes for all spedegven in Annex 1l-2. Annexes II-3 and
[I-4 contain the data for conifers and for broaavied trees, respectively. The annual
changes in crown condition are presented for atigs in Annex II-5, for the coniferous
trees in Annex 1l-6, and for broad-leaved treed\imex II-7. Graphical presentations of
the results are given in Annex II-8. It has to lméexd, however, that it is not possible to
directly compare the national survey results ofviaiial countries. The sample sizes and
survey designs may differ substantially and theeefmnflict with comparisons. Gaps in
the Annexes, both tabulated and plotted, may inelithat data for certain years are
missing. Gaps also may occur if large differenceshe samples were given e.g. due to
changes in the grid, or the participation of a m@untry.

4.1 Andorra

In 2007, the crown condition survey in Andorra wasmducted on 3 permanent Level |
plots of the 16 x 16 km transnational grid. Theveyr which was undertaken during the
first week of October, included 72 trees,Pifius sylvestrignd 30Pinus uncinata

Defoliation and discolouration results obtained2007 have shown a worsening in forest
condition after a light improvement registered 008.

In 2007, trees were classified mainly in defoliatiolasses 1 (slightly 37.5%) and 2
(moderately 44.5%), with similar values for botheipecies.

There was a decrease in the number of trees inialéfa classes 0 and 1 and an increase
in the number of trees in class 2. In 2007, moeedafoliation was registered for 44.4% of
the trees, compared to 16.2% in 2006 and 25% i4.200

Related to discolouration, for both pine specibsrd has been an important increase in
class 2 (moderate discolouration). Fonus sylvestrisclasses 0 and 1 decreased whereas
for class 2 an important increase was registered) 0% in 2006 to 28.5% in 2007. For
Pinus uncinatahe considerable increase in class 2 (from 3.3%006 to 43.3% in 2007)
corresponds to a decrease in class 1.

In 2007 the most frequent damage in Andorran feresas caused by the fungus
Cronartium flaccidumwhich affected the 6% of the sampled trees distedbover all
plots. Pine caterpillarTlhaumetopoea pityocampaas not been reported since the 2004
survey.



National Survey Reports in 2007 79

4.2 Belarus

The assessment of crown condition in Belarus in72@6luded 9 425 trees on 400 plots of
the transnational network. 78% plots were domindigdoniferous tree species, 22% by
broadleaves. The mean defoliation of all tree gsewias 17.1%, which is 0.5 percent points
above the mean of 2006. The mean defoliation ofcthréfers was 17.3% and 16.5% for
broadleaves.

Pinus sylvestricontributed 62.9% of all observed trees. Crown @@ of this species
thus considerably influences the mean defoliatibthe total sample. Compared to 2006,
the share of trees without defoliation decreased.Bypercent points to 31.6% and the
share of damaged trees (defoliation classes 2efased by 0.3 percent points to 8.1%. As
in previous years, the highest mean defoliation werded forQuercus roburand
Fraxinus excelsiorFor the oak species it w&2.0% compared to 23.1% in 2006. For
Fraxinus excelsioit was 28.8% compared to 30.6% in 2006. The shateses without
defoliation decreased from 23.5% to 19.5% and f25m9% to 15.9%, respectively. Lowest
mean defoliation was recorded ®etulaspp.(15.5%)andAlnus glutinosg15.1%).

21.0% of all observed trees had visible damage symg The most frequently observed
causes of injuries were fungal diseases (4.5%),hamecal injuries (3.5%) and insects
(3.3%). Fungi were most often observedRinus sylvestrig4.0% of all trees)Picea abies
(6.0%) andFraxinus excelsior41.7%). Mechanical injuries were most often obsgroe
Picea abieq6.1% of all trees) anBetula penduld4.6%). Insects were observed Almus
glutinosa(34.0% of all treesPopulus tremuld14.3%) andQuercus robui10.4%).

Over all, forest condition in Belarus remained geod stable.

4.3 Belgium

Flanders

The crown condition survey was conducted on 72spiot a 4 x 4 km grid. Ten of these
plots are part of the international 16 x 16 km ghid2007, 1 732 trees were assessed.

The mean defoliation was 21.1%, and 17.3% of thestiwere in defoliation classes 2-4.
0.2% of the sample trees died. The share of damiged was 18.8% in broadleaves and
14.1% in conifers. There was a smaller differemceean defoliation: 21.5% in coniferous
trees and 20.8% in broad-leaved species.

Compared to last year, mean defoliation decreagdilZpercent points while the share of
damaged trees decreased by 1.1 percent points. Mosie tree species showed an
improvement in crown condition.

Pinus sylvestrigs the species with the best crown condition. Matieto severe needle
loss was observed only on 11.3% of the sample.tRieas nigra subsp. Laricioevealed
on average a higher defoliation level thBmus sylvestris with 24.8% trees being
damagedPinus nigrasuffered from fungal infection and one sample ttesl because of
Sphaeropsis sapindafection. In some pine stands infection 8ygirrhia pini (Red band
needle blight) was recorded.
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The least affected broad-leaved species @asrcus rubrawith 12.3% of the trees in
defoliation classes 2-4-agus sylvaticawas the only species with a higher defoliation
score in comparison to 2006. 13.3% of the treesvedomoderate to severe defoliation.
Populussp. remained the species with the worst crown conalitraith a high proportion of
damaged trees (33.3%). Although population demsitiE Thaumetopoea processionea
were high in 2007, especially in the eastern parthe Flemish Region, the share of
moderately to severely defoliat€iercus robutrees remained stable (19.2%).

The warm and dry weather circumstances during tlatim of April did not have a
negative influence on the crown condition. Becaofseind damage 1.7% of the sample
trees had to be replaced. In several conifer staitolouration due to hailstorms was
observed.

Wallonia

The 2007 survey concerned 1131 trees on 49 platsh® regional 8 x 8 km systematic
grid. The percentage of trees with a defoliatior25% shows different long term trends
for conifers and broad-leaves:

Conifers were two times more defoliated in the begig of the nineties, but they stay now
at a lower rate than the broad-leaves with 13.5%®trees.

Broadleaves showed an increasing from 10% in 169bbut 20% in 2005. The damage
was mainly due to the degradation of the be&dolytidaein 2000-2002, drought in 2003
followed by fruiting in 2004) and of the Europeaakddrought in 2003).

For the first time, an improvement of the mean ligfion was observed for the main
species, especially for beech (18.2%) and sesakg&3%) in 2006. This improvement is
confirmed in 2007 for those species, while Europaanshows a slight degradation (16.5).
Spruce is quite stable around 10%.

Discolouration has continuously decreased bothbfoad-leaves and conifers since the
high level of 2003, despite of the high temperaiarduly 2006; about 10% of the broad-
leaved trees and 8.4% of the conifers show more &6 of discolouration, which is
lower than before 2003. But in 2007, a slight iasiag was observed, with about 12% of
the trees with a significant rate of discolouratidoth for conifers and broad-leaved.
Weather during 2007 does not explain this evolutewen if the mean temperatures were
high every month, no drought was observed afterlAphe rainfalls were particularly
high from May to July.

4.4 Bulgaria

In 2007, the forest condition survey was carried ati 145 plots on a grid net of
16 x 16 km, 8 x 8 km and 4 x 4 km. A total of 49%24&nple trees was assessed, 2 586 of
them conifers and 2 340 broadleaves. For all spetiere was a slight improvement in
crown condition. The share of moderately to seyedaimaged trees (defoliation classes
2-4) decreased compared to the 2006 results. Tdre sif trees without visible defoliation
increased from 17.3% in 2006 to 20.50% in 2007.
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For conifers, the percentage of damaged trees amuleslightly. As compared to the
previous year, trees without visible defoliatiomrgased by 3.6 percent points. The share
of severely defoliated trees remained almost tineesand that of dead trees decreased by
5.5 percent points.

For Pinus nigra some of the damage was caused by needle-rusbleyd shoot fungi
including Sphaeropsis sapine&onifer stands were attacked by defoliating insdi&es
Evetria buoliana.

Defoliation of broadleavesQuercusspp. andFagus sylvatica was lower in 2007 as
compared to 2006. The share of the trees withoytdafoliation increased by 3.4 percent
points, compared to the 2006 results. The shardeafl broad-leavettees decreased.
Quercustrees were attacked by pathogens sudNexdriaspp.,Hypoxilon mediterraneum,
Ophiostomaspp. Beech stands suffered from mining insects asé&hynchaenus fagind
Ectoedemia Liebwerdella Zimnd pathogens lik&lectria spp., Fomes fomentarius and
Ascodihaena rugosa.

Abiotic agents like weather extremes (drought, snioe) and anthropogenic factors such
as silvicultural operations at nearby trees weeatified as damage causes. As in previous
years, no specific damage factor was observed @oe itthan half of the trees.

4.5 Canada

This report compiles information from regional seys or initiatives with Natural
Resources Canada’s partner agencies which corgribuhe national picture of the status
of forests in Canada.

Canada’s Forest Inventory

Canada’s Forest Inventory (Can FI) provides tabslanmaries of data in order to meet
commitments to report to Parliament annually onSkete of Canada’s Forests, to provide
data to the United Nations Global Forest Resourssessment, and to report on
sustainable development through Criteria and Indisaprocesses. This inventory is a
national compilation of 57 individual source inveré¢s into a common format.
http://www.bookstore.cfs.nrcan.gc.ca/detail_e.pbpi?i=12586209 The most recent
report on criteria and indicators (2006) can beeased at

http://www.ccfm.org/current/ccitf_e.php

National Forest Inventory

A new National Forest Inventory (NFI) program wasplemented in 2000 to address
weaknesses with CanFl and to meet new and emengiagnation needs. It is a plot-
based design consisting of permanent observatiomiéd located on a national grid. By
collecting and reporting information to a set offarm standards, it allows for consistent
reporting across the country on the extent ane sthiCanada’s land base to establish a
baseline of where the forest resources are andtiveyvare changing over time. In addition
to providing consistent estimates for traditionakefst inventory attributes, the NFI
provides a framework for collecting additional da¢devant to the reporting of progress
towards sustainable forest management (e.g., smadnemic indicators), as well as data



82 National Survey Reports in 2007

related to forest health (e.g., insect damage,adesenfestation), biodiversity and forest
productivity. Initial results and the baseline rapof the NFI are planned for release in
2008. A mock-up of the report is availablentp://nfi.nfis.org/

The Earth Observation for Sustainable Developmeajept has enhanced the NFI by
contributing land cover mapping of forested and-farested areas and other land cover
products such as maps of forest composition, chamge time, and biomass. The
Biodiversity Monitoring with Earth Observation Da{@ioSpace) project is currently
integrating ground based and remotely sensed dadatermine the potential for an earth
observation biodiversity monitoring system. Thejgcbhas developed four indices based
on land cover, topography, productivity and distumte that are currently being tested.

Recommendations from a study to determine the cohiftgt of the current NFI
framework with other land-based monitoring programsCanada and to assess the
potential for partnerships and synergies indicaited the NFI should establish a long term
partnership with ICP Forests to learn and sharevibedth of information that this program
has gathered over the past two decades. The upgoimiernational Union of Forest
Research Organizations’ Division 4 meeting and rdifie forum on Extending Forest
Inventory and Monitoring over Space and Titoée held in Quebec City, Canada

May 20-22, 2009 will provide an opportunity for éemge between the two groups.
Regional monitoring
Climate Change Impacts on the Productivity and iHeaf Aspen (CIPHA

Because of the significant ecological importancé&r@ibling aspenRopulus tremuloidgs

as the most widely distributed tree species in INéanerica and for its value as a carbon
stock and a commercial species for fiber, the CIPptdject was initiated in 2000. A
network of 150 long term research plots was esthbtd in 72 aspen stands along a
regional climate gradient.

Annual assessment of health, mortality and chamgesboveground biomass show that
drought and insects are major agents of disturb#dratecould cause a sustained, regional-
scale decrease in aspen productivity and carboakeptinder the projected climatic
changes over coming decades. One of the majolecigaks is in “scaling up” these patchy,
stand-level impacts to the regional scale. Fieldisneements are being related to satellite
remote sensing data in the development of methodsdétecting, quantifying, and
mapping aspen dieback and mortality.

(RESEF: Réseau québécois d’étude et de surveilldese&cosystémes forestiers)

Quebec’s Ecosystem Study and Monitoring Network SEE), initiated in 1986, now
comprises 31 sites where soil, vegetation and giheye are monitored on a five year
cycle. A report released in 2007 identified impawftsnsect defoliation, freezing rain and
maple dieback on forest dynamics. Two key changdsrest composition were observed,;
the invasion of beech in stands experiencing mdigidback and the conversion of spruce
stands to balsam fir. The report can be accessed at

http://www.mrnf.gouv.gc.ca/publications/forets/caissances/recherche/Duchesne-
Louis/Memoire149.pdf
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Turkey Lakes Watershed Study

The 1000 ha Turkey Lakes Watershed Study area stablished in 1980 by Environment
Canada, Canadian Forestry Service, and the Deparimhé-isheries and Oceans to study
the impacts of the long-range transport of air ygalhits on aquatic and terrestrial
ecosystems. In 1997 a study was established emaant old-growth sugar maple-yellow
birch forest on a shallow, Precambrian-derivedstil, in the lower part of the watershed,
to examine the impacts of harvesting practicesherecosystem and to calibrate a range of
harvesting prescriptions to this important forgpiet More recently, research on the effects
of climate change has been included. Research amitaring are carried out by various
government agencies with more than 200 publicatlmegiag generated from this site to
date.

Acid Rain

The most recent progress report on the 1991 Cathmied States Air Quality Agreement
(2006) indicates that over the last two years Cartebs continued to reduce its emissions
of sulfur dioxide and nitrogen oxides, the majontributors to acid rain, by targeting
major sources such as electric generating unitksimial sources, and on-road and non-
road transportation. Canada’s total sulfur dioxéeissions are almost half of the 1980
level and 28% below the national cap of 3.2 mill@®-22 tonnes. Despite this overall
progress, in eastern Canada, acid rain continuelRitomage sensitive ecosystems, and in
2005 the provinces of Nova Scotia, Quebec, and r@ndeveloped stricter regulations to
reduce emissions from major sources. In westerna@anhowever, due to a booming
energy production sector, acid rain may become mparelematic.

Many areas of eastern Canada are continuing toriexjge levels of acidic deposition that
exceed critical loads (the maximum amounts of &gty deposition ecosystems can
tolerate in the long term without being damaged)idAdeposition is especially a concern
for eastern forests because the region is a maj@ptor of long-range transported air
pollutants, forest health is poor in some aread,farest soil fertility is marginal in many
areas. Scientists have concluded that the critbeals of many sensitive terrains fall below
the current target of 20 kilograms of wet sulfag¥ pectare per year, and even with full
implementation of the commitments made in the 19883 1990s, it is anticipated that
almost 800,000 kM in southeastern Canada will receive harmful levefsacidic
deposition.

The New England Governors/Eastern Canadian Seatet@EG/ECS) Acid Rain
Program initiated a forest mapping project to daiee sustainable levels of acidic
deposition for forest soils in eastern Canada andd that 52% of eastern Canada receives
acid deposition that exceeds critical loads. Thghést exceedances occur in eastern
Ontario and southern Quebec. Preliminary estimatesv that more than 48% of the
upland forest area in Ontario and Quebec and o @f the upland forest area of Nova
Scotia and insular Newfoundland receive acid deposthat exceeds critical loads.

In the Lac Clair Watershed in Quebec, research dopehe NEG/ECS found that

atmospheric pollution adds more than twice as maaitity to the ecosystem as it does
beneficial mineral nutrients and that water runodhtaining atmospherically deposited
sulfur and nitrogen leaches away more nutrients Hra added to the system from mineral
weathering. The research concluded that the pres¢éed of atmospheric deposition of
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sulfur and nitrogen exceed their long term sustdeeates where nutrient losses would be
matched by nutrient supply.

Ozone

Three regions of Canada are known to have elevat@ts of ozone: the Fraser Valley in
British Columbia, the Windsor to Quebec corridordatie southern Atlantic region.
Symptoms of ozone damage have been observed arreadtite pine in southern New
Brunswick and in Ontario white pine has exhibitedlocotic dwarfism. Ozone-like

symptoms have been noted on fourteen species adyyaants in the Fraser River Valley.

Fire

In Canada, neither the number of fires nor the atgaed has exhibited particular trends
between 1975 and 2006. The fluctuations in foriess fare primarily due to the variability
of weather. In the 2006 fire season, there wereJifés covering 2.1 million hectares:
both figures only slightly exceed the 10-year agesa The mild winter with below normal
snow and moisture levels experienced in many regasnwell as the early arrival of spring
likely were contributing factors to the incidenceforest fire in Canada in 2006. Due to
natural variations and lack of data, the precisei@mce of humans cannot be determined,
but between 1990 and 2004, human-induced firesuatdor, on average, 51% of annual
fires. In the same period, lightning strikes wergponsible for 82% of the burnt area.

Insects

Insects are considered the leading cause of destads in Canadian forests in terms of
total area affected. Overall, the total area damhame insects in Canada has decreased
steadily since 1975. The spruce budwofhd@ristoneura occidentaljsand the forest tent
caterpillar Malacosoma disstrip both species native to Canada, have had the most
significant impacts on Canadian forests by removireg foliage and consequently
reducing growth. In 2006, the forest tent cateapiiffected 5.8 million hectares of forests,
while in 2005 the spruce budworm impacted 0.7 onllhectares. Invasive alien species
are also causing damage to Canadian forests. Thenbrspruce longhorn beetle
(Tetropium fuscuip and the emerald ash boréwgfilus planipenniy are two species that
Canada is battling.

The mountain pine beetl®éndroctonus ponderosaéy a native insect that kills trees
through a combination of larval feeding on tresuesand the introduction of a fungus. The
province of British Columbia has been dispropordity affected and, by the time the
infestation has run its course, it is expected itbds much as 80% of lodgepole pine
(Pinus contortain BC. In 2006, aerial surveys showed roughlyrailion hectares of BC
forests were in a stage of red-attack by the mauirgae beetle. Though it has mostly
affected BC, scientists believe that Alberta’s jpake Pinus banksiangforests could also
be at risk and in an effort to contain the inféetg control measures are being focused in
the major mountain passes between the two provinces
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4.6 Croatia

83 sample plots on a 16 x 16 km grid network waotuided in the forest condition survey

in 2007. The percentage of trees of all speciesimitiefoliation classes 2-4 in 2007

(25.1%) was hardly higher than in 2006 (24.9%) emhparable to the year 2004 (25.2%).
For broadleaves the share of trees in classes2P-0%) was slightly higher than in 2006

(18.2%). For conifers, the percentage of damageeéstrin classes 2-4 (61.1%) is
significantly lower than in 2006 (71.7 %) and in080(79.5%), and even lower than in

2004 (70.6%). Although the percentage of moderatekeverely damaged conifers is still
high, it does not have a stronger impact on theadvpercentage of trees of all species for
the same damage class, due to the low representdtamniferous trees in the sample (252
coniferous trees vs. 1760 broad-leaved trees iff200

Abies albawas still the most damaged tree species, the p@ge of moderately to
severely damaged trees recorded in 2007 was 6%&6pfbpared to 69.7% in 2006. The
lowest value, 36.6% of moderately to severely daedattees was recorded in 1988,
whereas in 1993 the respective share was 70.8%elyear 2001, it reached 84.5%, and
after a slight decrease in 2002 (81.2%), the t@niticreasing defoliation continued with
83.3% of moderately to severely damaged trees @3,286.5% in 2004 and 88.5 % in the
year 2005.

The lowest percentage of damaged or d@adrcus robumwas recorded in 1988 (8.1%),
the highest percentage in 1994 (42.5%), and itbees fairly constant later at around
25-30% until the year 2000. Afterwards it decreasedalues below 20% (15.4% in 2003,
18.5% in 2004). In 2005, a slight increase was ndxd with 22.1% of moderately to
severely damaged oak trees. In 2006, it was sjigaoter at 20.5%, and in 2007 it was
again lower at 19.6%.

Fagus sylvaticaremained the least damaged tree species in Crofti@ maximum
percentage of moderately to severely damaged teeet was recorded in the year 2001
(12.5 %), and in subsequent years even lower valaes recorded: 5.1% in 2003, 7.5% in
2004, 7.0% in 2005, 6.3 % in 2006, and 7.6% in 2007

Overall, the state of crown defoliation in Croateanained the same as in the last year.
Despite that, the condition of some important agnkgive tree species, suchAtsies alba
andQuercus roburcontinued to improve.

4.7 Cyprus

The annual assessment of crown condition was céedwn 15 Level | plots, during the
period September - November 2007. The assessmeatecbthe main forest ecosystems
of Cyprus and a total of 360 trees.

The last six years results of crown assessment yipruS show a decrease in the
percentages of trees in classes 0, 2 and 3 andcasase in the percentage of trees in
class 1. This is mainly attributed to the drough2D07; affecting negatively the trees at
this survey.
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For Pinus brutig 10.7% of the sample trees showed no defoliaff@i3% were slightly
defoliated, 18.7% were moderately defoliated an8%0).were severely defoliated.
Compared to 2006, no changes have been obsergdass0. In class 1 an increase of 4.7
percent points and for classes 2 and 3 a decré&@sg and 0.3 percent points, respectively,
were registered. FdPinus nigra 5.6% of the sample trees showed no defoliatidn7%

of the trees were slightly defoliated while the e#ning 2.8% were moderately defoliated.
Comparing to previous year’s results the percentdgeees in class 0 decreased by 11.1
percent point, while the percentage of trees isclhincreased by the same amount. For
Cedrus brevifolia12.1% of the sample trees showed no defoliai®?2% of them were
slightly defoliated and the remaining 8.3% were erately defoliated. Compared to
previous year’'s results, a decrease of 4.2 perpemts in class 0, an increase of 8.4
percent points in class 1 and a decrease of 4c2pepoints in class 2 has been observed.

From the total number of sample trees assesse@ybdhowed signs of insect attack and
14.2% showed signs of attack bgter agents” Compared with previous year’s results,

there is an increase of 6.1 percent points of satmpes showing signs of insect attack and
an increase of 2.2 percent points for other agents.

Most frequently observed insect attacks were rélead haumetopoea wilkinsonfomicus
spp.Leucaspispp. as well as to unspecified defoliators.

The data analyses show that unspecified insectidie and Thaumetopoea wilkinsoni
were the major biotic factors causing defoliatiamidg the year 2007. No damage was
attributed to any of the known pollutants. Howewbe poor edaphic conditions and the
adverse climatic condition prevailing in Cyprus glibbe considered as additional factors
contributing to the defoliation of trees.

Forest fires are a serious problem for the forestSyprus due to drought conditions, low

precipitation and high temperatures prevailing loa island. However, due to the effective

system and infrastructure in preventing and sugprgdorest fires, the annual burnt area
was kept small. During 2007, 25 forest fires danda§&7 ha of state forests. From this

burnt area 539 ha were coniferous forests, 73 ha im®ad-leaved forest and 11 ha were
other forest cover type. The main causes of firesewcarelessness of forest visitors and
farmers, malicious, unknown and natural causesedtdires didn't cause any damage to
the Level | plots in 2007.

4.8 Czech Republic

In 2007, no important change in the total developnté defoliation for coniferous tree
species in both age categories (stands up to 5& yeal 60 year old and older) was
observed when compared with the preceding yearlightschange in defoliation was
evident only forLarix deciduain the older stands where the share of trees écbppthe
defoliation class 2 and increased in class 1. Coegpto the last yeaRicea abieshowed

no substantial changes in both age categorieteliong-term, defoliation of the younger
coniferous species (up to 59 years) was lower thanof younger deciduous species. The
reverse is true for the older stands (60 yearsaoltl older) where defoliation is distinctly
higher for conifers than for deciduous species. @heelopment of total defoliation in
deciduous tree species did not change in the categfoyounger trees (stands up to 59
years) but differences were obvious for individtrake species. A slight improvement of
defoliation in youngefFagus sylvaticastands was observed. A slight worsening in the
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defoliation of youngeBetula penduldrees was recorded. Development of total defolmti
in deciduous tree species of the older age catggtapds 60 years old and older) showed
a worsening trend documented by an increase of ireelass 2 from 28.9% in 2006 to
33.2% in 2007. Of the individual deciduous treecgge the worsening was most distinct
for Quercusspp. For this species group the proportion of trneeslefoliation class 2
increased from 54.7% in 2006 to 69.9% in 2007.

During the winter season (January) forest standsine forest regions, mainly in southern
Bohemia, were mechanically damaged by the stornrilKyln the late summer season
damage by strong wind was again observed in squtBehemia and in eastern Bohemia
as well. During the vegetation period higher ocence of cambiophagous insects was
observed in some forest areas, mainly in sprucelsta

In 2007 no important change was reported for thenrpallutants (particulate matter, $0
NOy, CO, VOC). During the last years their developnteas been fluctuating.

4.9 Denmark

The Danish forest condition monitoring in 2007 veasried out on a reduced number of
Level | plots, but results were supplemented by bi#th forPicea abiesQuercus(robur
and petraeg, Fagus sylvaticaand Fraxinus excelsiarMonitoring showed that most tree
species had satisfactory health, based on bothl Lewvel Level 1l and NFI plots.

However,Fraxinus excelsiohas serious problems with extensive dieback obtshand a
high average defoliation of 45% on Level | and 3##oall monitored ash trees. The cause
of the disease is considered to@ealara fraxinea and damaged trees are often attacked
and killed by honey fungug\(millaria sp.).

Average defoliation scores #ficea abiesand Quercus(robur and petraeg were a little
lower than in previous years. Most other tree sgmetiad slightly increased defoliation,
except forFagus sylvaticavhich remained at the same level. Attacks in @sitby the
bark beetldps typographusvere still common, but most forest districts wenecessful in
their effort to control the problem.

Based on both Level | and Il and NFI plots, theulssof the crown condition survey in
2007 showed that 81% of all coniferous trees antb 58 all deciduous trees were
undamaged. 12% of all conifers and 33% of all dewig trees showed warning signs of
damage, and 7% of all conifers and 10% of all dsmi$ trees were damaged. The mean
defoliation of Picea abiesdecreased to 7% in 2006, and the share of dantagesl rose
slightly to 7% in 2007. Mean defoliation Bagus sylvaticaemained at 10%, but only 4%
of the beech trees were damaged. The mean dedoliatiQuercusspp. decreased to 17 %
and the share of damaged trees to 15%.

Looking back at almost 20 years of forest healtmmooing it may be concluded that in
Denmark there were serious problems in the midteighIn the nineties, defoliation
remained high, mostly due to dry summers around51®ince then defoliation has
decreased, and most tree species excepirtinus excelsioare in good health, in spite
of various problems with insects, fungi and stormata from the state forest districts
corroborate the monitoring results.
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4.10 Estonia

Forest condition in Estonia has been systematicadbnitored since 1988. In 2007,
altogether 2 209 trees were assessed on 92 pertmagwal | sample plots from July to

October. 59@icea abies1496Pinus sylvestris92 Betulaspp. and 25 other broadleaved
trees were assessed.

In Estonia, the most defoliated tree species haa Bmus sylvestriover the last years. A
clear improvement of crown condition Bfnus sylvestrisvas observed in 1994—-2000. In
the following years, a certain decline was regexdeuntil 2003 and in 2004 a clear
improvement started. In 2006, 39.6% and in 20071%6of thePinus sylvestrisgrees were
not defoliated (defoliation class 0). In 2007, 43.@ere slightly (defoliation class 1), 5.3%
moderately (defoliation class 2) and 1.4% were iyeadefoliated or dead (defoliation
classes 3 and 4).

The increase in defoliation d?icea abieswhich started in 1996 stopped in 2002 and
remained on the same level up to 2005. In 2006 20@V, some worsening in crown

condition occurred. In 2006, 59.8% and in 2007 %8 df the trees were not defoliated
(defoliation class 0). In 2007 only 20% were selemefoliated or dead (defoliation

classes 3 and 4) compared to 2.2% in 2005 and i 2%06.

Needle cast (315 trees damaged) and shoot blidgi#t {(fees damaged) were the most
significant biotic damage types. The highest numifebiotic damage was observed in
2002, 406 pines damaged by needle cast and 73%cloy Blight.

The condition of deciduous species was estimatdx tbetter than that of the conifers. In
2007, 57.6 % oBetulaspp. were not defoliated (defoliation class 0).

411 Finland

The 2007 forest condition survey was conducted 68 Sample plots arranged in
16 x 16 km and 24 x 32 grids. A slight (less thapetcent point) increase in the average
defoliation level was observed between the yeaB628nd 2007. Of the 11 218 trees
assessed in 2007, 51.5% of the conifers and 54f9edoroadleaves were not suffering
from defoliation (leaf or needle loss 0-10%). Thegortion of slightly defoliated conifers
(11-25%) was 38.1%, and that of moderately defetiatover 26%) 10.4%. For
broadleaves the corresponding proportions were 984adhd 10.5%, respectively. In
general, the average tree-specific degree of defoi was 10.4% (9.6% in 2006) Rinus
sylvestris 18.3% (17.4 in 2006) iRicea abiesand 12.6% (12.1% in 2006) in broadleaves
(mainly Betulaspp.). On mineral soils the average defoliatiogree was 10.4% (9.7% in
2006) inPinus sylvesris18.5% (17.5%) ifPicea abiesand 13.0% (12.5%) in broadleaves,
and on peat lands 10.2% (9.2%), 16.4% (16.0%) dn2P4 (10.7%), respectively. A total
of 30 (incl. 19 trees with broken top/crown) tr¢es3%) died during 2006-2007 (0.4% in
2005/2006).

The proportion of discolouredicea abiesncreased from 5.1% to 7.3% and thaPaius
sylvestrisdecreased clearly from 6.8% in 2006 to 1.7% in720Bost of these discoloured
trees belonged to discolouration class 10 to 259d, moderate or severe discolouration
was rare. Also leaf discolouration on broadleavas@hsed from 4.8% to 3.7%. The most
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frequent discolouration symptoms oRinus sylvestriswere needle yellowing and
browning, and the symptoms were mainly concentratedlder than current-year needles.

Snow caused some damage during winter 2006/200%ast of Finland, especially in
South-eastern Finland. The extent of wind damage eemparably small, as it was last
year, t0o. Spring and summer started early. Theageesummer temperatures in 2007
were about the same or slightly higher than thg{@mm average all over Finland, and the
precipitation was 90 to more than 160% of the ltgarga average. Autumn 2007 was mild
and protected. Pine defoliators were abundant aceased population levels of the pine
sawfly, Neodiprion sertifer were observed on some 150 000 ha in SoutherrCantral
Finland. Fungal diseases occurred at the average le

In general, current levels of sulphur and nitrogeposition are low in Finland compared
to e.g. in Central-Europe. However, a slight couwspence betweerPinus sylvestris
defoliation and sulphur (Spearman’s rho, r = 0.184]) nitrogen (r = 0.195) deposition
(Finnish Meteorological Institute 2005), and breaadldefoliation and nitrogen deposition
(r = 0.155), was detected at the national level. ddarelation was found between the
defoliation pattern oPicea abiesand the modelled sulphur or nitrogen depositiodQ7.

4,12 France

In 2007, the forest damage monitoring in the Frepaht of the systematic European
network comprised 10 071 trees on 504 plots.

The climatic conditions of the year were favourabl¢he forest vegetation except:
- a special hot and dry month of April on most pdrthe territory;

- a very strong drought, for the fifth successieary on the extreme south-east (Corsica
and half east of Provence).

The foliage loss remained stable for most of theabtifleaved species, whereas it slightly
increased for conifers. Nevertheless, broad-leatregs still remained at a higher
defoliation level than coniferQuercus pubescerand evergreen oak, species which are
frequent in the South East of France, still hadwioest crown condition of all monitored
species in 2007.

Death of sampled trees stayed at a relatively Bwell (about 0.4 %). The mortality rate of
branches increased in 2007, especially for hardwio@d pedunculate oak, sessile oak,
pubescent oak, evergreen oak, wild cherry andaashalso for Douglas fir.

The number of discoloured trees was still low (l#smn 10%) except for poplars, beech,
wild cherry, larch and Aleppo pine.

Damage was reported on about a third of the samptss, mainly on broad-leaved
species. Attacks by defoliating caterpillars amednto about a half of the reports of
damage. Nevertheless, spring and summer obsersasioowed that their impact on the
foliage was quite low, and seldom went beyond 3U%& other most important causes of
damage were mistleto&iécum albumon Pinus sylvestrischestnut cankeiCtyphonec-
tria parasiticag) and the oak bupresti€¢roebus florentingson Quercusspp. Abnormally
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small leaves were observed on different speciesgially on Quercusspp., mainly on
evergreen and pubescent oaks.

4.13 Germany

The 2007 crown condition survey included 10 24Ekdren 420 plots of the 16 x16 km
grid. Forest condition continued to improve. Meafotlation showed a slight decrease,
from 21.0% in 2006 to 20.7% in 2007. Compared t0420vhen mean defoliation reached
22.8% as a result of drought and heat during sun2®@3, this is a clear improvement.

24.9% of the assessed trees were rated as dama@®@d7. The respective values were
28.2% forPicea abies13.0% forPinus sylvestriand 38.7% foFagus sylvatica

In contrast to this general tren@uercus petraeat robur showed higher mean defoliation
than in the previous year. Mean defoliation incegafrom 26.6% in 2006 to 28.0% in
2007. The percentage of damaged trees increaségércent points to 49.1%.

On 18 and 19 January a heavy winter storm (“Kyritroke parts of Germany. Wind
speeds reached more than 200 km/h on mountain peakaround 145 km/h in the plains.
Severe mechanical damage from storm occurred mamnNorthrhine-Westphalia, and
insome neighbouringgander. The overall volume of storm damaged timber in rzaary
from this event was about 37 million m3.

The month of April 2007 was the warmest and drés&lr recorded since the beginning of
regular records in 1901. There were only 7% ofrtbemal amount of precipitation and in
some regions it did not rain at all during Apriluiing the vegetation period from May to
September temperatures exceeded the long-termgavesaseveral degrees but this was
compensated by high amounts of rainfall.

4.14 Hungary

In general, the health condition of the Hungariares$ts improved slightly compared to the
previous year. The defoliation Qfuercus roburet petraea, Populuspp.,Pinus sylvestris
Carpinus betuluglecreased, whereas the defoliationRaibinia pseudoaccacia, Quercus
cerris, andPinus nigraincreased.

At the country level the gradation bfymantria disparcollapsed. However, stands in the
Great Hungarian Plain in Bacs-Kiskun county werd# sbnsiderably infected. The
infection with bark beetled{s typhographusmainly in the Western part of Hungary and
in Borsod- Abauj- Zemplén county were a continupusblem for forest operations. The
only option for the forest managers are sanitaryirgs and finally the change of tree
species to resistant ones.

The infection caused b@ryphonectria parasiticas unchanged. Th€astanea sativérees
are infected all over the country even in mixedh@gawere single trees of this species are
occurring. Another problem is the infection of yguplantedQuercus petraeastands
where about 20% of the trees are affected.
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The most important abiotic damaging factor in 20@&s the country wide drought in
summer and the late-frost in May. These eventseapected to have effects on forest
condition as well in 2008.

4.15 Italy

The 2007 Level | survey in Italy included 6 636egeon 238 permanent plots. 35.7% of all
assessed trees were in defoliation classes 2-4.r@smective shares for conifers and
broadleaves were 22.7% and 40.4% of all assessesl 89.9% of the conifers and 18.4%
of the broadleaves were without any defoliationfdtigtion class 0). Among the young
conifers (<60 yearsRinus sylvestrimndPicea abieshad 32.2% and 8.8% of the trees in
classes 2-4, followed blyarix decidua(16,1%), andPinus halepensi§l1%). Among the
old conifers £60 years), the highest share of trees in defohatiasses 2—4 was recorded
for Pinus sylvestrig43.8%), followed byLarix decidua(36.0%), Picea abies(20.8%),
Abies alba 20.8%), andPinus nigra(4.9%).

Among the young broadleaves (<60 yea@stanea sativand Quercus pubescersad
58.9% and 56.2%, respectively, in the classes 2ellbwed by Quercus cerrig16.7%),
Fagus sylvatica(26.8%), andOstrya carpinifolia (37.3%). Among the old broadleaves
(=60 years)Quercus pubescead 92.1% in the classes 2-4, followed@gstanea sativa
(71.9%),Quercus cerrig31.3%) and~agus sylvaticg32%).Quercus ilexhad the lowest
level of defoliation with 14% of trees in the clas-4.

From 2005 on, a new methodology for a more detadlgsessment of biotic and abiotic
damage factors was introduced. The main resultsasrtollows: Most of the observed
symptoms were attributed to insects (22.4%) madstjuding “needle mining” (2.3% of
the trees) and defoliators (15.8). Abiotic agen&semecorded on 6.4% of the sample and
fungi on 2.4%. 92.6% of the conifers and 93.8% h# broadleaves did not show any
discolouration

4.16 Latvia

The 2007 forest condition survey comprised 8 2#8da trees on 349 permanent sample
plots on the national grid (8 x 8 km), including @Bts on the transnational grid
(16 x 16 km). 72.7 % of all assessed trees werdarsnPinus sylvestrimndPicea abie¥
and 27.3 % were broadleaves (Bggulaspp.,Populus tremulaAlnusspp., etc.).

Mean defoliation of all tree species was 20.2%,ciwhs nearly the same as in the previous
year. The distribution of all tree species in tlegotlation classes is very close to that of the
2006 survey. 20.0 % of all trees were not defatia6b.0% slightly defoliated, and 15.0%
were assessed as moderately to severely defolmte@éad. Neither for conifers nor for
broadleaves the changes in mean defoliation wéststally significant.

Pinus sylvestrisconstitutes approximately a half of all assessedstr thus influencing
strongly the mean defoliation level of the set lbtr@e species. Mean defoliation Binus
sylvestriswas 21.5% in 2007, which is practically the saména®006 (21.7%), however
slightly higher than in the previous years. Thershaf trees in classes 2-4 increased in
both years, 2006 and 2007, reaching 15.9% in 20@an defoliation of the second most
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common coniferous specieBjcea abieswas 20.2% and it has changed insignificantly
compared to 200@Ricea abiesshowed a quite stable situation in crown conditdready
since 2001 —changes in mean defoliation betweenstsequent years never exceeded
1.1percent points. Mean defoliation Betula spp., which is the most common broad-
leaved tree species, was 18.4% and the share oératety defoliated to dead trees was
12.9%.

Damage symptoms were observed for 18.7% of thessadetrees. Most frequently
recorded damage was caused by insects (41.2% cdis#k), direct action of man (10.9%)
and fungi (10.2%). As a result of the 2005 windstand favourable weather conditions
for the development of bark beetles, high poputatitensities of the bark beetlps
typographuswere observed in a number of regions of Latvia rurthe last years,
including 2007. Two annual bark beetle generatimenge been observed during the last 5
years. Also for the coming years there remainslaaf high bark beetle damage to mature
Picea abiesstandsPinus sylvestrismostly in western Latvia, continues to suffer frime
attacks ofNeodiprion sertifer which is one of the causes for the increase irmme
defoliation forPinus sylvestris

417 Lithuania

The forest condition survey was carried out on 2ainple plots on the transnational
Level | (16 x16 km) and on the national (8 x 8 kgrid net. In total 6538 sample trees
representing 17 tree species were assessed. Timetreai species assessed weieus
sylvestris Picea abies Betula pendula Betula pubescens Populus tremula Alnus
glutinosg Alnusincana Fraxinusexcelsior andQuercusrobur.

Mean defoliation of all tree species was 19.9%, bbye 0.6 percent points lower than in
2006 (20.5%). 20.2% of all sample trees were ndolidged (class 0), 67.3% slightly

defoliated (class 1), and only 12.4% were asseasadoderately and severely defoliated
and dead (classes 2-4). Mean defoliation of cosifeas 18.8% (19.7% in 2006) and of
broadleaves 22.4% (21.9% in 2006).

The number oPinus sylvestrigrees amounts to 51.4% of all sample trees, aund its
condition significantly influences the overall amhurates for forest health. Mean
defoliation of Pinus sylvestrisvas 18.7% (19.6% in 2006). Starting from 1998, mea
defoliation of Pinus sylvestrishas not exceeded 21.0%. Mean defoliatiorPicka abies
was with only 0.8% significantly lower than in 20089.9%).

Populus tremulahad the lowest mean defoliation and the lowestreshad trees in
defoliation classes 2-4. Mean defoliationRidpulus tremulawvas 17.1% (16.5% in 2006),
and the share of trees in defoliation classes 22l W5% (7.5% in 2006). Mean defoliation
of Alnusglutinosawas 18.8% (18.7% in 2006), and the share of iredsfoliation classes
2-4 was 10.6% (7.6% in 2005). Mean defoliationBaftula spp. Was 0.6 percent points
higher than in 2006 (20.4%).

The condition ofFraxinusexcelsioras well as ofQuercusrobur has been improving but
has still remained the worst. These tree specidstima highest defoliation since 2000.
Mean defoliation ofraxinusexcelsiorhas been decreasing during the last few years and
has now reached 39.5% (44.4% in 2006). The sham®btlefoliated trees (class 0) was
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11.9% (7.0% in 2006), and the share of trees iolddion classes 2-4 was 22.0% (32.3%
in 2006).

11.7% of all sample trees showed some kind of itleble damage symptoms. The most
frequent damage was caused by abiotic agents (3@t action of man (2.3%), and
fungi (1.9%). The highest share of damage symptwas assessed féraxinusexcelsior
(43.5%) and foPopulustremula(34.5%), the least fdPinussylvestris(8.2%).

The condition of Lithuanian forests can be defimsdrelatively stable, because the mean
defoliation of all tree species has varied incoasatly from 1997 to 2007.

418 Macedonia

Out of the total number of 48 plots, 34 were exadjrand 23 of these matched the criteria
for assessment according to the ICP Forests Metbggol4 plots are still in the process
of installation. Plot installation has been ongoiagcordingly during the last year.
Increased efforts need to be undertaken to asigdsta in the future.

In 2007, a total of 507 trees was assessed, ofwhi6 were deciduous, while 32 were
conifers. Most common waQuercusfrainetto (19.7% of the total), while among the
conifersPinus nigra(5.3% of the total) was the most common species.

Results of the assessment of defoliation show4B&8% of the total number of assessed
trees did not show any symptoms of defoliation2%d were in the warning stage; 22.8%
were in defoliation classes 2 and 3, whereas 0.R&teotrees were dead. Compared to last
year, the state can be regarded as practicallyamggd. Like in 2006, there was hardly
any discolouration observed. Insects were regidtene 300 trees, all of them being
deciduous species. They have were detected mosidabtly onFagus moesiacal(l8
trees); Quercus pubescensq trees), andQuercus frainetto(55 trees). The most
abundantly detected insect w@schestes fagiFungi were identified on 81 deciduous
trees, mostly orQuercus frainetto(48 occurrences). Damage by game and grazing of
livestock has been registered in 12 cases.

Other biotic factors were registered on 53 decidutrees, and on 5 conifers. Abiotic
factors were registered 30 times, all on decidumess. Causative agents which were
assessed but not identified appeared in 27 casect@amage by human activities was
registered on 24 trees.

In 2007 forest fires incidence was extremely highthat large areas of forest land were
damaged or destroyed. On the plots, fire has begistered 14 times, all on deciduous
trees. One plot was not assessed because it wagdoon a site of a recent forest fire.
Atmospheric pollution was not registered damageedar defoliation.

4.19 Republic of Moldova

Climate conditions of the year 2007 during the bithvegetative activity of trees and
bushes werélulphur able, including long periods without precipitaticarsd with high air
temperature. This resulted in reducing productiwestare within the upper soil layer (1 m
depth), and alteration of physiological conditiohtiees. These facts led to unfortunate
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results: early defoliation of some species at tiet @& July — beginning of August. Data on
forest monitoring demonstrate this. As comparethtolast year, an increase of trees in
defoliation classes 2-4 was observed, from 27.6%006 to 32.5% in 2007. The number
of trees without any damage decreased from 44.32006 to 36.1% in 2007.

High temperatures caused burnings of the leaf bddis phenomenon was manifested by
the changing of colour from grey to brown in a pkary way through leaf layer, but
sometimes burnings totally affected the leaf witioiwing defoliation. Thus, trees in
discolouration classes 2-4 constituted 20.2% in72@@omparison to 8.6% in 2006

An essential increase of trees in defoliation @as2-4 was observed ORobinia
pseudoacaciawith 54.2% trees in these classes in comparison to 3%32006. For
Quercus robutthe share of trees in classes 2-4 was 35.1%. Riegdfdaxinus excelsior,

an increase of trees in defoliation classes 2-40u@8.7% was assessed. Data analysis
shows that the state of the plantations becameewors

The number of trees with identified damage typestituted 1541 trees or 10.8% of the
total. The most often type of injury are those ealuBy pests, they constitute 87.9% of all
identified injuries.

4.20 Norway

The results for 2007 show a general increase iwrcrdefoliation compared to the year
before. The mean defoliation fBicea abies, Pinus sylvestiasdBetulaspp. Was 17.4%,
18.1% and 24.5%, respectively. After a peak with tefoliation for botHPicea abiesand
Pinus sylvestrisn 2004, the last years represent deterioratiogheiioliation. Birch had the
lowest defoliation in 2001. Since then, defoliatltas increased.

Of all the coniferous trees, 42.3% were rated dsdefliated in 2007, which is the same
percentage as the year before. Only 31.5% oPihes sylvestrisreeswere rated as not
defoliated, while 50.4 % of all Norway spruce treesre not defoliated. FdBetula spp.
21.9% of the trees were observed in the class efdlidted, representing a decrease of
10.8 percent points compared to the year before. @drcentage of severely defoliated
birch trees was 5.7%, representing a decrease cethpa the year before. Birdad a
slightly higher percentage of trees with severliion in 2007 than spruce.

There has been observed a slight increase in dis@ilon forPicea abies8.7% of the
spruce trees showed signs of discolouration, coegpdo 6.9% in 2006. FoPinus

sylvestris only 3.6% of the assessed trees were discolowedgcting an improvement
from the year before. FdBetulaspp., a slight decrease in discolouration was ekser
with 8.2% of the birch trees having no signs otdisuration in 2007.

The overall mortality rate for all species was 0.@%e mortality rate was 0.3%, 0.1% and
1.8% for spruce, pine and birch, respectively. Mdagis attacks by pests or pathogens
were recorded.

In general, the observed crown condition valuesltésom interactions between climate,
pests, pathogens and general stress. Accordinged\brwegian Meteorological Institute
the summer (June, July and August) of 2007 wasrdegaas relatively warm and humid.
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The middle temperature for the whole country was above normal and the precipitation
was 110% of the normal for these months.

4.21 Poland

In 2006, the integration of the ICP Forests mompmetwork with the national forest

inventory started. The first stage of the integmatincluded the establishment of 458
permanent observation plots on a 16 x 16 km grico@tng to the ICP geographical

coordinates for Poland, among them 376 in standseaB0 years old were subjected to
evaluation. In 2007, plots on a 8 x 8 km grid westablished as the national grid. In total
in 2007 the national grid consists of 2 200 plits, survey was carried out on 1 910 plots.
In contrast to the former grid the new one covertsamly the state forest but also all types
of forest ownership. Changes in the localizatiorplaits, in the extension of the grid to

private forest and in the inclusion of stands betw20-40 years resulted in difficulties by
comparing data of 2007 data with earlier years.

25.1% of all sample trees were without any symptaindefoliation. 19.5% of all trees
were classified as severely damaged or dead (sl@s4

23.2% of the conifers were rated as not defoliaft@.19.1% of the conifers, defoliation of
more than 25% (classes 2-4) was observed. Withradegathe three main coniferous
speciesPicea abiegemained the species with the highest defoliafoshare of 22.5% of
spruce trees up to 59 years old and 27.7% of sgrees 60 years old and older were in
defoliation classes 2-4.

29.0% of the assessed broad-leaved trees wereefaltatied. The proportion of trees with
more than 25% defoliation (classes 2-4) amounte2Dt@%. As in the previous survey, the
highest defoliation amongst broad-leaved trees at@erved in stands @uercusspp. In
2007, a share of 21.6% of oak trees up to 59 yadrand 36.4% of oak trees 60 years old
and older was in defoliation classes 2-4.

In 2007, discolouration (classes 1-4) was obseore@.9% of the conifers and on 2.2% of
the broadleaves.

4,22 Romania

In 2007, the assessment of forest condition at ILeire Romania was carried out on the
16 x 16 km transnational grid net. 5 232 trees vessessed on 218 permanent plots. From
the total number of trees, 1 104 were conifers 44@8 broadleaves. Trees on three plots
were harvested in the course of the last year amdnsplots were not accessible due to
natural causes such as windfall in the vicinity 8odds.

For all species, 34.7% of the trees were ratedeadty, 42.1%, as slightly defoliated,
21.6% as moderately defoliated, 1.3% as severdiglideed and 0.2% were dead. The
percentage of damaged trees (defoliation clasggsn@s 23.2%.

For conifers 21.8% of the trees were classifiedaasaged (classes 2-4) and 78.2% were in
defoliation classes 0-Picea abiesvas the least affected coniferous species with%&f
the trees damaged (defoliation classes 2-4).
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23.5% of the broad-leaved trees were assessedvamydd or dead (classes 2-4) and 76.5%
as healthy and slightly defoliated (classes O-Inpntall broad-leaved specieBagus
sylvaticawas the healthiest with 15.9% of the assessed inegefoliation classes 2-4 and
the most affected species wRsbinia pseudoaccaciaith a share of 50.7% damaged or
dead trees (classes 2-4). Fauercussp. A share of 35.6% trees was rated as damaged or
dead.

Compared to 2006, the percentage of damaged tkssés 2-4) increased by 2.0 percent
points. Forest health status was directly influeihceainly for broadleaves, by the
excessive drought in the second half of the 200Fetation season. In contrast, the
beginning of the vegetation season was charactebyeood soil water reserves.

4.23 Serbia

In the Republic of Serbia, the 16 x 16 km grid ¢stssof 103 sampling plots. In the last
year, 27 new plots on a 4 x 4 grid have been adBerkst condition monitoring is not
carried out in the provinces of Kosovo and Metahijae total number of trees assessed on
all sampling plots was 2 860, of which 339 wereif@ous and 2 521 broad-leaved trees.
Main coniferous tree species abies alba, Picea abies, Pinus nigradPinus silvestris,
and the most important broad-leaved tree spece€arminus betulus, Fagus moesiaca,
Quercus cerris, Quercus frainettmdQuercus petraea.

Among the conifersRinus nigrahad the highest share of moderately to severetyadad

or dead trees, namely 48.5®Ricea abieshad the lowest share, namely 0.7%. For the
broad-leavesQuercus freinettovas the most severely damaged species with 34.0% in
defoliation classes 2-4-agus moesiacdad only 5.7% of the assessed trees in these
defoliation classes. Moderate or severe discolmmatvas detected on 3.8% of the broad-
leaves and on 7.4% of the conifers.

The presence of sample trees with moderate andesedgjrees of defoliation does not
necessarily imply a reduction of vitality causedtby effect of adverse agents like climatic
stress, insect pests, and pathogenic fungi as thess well some natural variability in
crown density.

4.24 Slovak Republic

The 2007 national crown condition survey was cdrogt on 107 Level | plots on the
16 x 16 km grid net. The assessments covered 4r8@4, 4 023 of which being assessed
as dominant or co-dominant trees according to Kraft

Of the 4 023 assessed trees, 25.6% were damadetigiien classes 2-4). The respective
figures were 37.5% for conifers and 16.6% for brteaved trees. Compared to 2006, the
share of trees defoliated more than 25% decreag@dblpercent points. Mean defoliation
for all tree species together was 23.1%, with 27fé%oconifers and 19.7% for broad-
leaved trees. Results show that crown conditiothénSlovak Republic is still worse than
on the European average. This is mainly due tednelition of coniferous species.
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From the beginning of the forest condition monitgrin 1987 until 1996 results show a
significant decrease in defoliation and visibleeir damage. Since 1996, the share of
damaged trees (25-32%) and average defoliatior2%28) has been relatively stable. The
recorded fluctuation of defoliation depends mostlymeteorological conditions.

As a part of crown condition survey, damage typesewassessed. The most frequent
damage was caused by insects, followed by fungilagding activities at tree stems.

Epiphytes had the most important influence on datioh. 67% of trees damaged by

epiphytes revealed defoliation above 25%. In addjtabiotic agents had a direct link to

defoliation.

4.25 Slovenia

The large-scale forest condition survey 2007 wasethout on 44 systematically arranged
sample plots (16 x 16 km grid net) and encompadses6 trees. The sampling scheme
and the assessment method was the same as iretheusryears.

Mean defoliation of all tree species was estimate#d5.4% while the share of trees with
more than 25% unexplained defoliation (damagedsjreeached 35.7%. The change is
significant in comparison to the results of 2006ewhhe mean defoliation was 23.3% and
the share of trees with more than 25% unexplaimédlidtion was 29.4%.

Like in the previous years conifers were still mdeenaged than broad-leaves. While their
mean defoliation and the share of damaged trees assessed to 24.6% and 36.6%,
respectively, (in 2006 24.6% and 32.2%) the valokeboth indicators for broad-leaves
were assessed to 25.9% and 35.7% (in 2006 22.692a880). It is concluded that the
health condition of sample trees is worse thar0ip62

The most damaged tree species w&ueercus roburand Q. petraeawhose mean
defoliation increased from 29.2% in 2006 to 31.202007. On the other side the health
status ofAbies albaimproved. Ist mean defoliation decreased from %&2.2006) to
29.1%.

4.26 Spain

In 2007, 82.4% of all assessed trees were clagsdg healthy: they corresponded to
defoliation classes 0 and 1 (defoliation betweeand 25%). 15.8% of the trees were
assigned to classes 2 and 3, with defoliation tet@her than 25%. These values show a
remarkable improvement compared to the previouss/sarvey.

The improvement is related to both, conifers anoabtifleaves. For broadleaves it was,
however, more pronounced with a remarkable incredsbe percentage of healthy trees
(80.5%), accompanied by a similar decrease in theber of damaged trees, reaching a
percentage of 17.9%. For the conifers the improvenseless notable, with an increase in
the percentage of healthy trees to 84.2% and adserof the share of damaged trees to
13.8%. Though the improvement compared to the pusviyear is less pronounced for
conifers, the crown condition was better for thioup of species, having a higher
percentage of healthy trees.
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The parameters defoliation and discolouration welated to possible causal agents. The
most frequently reported damage cause for treegreeskto classes 2 and 3 (moderate and
serious defoliation) was “drought”, followed by dages caused by insects, mainly
defoliators and to a lesser extent other damagethea®nes due to the lack of light,
competition, damages caused by parasitic and efgpphants. Unidentified damages were
recorded for 7.6% of the moderately and severefplid¢ed trees. Damages due to the
direct action of man were recorded for less thanaf%ll trees assessed. The importance
of atmospheric pollution for the evolution of fore®ndition is a factor which can not be
quantified directly, as it is frequently disguideg other kind of processes which are more
apparent. However, it contributes (in combinatiothwother agents) to the degradation
processes of the forests falling under their inftee The continuous and periodic
evaluation of the plots belonging to the Europeavel | grid net is a useful and an
effective method for the assessment of tree camditand the evolution of the forests
health status.

4.27 Sweden

The national results are based on the assessmém afiain tree speci¢dicea abiesand
Pinus sylvestrign the National Forest Inventory (NFI), and comceas previously only
forest in thinning age or older. In total, 7 208es on 3 554 sample plots were assessed.
The separate Level | plots are included in the difd, but are not assessed annually and
not all Level | sample trees are included in thasia.

The proportion of trees with more than 25% def@imais inPicea abie26.4% (30.5% in
2006) and irPinus sylvestrid0.2% (9.9% in 2006). The share of discoloupécka abies
trees is 3.5%. IRinus sylvestrigliscolouration still is less frequent, 1.4%.

The forests in southern Sweden still suffer frora #fter-effects of severe storms during
the most recent years. The latest storm occurredumuiary 2007 mainly north of the area
affected in 2005. In the 2007 storm about 12 millio’ timber was wind thrown. The bark
beetle [ps typographugpopulations increased in 2006, but in 2007 duarttavourable
weather conditions the expected population increidenot take place. The estimated
volume of wind thrown spruce affected lps typographusn 2007 was 1.3 million fn
The populations oTomicusstill are large in southern Sweden. Large amoahtdropped
gnawed pine shoots can be detected in the folastse northernmost Sweden an outbreak
of resin top disease affected in young pine staAdsinventory in north-eastern Sweden
showed that needle rust affected 50 000 ha of yqimg stands. The damage is probably
caused byronartium flaccidum
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4.28 Switzerland

In 2007, the Swiss national forest health inventeids carried out on 48 plots of the
16 x 16 km grid using the same sampling and asssgsmethods as in the previous years.
Due to the inclusion of additional dominant anddoorinant trees outside of the fixed-area
plot to have at least 10 trees in the ICP forestesy in 2007 one plot had only trees
outside the fixed-area plot. This plot has, theefmo trees used for calculation in the
Swiss National Forest Survey, which uses only tnedise fixed-area plots.

Crown condition in 2007 remained almost identical006. In 2007 22.4% of the trees
had more than 25% unexplained defoliation (i.e.traalting the known causes such as
insect damage, or frost damage; 2006: 22.6%) antPB0f the trees had more than 25%
total defoliation (2005: 30.3%). Annual mortalitgtes were 6 out of 1000 trees, which is
higher than normal, but due to the small sample wizhin the margin of error. On the

Swiss Level 1l plots results were similar, but eariby plot and species. No consistent
differences between species or regions were fobngttification in common beech was

low as compared to the year 2006 with high frucdifion rates.

4.29 Turkey

Turkey started the Level | and Level Il monitoripgogrammes of EC/ICP Forests on
forest ecosystems in 2006. Level | plots were s$ettmn a systematic grid net of
16 x 16 km. The standard plot lay-out of 4 clustdré trees was applied.

Plot installation is still ongoing, it is expectéuht Turkey will have around 800 Level |
plots in the near future. From 2006 to the end @®72in total 274 plots have been
installed, but 53 plots had insufficient treesrtstall the 4 clusters with 6 trees.

In the summer of 2007 the first crown conditionveyron 48 Level | plots dominated with
Pinus brutia was conducted in four Regional Forest Directorateshe Aegean and
Mediterranean regions. The mean defoliatio®iofus brutiaon sample trees in these plots
is about 13%

In 2006, also the development of the Intensive Mwinig Programme Level Il started In
total, approximately 50 Level Il plots are fores¢erbe installed including 10 plots where
deposition, meteorology, phenology, etc. are farde be monitored. In 2006, 3 Level I
plots were installed and in 2007 additionally 8tplavere installed in managed and
research forests representing the main tree spefidairkey. Ground vegetation was
assessed on 4 Level Il plots and deposition saspled litterfall collectors were installed
on one Level Il plot. In addition, ozone injury @agetation was investigated and crown
condition was assessed on some Level Il plots.

For 2008, 17 Level Il plots are planned to be gebbcand installed and further
implementation of forest monitoring in line withetiiechnical specifications of the ICP
Forests manual will be carried out.
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4.30 Ukraine

In 2007, 36 596 sample trees were assessed on 10B&3dt monitoring plots in 24
administrative regions of Ukraine (about 95% of thil area of the country). For the total
sample, some improvement in tree condition was rekgecompared to the previous year.
In 2007, the percentage of healthy trees slighttydgased (68.6% against 68.3%). At the
same time, the share of slightly to moderately kiggfed trees decreased from 31.1% to
30.1%. Mean defoliation of conifers was 10.7% ahdroad-leaved trees 11.6%. These
changes may be considered, however, as being delatehanges in the tree sample,
because 33 new forest monitoring plots were estadd in 2007.

For the sample of common sample trees (CSTs) (85tfEes) there were hardly any
changes detected. Mean defoliation of all spec¢ied007 was 11.2% and 11.3% in 2006.
Changes are characterised by a decrease in thessbérdefoliation class 1 and an
increasing in classes 2 and 3, but these changemsignificant. Some improvement in
tree condition was registered for the CSTsPafus sylvestrisA statistically significant
increase by 3.5 percent points was observed irs €lagyainst a decrease in class 1 by 3.8
percent points. The similar tendency was obsereedhie CSTs ofagus sylvaticaand
Fraxinus excelsiarForQuercus roburan increase in classes 1, 2 and 3 was observea and
decrease in class 0. Visible damage symptoms wergded for 4 203 sample trees. Some
deterioration of the trees condition may be ex@diby the hot and dry weather condition
in summer 2007 and by and increase of defoliatisgats.

4.31 United Kingdom

The scope of the Level | survey undertaken in th€ diuring 2007 was reduced in
comparison with previous years and oruercus roburand Pinus sylvestriswere
assessed. As a result, the defoliation and discation data for all species, all conifers and
all broadleaves in 2007, are not directly comparatith the preceding time series of UK
data which included assessment&afus sylvaticaPicea sitchensiandPicea abiesThe
following discussion considers only the changesadndition of the species surveyed this
year.

Following a winter which was warmer and wetter tlzarerage, weather conditions in the
early spring of 2007 were extremely warm and dryhwiecord mean and maximum
temperatures being recorded in most parts of theduidng April. However, the period
from May to July was uncharacteristically wet, dadthe remainder of the 2007 growing
season monthly temperatures and rainfalls wereediogheir long-term averages across
the country. As a result, growing conditions faes during 2007 were generally good and
the crown densities of both surveyed tree spen@eased slightly compared with 2006.

The mean crown density @uercus roburhas fluctuated little since 2002 and increased
only slightly in 2007 despite a marked reductiorihia severity of crown dieback recorded

this year. Whilst only 22.5% of trees displayecedurction in crown density of 5% or more

due to dieback alone, this improvement in conditi@as partially offset by an increase in

insect damage which was adjudged to be moderatevere on 68% of trees in 2007

compared with 58% of trees in 2006. As in previgyesrs, severe defoliation due to

attacks by larvae of the moti@perophtera brumatand Erannis defoliariawere most
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prevalent in the north of the country. Damage whiets attributable to living agents other
than insects was relatively uncommon this year thet proportion of trees displaying
powdery mildew infections rose from 0.9% in 200&@t6% in 2007, possibly as a result of
the damp conditions which prevailed in late spang early summer.

Following a 1% increase between 2006 and 2007 ctben density ofPinus sylvestris
was higher this year than at any time in the precedecade. Foliage retention of the
species was largely unchanged compared with laat lyet the incidence and extent of
shoot death was unprecedentedly low: only 20% ed<rdisplayed any dead shoots and
shoot death was adjudged to be common or abundantordy 0.2% of trees.
Correspondingly, damage attributed to the pine shm@®tle Tomicus piniperdp was
much reduced with current attacks reported from 25lots in 2007 compared with 45%
of plots in 2006.

4.32 United States of America

In 2008, the US Forest Service (USFS) establish®gnghesis Network that will allow for
measurements resembling those at the ICP Foregts Lelots. The network consists of
18 Experimental Forests and 3 additional sitesufféigl) across the United States. The
network has been equipped with the state-of-scie@mseumentation that will allow for
collection of air, water, soils and vegetation daaded for calculation of critical loads for
nitrogen & sulfur deposition. This initiative wilielp to establish trends and risks caused
by atmospheric deposition to U.S. forests in vagieaosystems and climatic scenarios. It
is planned that these activities will be in theufetlinked to the USFS Forest Inventory and
Analysis (FIA) and its Phase 3 (Forest Health Manmiig) focusing on evaluation of forest
growth and condition. A five year Intensive Site mtoring (ISM) study will start in
summer 2008 in the San Bernardino Mountains offeyatCalifornia. The study will: (1)
characterize effects of air pollution, insects hpgens, and drought on stand composition
and structure, soil chemistry and water balancagusitensive study sites that combine
ICP Forest Level Il site, and intensive monitoringeful for developing estimates of
critical loads and linking process level informatim FIA, FHM and remotely sensed data;
(2) develop an integrated forest health monitorygtem useful for identifying spatial
patterns of forest changes in southern Californiagsponse to changing climate and
wildland fire impacts; and (3) develop maps of &rbealth stress and risk useful for
managers to understand future forest changes lit@lpccur in Southern California
Mountains.
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Network of F§ R&D Experiment Forests and Ranges
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